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Field of the Invention
[0002]  The present invention is directed to a process for modifying the solid state of
compounds and to compounds modified with the process of the invention. In particular,
the invention is directed a process for the preparation of non-crystalline and crystalline
forms of chemical compounds, such as pharmaceutical and nutrient compounds, and to

non-crystalline and crystalline compounds prepared with the method of the invention.

Background
[0003] Many pharmaceutical solids can exist in different physical forms.
Polymorphism is often defined as the ability of a compound fo exist in at least two
crystalline phases, where each crystalline phase has a different arrangement and/or
conformation of molecules in a crystalline lattice. Non-crystalline solids consist of
disordered arrangements of molecules, and do not possess a distinguishable crystal lattice.
[0004] The non-crystalline and different polymorphic forms of a pharmaceutical solid
differ in internal solid state structure, and, thus, typically have different chemical and
physical properties, including packing, thermodynamic, spectroscopic, kinetic, interfacial,
solubility, reactivity, and mechanical properties. Those properties can have a direct
impact on the quality and/or performance of a drug product, including its stability,
dissolution rate, and bioavailability.
[0005]  For example, until recently, the original crystalline form of aspirin, known as
Form I, was the only known crystalline form of aspirin and the only form of aspirin that is
stable at room temperature. However, as reported in Chemical & Engineering News,
November 21, 2005, Zaworotko et al., J. Am. Chem. Soc., 2005, 127, 16802, reported the
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a substance has a significantly smaller surface area than finely powdered crystals. That
makes the dissolution of the bulk form much more difficult, accounting for the slower
dissolution rate of the bulk vitreous aspirin reported by Johari et al.
[0009]  The most stable form of a drug substance is often nused in a formulation, as it
has the lowest potential for conversion from one form to another. However, a different
form that is sufficiently stable under the predicted storage conditions can be chosen to
enhance the bioavailability of the drug product. The other form may be a metastable
polymorph, i.e., a polymorphic form that is less stable than the most stable form, but
typically does not convert to a different form during normal storage, or a non-crystalline
form. A non-crystalline form lacks the regular molecular organization of a crystalline
form, and does not need to lose crystal structure during dissolution in gastric juices.
Therefore, non-crystalline forms often dissolve more quickly, and have a greater

bioavailability than crystalline forms.
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the preparatlon of a pharmaceutical product, as flowability affects the ease with which a

pharmaceutical composition is handled during processing. When a powdered compound
does not flow freely, it may be necessary to use one or more glidants in a tablet or capsule
formulation. Glidants used in pharmaceutical compositions include colloidal silicon
dioxide, talc, starch, or tribasic calcium phosphate.

[0015]  Another important property of a pharmaceutical compound that may depend on
crystallinity is its dissolution rate in an aqueous fluid. The rate of dissolution of an active
ingredient in a patient's stomach fluid can have therapeutic consequences, as the

dissolution rate imposes an upper limit on the rate at which an orally-administered active
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invention is directed to non-crystalline comnpositions, co-anorphous
ezetimibe/simvastatin, ezetimibe/atorvastatin calcium, ezetimibe/atorvastatin free acid,

ezetimibe/rosuvastatin calcium, ezetimibe/simvastatin/aspirin, ezetimibe/atorvastatin
calcium/aspirin, ezetimibe/atorvastatin free acid/aspirin, and ezetimibe/rosuvastatin
calcium/aspirin, as well as co-amorphous compositions comprising at least one statin and
aspirin. Co-amorphous statin/aspirin compositions include, but are not limited to,
atorvastatin free acid/aspirin, atorvastatin calcium/aspirin, simvastatin/aspirin, and
rosuvastatin calcium/aspirin. Preferably, the co-amorphous pharmaceutical composition is
homogeneous.

[0018]  The invention provides a process for preparing a non-crystalline composition
comprising at least one organic compound. The process comprises applying laser
radiation from at least two different lasers to a solution of the at least one organic
compound in a solvent, and evaporating the solvent. Preferably, the laser radiation is
pulsed, having pulses with an effective average pulse length of no more than about 10
seconds, and the pulses of laser radiation from each laser has a different wavelength.
Preferably, the at least one organic compound is a pharmaceutical composition. More

preferably, the at least one organic compound is selected from the group consisting of
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evapor at &8¢ PIBFess pf B drvention. githdhe erseptonAbat lger radiation was not applied;
Figure 6 illustrates an FTIR spectrum of the crystalline aspirin sample of Figure 5;

Figure 7 illustrates the PXRD pattern of a sample of crystalline simvastatin;
Figure 8 illustrates the FTIR spectrum of the crystalline simvastatin;



Figure 1 illustrates the Powder X-ray Diffraction (PXRD) pattern of a
crystalline aspirin sanple; Figure 2 illustrates a Fourier
Transformlnfrared (FTIR) spectrumof the crystalline aspirin sanple;
Figure 3 i+'p25®03 éés the PXRD pattern of a sanple of aspﬁ%flil%}ﬂtsfoé@ ©d
with the process of the invention; Figure 4 illustrates the FTIR
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appl i ed; Fi gurEg@eilDlillsstiates the FIAR FicRusysd cher simvastatintivsaied pathahe prmeess
aspirin s le of.Figure 5; Figure 7 illustrates the PYRD pattern of
a sanpl e ‘gf;m%wg‘%%“r ine sinvastatin; Figure 8 illustrates the FTER

spect rum of t hEigek)$tidstrhne thei FHRIS battermof a sample ¢ ogystadlin®: dzbdimiber at es
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e o
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and the F yﬁﬁ,%gg&itrum of a sanple of ezetimbe treated with the
process of the Invention;

Figure 14 illustrates a comparison of the PXRD pattern of a reference sample of

crystalline ezetimibe and a sample of crystalline ezetimibe produced with the process of
the invention, where the PXRD pattern of the crystalline ezetimibe produced with the
process of the invention is different from that of the control crystalline ezetimibe;

Figure 15 illustrates the PXRD pattern of a sample of crystalline atorvastatin free
acid;

Figure 16 illustrates the PXRD pattern of a sample of atorvastatin free acid treated
with the process of the invention;

Figure 17 illustrates the FTIR spectrum of a sample of crystalline atorvastatin free
acid;

Figure 18 illustrates the FTIR spectrum a sample of atorvastatin free acid treated
with the process of the invention;

Figure 19 illustrates the PXRD pattern of a sample of crystalline atorvastatin
calcium;

Figure 20 illustrates the PXRD pattern of a sample of atorvastatin calcium treated
with the process of the invention;

Figure 21 illustrates the FTIR spectrum of a sample of crystalline atorvastatin
calcium;

Figure 22 illustrates the FTIR spectrum of a sample of atorvastatin calcium treated
with the process of the invention;

Figure 23 illustrates the PXRD patterns comparing amorphous atorvastatin calcium
Form 23 to Form 27;

Figure 24 illustrates the small angle X-ray scattering (SAXS) patterns comparing

amorphous atorvastatin calcium Form 23 to Form 27,



Figure 13 illustrates the PXRD pattern of the ezetimbe treated with
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free acid treatﬁg witt}.the process of the invention; Figure 17
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simvastatin in a 1:1 ratio by weight;

Figure 30 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
simvastatin in a 10:20 ratio by weight;

Figure 31 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
simvastatin in a 10:40 ratio by weight;

Figure 32 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
simvastatin in a 10:80 ratio by weight;

Figure 33 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
simvastatin in a 1:1 ratio by weight with the order of the sequence of laser treatments
reversed;

Figure 34 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
simvastatin in a 10:20 ratio by weight with the order of the sequence of laser treatments
reversed;

Figure 35 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
simvastatin in a 10:40 ratio by weight with the order of the sequence of laser treatments
reversed;

Figure 36 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
simvastatin in a 10:80 ratio by weight with the order of the sequence of laser treatments
reversed;

Figure 37 illustrates a comparison of the FTIR spectrum of a laser treated sample
of ezetimibe and simvastatin in a 1:1 ratio by weight to the FTIR spectrum of the reference
sample;

Figure 38 illustrates a comparison of the FTIR spectrum of a laser treated sample
of ezetimibe and simvastatin in a 10:20 ratio by weight to the FTIR spectrum of the

reference sample;



Figure 22 illustrates the FTIR spectrum of a sanple of atorvastatin
calciumtreated with the process of the invention; Fi gure 23

i Ilustrat gg patterns conparing anorphous at Or\ﬁtﬁ?

cal cium For m gi%m?ﬁ orm 27; Figure 24 illustrates @E@E@?qws
angle X-ray scatteri ngﬁ( SAXS) patterns conparing anmprphous
atorvastatin cAEEFdh! Fﬁ‘??@cqr@’qﬁéﬁ’wfﬂ?e FIIR specttym g p @serdrepte anplst es

the PXRD grabti@hie ahd ﬁm&%tﬁfxﬁHQQO&@%’t EbPlreizRSH YRSTARI PeGRANCH UM
Figure 26 illustrates the PXRD pattern ‘of rosuvastatin calcium

treated wietdencheampplecess of the invention; Fi gure 27

illustrates t f

L) ustrates RgELR SRBGkE L ahd 0%, ELEF RIS RIRLE Rkl A SR
treat ed wfichetithibe pndoeysstagin ihlad Oi&@\ram byoweight to the T spect2eh of the
iIIustratefeéthe PX D pattern of a |aser treated sanple of ezetim be

and si mvds ?I%CHS%PS\ 1:1 ratio by weight; Figure 30 illustrates
the PXRD patt eFigurell] allsases a tam@iiteh §ﬁH@FEHD§peeﬁ-‘zﬁh ofMabe aafdted sample
sinmvastatin in a 10;20 ratjo by weig gure 31 illustrates

t he PXRD cﬁ’&@@t@m@e gnd gimvasgtatin inadak ’@HO @3 NﬁFE’é’t B’fthél%'e‘iefilﬁﬁﬂﬁ%oﬂﬂﬁf treatment
si mvast at jeferkdl 18 1R shadthuth Oth¥RIFGMce sample;

Figure 42 illustrates a comparison of the FTIR spectrum of a laser treated sample
of ezetimibe and simvastatin in a 10:20 ratio by weight with the sequence of laser
treatment reversed to the FTIR spectrum of the reference sample; '

Figure 43 illustrates a comparison of the FTIR spectrum of a laser treated sample
of ezetimibe and simvastatin in a 10:40 ratio by weight with the sequence of laser
treatment reversed to the FTIR spectrum of the reference sample;

Figure 44 illustrates a comparison of the FTIR spectrum of a laser treated sample
of ezetimibe and simvastatin in a 10:80 ratio by weight with the sequence of laser
treatment reversed to the FTIR spectrum of the reference sample;

Figure 45 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
atorvastatin calcium in a 1:1 ratio by weight;

Figure 46 illustrates the FTIR spectrum of a laser treated sample of ezetimibe and
atorvastatin calcium in a 1:1 ratio by weight;

Figure 47 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
atorvastatin free acid in a 1:1 ratio by weight;

Figure 48 illustrates the FTIR spectrum of a laser treated sample of ezetimibe and
atorvastatin free acid in a 1:1 ratio by weight;

Figure 49 illustrates the PXRD pattern of a laser treated sample of ezetimibe and
rosuvastatin calcium in a 1:1 ratio by weight;

Figure 50 illustrates the FTIR spectrum of a laser treated sample of ezetimibe and
rosuvastatin calcium in a 1:1 ratio by weight;

Figure 51 illustrates the PXRD pattern of a laser treated sample of ezetimibe,
simvastatin, and aspirin in a 2:2:1 ratio by weight;

Figure 52 illustrates FTIR spectra of a laser treated sample of ezetimibe,

simvastatin, and aspirin in a 2:2:1 ratio by weight;



Figure 32 illustrates the PXRD pattern of a |aser treated sanpl e of
ezetim be and sinvastatin in a 10:80 rati o by weight; Figure 33

i1l ustrat egobhREXRP pattern of a laser treated sanple I;g{&gﬁ{ﬂ loBdobE
1:

and simvastatin in a 1 ratio by weight with the order

he. PXRD pat ORGP S Ee e PHTL Bl sons WESEH PO LA oe

si mvast at iBrvhdlath bR, AdbbRrRh M2 AhbtybT Welghe order of the sequence
of |aser treatnents reversed; Figure 3 illustrates the PXRD

pattern of a |Eg&e5tillustralgs @aﬁﬁﬁ%smﬁé@afﬁﬁi%ﬁ% sampled eZtimibe.n a
10: 40 rat ;g Dy, el g;himvgnhfasll{}ﬁ&rpm d ﬁf]f? ﬁﬂuence of |aser
3 ust r

treatnents reverse I gure tes the PXRD pattern of
a laser t reat eﬁg&aﬁﬁhl@suateemmgat@ndoféa lnsea deated seniphe of exetin8ier at i o

by wei ght wi ord f the s er treatnents
rever sed; atblvbblad] egﬁﬁcé asﬂrﬁ“?rag??eg Eﬁ%b%wm ison of the Feria

spectrum of a ngxsxerStsmheamedthsmepemfmmm"taummemdampmgmmme| n a

11rat|ob t to the FTIR spectrumof the reference sanple,
Fi gure 383tP Pﬂ%tfnr ?%%%‘ﬁ??ﬁ%‘géﬁ %I‘B{[lﬁé)}f pectrum of a |aser

treated sanpl epiphre87 SlustFaR@indPKEEd pURSE 64d Bser &eﬁe&&n%@e BdzbOmibY,

wei ght to the FTER spectrum of the reference sanple Fi gure 39
i | | ust r at wSuvgsteBRpRei@momndsEpirndn F212H BHe Y WHENSf a | aser treated

sanpl e of ezetF @@%S‘fﬂﬂg %m@%ﬁ&% clr&m%fja(l)aséxgtréa@éd' gbéo k@ﬁlﬁl éo the

FT1R spectrum o he re erence sa Iustrat es a
conpar i somsmas@hecmanspwspmmmﬁ 28] melbytwe@nt ed sanpl e of ezetim be

o er oo an gl sB ikl AP Yol B skl B ert RO BEN A el "

FTIR s DECidi(tlfBrmEd InBeprodess leﬂieéldveﬁﬁdiﬂ) wéthahe ezeptionthe lBacradiativrashadidtn
inal1 ra ‘ﬁ by weight with the sequence of |aser treatnent
reversed ?Ri”? e FUR spectrum of the reference sanple;

Figure 60 illustrates the PXRD pattern for a sample of crystalline atorvastatin
calcium formed in the process of the invention, with the exception that laser radiation was
not applied;

Figure 61 illustrates the PXRD pattern for a sample of crystalline
ezetimibe/atorvastatin calcium formed in the process of the invention, with the exception
that laser radiation was not applied;

Figure 62 illustrates the PXRD paitern for a sample of crystalline
ezetimibe/atorvastatin free acid formed in the process of the invention, with the exception
that laser radiation was not applied,

Figure 63 illustrates the PXRD pattemn for a sample of crystalline
ezetimibe/rosuvastatin calcium formed in the process of the invention, with the exception
that laser radiation was not applied,

Figure 64 illustrates the PXRD pattern for a sample of crystalline
ezetimibe/atorvastatin calcium/aspirin formed in the process of the invention, with the
exception that laser radiation was not applied;

Figure 65 illustrates the PXRD pattern for a sample of crystalline
ezetimibe/atorvastatin free acid/aspinn formed in the process of the invention, with the

exception that laser radiation was not applied;



Figure 42 illustrates a conparison of the FTIR spectrumof a |aser
treated sanple of ezetim be and sinvastatin in a 10:20 ratio by

wei ght wi tho biigeseguence of |aser treatnent reversed t
s 3yl

spectrum o e reference sanpl e; Figure 43 illu

conparison of the FUR spectru a_laser treated sanple of ezetim be
and si nvast at ith‘ir?lﬁéﬁi@t?%@S t&‘%\?}{gb&lﬁ% ght Sfﬁ?ptq OECP%“ ence of |aser
t r eat mentezE@MBELESlvisatinhalchubl/RpselthstinQhe bocesk 6f BE GRVeLti A Mith e
Figure 44 illustrates a _conparison of the R spectrum of a | aser

treated sEApItendat esarpdinta wisdosialigdt atin in a 10:80 ratio by
weight with t { ;
1ght W W8t %ﬁﬁ@@at@g thb P?(gb Seuea f'alféi{‘ §gan51ﬁ¥ &f c?ﬁ‘ii:?lfu?e éz@@ml'_buaﬂnned

spectrum of the“reference sanple; . ure 45 TllTustrates the
PXRD pat tieftlre pbcess ditbemvenimat with §urepbeption thag bsdrmidigioarksavbappéisd;at i n

calciumin a 1.1 rati i ; Figure 46 jllustirates the
FTIR spectr um%égur%g}% gfs?léltrr%fs\r,\%%? l}Ae%DspaartrtﬁTnefc”f)? gaénng?f)rﬁr Séalg%d atorvastatin
cal ci um i gzetmibe/kiniakiatn/bypinvefoghtd in the procdsk giithe ifkéniidi, usthitied ©septiva
PXRD patt%rﬁ of % l.aser treated sanple of ezetim be and atorvastatin
free aci dhftdasyr srdiptipn Wagnehapplisdy hi ; Figure 48 illustrates the

FTI R spect r umppéyracd ARBHatkd BAPRATSRHMRHE Q2 R7 8diéH Deban@oRbOr vastatin
free acid in a 1:1 ratio by wei Figure 49 illustrates the

by, ht, )
PXRD pat t%@lﬁa%ﬂiﬂa}alcéb’@ﬁspﬁlﬁlé@tae]d??&’rﬁbf Bligf ezetim be and rosuvastatin
calciumin a X1, Lagl ' ' ' EteddobdbtAg LS 8¢ BSvhdg:
FTIR spectr um%ééléa? g%égﬁgg\@g?ggq Sspaercrtp eaoésggget%?cﬁoyg I}éiindﬁrosuvaggiﬂianti n
cal ci um i qalcani/agpinmin 20l :byvevgsi tpiiv; Figure 51 illustrates the

P DAL e PR AR ERGRIM: S RGP TRl
spectra oh ad:1 asight fatie &iredd dathp b cesks oftetinventien, viihriasicaption, tha taber
ASPIrIN I 82 Zishot S iRaPY el aht

Figure 72 illustrates the PXRD pattern of a laser treated combination of
atorvastatin free acid/aspirin in a 1:2 weight ratio;

Figure 73 illustrates the PXRD pattern of a sample of atorvastatin free acid/aspirin
in a 1:2 weight ratio formed in the process of the invention, with the exception that laser
radiation was not applied;

Figure 74 illustrates the PXRD pattern of a laser treated combination of
rosuvastatin calcimm/aspirin in a 1:1 weight ratio;

Figure 75 illustrates the PXRD pattern of a sample of rosuvastatin calcium/aspirin
in a 1:1 weight ratio formed in the process of the invention, with the exception that laser
radiation was not applied;

Figure 76 illustrates the PXRD pattern of a laser treated combination of
simvastatin/aspirin in a 2:1 weight ratio;

Figure 77 illustrates the FTIR spectrum a laser treated combination of
simvastatin/aspirin in a 2:1 weight ratio;

Figure 78 illustrates the PXRD pattern of a sample of simvastatin/aspirin in a 2:1
weight ratio formed in the process of the invention, with the exception that laser radiation
was not applied;

Figure 79 illustrates the PXRD pattemn of a sample of simvastatin formed in the

process of the invention, with the exception that laser radiation was not applied;
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Figure 53 illustrates the PXRD pattern of a |aser treated sanpl e of
ezetim be, atorvastatin calcium and aspirinin a 2:2:1 ratio by

wei ght ; wo 20dohgpie 54 illustrates the FTIR spectrum %fCTﬁISE(ﬂiﬁﬁ%ws
treated sanple of ezetimbe, atorvastatin calcium and aspirinin a

2:2:1 ratio by_weight; Lgure 55 i]Jlustrates the PXRD pattern
of a |aser tr@ég‘ggggh‘_ﬁ@e%@eg Pﬂﬁtﬁ@,ogé‘tld_fvﬁél%ﬁaflﬂf’?’?@%c’ cid, and
aspi rin idye@mbehintydsitih GorRd Weine Biocess of the iV @bE with the bitehlic B& 1hde
FUR spectrum of a | aser treated sanple of ezetim be, atorvastatin

free aci dadighen wepiqtipplied; a 2:2:1 ratio by wei ght; Fi gure 57
Illustrates t : r zeti m be,
Fosuvastatn COFiR atIRasE BeBRRD bRl of JLENEEAPAND gl ot

Fi gur e 58ezefihiletsiratasmtih iemiedi e eotcessrof dfe iavdnbiswrwitlr hatedpisenthidasf
ezetim bel, ai osuvast at igla.e%al cium and aspirinina 2:2:1 ratio by

wei ght ; 1ed1aUORS HOLaBIMIES | st rates the PXRD pattern for a sanpie of

crystal line atmgwast alisttats B PARDIpdteaneth 1:0wielp@t prioeessicof the
i nvention, with the exceptiqgn that |aser radiation V\%S not _argqlpjl i.ed;
Fi gure 60eZeiimibefsipyastatip fumsskigyhs Racessp! thsrinywentighyyith B SXqepiqaniopg assr

at or vast atifiGad MPahidaeshd n the process of the invention, with the
exception that |aser radiation was not applied; Fi gure 61

i |l ustrates tHhHégpxRbilstretes hefdRIpafignpdia b werahstabip sappde of
ezeti m be/ af | la WMy f ery, 1

I nventi onézgémﬁg%%ﬁhg&%@ %gp [ glrllﬁq eg%@%s&g Pwr]ggﬁng% ?gﬁﬁﬁgg&#gp Ecg]p% Ftl 133(3;
Fi gure 62railiatiostveate@spplied. PXRD pattern for a sanple of crystalline
ezetim be/atorvastatin free acid fowed in the process of the

i nvention, wth the exceptDanildlidsctipder of thdilmtentinnwas not appli ed;
[0022]  Asused herein, with regard to the solid state of a compound, the term
“non-crystalline” refers to any solid form of the compound that, upon a powder X-ray
diffraction (PXRD) analysis, provides a PXRD pattern that is substantially free of any
PXRD peaks that are typical of a PXRD pattern of a crystalline form of the compound.
Non-crystalline compounds are typically, but need not be, amorphous.

[0023]  As also used herein, the term “co-amorphous” refers to a non-crystalline blend
of two or more non-crystalline compounds, where the co-amorphous blend is produced
from a solution of the two or more compounds with the process of the invention. A
co-amorphous composition of three non-crystalline compounds may also be referred to as
“tri-amorphous.” The compounds in a co-amorphous composition are typically intimately
intermixed, and are preferably substantially homogeneous. Co-amorphous compositions
prepared with the process of the invention are preferably considered solid solutions.
[0024]  As discussed above, a non-crystalline form of a compound has a PXRD pattem
that is free of the characteristic peaks of a crystalline form of the compound. As a result,
the characteristic PXRD pattern of the crystalline form cannot be used to confirm the
chemical identity of the non-crystalline form. In some cases the PXRD pattern of the
non-crystalline form is known, and may be used to confirm the chemical identity. The
process of the invention is used to convert a crystalline form of a compound to a
non-crystalline or new crystalline form of the same compound. Thus, a method is

typically required to confirm that the chemical identity of the converted compound
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Figure 63 illustrates the PXRD pattern for a sanple of crystalline
ezetim be/rosuvastatin calciumforned in the process of the

i nventi on,ywi¥hhddnkgs €xception that |aser radiation was W0k
Figure 64 im ustrates the PXRD pattern for a sanple of @USS?@%{O%@%
ezetim be/ at oryast at i | cium agpirin formed in the process, of .the
Pvent | ofePEN CEREPERC A i PAGETAR8 et PGP AR PSRBT,

Fi gure 65 hiodsds o iRSnidngo ¥R upad t ATrubiey TendFaiPlnal (FTHet al I i ne
ezetim be/atorvastatin free acid/aspirin formed in the process of the

i nvent i orsPesifasprRyHBalRiE 8t NUhCryHAkng seepositionipAeidns thea sorHBMalYp! i ed;
Fi gure 66nhbdiust ) : . iﬁ&[gg li.ne
ezetim bg[/O P%dguvaél?gﬁﬁ{n&%gsgi%% g@%‘fyr@“fagln% 8&?1%@; I'n %lﬁg@%? %%g%%@c# al'?he
i nvent i onfTHRI pakieimhe winchdhe stsorptibmbarida sey be hdiadenedsliglely qvotpameg id thed;

Figure 674l ustrates t PXRD pattern f a sanple. of crystall.ine
czot m b TR el ot Coet i or o e R PR eE ot on
t hat | asegrysialthhatmneralda®idally eeipit sleeier and/or highed ves6lu€iSn hbsbotiion kB t he
PXRD pattﬁrn for a sa [

hay W&e&l—a{ﬁﬁﬁﬁégﬁ rﬁcqr%ﬁ? "ﬂé o bands Prthe indaredrspeqtam MIEHES on,

ezeti m be

wi t h t he @%@&%cﬂ@s thhatie bﬁ@rﬁﬁgés%jfcﬁﬁli &Bﬁé@ﬁ%n&&ﬁlhﬁﬁﬁit&% and the Fi gure
69 illustrates the PXRD E)attern of a | aser treated conbi nati on of

at or vast atanrPrygalingferm opiheispng gorapornd. Fewghr, thachapges in the FRERppeetar 0
|1 ustratgs,iag& ffdrﬁ? Q850 WA GydABR fohh €4% SHCRARY Bk RMughy
atorvastatin caﬂlm u rg_spl ren i nya I_§L: lov\_/el ght rat Fﬁc?)g;’ gl gure 71
i | | ust r atesfithgioRXRhepdentity of thé nen-gastplliee ofmeatf thevastpatmdby comparing the
cal ci um Lr ] ncti n elé 1stvﬁ?i eqhtd roa:tci %tafionrer%ed S! n the process of the
i nvention, W Th the &xCeptTon tHat 1acer radrati on was not appli ed;
Fi gure 72[0024]ustTirtpeseitinveRiDispiatited o sfblacyasliine iddamhatyscakid foghd on
of atorvastatin free acid/ as.gi r lln in a 1:2 weight.rat éo; Fi gure
73 i | | ustH XSG EROSHPS, RRTIEY AT HPhazmaceH{ifal coPesitisng 4uitata iabls agoom
aci d/ aspi ginBerafhrdant 18 pYREGHI fof ?ﬁoueojﬁg)fher@ﬁblewslf@ﬁwa@@ @58-cAktall@ forms
invention, W th the exception that |aser radiation was not applied,
with the process of the invention. The crystalline and non-crystalline forms of
pharmaceutical compositions of the invention are stable at a relative humidity of about 30
to about 40 percent and a temperature of about 20° to 30°C for at least about 24 hours,
preferably, for at least about 30 days, more preferably, for at least three months, and, most
preferably, for at least about six months. Samples of non-crystalline forms of the
pharmaceutical compositions of the invention have remained stable and non-crystalline at
a relative humidity of about 30 to about 40 percent and a temperature of about 20° to 30°C
for at least about two years.
[0027] Non-crystalline compositions prepared with the process of the invention
include, but are not limited to, non-crystalline cornpositions comprising aspirin, ezetimibe,
simvastatin, atorvastatin free acid, atorvastatin calcium, rosuvastatin calcium, and
co-amorphous compositions of those compounds. Non-crystalline co-amorphous
compositions of the invention prepared with the process of the invention include, but are
not limited to, ezetimibe/simvastatin, ezetimibe/atorvastatin calcium,
ezetimibe/atorvastatin free acid, ezetimibe/rosuvastatin calcium,
ezetimibe/simvastatin/aspirin, ezetimibe/atorvastatin calciwm/aspirin,
ezetimibe/atorvastatin free acid/aspirin, and ezetimibe/rosuvastatin calcium/aspirin, as

well as co-amorphous compositions comprising at least one statin and aspirin.
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Figure 74 illustrates the PXRD pattern of a |aser treated conbi nation
of rosuvastatin calciumaspirinin a 1:1 weight ratio; Fi gure

75 il lustrapeshbs,NRD pattern of a sanple of rosuvastP%tr}dgmo 1080095
calciumaspirinina 1:1 weight ratio forned in the praocess OF 0300

i nvention, with the exception that |aser radiation vvag not appl.i E’d;

Fi gure 76C9-Pmgmhpey S0/ aseIripRRIPAnsAeTiste, Butiasesiat lippied {Q 410EBRBIR AEF on
of si NVasial/AdMris RofvabtatiflcAlcigms YiEth M AslinAspirin, and rédudibifin’ 7
illustrates the FMspectruma |aser treated combination of

si nvast atdalpiemfespiiin The weightraiesighe phasmacputical compgsitpps én thg treated

i1 lustrat t | .S tat LX)
1 0ot 2t R EXTR AL LAl BRI, Ay ANARL AR ARl 2
except i oncdmmmkitibaser radi ati on was not applied; Figure 79

illustrat he D pattern af sanpl f si statin rmed in.the
process oﬁaﬁle i‘&ﬁ?ﬁtfgﬁ‘ﬂg %Wlmt Yt %O%Sﬁléﬁfﬂi?‘gﬁﬁfl}% elngg'tg?ys{aﬁﬂ’lgg?%#%s
not appl i @hpound has a Hibig BiRe Sbriy husd mekr@sletlle IRBDhpabALsMthef a 101
wei ght ratio sanple of ezetimbe/sinvastatin forned.in the process of
the i nven‘tl'V%#,hZ‘?nMP fppng pighesumung n Thip gaparis adrghensplupiliyin et E)otbe

appl i ed; stAT i@ at budaly e Lh At 80 %?i‘ﬁae? bofhe GysdatBndvei ght

! non-c ﬁgg@slﬂﬁﬁﬁ A
ratio sarrp% e 0f ezetimbe/sinvastatin fornmed in the process of the
i nvent i onformj whert He nerceystalline and atystelize formsdiasg simianeestitiosizesp Surleen
Figure 82 il lustr XRR a 1; ' : | e
of ezetimBer s;éil}r'rﬁ(gé]?lglp{%gfgr rre%lpoﬁitﬁgtg %@Ssgiué‘?%%a gé%%%rggﬁ c} ﬁ\%ér?? ?%%%TP%RA th
t he exceptelbas difpaficdndg bicheddeahildnlitwas not applied; and Fi gure

o3 1Ll Ui FIEDDaLLEER, o 8o Botel A0t L0 SOl e

t he excepj et thpidtdidsalatsn fattth@t ¢rofialiBs fon@s o BB kdedlcompositions under
conditions following oral ingestion or trans-mucosal delivery, such as sublingual, and
provide higher solubility and bioavailability. Accordingly, the non-crystalline
pharmaceutical compositions of the invention, which are stable for extended periods of
time at a relative humnidity of about 30 to about 40 percent and a temperature of from
about 20° to about 30°C, should have clinical and other advantages over the crystalline
forms.
[0030] It should be noted that significantly high molar ratios of aspirin to statins have
been readily achieved with the process of the invention. Without being bound by theory, it
is believed that the greater aqueous solubility of aspirin compared to that of statins in the
co-amorphous statin/aspirin compositions of the invention provide a significantly
increased relative aqueous solubility of the statin.
[0031] A crystalline form of a compound has a PXRD pattern with characteristic peaks
at particular reflection angles of the X-ray beam, measured in degrees 26. Typically, the
resolution of a measurement is on the order of = 0.2° 20. The reflections are the result of
the regular arrangement of the molecules in the crystal. In contrast, a partially
non-crystalline sample of a compound has a PXRD pattern with substantially blunted or
reduced peaks, and a sample of a purely non-crystalline compound has a PXRD pattern
that is typically free of any characteristic peaks. The molecules are arranged randomly in

a non-crystalline compound, and, thus, the reflection peaks are not observed in the PXRD
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Det ai | ed Description of the Invention [0022] As used herein, with
regard to the solid state of a conmpound, the term "non-crystalline"

refers to&a%%%gﬂﬁform of the conpound that, upon a %%00%(};0%%5

diffraction anal ysis, provides a PXRD pattern that 1S
substantially free of any PXRD peaks that are typical of a PXRD
patt ern dfeligme (hangasin HEEFdY thabdcciiyet Biopdianges Menhecqtyewat i seae

COWpoundSn(ﬁifﬁ%/&MHﬁ&&HﬁéunMoﬂm% RLiiReei@Mor phous. [0023] As al so
used herein, the term"co-anorphous” refers to a non-crystalline

bl end of [0W&2lor Feoexerde-apopdenXirindifizashipo (FRD) alabysis of heystalline aspirin
- ano is. | uti , :
co-anor ph&%%]%{ﬁcﬁﬁ%y%gﬂn% ngﬁngﬁﬂ%;;]a&é’d@uﬁh rﬁ}@.p%c'e&&bf g‘%}%‘}’%}%ﬁ@ﬁ‘g’m@{eg the

conmpounds roces e | nvention.
conposi t i diffeilehcd ihtleearrmnperaery sf mbletuies monpalidsniayn-ahysalline foeiserk ed

to as "tij-a us." The conpounds in.a co-anorphous.conposition
e Cypl CHPEG TR ke JreRtEPTA B iR ey S B Br s JRSUBET it 1 al 1y
honpgeneogigure 30-TABPIRID b teEOOTAGIrE i1 988 2 REBBR0E Pedlk tdhatab@riftfcasress of
the inventron_are preferably considered solid solutions. [0024] As

di scussedrEp¥iee asgion- crystal | i ne form of a conpound has a PXRD

pattern t IS L i . ne
form of tﬂrqgﬁgc;orrp%EﬁgT.agthg}gg%%Qﬁ%@#ésﬁﬁgﬁgﬁgﬁgﬁﬁfgﬁ gn%%}léﬁDlre%g tltugr n of

t he crystzEparedewithy thoprengssotf threinugdignt dhe BRRDrpsftee! treaencaystilient i t y
of the nop-cry |} ine for rn, of .t he
non- or yot S it P ecr il bl RRT (S RRARe bRy SOTRATFIAND) B ol
chem cal drgesiting yspirith & hehighaaensfy RARD poal@rf therrysallitsedpitio aconvert a
crystalline formof a compaun 0, a non-crystal |ine or, new .
ryetal 1 REsiegiay Shoen L Hahting. Sy Bort B RS presetiy
required theneRbifystalink Bspirid HEthe RehteoRl Tt id efpdriait ©fmotdBataRMMeEsIlsh of
conpound _remai ned unchanged. That is, a confirmation_ that

cheni cal PeBERbPRIGELUIFSEC diFNag hAeopryiasrater i thenperEfghOf the
[ equi red. pelrilffated ti RMKOL MURBR! 8 difnid iSRRG ELRARPYXRD QNS S

of a non-crystalline conposition provides that confirmation. [(0025] An
FTI R anal sfdhsscrystaliingeapiroy pdtigire i that mel bel preosnd buithel PERD paletnofitesul t s

in an FTI .0 1N whi : Lon 0,

o1 ant 1 y g s e B Bl S ARII D s R A e DR PRASfe
form of tinésedampmuntl Tiik isavied cdpact tiat tie aspiys tadlyzed &y PRIRDY, iaa ilhistrated
typical ly, exhi bit, sharper.. and/ or hi r resoluti,on ahsorptijion hands
it he” ROMESE St SHRTARGA b SeHutaRng PRGBS TP Tolpr e
spect rum jxaye kil Be wREET@tin BSRB pef&Yd subStbnitigrBRat.i n f or m bet ween
crystalline materials and the non-crystalline formof the sanme

conpound. [0R@tlev deiver the seongifemodimante Ry 95 ERRT ¢OTIRONe Fchife aspirin,
non- Gry st @lerysiifi M oy RhBblahule voQ HBrt Aine fiirbdrGhRlAG YoriBurs mf) 1R | OW

confirmation of the I Tty of the non-crystalfine formo .
conpound pyseabimpaionragystalleneCpiiRosipes tsheh asfthe dam-aysjaliing dspivm ingirated in

oS S IR o ORI 80 LA e b
compositions prepared with the process of the invention suggests that, at most,
microcrystalline structures, having very short range ordering of not more than a few
molecules, may be scattered randomly throughout the composition. Substantially the
entire sample is made up of a continuous phase of complete randomization typical of a
true glass that may contain a few, random microcrystalline structures, having very short
range ordering. The physical and chemical properties of the non-crystalline composition
prepared with the process of the invention are believed to be substantially the same as

those that would be expected of a pure glass. The arrangement of molecules is
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of organic conpositions, particularly pharmaceutical conpositions,
that are stable at roomtenperature and to processes for producing
the stabl gyghysmli@dsii Ne and non-crystalline fornms with tﬂlemgzﬁb%%%?mé)f
the invention. The crystalline and non-crystalline forns o

phar maceut j cal . conpagsi tj.ons of. the invention are stable at a relative
humi dity stamizlly Tegor ‘}é%ﬁlﬁ{“ s%&w&mﬂ%w QTMPEFHRR BT 911 B the
20 to 30G{ganind folgast about 24 hours, preferably, for at |east about
30 days, nore preferably, for at |east three nonths, and, nost

pr ef er abl Y035lor Anwitlethsdisaprsatanes of thoeharesterigigisllegiopmetiemf adfy&RIAl | i ne

forms of ARG i C it I i e
remai ned ISsaLt grbn}?gl%g{égﬁ %ﬁhﬁﬁﬁgﬁﬁg%ﬁg@? ér%farf)%ctg ﬁr/%ﬂ%ﬁﬁ%&%?&d@o © about
30 to abowpicdly readseet asahelammoune o the aboHerys ol ling fout of2De tonB3RAd frereasds

| east about, two year,s. [0Q27 n-crystalli conposi tions pr red
weh 1 o el P b SRR e B e AR b T R R
non- crystfabhi hergaigpesialdfenstatoFpidtaiakotypissily dxhibiehebkidridRiter resolved
simvastatin, atorvastati.n freeYﬁ%aﬁ',d, atorvaséati n Cailggri um

r osuvast APPHPEA andHthan Hip nog-ca T 9P BNGS HhA 1BiTaRef gRestrum may

conpou ndsa1soNsrt]yg;hﬁfeu§bﬁlnbm BeCRSAHRMRRY S faﬁﬁm@@&etelia 89Stalihe hﬁeedam;éﬁmﬂeo n
e

prepared wt process of the invention include, but are no

limted twn-csysalling foan of thegemacempouwddet i i be/ at orvastatin cal ci um
ezetimb rv i I, i i.m t.ati i
Coeti m APl v At Btdubid WeBts U6 FRACLIATNOEO! SMMAN AL B SRLBAY
cal ci un asspiriniang illegtettednin Feguatsor andsl, adspevtiielge The aspirassainpias areghake

composi ¢ SRS D EPn R d el 6 nhe Sosaiic Fra R R (PaRAR 8P me

Co- anor pwalﬁmﬁs%amnaﬂmbﬂdtfﬂ BEIRES R biaBhiivelg el aeﬁlbs;ldt _ha;;rc?ama; the (FTIR ed
to, atorvastati ree acid/aspjri.pn, atqrvastatin cal ci spiri.n,
si nvast atRHFRIHS Wn-mi%m%@tiﬁwﬁméﬂ AT rsTelathdY aght
ratio of JB&pROEkRE N cbeBhria TPARIHTIRRSecA of A9sthiligahSHHrAMAS| tion
is preferably adjusted to provide the desired dosage of each

phar maceutancaysta BiTi; of the ippaigh Yemensiretep Biehile boustennlss arhibesyme j t
is belieyv, =Cr i f qqﬂgqg? i.gher
free enercglgnéér%?%rﬁ%ﬁielﬁl%%% Itpe{ez%l?gdrénpigtotf;a{cere?]ﬁ{ugga%ny of {eéaaia@zéylg
cryst al | i Biewre#as omspfent Wigh tempowndtallite farnk nfxhe tempouniigher sol ubility
in water he .non:crystal i ne rmthat.nma e apqut 2 to.8 tines
i ghor -t HOR? Dhac e e iy L Al Mo bPRp T it g SR e sompgbarenhe
and clr y; _ttlaqa homeryhaling ccbhl?qyd%it&inﬂb?mé ir[i@ﬁt:cij@rpib €1|SG bBgRsved Sgpélmq 98B eaz e
in solubiljty can translate to faster dissglution, absorption, an
clinical B9S6Y @i-l\ﬁ@iiptog%crg?@mﬁqf%ﬁrmﬂm%rnomca/a%meafﬁws; .

[ 0029] Thug,larl € 1iRRnicloYsp! drifaliRh@nipReRibhd $r8Huce BBt dRNSiRfinkhfe
invention provide a nore rapid dissolution rate than crystalliné
fornms of 4phearsBraRisebppe slatarelsdn whiéihewalrulponsha aystaglingiyro re

i ngestio : - I ; : i n rovkde
i oher SoFinerd AHSaEF fuBled Sl Bl 1o BURLARe SR AANAL ford AR EA
non- cr ystaldrizaeé lipitaninme@pt pbetbmomogyestistof orystabine tévepositionn shays, a high ch
are stable for .extended periods .of tine at, a relatjve hum dit f.
Sheut 30 FetBnsireERegts ek S g b Ry BrkCRtiig soiRsthorb o ign
about 30Qacis hietdrderb@yeargzemBhtcdimoddtdlcd fhiad inthéankalis favwer the
crystalline for rrggﬁ)%a%%ig][blt shoul d he noted that significantly, high

nol ar rati08%lof E geRgencads Hearky allp treughpyis hghy évé@ﬁwiet h
the procegsp®finlpelanpyErH: ﬁﬁcroé%fnjbﬂ'ﬂ%to@?c}dﬁgaplﬁ%% c}i))l)(s;atlltﬁf‘eod'sé{mnl tis

believed that the greater aqueous solubility of aspirin conpared to
that of s¥xhibiting high eer witednsripisatescobarat Inroagist. biimgrmre 39 14t obssref
the inventi : hee LOnLf [ | :
the | nv: g}}; pggng%agy%gg@%@bgy il SR dYaph 0 6F SRS RO dit Ahl-UGsRRUE QY Sin
particles of the invention. The absence of birefringence is evidence of the non-crystalline

compositions of the invention. As noted above, birefringence requires the ordered
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[0031] A crystalline formof a conpound has a PXRD pattern with
characteristic peaks at particular reflection angles of the X-ray

beam measihsehofothagiedr ees 20. Typically, the resolutio .
measur enment ?s on the order of 0.2 20. The reflectiongcgﬁgipﬁgmmb

result of the regular. arrangengent . of the mol ecules i.n the crystal. In
Cont 1 aist AR SRRty TR TR AR b ESEmE s B Rp R IE 1 PxD
pattern wWehRratimsieanih.al |y bl unted or reduced peaks, and a sanple of
a purely non-crystalline conpound _has a PXRD pattern that is |

typi cal | y043%e é’iheawcmﬂlaéﬁ@mp%%wsﬁéﬁlﬁém e PEditesdyFrROsing a
arranged sBﬁBQRE}”é(ne'd? rRorDORKAEN 25:@bdinaS 1o BPBQY Mgt AASertd YhwelbiBhs

refl ection peaks are not observed in the PXRD "pattern. Changes in
i nt ensi t yiromhaitleast e souices, ahd ovagorating ds snvpntb d ho kasenlightimiap be eprdicd

oy BRI A8 A BRI B0 ek 809 et
aspirin’anﬂmbhﬂmﬁon-crystalline aspirin prepared with the process of
the invent]j d strates the difference in the_ arrangenent . of
ot ecul o30040] o FERERP S it TGRS SRH HAde AU EAPE SIS BBXAE
pattern f@iingReREGiveblide RYgthindh @it tymttRd pibstRcAERbideT10°S th o Bst r at ed
in Figure 1. The PXRD pattern of Figure 1 has a nunber of peaks,

n

char act esPeniy apd mey s by fomeosespnd 1ange (150391100 weerd a5the Fi gure 3

i1 ustrates g %%&Bﬂaﬁg\%’]mdgs QdcoR@N (SNt lﬁée&%r%{ﬁhy Has Bh ERALERA W th

the process of the inv . The "PXRD pattern “of non-crystalline
aspi ri n icenteredimthedoiverdntfiof e visble keechiughi.g, tefwesnabout 480 pad 2lwmh shown
in Figur for the.,crystalli ANy i gh_int i CRD
peaks of SCharEPySt e e ent MfaRERLC s PR MR lpbBs iR, BE°C0 1 g
t hat, at wayslengthrftoyn ateny4horboutdfiQeamorite viheglass ppefaabliythas m érhesion
non-crystalline aspiri f the.invention.. It is inportanpt not e
that t he CPREHHAR NBIPBH DEat BRI BE PR oke-FohiHE ot ol gpLaetian.
seven ti mpg ngl, @Adr@ably,NA thd € td R8P Inat AN mbivehréfeiabBra alabvelsigiabed in
Figure 3. Therefore, any of the peaks observed in the PXRD pattern of
the crystfm phpat §34iorabplti 430 mmy JPsing tvorfasersipyingenpysians AenterRd pifamitstRD
pattern Qf,bREMON:C wo%;]ﬁ:!nl ARIAIAILLCR, b Ibh@HEfeichoftl h&ELS b Rl alipy e
intensities no greater than the baseline noise in Figure 1. This is
cl ear eviwignaeissibrs cetered agini 550 mira rrsely\pe axde flyin PXREapRS atidrs u Slowavyedgdod
Figure 3, i ubst anti.al | re non-cr. | Lk r of
the " aepi FPARE BatpRe Rty piH of DR vEtE Ttk ara ARRkD F pomlaEle R8¢

i S subst abbuntad70ynradsiendecord 084 havisgretenten e/asél ergpigof fhemh Bbely B2a0riccabout
tendencydgf sonme conpounds, such as aspirin, to crystallize at room

t enper at @Pnbery short range mcrocrystalline formations nay be

present inof] nonﬁi@ﬁdﬁ_sbath Béiﬁldfbgm,ﬁti 9 BelicvbCthatifie bidButAndidtssfahd | ne
aspirin illustrated in Figure 3. However, the roomtenperature PXRD

pat t er ns letsesei Regdansd by die-sbes) stiegtive else s Thisdplovsy fepa thed ngeri#inthe
process Gy %.'M@&Eﬁlﬂ%eﬁsﬂgﬂﬁﬁfsés 3&kr 1i afm%ieveﬁlt&ﬁlg?@é?h%hé ﬂﬂgtew

structures, having very short “range ordefing of not an a

mol ecul esnteraslywitle matiipld wbwtlonad aubed sleationiostptesun thelpeocessmd dlad iniention to
Subst anti al I. he entire.s | e .S e .2 cont| ase, of
conpi ot e ot e Bt Phktafiss HBIs® 4% AR 1 Blvafh GRPORIRY SoblB3R 0
few, randgeific absomitips baldsiofithestentad compsundhacinotresneired. short range
ordering._The physjc nd. chem cal properties of. the nan-crystalljne
composi iBME, b Pkeabl PR ihetar e RISR StenSRntin Mo e T R ey
to be subst BBk &) dereaRApSEOBMRS of iRSRud A IntMRIEEe BEeletREGERG QENVD
pure glass. The arrangenent of nolecules is substantially random

li kel y newvatsg as Hisclaead-tyrly.§t Batentniloe 6386809 psh6.Ais 0440 Stpthantthan t he

crystal i §g1ds@fefbf which are incorporated herein in their entirety by reference. As used herein,
the term ““Strachan Device” refers to a device of the type disclosed by Strachan in those

patents. A Strachan Device, as defined in the ‘500 and *564 patents, and as used herein,
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[ 0035] As with the di sappearance of the characteristic reflection
peaks of a PXRD pattern, the Fourier TransformlInfrared (FT1R)
spectrosc ion bands are typically broadened

of the noﬁgérg‘g@g{ F% ne form of the conpound increases ﬁ’ T%[ﬁg“gm?‘t
Thi s provides. addét%ﬁ??ﬁ evidence of the (E)r esence of the

non- cryst HAPRRTHES § 36fiP BRHNG paska sesonsk diffagtipm pralmgandn e fpeiive

typi cal | yeiembhtotitisharievecn the It A0 sER5Q hafﬁgctf&ka%%ﬂgé OWhbRR HRerlHian
the non-cr stalllne form Some bands in an infrared spectrummay al so
be shi ft etithsbpankiiueusis palserk isgrassed aenyentially thiongh the firs drfreetipstemdtingribe
material s f

[ 0036] Forregg‘g#gggen% élﬁ é g%hsﬁéohhgff fr,ﬁ&;@%%gﬁﬁ%g? crysﬁg’lrglqileﬁtsat %and
non- cr yst pdrfipmef the péami 13 sabmnﬁlhﬂlmsancde@bly dﬂfmtrﬁwtgmnﬁsrf&emd The interaction

Figures. 10 SRR ahe R E Sl R R 2P K Bl i B P

crystalli mstaﬁtmmylcamcelsl the/datrdta@ hely Rx i HE SR CRnAV&idee ITAL kafRkNva@éhent
defi ned. trast the FTIR pattern of the non-crystalline aspirin
i |l ustrat @EWSA Foagerliation [orseRrpyer ¢ wpalt peyeaniAes PbHg latpsorperdherdidcl 2 A
conpar i sog]né;g cliti@] Fidkspectra of crystalline aspirin and the
non-crystalline aspirin of the invention denonstrates that the two
sanpl es ai%@4ilhe %ﬁwebﬁ@ﬁﬁsﬁzmneéﬂf¢0F1§fmqqmm&rerlchecqur betweern thg high anie
FTI R peaks istent, wth the
non- cryst alwﬁfrenwlfcgﬁ)rqh o% gﬂﬁg@%%éﬁglﬁlﬁgle%u %f}%{?%’%&p g?segrr\%r%tﬂ?enapfe Hge.
crystal sTlnaﬁplaur: eodsk opromstrudive igenfgtraklocae onl;mzimsé the onpuaithd Rieachan

non- cryst 0Si f t he i on.is. .al so. ob rved in
pol ari zed]3 ?ij%’ies gg %Bﬁwf’ I’-"Itf%ferf)rfﬁ?tag?‘ﬁlé SR e V’tcf’le Wgtllqt“’?\e
and non- cm;esﬂeadnba: oy beruisovet tltachat tide etib@hindMihGE,QsRAPH ulgs-¥Edal | i ne

conp03|t| pr bi refringence. Birefringence appears in
ani sot r opl? f ggﬂ I%Qe PWSW%@P e Hgﬁ\éec?ffeéqu mledenedisdpamaragiaror m

are arrangRd: 10° Rcdgghl y ordered pattern that is absent in the
non-crystalline form As a result, polarized |Iight m croscopy
phot omi croaraphs of crystalline conpositions shows a high degree of

bi refri ngdRtd t nfth pStiaghan Sissisefeastipnal phangps inglemy evejesethi af ithrdaser or
conposi ti !Hatp?tn I und
in the crlg)%t% ;e&?ngﬁ?ég%%%vélg%?g%?{eg%gﬁ% ga@ ire 3 @ﬁ%ﬁéggﬁéﬁﬁﬁneogrl
vi si bl e tthessughesuss, forreixghply, Eacfiona bhanges ma;n:pbm mmlaacrpbd:@rand@dcﬂuatgjm

m croscop: f a | i ne ASRLTI N hi bi t]

o on_or et IR Ble0h g Bllfl b WP RhesbEnBE Bl AL BC, ¢
not obsersoatnidus ﬂmbxarwmedwhns@jmemms @Stemgysfah@hmm oA @uAibs p@IEesﬂ;lgl’r e

i sotropic,non stal Lin rticles of the inventi

absence 0 eﬁmpiff %‘Fﬂ‘éé’ﬁﬁ%%@ Hgﬂ‘g e%‘f”?%%‘“ﬂ&ﬂ é‘{qﬁ}an r?g‘e amplitude
conposi t i pagulfontdTidde YR8k aONfreddSnAOs Rl ePDRNE: is Riell @Lﬂh&:ﬂg@ BER oF B r es
t he ordered arrangerrent of nmolecules that is found in the

cryst al | i $dleddmthe agf, tAsi agepidh eifsotizepilsq lengthehaying acduyasion)in theeidossoend

L 302 ELE h Crfit Fo4dh RhaiiB1<C IPRSAIb QRS oP but Rfd BN LR 46 GuRfAfced
with a properly prepared Strachan Device and amplitude modulated diode laser.

[0045]  For example, with a continuous diode laser, the pulse repetition frequency of the
string of extremely short duration pulses is defined by the amplitude modulation frequency
of the direct laser diode drive or the acousto-optic or electro-optic modulation device. The
inherent current modulation of the direct laser drive method will result in more fluctuation
in laser center frequency reducing the period of the coincident pulses while acousto-optic
modulation provides a similar effect if the aperture of the modulated beam is greater than

the diameter of the optimal modulation aperture of the crystal, as the outer radii will be
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solution of one or nore chem cal compounds to of |aser |ight of

di fferent wavel engths fromat |east two sources, and evaporating the
solvent. T JLight may be applied simultaneously i -
alternati n‘gﬁszg%ﬁ)g%éées. The conpounds are preferably phamﬁg&‘{f‘{"g@f’ﬁ
conpositipns, [0040] Preferably, the laser radiation is pulsed at a
rel ati vel {FShisGRIYIoratsddBan the g Fodil sausig ihe, g fenk Ve rREES W dheriunation to

| engt h noggreater than the picosecond range (1012 to 10-9 second),
and may be in the fentosecond range (1045 to 1042 second) or the
sub- f ent oE¥déhd ndhgeregeat methed ofprodends thonen-ofystaHime ompesitiqms of repidb| y
has an enj$si [ f Vi: & ectrum
e, oot SRR sl DR BB Bl B el BB BRI

ul travi ol giplietd a sadutteinud theaogposition, end eedberaghg the salves. wiasvddcasigd Bbdvepm

about 400t bo 70 n he, at her. | aser prefera has an emnj ssjion
cent er ed ’ltr‘FOlf%8"%%5%Fh%%%utg?nqvﬁét%\ﬂfg?ea?%rss‘gg’&’tﬂg‘iﬁ‘?ﬁwf‘l?ef’.5, of @plie iepeth.
about 55078 dolaR@UtonT B0 UtlcBitaity PHacpRl Yas 4 sl thelsB6kt gﬁlsé&%ﬂasémg}l@&%d
(IR), nore preferably at a wavel e from about 620 to about 680

ngt h of from abg )

nm Usi ng PRM5VPROa¥ei#RRAOHES difl g%@féfﬂém@éml@?l@dﬂa@t@m}ﬁndé}r elgayetiestgens,
i.e., tWooSHOESmIAURISH Biotide 3R R orh MRIAORIM VAL ERGL A érflﬁm a0l TWO
| asers with em ssions centered near” 550 nm may be usetul 1 nsone
appl i cat i enssiopubwerespagdath & wstific sbdemtimniberthoioht apmpmitisntake mre | aser
havi ng a J . Of : 400 L t,. 470 nm and .a
second | a%g&ﬁ%\#%éﬂge@g%}&é% ?/\f/gz\g/sg é%g@héhg?gi‘ 9 8?7? g%@ﬁ%hagﬁgeetno(’b %eﬁlt
680 nm [ 0941 h\Hehdiatmaventivgl dompositibys dikweeged belotv istnghelhsee ttadehhain thhe

t put bapdwi dth. of. the | i dened hy the short effecti
Ul 6. | engiPRrioiqtoghe rTanEY FPSHHBRE TiRCer LR PrisFE e WG dp o t
resul t, thergfoedd waleRaghotnd @seftrablyGhbutde tddue§Shnh ) shQ¥ diRe

photons that interact wth nultiple vibrational and/or electronic
states in28He pf Breebenigel streuich gt thusnihe sbsorriion deeatmet Msmhermypsewicr] ne
forms. Asc@ngRfishi tredt&ﬁﬁi‘i&l?th@%}/dc@& B M eSRY RRSn, 10 AbscFHBEd BRARN O |

speci fic absorption bands of "the treated conpounds are not required.

[ 0042] Pr efigrifipanyly, it fsdbelitvied dhag Hsrmrodessefrthpimb ediongrebpedehdeéd th Hyariety of
nodi fyi ng e - e lasers to generate sparse nodes of

constr uct?%% ?rg#%(g&g?pgﬁ%%’hof el ectromagnetic (EM waves, as discl osed
by U.S. Pé04T s Mefrabby, Oeprdefedaitinttifg deghbrtetlcOmbtises Gty nddbeof

di scl osures of which_.are ipcorporated.herein in their entirety by

r ef er ence OPARI(YE H%‘ngerr@cﬁ 0 P'tﬂ%é S](t‘)(gf amﬁ“rl&g]?fawolj‘éﬂ)’?@@gth 3 %ﬂ"“é‘?séh% 3

devi ce of probiecell VbR i 1845k 8 58I o DMseR &ACHIR0r hidrd $1RBBAPBERASS WithoRt bghan
Device, as defined in the '500 and ' 564 patents, and as used herein,

conpr i sesbeafliby dheogy, firis believerhthatthe plirgnating seausaceiglter shortdeser pHses
grating apehad ofik AleltBorilt QB ikl Q%goﬂﬁ& WERIEDSr the Ethp RNy,
second diffraction gratings. Wwen a | aser beam €I ther cont1 AUGUS or
pul sed, i &spakedteraoigendtrintetaptionsy agthus, ipecvienting crggtélffomution andjorat i ng,
the refragt] e he second diffraction grating of a

St rachan %Eelb/l}é@negghgt egs’sntql@%r%orti on of the beamis substantially
cancel ed [9948llestTheabom eenprrank etableaen-cizellimztoatrpositions offthd ihgdatiobeans
that pass_thr h the,Strachan Device results jn _destructive

|t or | or SHEEFERIROLHEL PY S SETy R arolr AR E e Belifes BOUUHE) aer ¢ he
Strachan dmvirestive fibkes B A GdabMeroali BB 1asetslPWere fa8sc8 AR6SIH A8 t-RAat O

occur over a small percentage of the |aser source rather than at a
si ngl e crPgyigspn P& H gelution of the composition in a solvent. Preferably, the

alternating applications are repeated frequently.
[0049]  Useful solvents are typically organic solvents in which the composition is at
least moderately soluble, that evaporate at about room temperature to about 130°C, and are

nontoxic. Preferably, the composition is dissolved in an alcohol, and, more preferably,

18



[ 0043] Rel atively sparse zones of constructive interference occur
between the high and | ow frequency passes of the cancellation el enment

in sel ect gdndidofsll,ons fromthe aperture. The sparse n %er?lhs .
02h0970522;

constructive mfﬂ erence occur only where the out put 3) §$a§{0§03?:ar1an

Device results in constructive interference at a distance fromthe

devi ce. THBaSnelvents ¢ erafereldy pahdieus. BWIte Bed prefersdaolvgnt is aulyderus
time peri %&Olq@d 10@?%?{1%@%{)&@6 dtfandl t ra-short pul ses of light. The

pul ses are bel’i eved ave effective pulse |l engths of no nore than
about 10- P08eko n%rsfera[bdmﬁtb] lgwjer rrdiatisn nsaaphhﬂ:d tDékm dutiohuatl tho n@ivemc Esan g es

! n the Wa¥1ﬁ) %Ht%‘;p e%potrﬁgd ] sqlg{era%ﬁj ﬁ’l e élae%tg&i S%g}g tpﬁ %%p 1c b 2’5

|nthelaser caueral tran 1on
as, for emmbﬁadfamc@nm@ore:tﬁtm@ebe Soﬂ‘Weﬁt,l_bﬁteﬁiy becoaledasing theode and

fluctuatlons in junction erature causing variations . in the |aser
center frEGRBHEY PIRGCsS HEbD, 10 OUB FEIPRFGHE. Meseroisiedh fne iFmdeaphed
into a stisimg agfm@% E}%%lu‘ﬁoﬁ hetre Shd st Os RV S &BwRlY a taspalcADdof e BANS
of relativel requency anplitude nodul ati on. The anplitude

nodul at i oﬁlbééﬂ‘éﬁ”ddﬁﬁﬂea@ évapogtiog of thegalvaely The tragsparentiopy peis thenyemeved,
Wi thin t hgncfsthé h}g 1851:1&:1*8?3%@151'&& &gls'ﬁ%%ﬂﬁF%BﬁtlnuA@ é@fh@ @3’1%1{1 ’ev&fo{‘aet‘ t ' Ve

pul se I engths uratron in cosecond range are readily
at t ai nabl B05&hd Rreﬁrabbedwdabemcogm% emszré&@nmts pIullhs b@eam@emmlengbl e

with a pr r r red Str
0, O BB OEERe, S AR SR o TRl o
pul se r epﬁtefeﬁ‘alxbjﬂeﬂiit equhe Ratige @f aﬁdue4@1 tblabgutef7 0 et ane riie{hya ré&xpelof algtik 620 ©@N

pul ses is defined |tu ulatiaqn fre ncy of the direct
Poser di otehpian eyt Ut R esse b Geb o RrL v strae e Moy
devi ce. TheudeAREMER inGeHtiod nGoB@?déh@é K298 b&dn dbhgnediwigtd Stlra%ﬁ%{ DeVibe/gnd
nmethod will result in nore fluctuation in | aser center frequency

reduci ng fiRde Jsasrs that anit e 08ae #nd Fédem.pul ses whil e acousto-optic
modul at T ORgBsOVi A HeTrb ks GtheRbaliontAPoRREEAMS 6 Rhvikhe Modul at ed

beamis greater than'th I amet er of eoplma ation aperture
of the crysteaiystaliine cdmposiitons nrthdpnescmt bf ipemal @5 thedeeqsbymapelsd bt ed

than the inper d|| t he.ef.f ect.i ve .apert t
to alter. pf[‘rg)ﬁ‘gé er?%hr“éjs = en}e%# tfmfﬁhogedg?y Ifrﬂwde‘%smg et
non- cryst Bdliuin erg@)Qm?Q)ﬂ‘lei‘ ireRtPas. aF srapiideasahs ﬁjmgén BPreSatpde mhe u@ef ofthe

ultra-short | aser, pul.ses fromat |east two djfferent . | asers.
appl i ed t Bt sagvHl Hwingis a%@%ﬁ%& P%‘H?Tyétﬁ{%méﬁ%i%‘?sé&qnﬁb" Pfigize duing

sol vent. #speicggussed above, it is believed that the output bandw dth
of the Iasers is broadened by the short pulse length. This follows
fromthe Uncertai nty Principle. As Bxsmplest, the short pul ses of

| aser Ilgefogratl PR bAYe %Egn-g]'rf?t\ﬁﬁgd& ?fé& QJ%SmérE&g 11dsﬁaﬁeac&ﬁhe‘;\3réﬁéned

mul tiple or ectroni ¢ stat rtion to
provi de t treboiomenss 9§ﬂlaptesm irfvention, Al ae netdo bt colshset & lilllatmgltjlean

em ssi on ltggﬁtlo%o%r espo gwhm 1sde%%etﬂ) hcf::aabsgr t.i.on band of the
conmposi ti on-are’ he ¢ eqw re hus 2P ﬂ%‘ﬂ?e of lasers is not
critical.[0B64dTs aﬁiﬁhﬁﬁah&nmea]ohaﬁmﬂmtewon@dsmbﬁs}prqiakedtvhﬂl b ddsemeRtdne al
conposi tig{ﬁ di scussed bel ow §_SI g}g a |l aser at emts in the

bl ue- vi ol ¥t NHIREIP BT RAG BT Of TRGEPITEReRF) SED PEPGHHY R Arogequagser
that em t GeleefdarRd Wath thOeRERIon tAAMANAE: WAMELERSE pphad® thoshRmabTat
about 620 to about 680 nn), such as diode |asers. As the chem cal

st ruct ur els samples 9fﬁ;§t1mtbﬁest%tb§oqm§taﬁmﬁn sayé@mn@vwalim ipRempiaeEm ergl
conposi ti t r f cri bed
her ei n, &)i? %éﬁeﬁg{?é%ﬂ éf/M(t: n%c}eg,ﬁnlﬁthgfﬁ?%gﬁ Ceo&e dF ﬂﬁt %ﬁpl%ngcﬁz‘éeggdsof t he
i nvent i onaltannpthe exliveri dedvaporate, umcc@‘dgnc@ﬂvnhtth@promcglamscussel?fmmumhsthe

examples. A substantial amount of crystalline material was observed in each of the

comparative tests.
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[0047] Preferably, the preferred alternating sequence conpri ses sparse
nodes of constructive interference of ultra short duration in the two

wavel engt hwhegiopRs s hat are produced using at | east a pgi LS
and one or nore Strachan Devices. Wthout being bound %?Tmée}gorsi??‘ﬁ)l?

is believed that the al.terpating sequence of ultra-short |aser pulses
i nteract SEME%E%@PI@ %S Bﬂllg%n'ﬁ%a‘iaﬁﬂev *Bf'¥ti onal states of the
nol ecul es[0865] heNew BRIk aspiril isShutipdrh AEmhody@EMT @euibatm Atmact i ons,

and, thus, preventi n% crystal faqrmation and/or disrupting the crystal
st r uct ur eleTRGHEIE- PR DRl YsdiaeR found peeviqualy|te bherystallips prlo|ryriallize at

conposi ti %ﬁae&fmr&s%owmergiaismmgitfon@vee%{rﬁa%ﬁé,xw SRR WD RN tldf:

al ternating application of anplitude ul at ed sparse constructive
nodes fr otemperatwagip to e rablf emperature. ddewevet, il repgtdivp apizdtittheidegh a
Strachan L.ce. | | ution of. gsition in a
col vent . oS i RO ARENIR: RaBr S WPl Sbirbilf a 3BRESLL 0

f requent | yon-¢19&tdiGhefeithathat veentfouralrte rdny(in stablk yt obgaathperstefonitedsn
whi ch the conposition is at | east noderately soluble, that evaporate
at about PROBHPEEPLt ure to about 130C, and are nont oxi c.
Preferably, the_ conposition is dissolved in an al cohol, and, nore

pr ef er abl Mﬂ%nol. Sol vents are preferably anhydrous, and the npst

preferr edEmbyenA sinSled EQSS0RE R Mgt (rR), 674, BEIRRALYQhor@bsol ut e
et hanol . [0050] Preferably, the |aser radiation is applied'to the

sol ut i on WArsFefntd3awn Gavlet) » ampligde madvlaled gnderiptredtlesr lighyifom 2
pr ef er abl Sﬁra&%@D@ﬁEé‘&rh@d&gﬁiﬁd PRl LG ASLaRRL LAy me! the

| aser radiation and evaporation of the solvent, but may be cool ed
duri ng t heppeeapetchit on exprandetianpireh eackivkypettoelmenweesipelyadtated ovibst

pr ef er abl I r..radiation.is figst. appli.ed. to.the solution
where t he%g g{ngu | Sﬁgﬁgta%%voef? tg§%wﬁ?rﬁ the #t?aac’}r]]s a‘?‘vé??;jfof:%\s/g?m]ftﬁsa{m each of the
subst ant i ahvefenptinwe ke liphapan ahdlpss affthd thetalokyien withihetporinis gl gt

cover is then renpved, and the appl.ication of |aser radiation is.
or ef er abl PIEOREPATRIPIEAEhiEe SEF0RRE! PEY S e ER s A S AP PP SROpic ¢ he

| asers cogpplet®fasgid endriidt 1e8thiSorenliigets (e Blsk, WAMEL-E 6B at
room temperature once the soivent had evaporated. Most of the droplets had a core of
birefringent crystalline material and a halo of isotropic aspirin, though a few droplets were
purely isotropic. The ability of the isotropic material to resist crystallization when
abutting forming fronts of crystallized material demonstrates the stability of the non-
crystalline aspirin of the invention produced through this method once the solvent was

evaporated.

Example 1b:

[0057]  The frequent, repeated sequenced application of laser radiation to produce
stable non-crystalline aspirin resulted in the production of up to about 80 to about 90
percent or more of transparent non-crystalline aspirin. Droplets of pure glassy material of
about 2 to 3 mm or more and lalkes of non-crystalline aspirin dozens of millimeters wide
have been found to be stable for up to about a year at room temperature.

[0058]  As discussed above, a reference standard crystalline aspirin was analyzed by
PXRD. The characteristic pattern of reflection peaks of the reference standard crystalline
aspirin is illustrated in Figure 1. The crystalline aspirin was also analyzed using Fourier

transform infrared spectroscopy, as illustrated in Figure 2. As the PXRD pattern of a
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and a laser that emts in the red-orange wavel ength band. More
preferably, the |lasers preferably emt in the range of about 400 to
about 470 RE28R@si t he range of about 620 to about 68 «
respectively. l\/b?e than two |lasers emtting at di ffere%df\r/\ﬁlés\%%sgﬁog%s
may be used with.the inventjon.,K Good results have heen obtained with
a St rachaﬁmﬁ%‘{}ingé“ Qlﬁ&%’flaa@h1nﬁ§@f%fewéfn PR A CEW%%;“% CAn
[0052] Al péwuﬁm@?eq&bﬁﬁﬁﬁSoﬂfmis!wmb&)dﬁﬂﬂéxﬁﬁibﬁtﬂﬁ, SesRosieRrthe®
provi de non-crystalline conpositions in the presence of normal air,
t he proce&9dish ohihsgomarysetrssintsby shoning upidepingws prrerniion bardsithasy ¢
at mospher gediayin g RS Snrddith BRASAIRG d44n argon, or ot her
inert gas. For cost reasons, nitrogen is preferred. The use of the

i nert gaslOWSP] eThatighly somnyystebing shatpyol@tpitinavap produseddtyatpaated
conpositi . Ldi | i I 0053]. The

o | o ng Tebghfor St ek of ok Pibel BF10RE R5EAGn TERER e CBy g ERGem taser
pr ef er r edlightinodiubanit sad efrudnived py e Senthan Meeteti Anl0 wHeangsle onotryitallibe

construed as.limting the.invention, t scaope of ich is.defined b
Che b pponadiib et Setes oy SotaTetip 4 ma0t Riva Rl Py by Sifingarsto0 ™
conposi t i aR6IuALRAME & fPm) Rehlaasghetid fidleABile Beatt3o 1 By e ol PN5Wer €

not an artifact of the experinental setup, .experinental procedures
wer e repeBiBtesin g gloppaedRieprsvshilasia hp s ntipnevastepapistpdntams0 awpk il &d

to the sol kQRSerd Bt covers@WRh 8S1RE 182 8hd mngeish%&aahwéd togi@g‘; SRLTI N,

either individually or in conbination, were dissolved In vent,
pl aced onheiplatst pl ate in a covered Petri dish, and uncovered, allow ng

t he sol ve : L i rotocol s _di scusse
above i 1 9oL aHBr St ol HEEREARNGE, Mobdted AP leRiRBa iR AR
was obser wét aiStraganDevfcet The fotrpeal @tvhsibe bgdicstion dbeamiikele odulated diode
Preparati pn of n-crystalline.Aspir] 0055 -crystalline aspirin
s Far ot v Bisa B gl dasst AR itec sebiare P ok o REERR: dhe SRR

al ways beess fheupslicafi@vs QugiiudendiR B dyGb ) 1hdeP B frohPa B10S la8dr!Hadifie At

t enper at ures above thef%I ass transitions tenperature, which is well

bel ow r oofnfeheeiangthef “0p nio Thesampletvas sriped slpyhehromehesdr , the
repetitive, ApRiheAld Gh e@laniabfdand A91ddiR8 of 55 36 FOKAAOSE

! . ﬁi‘éaﬁ iba%i@@.
invention, converts aspirin to a predom nant non-crystalline form
t hat has B¥éh f olirdb7dam kpmidtpdstbairh bade peabpoweenfredGinil withart oaticsl east

up to abo = [10056 i nal eguence .of .|l on

wver enge e SR eItk < GRS pthast At B SEANENORHE 1 PRSk
(viol et) powarptastredieedimpdaboat Hipaaceat. SUsing the ISadcaa Desvick) 9B 674 i@ vean
Strachan Devi ce s applied tq a soluti.on of aspi.rin in absqgl ute

ot hanol . TRAAER etarey st tite Bsian IsSek s puTedRon < BLmott | 48

| aser wasm3lt eWr\: ¥ & ate@icP¥&im.t he sanple at a distance of 25 cmfrom
the Strachan Device for 2.5 mnutes for each of the wavel engt hs of

| aser | i gHi062Z]an RipA0Fsbesm hader neplo npwer caabaut #§ mwt withsiua addeg eptigal zed
light mc y i I i

fraction %1 ﬁ% @ﬁyAﬁgﬂ(;Ht%rQ%%% @}@%tﬁ@t" 29%1?5% ab(sa?)'lilI refﬁi,“gg%%grtg{?t%@s@%%an
one mil | i thetpesk gowenmdes fadueddAy, aboici0 peeent. Jisitd the Strachen Mevieapey 4(8ume

once the | vent 1k ated. t_of e drgplets. h a.core of
birefri ng?a%fn @?Syas@%ds%g%%}tpgfcggﬁ PMtag?]edc agcﬁ%ltéi{?%n %?’8?% g?"?%&?%‘%éi&ff?%ﬁ,
t hough a beam cffabphiet48 mEf.e purely isotropic. The ability of the

i sotropic i zati.on en ab

erial to resist crystal ing formn
front s of [BPyat aRPh PEAPSHPE FIeGr o HeATS AN BB RHEdEL PP MOl NI
noncr yst ahk iiReusasPiboid) mﬁ&oﬁﬂﬂzid(%n;\b@.ﬂ& bPhebROH LR et ANRHGEE Julghs et hod
once the solvent was evapor at ed.
bandwidth of the lasers is broadened by the short effective pulse length produced by the
Strachan Device, which follows from the Uncertainty Principle. This provides interaction
of the photons in the laser light with multiple electronic and/or vibrational modes of the

aspirin molecules.
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Exanpl e | b: [0057] The frequent, repeated sequenced application of
| aser radiation to produce stable non-crystalline aspirin resulted in

the produGid ek to about 80 to about 90 percent OfGLcRRISS108hs0005
transparent non-crystalline aspirin. DropI ets of pure glassy materi al

dozens. of CRPF) | A REr ARG ARy e Bl ' oA 6 BB aremAe™ Far B o

about a ygaplatior @R Mih@eRehaks!6 B nrh 8HHASiof] theHs 66k ARWEwitiRthe 408
ref erence standard crystalline aspirin was anal yzed by P)CRD. The

char act er M8 epRiigygtioaapabsiver dhisaws fipvird skt aptheneydted é?%ﬁ%@lt%@eandar d
crystal | 'ﬂgdﬁﬁig& Bﬁd‘sn;uﬁtuké '@a%@é&l@&ghﬁu&ﬁ %ﬁcﬁ,ah Pﬁﬂ@wma@éﬂ ine

aspirin was al so ana yze usi ng Fourier transforminfrared
spectros cmmﬁgulasonSI foustemainate foreabh GegresyfemAThe HerdRxRBnpaefithe fi74ofm a

conpound n al | {.ne I n f
character agctx tfthow Ibégl?‘%/%}r? pe!at ¢ nseé%ﬁt ‘é’%%%‘j’{ ?%@%ﬁgﬁﬁg%gﬁﬁgﬁgr éc?’gtrer%lc')und
i dentification, and provi des further evi dence of the non-crystalline

state by EI6H ngAﬁerb]meay:lﬂmihnglas@ ccazbswaepnte'rrmmedoﬁmdshetﬂ’m d'rsb@tupsmitn t he

non-crystal line c ate. [0059].Th hl'y
non- or yot SPPREC tPe B nel B e AT e BeE vBy Feals et S more
appl i cat i rgesOhe 63p@hiein ctfansleQURIRE esmdihed NBe mplateertg;te memwewmzmm
short wavel engt h | aser |ight nodul ated and structu achan
@L%S&Wéte@t

Devi ce. Afoll Gwﬁ%b% APRyIa laspT Eealpglt WY foné MHRRT Ytk £ ha&F% 4
was di ssofyed o §74mh fémm%ti rﬁ'bﬁ)g Inbf 1858 HBARRhts BYpIRliZN hind@s E&r SQ%ith

revol utions per mnute a magnetic stirrer, whil heatin
to 140C f e lasgr @stﬁmﬁamé@dﬁw @egmnlﬁpeacéﬂdseew%r%éwrwmpﬁm Oﬂ'ﬁ'é last cycle

sol ution

cover ed v L VBB e ol O ep el dpikh VERB3 435h s pleBlte o

hot pl at e. cc[ziﬁﬁﬁ@ﬂh?ﬂpmcasmﬁ‘ smlmerswaw:amnn\aaa;robn‘eamectametdsf abepdalt ed2®®¢cl es
of | aser fﬂidldl atlg ngg fied with a Strachan Device. The first cycle
was the a Bho Ttude nodul at ed di ode laser light froma

di ode | aSEUO661]aVIﬂghaemﬂtﬁﬁlasém\éﬁﬂr@ﬁghﬁsnfftﬁe?éblfﬁm habhres®cavagbrad, e
was the application of anplitude nodul ated_di ode laser .light froma

di ode | as&FUHBE Iy lakec éﬁ?IF%ﬂtmﬂéR?éﬁfﬂéH@% FY§RILIAG ASPI 2PPERFIGARY I rpiyade.

rotated shoubywthi 8rahsRacHicARRE BxineBbRLYd ?ne%me? @fim@ BRENAL bad
di stance of 25 cmfromthe Strachan Device. [0061] The 674 run | aser

di ode beareptraenting gppikxigwinly 3@pergergof ﬁhﬁ\pxxﬁ:ltm@mntl@impnmgter APesgite figssi ng
power s VA RS g RS B AR BonC B DR b BEHAR SRLE MO
674 iun ba%mcmpleadxp o&hedycﬂas dfltim s8Queperddeser trpetta]smscancel I at ion | evel
to achi eVFDO%'?POVﬁt %%OUtf tge evapora 1011,%18 system stab% Hgvlt% 80 perccnt or
more of the mass of the sample cured to a clear non-crystalline form rather than a
crystalline form. Continued storage at a room temperature of about 18° to 22°C and about
30 to 40 percent humidity resulted in no change in appearance of the sample during a
period of over 6 months duration, with preservation of the wide expanse of transparent
non-crystalline aspirin even adjacent to the rim of crystallization. Those observations
demonsirate the stability of the non-crystalline form of aspirin produced with the method
of the invention.
[0068]  Afier the 6 months of storage, the laser treated aspirin was studied by PXRD.
This pattern, shown in Figure 3, demonstrates this material to be highly X-ray
non-crystalline, in marked contrast to the highly crystalline pattern shown in Figure 1 for

the control crystalline aspirin. Compared to the high intensity reflection pealks seen for
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[ 0062] The 408 nm beam had a peak power of about 4.8 mWw t hout added
optical elenments. After passing through a Thorl abs 5x beam expander

and the Sty gchrRskeyi ce the peak power was reduced by .
percent. Us?ng the Strachan Device, the 408 run beam vvaqjlgqa f‘ﬁ’gﬁoseﬂ 9:}to

the 80 percent. phase cancellation level to obtain a 3 cm di aneter
boam of " aBSTIRBE AR A GOBH T e e RS o SN CHMYSRrp | t ude
nmodul at edelghinfed IndiBARBEKA 4t hddonly vBSy bR GMTSVEIHRS Yenail ih iUt bei ng
bound by theory, it is believed that the output bandw dth of the

| asers i shOrgatialtineiglass fome pedared. dorwystalljzation basbaen gbterveg insinilady by

t he Stracﬁt;%gaI i Wt : at I-NGLPl e.
This prov s%%t r%c%ﬁlg%%g% %(gﬂ\%ﬁg%g%&?ﬁ O'Ith ﬁ%ﬁg%sg@#iog%%\%bgi

mul tipl e édnemistranile stabditp of the bpatiyenbine fudes! aspirinipeodasyi withnthe method
nol ecul es, ; WD 2009/ 052246PCT1U520081080095 [ 0064] The aspirin

sol ution MEEIVEHBY i n the covered glass Petri dish while on the
hot pl at e fo0B9PNETHE Xuidyenont-dripstillige H¥#inkiib Rodsitgen Binreo usihfBourfedr one
mnute with the 408 rim configuration as abogve. Thjs was foll d
with anot ﬁas%cewp args () SREBTo et e %&E“é‘ﬁ%i__ é%qoav@eﬁ%o@do BPA TR
conf i gur ajdeRitoschp) dQREn Pofeleh® HRBaITndhbsasheon{d ke bl RDSivEDbrae
m nute for each l'aser system The third sequence of the 674 uin |aser
fol | owed #hpoxfien hagls graevidesin the Eaayeecripiallingpamples af @esn o eampszash

| aser Sy?@vgﬁ‘gﬁ[rﬁ@r@@Lﬂéd%ran&sh&f%he%é?ét&hiﬁ{&‘sg%n%&ﬁ&faé’ F@@%?mﬁﬁféﬁﬁﬁ%ﬁf om

the Petri to permt evaporation o e et hano ation
of the | asbnydtalbad mantias typpahinextgbibshagyee ochaticemssoly trbabagption bankdm than
et hanol sgl ution mai-ned, on th The next c of 674 r.im

I hot pl at e. cl
Fol towed D5 banaiR Lt velue ARl Farab omtiten@ et nalhiloding,
system Tm&ymeFmegat@qec ISemedhndsid ammﬁlfaﬁeldl s@mﬂmbayxh b a¥ 880 be fhiﬁab‘sarnewhatl g
treatnents applied 2 mnutes per cyc wth the ser systens applje
for one nPHarE ALskwepin e%ﬁwe@p%%ﬂ@ﬁw@ﬁvﬂﬁ t ﬁ%ﬂ*‘F%{éﬁalle&;écrr@Qﬁ
llaser treakRRnt célﬁﬁatﬁéﬁgbﬁlﬁ%é 186 BTTH §RakL6F APRAIhdasPRS: ahe TRYEEkafeom
the hotplate to continue the process of sol vent evagoratl on at a room

t enper at uRspirsT, thepbeamppendsre glearhniée sarpr phientiea) efity 3Bhplpadening of 6B66] At
the end o SALRRALir RS 0fibla FSAlY eMsishadvwah hRady
evapor at e&e&?&pﬁ%ﬁfiﬁlgﬂé n a{gﬁl aﬁégmg%l ac{helar tr ans'parSlesnt

non- cr yst adrl-enygalispformrofagprioxi mately 3 cm wi de. A narrow ri m of
crystallization had forned around the outer margin of the lake in a
band reprEsanpledg approxi mately 30 percent of the circunferenti al

her o vasl %G ! grotsiau ST uh HmPentl of Fhantiat Wbt GarepfedonBint e

cycl es of of lofg sRIEHOAGRS cleARBY rel &0l N®)¥hS1t wavelength followed by long
wavelength cycled sequenced laser treatment. This protocol also produced up to 90
percent yields of room temperature stable non-crystalline glass aspirin, which remained
stable at room temperature for over 23 months. The Petri dish containing such a sample of
non-crystalline aspirin was placed on edge for a period of about six weeks. No flowing of
the sample was observed.

Comparative Example: Aspirin

[0071] The protocols of Examples 1b and 1c¢ were repeated with the exception that
there was no application of laser radiation. The resulting material was visibly crystalline,
which was confirmed by PXRD analysis, which demonstrated that a substantial amount of
crystalline material was present. A PXRD pattern for the aspirin obtained without the

application of the laser radiation is illustrated in Figure 5. The PXRD pattern of Figure 5
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[0067] Wthin an hour of the evaporation, the systemstabilized with
80 percent or nore of the mass of the sanple cured to a clear

non- cryst aybizg@esonén rather than a crystalline form CoppfnUssnsooes
storage at a roomtenperature of about 18 to 22C and about 30 to 40

percent hum dity result i n.no _change Jn.appearance qf t anp| e.
Gurng. o PBr bt reagu T ob oS s A ARRER T PESerl, A G R b
Wi de expapbe efsuliihgasiat &8é alfoperfied. aitd el agipettung baushdied ¢ Pigutdd
the rimof crystallization. Those gbservatigns denpnstrate the

st abi | i t ySomdihbsanialyyat smeiasdraf ghugraied dpewr A preRsuesds Gty t he

met hod  Of qd st @itk E}Q%n[c%@@ﬁne@fs%iﬁh id 1% af aftiEat: BB R xR RE But, t he

| aser treated aspirin was studied by PXRD. This pattern, shown'in

Fi gure 3, indeabnse disgceteselhpbtharapricatam afdholesanirghatipnyn thgyrocess of the

non- cryst %'v%ﬂt{b%’ in marked contrast to the highly crystalline pattern
shown in Figure 1 for the control crystalline aspirin. Conpared to
the high Lptensit : J i . for.. crystalline aspirin,
for | aserE %g@ggdBﬁééé:g{a%?%B#ﬁg%g&g%g%§§§?nveasfeﬁérslemi ally conpletely

el i m nat efl072ndi Aabnirg sihple ofitryamBine sindwistwidy wasdahtzed BNPERDL diiki ng

remains in the non- stalline glass form produced.. No :
crystalli g‘?ﬂ?" WSH%E%&%%WS%F@%&%W SEP‘fﬁSiagP P tablﬁg Fardhe mplt s
fol I ow ngﬂm@tra@tdintzii%nlab. Th¥ creRlns safvash®d ReefurhBaselyehneingtuaBs

denonstrate the stabi of the non-crystalline formof aspirin

t
produced WprsforHafrasd SRRy PpscescPmL and e TIR cbBuptionespsetiugyof the

non-cryst@Il},ls[ifiﬁﬁale ; (,igt'htqh§qulngteu@§1;i%{ﬁ%rgscanned using Fourier
n

transforminfrare FTI'R) spectroscopy, as shown in Figure 4. In
conpar i soP0Fd) t hEo PR nepecistabieapyvastatingd( g samfle pberygalting sitrevhitative
mat eri al b0, Fl i .1on S are
evi dent iﬁ’ggﬁ% - rd a“;gﬁ‘%’%—g? ’ff %éfé&%%%@%%ﬁ%f%gaﬂ%? %g‘fsl%%ﬁﬁ aggﬂ%orrpar ed
w th the rovomtidesfpenadnhatds) 6r Stthimues st sibppered Bakpineier flasl, dslpmed by
sanple. Ipfrared tra aof.cr alline rials typically exhibit
Shar per ofeiaE P C IR Pttt D T BH D THL0 Fhitm LhHATHER- P GRIEH 1 ne
f or m becapsRoghatehe20°edie adohrteaspnurs ﬁm&y@ﬁﬁﬁga%ﬂg@&) RRbesHes in a
crystalline lattice. Sonme hands 1 n an infrared spectrum may also be
shifted sEFWALrYsHe decaatedinte BHGEE X 13 mugkash Betvicksh, andcovered wifk a

mat eri al SR ijdhe non-crystalline formof the same conpound.
Conparing“the FTIR spectra of crystalline aspirin and | aser treated
aspirin, [0084k cOmpbsmiied saraplebEhsdryreathd sipomeatihead Gral traatedivwith  The
br oadeni ng_of, th r,al s.in. laser tre Pkl NI

addi t 1 onafrPes e EEL ids REA Rl Aok s LN B R RS Dt
aspirin. miangl end then WD Z0pBubs egiwaikd tede Rswilight hdvingpr @hisiolavefength

Exanmple Ib re repeated with the ,order of |pon nd short vel engt hs
reversed, Of).[@“,m g‘ﬁgrstamb%‘%i% _Jﬁfﬂtafwf \R@leﬁﬁﬁl“g%&?ﬁ&sé‘?@h‘bfﬁﬁe cycl ed
sequencedapRsaateeRémRRpandddbsaniR 204 88RhcPIIIG cBi L6 Rt bPH30
percent yields of roomtenperature stable non-crystalline glass

aspirin, UHPeHYe elgrbAReBeYEbl e at room tenperature for over 23
nonths. T trdy O i 14 : -1ne
aspirin VVQ@ 7?%2%%%%% r}iﬁ'g?ie?g aﬁgF&?&c:%B%a%q;aéﬁlgﬁ?ﬂg?o;ﬂ%%@s{%%h&s'
f1 owi ng ofAfiehpassiagiiireughasl pblser PettamCanprleatidthe Sxaimp Bevidsthe peak

power was reduced by about 50 percent. Using the Strachan Device, the 674 nm beam

was adjusted to the 80 percent phase cancellation level to obtain a 3 ¢m diameter beam of
about 0.48 mW.

[0076]  The 408 mn beam had a peak power of about 0.32 mW without added optical
elements. After passing through a Thorlabs 5x beam expander and the Strachan Device

the peak power was reduced by about 50 percent. Using the Strachan Device, the 408 nm



[ 0071] The protocols of Exanples Ib and Ic were repeated with the
exception that there was no application of |aser radiation. The

resul ting JygbL&ehahigas visibly crystalline, which was q,g@)‘dsgdgglgﬂogys

PXRD anal ysi s, I ch denonstrated that a substanti al am)un
crystalline rraterl al was present. A PXRD gattern f‘% irin
obt ai ned RFPFHETEMIRED SHibe BE RECEM PhRsceAReellaign leyeh i tﬁ“Bﬁ gt Biameter

i 'l ust r at@dmi 1 5699100 row. High B Wit tREtbrifallFaSplifdS moB@sich hes. game
peaks as that of the control sanple illustrated in Figure 1. An FTIR

anal ysi s Megahkez tNHal ti ng aspirin was al so performed. The resul t| ng

t t
that 111 UGPTl oot iR he sy POUY Eubvaddfiol s, SHERE S Lo ABGEA RS
t he non- cthysiglbloivres ags giani at airgonn Gimparetiae bf ot l%’fto 20 axipdrmement |
but t.ead di t t. | |
radi at i ot PHUEheT BB EE BT e et o A AR - 2R B AP 8 of

Non- crystaédr ieeShimvagitat Wik &@RieH bApeRALhe nzgstaﬁmfoec@fy (BLYS}kikage
simvastatin was anal yzed by fIaD The characterlstlc PNRD Dp@itern of

crystall | foEnd forRpRSE AFHRUGER EAPifthd foaing PR @ataiRples Pacly PPRSTERIEE- iThe

Figure 7.1,Jge0Ey ShRhdiPy S UAShAL BinPSxR BT &M aﬁ&ﬁhé’ﬂlﬁ&rﬁ@i iRY
Fourier transforminfrared (FTIR) spectroscopy, and t he

absor pt i ofigesde endissdfstantiddlhceesaiany phibe SXiRkbpaalis piibe §ryﬁt|a1has @lrrmﬂétatm, n
Foure O ok fREhp ARV BPORE IR ShQUARRRT ) o 20 1L

per cent (absol ute) ethanol with stirring at 9000 revol ut| ons per '
m nut e (rPAYSH orTi8 nonwotstdlinersimavastatip peadecedbvittethmpyasessiof gheknvengph vaed
Dy, heat! "t SpddR st B B ARl Bl W S SORRA p T1E
filtered PBigurdOalisydmpagieornt @ the ADRespaciyuni e&aﬁaﬁfromysc@ktsﬂindmaﬂﬂm

[ 0074 ThollRPRAH 0 S abmineatspntin B P B ST TR ECTAt I el PP

treated WitnRaiBl drd 1ogivER UMb AL B ehpaied S8thl tRSRLcH meftdehasd ngdaolmat r al
wavel ength of 674 nmfor 2.5 nminutes, and then with anplitude

nodul at edcrifiaiiae Fléiéfé‘i{atmf@fﬁeﬂ‘@@%ea central wavel ength of 408 rim
for 2.5 mnutes, while rotating the sanple slowy through each of the

appr oxi mt%ﬁwgtlm%@éﬂgggvgg@ﬁgs at a distance of 25 cmfromthe
out put of the respective Strachan Devices. [0075] The 674 nm | aser

di ode bealfi0f2d alisauntopdwé Exagnpla 2g0s aineaied Mo theopreeriion tg there Yassi ng
h h Kk
throug aap}ﬁﬁggtloﬁg?%y & AL ARG rm'%s&mg LRI Rﬁﬁh@%&%ea

power was ‘reduce 0 percen t he an Device, the
674 ri m bearfrmedbpBKBE adlysie, wikieh Gﬂncpmtrued]thapmmanﬂmgmbmatof crysfabine|

to obtai nmate%al was prgsgrl?tt A Pm a?t];ma}lo)ro tlﬁg sigdvaa'éat%btained without the

application of the laser radiation is illustrated in Figure 79. An FTIR analysis of the

resulting simvastatin was also performed, confirming the material was simvastatin. The
results demonstrate that the non-crystalline simvastatin is not an artifact of the experiment,
but, instead, is a direct result of the application of the laser radiation in the process of the

invention.

Example 3: Preparation of Non-crystalline Ezetimibe

[0080] Crystalline ezetimibe was subjected to analysis by light microscopy, PXRD, and
FTIR spectroscopy to serve as a reference sample for comparison to ezetimibe treated with
the process of the invention. Optical plane polarized light microscopy confirmed that the

ezetimibe reference sample was entirely birefringent, and, thus, highly crystalline. The



[0076] The 408 urn beam had a peak power of about 0.32 nWWwi thout
added optical elenents. After passing through a Thorl abs 5x beam

expander agg lbfdpsls achan Device the peak power was redigask aheut
50 percent. Using the Strachan Device, the 408 nm beam was 2Q)ﬁfﬂusted

to the 80 cent ph cancel lation level ta obtain a 3.cmdia er
beam of  aBAAD BovB ik bers HeTes e A T e o e | ) eRF Epgac tat
nmodul at eda8théacterishe ope ichyvtalliMdzdaterd)0THd dHagactekigi OF TIRN AT oA T |

di sh was renoved, and the was solution allowed to dry through sl ow
evapor at i gistalfingezegaiheis ppsraed indheprreppertion of Figuzde: and 41 per cent

humdity. gﬂi?ﬂ r eP&&%tQPhoHEh%{ahﬂﬂe egétirﬁge tS@tn?% Mz@thhfb@%?ﬁfsé‘tg@%dghas S

state. The sanple of laser ‘treated sim/astatin was exam ne
pol ari zi n§00 ghf absdluteodiczmpl aditvyed vetice stadarf inwrstbppered Ppleameen flaskeloy

i sotropic,._i.ndicating the material ur.el.y non-crystalline. The

| acer b r oAPUt s SRabt TRy e P 8 s e Y 08
i's illust gthfeddvHile bEinghegteat BICC Es a8 ubdtian] fald ninhteeeAatr sboyt 3 pekdeat
PXRD peaks_of the crystal]ine sinmvastatin, .deppnstratin hat the

| aser tre%tgaeﬁgMS gratad fhesoban 8 ng;ﬂw%einhsfggt@mﬂwr—ﬂf@& 6 2 50 o
non-cr }’Stﬁhbhﬂﬁﬁﬁbsﬂ%ﬁﬁﬁh.‘ R és@@bk?e%qfaw&h&ddl%r e Pe@SdEsiD hnd Afplitude

i nvention was then subjected to an FTLR. analysis. The resulting MR

spect r um medylpted diodaioser rrdiatmmdiore thegt 49hnmorayaiengb frserovastaepier frr 2.5
spectrum &E}u%s,n@ﬁoévéd)éﬂa Iﬂgd&fg)ﬁ&l?lﬂ fil3fie ) ¢PY 2kt bk P‘J&%%E E'tht\?g/eleﬂgth
an or the ser

Figure 8, the absorptio S spectrumof the lTa
treat ed slapardstZad imnwdgse rel atively broad conpared with the nuch nore

defined b of .t he.crystalline sjiravast.atina.ref nce sa e...
oy at ¢ (PO orTHe s Gy Bl Bad ket hAUAE A oS LR PO Brical |
repeat ed wikmbnts. hafiexeeditg thinizhatTholeise xismrerpaidpt dndakd Sirachin Dades
radi ati on,

The resultin terial s visihly crystalljne, whjch was
cont ai ned™ BB NP JFdpeed Ryabew 5\3@&?{9&% rﬂ?é&g Seéd@aﬁé?a&h’ﬂ%%
amount of pGkpetal bid ABE Sith@lt opass. PIRS piksingMrbBAIRA PiddrlaBé Bx h&in t he
simvastatin obtained without the application of the |aser radiation

is illusteesderiend e Greehandeving timpealy pawy garas refucedhby alwyt$Q pesepnt. Both
si mvast at { [FTday! Rk | :

ol mvast at AmERere ARl R e ORLEEh Bl S R b fifbhan Devics,
si mvast at beth ithe 408 tnralreaar aridftbe 6740fm {dser vestp edjistehio, thdRl per¢ensplrael, is a
direct result. of the application of | aser di,atiog in..the
process O?WﬂggPﬁgfé’%tP8ﬁ%auﬁf<°%Peé’elﬁ:0%ES@?)@? |‘§)g?fn O‘ﬂ%z-cgﬂ}?flgfﬂi i ne
Ezeti m bebdadfdfRbfecysdlpl | i ne ezetinm be was subjected to analysis by

' ght m C{O%%%]OpyFirsEI}I}%DStra%ﬂgn Device modified emission of the 408 nm modulated diode

laser output was directed straight npward with the beam expanded to about 3 cm and the
sample located about 29 cm from the output of the Strachan Device for a period of about
2.5 minutes. Then, the Strachan Device modified emission of the 674 nm modulated laser
diode output was directed straight upward with the beam expanded to about 3 ¢m and the
sample located about 29 cm from the Strachan Device for a treatment duration of 2.5
minutes. The ezetimibe in the glass Petri dish was slowly circulated through the beam to
cover the entire surface area.

[0084]  The glass cover was removed and the sample was allowed to desolvate in an
open container through slow evaporation at about 20°C and a relative hwmnidity of 31
percent, Before the solvent had fully evaporated, the sample developed a few small areas
of apparent crystallization that were surrounded with marker lines. As the evaporation

continued, no significant extension of the crystal fronts was observed. The fronts
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FM spectroscopy to serve as a reference sanple for conparison to
ezetimbe treated with the process of the invention. Optical plane
pol ari zed wbalde083266 oscopy confirmed that the ezetim bgd BHRNAER 95
sanple was entirely birefringent, and, thus, highly cryst 1 ne. The
PXRD spectrum stallin ezetlmbelllustrat in, Fi.gure 11
ol udbs. sE b EREEE) ke SEREh IR Srotpe iR 8 Jrafiormigany

mat eri al . isdifepic flassyah@eiad of e kdhfte patieasstafinc@ntfifl] sugpasthbikhifigant
ezetimbe is illustrated %P?qége upper portion of Figqure 12. [0081] To

obt ai n noffeRHyAf i nogeerys BB, V50 “Mign BPosxEeichisFE i Aken #PYs0l ved in
500 ng of [gakspl UA%gﬁttlﬂﬁ%Eopgﬁe?g]u%dI{ dresk s@va%%bffoﬁﬁﬁ ki %Lelcaé)M

stoppered Erl’'ennmeyer fl ask 5 mnutes. The stopper was em)ve
and the ekBuiigossePaneiipitsdorilt Ipoeinsighbiolwmameraomdstd.2. fed dki 108, M og

heated at ?é)(?%iﬁcftlg ano éaeqqah{h' fog gafaﬁ%eg? E{]H{s?grdexpff &om el?l%{ére mi%lilacc to

percent o evapor at I on ot 62
et hanol waswdenples.eSampie ooﬁm@@waﬁmcxreﬁﬁlyrmagéchﬂsmlﬂm dished) pidred An glghss

| d di sh d i tud ted diod
Cser 1 acriie; St spYHRA PR S 4Tt ohR & G e AR heRRECDT 4 { or
2.5 m nut @snpldsP Hn@y&R v quirstia 2Fbekk &?@@raﬂr@dﬁn%@ﬁ&rsoﬂ@ﬂbgwﬁs 48 fhyom

the 674 rimwavel ength laser for 2.5 m nutes 82] The 4 urn beam
had a peaW“’Eﬂﬁ)O@P- of about 0.48 MmN wit hout added optical elenents.

After pasgiopg t Nk @ftﬂ_é"&re{lﬁh:% tééte@%ﬁﬂﬁ‘tﬁé( Qﬁfﬁ’l@%vteﬁ'ﬁo G0Red

Devi ce the peak power was reduced @%/ about per cent nrn
| aser di othat lb@amsmﬁ-‘)fbpq@wkommm ezatneoaervmsm tHedorm @ﬁcmmecsropmrﬁlar

Phe pesk Blaai allpot AR pshio PATHAERRRAS AORRD I ARTE o PY Br6it
el ect r oni cékdtionaakeretl atgppredmbatyexd® 26, cﬁnﬂﬁnﬁdgix}mtﬂjslmgophéihﬁtcbaédms

tre 86 pottery Sing ot RRBRAT B AL s e D5 b s e G R T 06

MV and . 4Bigiid/10YBIfred of teGhadBib:idtic oA pedke SPOGEhNMBS ¥rcti@R83] First,
t he Strachan Device nodified em ssion of the 408 urn nodul ated di ode

| aser out WU87asI e FdR spertaim ofj thgpongpvpiplingpachmitve aidusated in thedawero
about 3 Bl C%fmen%qmﬁenl ReRhed t@ﬁx@%ﬂ@g%é‘c%r&@ﬂet tmﬁﬁeﬁ&gtgﬂ beti{:

St rachan for a period of abou nutes. The
Devi ce nodiustiasedl isibsiowenp wtion vidkigwa 12 coniod mhaat@monmtallmeodeemuqout

O e T L Gl e s e

t r eat ment thethatfiTOR spdctrBmbofheminesystalle: @zehibe e thmtutd”ierlgl spe@raPet ri

di sh was s i.r cul ate hr o the beamto cover the entire
surface af% é@mi{%g}ﬂmﬁ‘?@/s uf’;lréesm%%@aérls %ﬁgmﬁ’érmved and the sanpl e was
al | oved t @oEES Ol MRteRetiiba freQRERitE A RbIRE ofiths RieiohlaRW yRIBRGN BaliAReaat
about 20C and a relative humdity of 31 percent. Before the sol vent

had ful | yoldgispsropiedy birpleingeipagrighihal r@ﬁéﬂl@éstﬁ@ﬁ/f@rﬁﬁvqralaffeébeaﬁw
appar ent  &fiyst dlabbraabd, o dRaL 1We e ls%%ﬁe%e&yémm SRS rhdifies: AS

t he evaporation conti nued, no si gni f i cant extension of the crystal
fronts waeryedliestion¢vemvher adineent to prepgamsiog stystal éozﬁtowggwsmag waemx- and

mater o SrpRae AREHERe Ay bR AP R Ul kSRR b Gty F

si gni f i casigniStaabstbbility okr tehesionte cayshibfolmhne form even when exposed

thesanpt WS TerPbRadiost Pile i rnedlt PR 6 et B8 PR e
Wi t h Spot thk Rfefiitin @H&%lgiﬁﬁﬁéﬁﬂy dimestat ﬁ:&nzhé)dryst fpﬁﬁem %@ﬁl’e r@f@?énceor 40x

obj ective was_use th cross polarlzers and st order red
conpensat sty an'p?Z&e@ﬁteo Agi iystaterpn re%ﬁﬁPéﬂ@aaweﬁ@@f the pacreseepically y
scraped fy;omitdag: ﬂht%ﬁasﬁonphe%@r P4kt eeétﬁﬁee fibd g%%égﬂ tvzﬁ{hepféaﬂt

drop of silicon oil. A cover glass was then pl e ‘sanpl e
are significantly different from that of control crystalline ezetimibe. That indicates the

preparation of a different crystal form of ezetimibe.
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[ 0086] Anal ysis of the ezetimbe treated with the process of the
I nvention denonstrated that in excess of 90 percent of the treated

ezeti m be waSodofdsialie formof an isotropic film A PXRDa9dl¥skRsdbs
the isotropic ezati m be provided a PXRD pattern having a very @? oad

reflectio ntered at .appraxjimately 20.20, conf.irm t hat the .

[ sot ropi oLoPPPim d Pafteied  uebilid s Erisraling patiandn BRASPIAPECTEBR e
non- cryst@lifnieteystd géinidiperentforh |tﬁd&ﬁitiraa<§rﬁéiali BT bOhE Borhgount Smicf L8 f@in
the characteristic PXRD peaks of crystalline ezetimbe. [0087] The
FTW spect? sriiesr Yiide fondirlgarelasifofaseleimarlyen thesability ipsprpdicedhd #ene he
| over  por ¢4, qaief stﬁb%?E&nﬂ@mdm%eﬁlgﬁl ok '%e?it%gﬁbééy%tﬁ_ﬁ%ﬁ#@ﬁmeﬁ&e

crystalline ezetimbe is illustra n ower portion o I gure
12 conf i ris inviesiion hay slenberspd teadredte eonditions ilat faver the gerierdtion of AW hough

the crystallin zet L n R spectrum W th shar per t han
the £l R SRR PuR R RO O SR ob bR R EL Ot b BB R O R
spectra ceiffdrgamidet dtont the comtiti@isstoaiht brodueing etelcampbsndaa elid dnbRystalline

[ 0088] The ezetini be treated with the, process of the inyention.also
el dod aGhalts et i mbesnpl BaiTGTGTy e De AU v e+ BicE:
remai ned gfialiae Jr%:inifz?a@?éﬁ bk st KRNk ebT S6ls\tRfre VARAL AbdoPtion.

I ndi cati n@at hat the isotropic, non-crystalline ezetimbe resisted

crystal | i 288} on Ewaroduston elopdamantitiss afney garpiAores Seylibauseilastseed
suggest | “&y&t&é&u %Qﬁfeysﬁ)ﬁgﬂtiaﬂ? 1£ aghﬁhﬁ?ﬁs Bf & Hi&% Gk rl?%moﬁill is less

met hod, onCe desol vation occurs, leves significant s ty over
r ever si onthemagysanyiselyt fafencdrnd 0ggebicthen fxRBgipal foun theaipplidagion of laser

birefrin L. 1 r i th. t he process..of t i nvent i.on

o oved o) SR Shiir ASoRIBRIERR: ik QoS R Fomultfe Y i

r ef er encescelysipaprbduneionr € thie misd dormi® the leudtreqtied forprictigalnee.8, the PXRD
pattern o e m.croscopically birefringent material fromthe |as
Preated dpobin ohreinay SRl ar piefivg T A peuie s S BF togh pooly
si gni fi camdtligendidl k4 pRVIoLSI9 Rpbhad foah. ERtmDly thik MEERbIE HRiQ%EE hinglDE.
That indicates the preparation of a different crystal form of

ezet i m benethy@hpousb dBspisderm ehyosedsed ol oo eymeriserothews tepyre
stabi | i zegs0Qfnfed Hel this BFsRPHE W1 r&utrB fesHRS B YL AABdaThiBB1Lit o

determine if there are potential advantages to the use of this form.

Comparative Example: Ezetimibe

[0093]  The protocol of Example 3 was repeated with the exception that there was no
application of laser radiation. The resulting material was visibly crystalline, which was
confirmed by PXRD analysis, which demonstrated that a substantial amount of crystalline
material was present, A PXRD pattern for the ezetimibe obtained without the application
of the laser radiation is illustrated in Figure 67. The PXRD pattern of Figure 67 has the
same peaks as that of the confrol sample iHlustrated in Figure 11. An FTIR analysis of the
resulting ezetimibe was also performed, confirming the material was ezetimibe. The
results demonstrate that the non-crystalline ezetimibe is not an artifact of the experiment,
but, instead, is a direct result of the application of the laser radiation in the process of the

invention.

Example 4: Preparation of Non-crystalline Atorvastatin Free Acid
[0094] A reference sample of crystalline atorvastatin free acid was analyzed with

PXRD and FTIR spectroscopy. As illustrated in Figure 15, the PXRD spectrum of
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uni que crystal formdifferent fromthe initial crystal formof the
conpound energed fromthe system Wile this disclosure has focused

primarilyyoga6d08s2kj ity to produce the noncrystalline pgtakso@bsooos
conpounds that tend to crystallize, it has been found that the

process of t i nvention.my. al so be us t te condi.tiops that
Pavor t ner A s aRHe R deioR SR BY §ERD Pt Bt ghipeot
conpoundspeakd) THYIFITR @f&utrugh ¢Tehy/dstillThEateryahial fréec is Aldsraed aiFized
fromthe conditions favoring producing the conpound in the

_non-cryst]aﬂ-l ine state. It is believed that the process of the
I nventi ono6ed) bey apRlgls Pfe%ffcﬂ)éﬁﬁin@ aRAVAstaGiH IGRE 288 Mo dREA A in 400 mg of

organi zation'as a step of sequence of steps before or during
desol vat i aeolufeGOompIThih hragde it 166RC efd gireing atcfiVad rpm iferd L ofiinwiesv ‘Erey st al

forms shoul g be. M3elas 43,5888 GINSALS, | & SENALARRHBRLANI ALY s

| ar ger quanl% €S 0 € new form ofmis ress
t her nody ndassid| and dlaved ped hatptbtd &#990%.abl e than the original formthe

applicati f laser, treatnent Lg%rlin t he ocess hefore or duri
dosol vat | Qogh: (TE by blsied fhitth M Roc et Sie SRl
new f or m e sditifor E\e@drvaseiuiffe@deiti@br 205 Aiut&aAIThES 8he iR Thedunaw
crystal formfor ezetimbe shown in Fiqure 8 is simlar_ th ?

h
possi bl y feissipneia 448am digdalastrexas gnrlied fpieh o riwdes sraHnShes s 4 slovhi s
hose. eep Y ! .

I'sC Osurtﬁrc!fugg't}fe gx%xﬁné’i&%%ﬁ{% %ea,ia@%iﬂ'ggl M'st%ﬂce_td?'fﬁ cfrpﬁ(gﬂltﬂgeg"b’tﬁt@%aé‘xn

produced. If further conparison's are differentia
t hi s crysPeticd: S 6R# Inim lageg diode beass wianppséasl thsaighisi Thotlgbsayxdbeam expander

bi oavai | ahi,l.i o] . er m i r : t] t he
use o 8 1S EIE TR DR R R B ARG B
of Exanpl &) fervens plizapeaicelthtioh ldvel theckdxeeptdven of hatoxitetsh WdBmiMdover the
applicatipn of |laser ragiation. The resultin erd a S visibly
crystall iﬁ‘é‘? d@/ﬂ‘i‘?eﬁﬁﬁ%\ﬁﬂ?' gbﬁ%é’fﬁﬁewh%a&ﬁgﬂﬁgﬁ?@;f%ﬁ&%ﬁ%ﬂgﬁ%ﬁ% rat ed
that a sulgdughbiThbriA¥OHeatlexfdnderd Al hd BirtBAED éEde. WS oRfpASEMthe 408 MXRD
pattern for the ezetim be obtained w thout the application of the

| aser radream w4 4l aptipalbtrhascergnediledngng he@rachprdauierty prbiqveainegsured
Figure 67se cdnP RIS P BAESnifSd b tb.44 gﬁv%%litﬁé)ﬁ crﬁ%mlle%er beam. Both

illustrat In Figure 11. An MR anal ysis the resulting ezetim be
was al so lpemkarenedgctworrklly anplgfuddmodiated atfl. 25Elzezet i mi be. The
results d strate.that t .grystalli i be i

artifact GPThe Diegigdl s 0otS pRRMURL R oV RE o B b8 Wb MBNeF Y oy
appl i cat i through slohesviaparetion adiradm Gmperntitrh of groac £¥°so abouit B8°C Mmdeabbut®s.

Exanpl e 4: Preparation of n-crystalline Atorvastatin Free i&ﬁ
[0094] A e BB Lk Pregil A0 FEPAF I e Kot B HEvREreR! APSdiator Lo e
anal yzed iddn diotbdtamdrde! J6i v ekdn sQRE@¥ingAKRID.| UBd PRRDGaitéin o8 Wee
15, the PXRD spectrum of ) ) i , -
of the peaks characteristic of crystalline atorvastatin free acid, as illustrated in Figure 16,
and was thus, non-crystalline.
[0098] The non-crystalline atorvastatin free acid prepared with the process of the
invention was then analyzed with FTIR spectroscopy. The resulting FTIR spectrum is
illustrated in Figure 18. A comparison of the FTIR spectrum illustrated in Figure 18 with
that of the crystalline atorvastatin free acid illustrated in Figure 17, confirms that the
treated atorvastatin free acid is the same chemical entity as the crystalline atorvastatin free
acid. The FTIR spectrum of atorvastatin free acid reference exhibits somewhat sharper

peaks than the spectrum of the non-crystalline laser treated atorvastatin free acid.

However, as discussed above, broadening of the FTIR spectroscopic absorption bands is
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crystalline atorvastatin free acid is characterized by a PXRD havi ng
a nunber of specific peaks. The FM spectrum of the crystalline

atorvast atwg 2bdopexa¢id is illustrated in Figure 17. [0QRG}u2dddohdes
sanpl e of crystalline atorvastati n free acid was dissolved in 400 ng

of absol ute. eatln GOC irri.ng at. 0O rpmfor
71 i nut cuPioRl e iy e 4% oraBrhrh ot F e e e TR 1
mm gl ass fiefehded dieSdhm e@memﬁbn\mmomc@bm cbﬂiﬁmedwﬂcz’@btalcleﬁic@.n a

hot pl ate at 100C. [0096] First, the anplitude nodul ated em ssion of a

674 nmdig @ngg_rmﬁm lappbiastatiortebacsdl uti on of atorvastatin free
acid for 2.5 mnutes. Then, the anplitude mpdul ated em ssion of a 408

nm di ode 1993%r wHs Pigierql@d Exapple 45vasiensaied wWithShawicerionriat dherpwas no
slowy t héﬁﬁpgﬁloﬁlr&la"%‘ éﬁ&l@tﬁie%e%hﬁ?ﬁai&%%g vﬁ%ggmr%talﬁng'vﬁﬁ@}f‘ﬁ% of

25 cmfro he Strac an Devi ce 74 nm | aser ode beam was
passed t heawdighedbTABRDanelysix, Washilesgpuiraied thahdsubsiBniiz emanntpé¢iystalline

Using theu SEasIAT RN Gerscki AL AIMDSAM. S, 3L 1SS olali0s bhEf.

per cent pﬁase can ation ieve a
0. 48 W oymilicitive o3 tlertudi sadidtion mﬁammﬁh&F@lﬂe mmmlﬂat&npeﬁkgmmer

of 2.18 fter passing Thor | 5x bea t he
St rachan%@qsé@” é’e@fﬁ F ﬁ%mffg H?R%igl%ﬁ@%?gpﬁp

phase cangflysRbrus regnﬁrkgeat&wsmﬂla&befaefal wE am REBnRMEch iR AEURehaBHal
percent reduction of transm tted power to 44 mWover the 3 cm

di anet er Baw#HPIVEBEHH Breand v@eée%litéé%mw%faﬁha}f@mﬁmw&@mm%ﬁ@aé@ at
6.25 Mz E:Qé)a%q Ehst zg‘l g‘tlﬂt’:t $fRe & @ﬁﬁleﬁeﬁﬁt' instb &N iPRrLeRBNESEthand the

solution was a dry thrdéugh siow evaporation at a room
t enper at uamallo‘«itloa@éﬂte laﬁr tadwélbnmthm@caﬁd)f&@omena@l percent humidity.
The resultant material dried to a pure transparent glass state. The

aser 1 eglatuat obASLALL Bre:Re Achiflo WS Gldighed using PXRD. The

PXRD patt e pe aracteristic of crystalline
at or vast afd1a07¥ r e’éheaamﬁu dearslopinksisif ewiredtalin {dEilg cheled&ol lawdrimpbenefitssyas

non-cryst al |ne e non-cr al Qrvast ati fr £E aci d
D epar o AFTHREA S SRS o A HES R R e e G SRR B B L
FTIR specarh@@)ﬁ@lm&a Wmen trRSHystallivg fbrhh B speadtitiinoalchurh kzdaslaweaipedi dlifiical

Fi gure 18, arjson of the FTER spectrumi]lustrated in Fi ure 18
with that Tl l}aﬁng B Formilclsd GF TAER 48 PheRLKRRRe Pt ¢4 o

Fi gure 17pjoeiididae tershﬁé sHollRa b Hﬁ?érﬁﬁe A SsYP8bRkr Pabldi® eﬁtﬁbcﬂwltﬁ FBH@

same chem ca entlt as the crysta ine atorvastatin free acid

FUR spect Phieamafarest t@rﬂws e withteeecragaling eopenoand dheesgang pf e gbﬁmmat
sharper pga éc} %@gﬁ%ﬁﬁqﬁﬁgféﬁ{ fdme%ha{ogf Q&a‘f@'tﬁheiluh&apﬁsé fié crkgtglﬂ.bgd

atorvastatin wever sed above bro eni
the FTIR ﬁqnmcthﬁhacabqnivestabmatcm b Hyamg@ducssdmwm cyktaltifie fdmms, the present

non-cryst al e.conpar he cr taII of a materia

because: ofelEPOESaR Feec o ot pabvavamets el B B BoiBiBe sl ned <o

a cryst al gémtdtddc@®mpared to the prior methods, reopening the potential for use of this more
soluble and rapidly absorbable form.

f0101] A control sample of the reference crystalline atorvastatin calcium was analyzed
with PXRD and FTIR spectroscopy. The PXRD spectrum of the crystalline atorvastatin
calcium was characterized by the PXRD peaks typical of the crystalline form, and is
illustrated in Figure 19, The FTIR spectrum of crystalline atorvastatin calcium is

illustrated in Figure 21.

[0102] A 10 mg sample of crystalline atorvastatin calcium was dissolved in 444 mg of

absolute ethanol by heating to 160°C while stirring at 9000 rpm for 11 minutes. The
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Conpar ative Exanple: Atorvastatin Free Acid [0099] The protocol of
Exanple 4 was repeated with the exception that there was no

applicati %Q(\f,&?l}ﬂ g radiation. The resulting material ppascYioshddhos
iC

crystalline, was confirmed by PXRD anal ysis, which denonstrated
that a substantial anmount, of crystalline materjal was pr e,sengl.aSSAi, PXRD
1
=

pattern foRicRe 28 grsfaEaddnion 0B Xl Brodess PRI cAGIRd Yitke d,

applicatiQR §f.ch Laseke radhation is illustrated in Figure 59. The
PXRD patterrli) 5? I%ﬁau?@ 539 has the same peaks as that of the control

sanple illustrated in Figure 15. An VIM analysis of the resulting
at or vast aOil9]f r degaipdituda snodritpdserssinnal @ diedshaser aving a yratalaraveicasth

was at or vg%g%rpwg\re?&gg,ﬁié‘% aﬁgﬂ];e% b %‘Qogﬁioﬂ ONARhA! efhElQaItheta%@IiF;ﬁg

non-crystalline atorv ree acli IS not an artifact _
exper i mennpdbattd emissibeafls diode hsatihpeiog a cegul wavdlengtheolyg Inimcwed apnlied

the | aser_.radi.at.i in the Qces t i nveni.ian. :

Pr epar at i %ﬁ?&m‘f\tﬁﬁgmwyesibéﬁ qn?ﬂ. r%%er@ja?ﬁpg 195 1r&r1£a1lie§2ﬁegfi%8? lI'tgoe85 i ti al
devel opmepivedngt foF Y afiaé,itienfvaith 614sne hal gaiger ok 1 Inonee] folioehief 4 fisal was
perfornmed for atorvastatin an.anorphous solid state, designated as
ot m 23 Ghve iR ARSI SO0 TSR €1 JotUaTT HavaIaiem b SLesPodts (e 1

cal ci um was Hevualapash fov b BiGaks. iz Ihdiadyals gRd¥mpeans caupl abed, f or
Form 23 wth very favorable results. Al though bioequival ence testing

showed a W@rduizheedhod thappaenpely St diemeighpradedrhepas alch diFtanrepd 23
d ' i , f
conpar e fr?rlnttltl"eor%gpe %essalfﬁ:pgh BAG:ET KL %émﬁ%egﬁpgfyg%g poler £ ANk e

t he absorption prove I ciently equival ent ul'atory approval
of the clafier padsingskroogh 4 Heorkaby §1 Atdn expafidar and tWiStreclen dioyist dhé putput

calciumh b oduced i.n non-crystalline for esent.

ot hod of FoPe BB S8 iftall? RAE KRR Mg B Shicnb e fibER SBhicve o
non- cryst mksupd 89tpatengederiah effrasnteded wentottHs I over aBtchodismeter
reopeni ng the potential fqor use of this re sol_ybl r api dl
absor babl €eator He §76 PaLpseT S ?ﬂm%’éﬁ%séedgg"‘? arﬂ?@?‘é%‘gbemﬁdﬁ ne
at orvast ajdqne @hgdhuﬁfb\e@%e.amh%/ﬁ@%tﬁ%ﬁah R¥RR, dpd7FlhReanect bOSaePH
The PXRD spectrum of the crystalline atorvastatin cal ci um was

char act er fhz 88 pespentipbaxrEpatinslers) i achiever rewer feprroyimaiehe OF8 mhy oxpid
S orvaes aB i imElPHLE o TG NILERRRGHGHTLAbILHY BRI, 625

atorvastatin calciumis 1lTustrated In gure 0102
sanpl e of Mizystalline atorvastatin cal ciumwas dissolved in 444 ng of
absol ute ethanol by heating to 160C while stirring at 9000 rpmfor 11

m nut es. SO i.en f (Rgls :
tes. 1% S ROI0PS LR ﬁ'}'h?l FoFed
Petri di sad,]ﬁ%}ove‘%\g%f tfv?\‘/? i %Cé gag% tﬁ%?%%qgirt\% 31 aced on atrﬁotS p "ate at
100C. and the solution allowed to dry through slow evaporation at a room temperature of about
19 to 20°C and 32 percent humidity. The resultant material dried to a transparent glass
state. The laser treated atorvastatin calcium was then studied using PXRD, and found to

be non-crystalline, The PXRD pattern is illustrated in Figure 20.

[0105]  The non-crystalline laser treated atorvastatin caleium was then analyzed with
FTIR spectroscopy. The FTIR spectrum obtained is illustrated in Figure 22. A
comparison of the FTIR spectrum of the non-crystalline atorvastatin calcium with the
FTIR spectrum of crystalline atorvastatin calcium, illustrated in Figure 21, demonstrates
that the laser treated material is atorvastatin calcium. The FTIR spectrum of the non-
crystalline laser treated atorvastatin calcium exhibits some broadening of the peaks
compared to the spectrum of the crystalline atorvastatin calcium, as expected for the non-

crystalline versus crystailine form of a compound.
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[ 0103] The anplitude nodul ated em ssion of a diode |aser having a
central wavel ength of 408 nn wavel ength was applied to the solution
for 1 m nuwe.zo®mar4e The anplitude nodul ated em ssion of p@Ergd 068086035 "
having a central wavel ength of 674 nmwas applied for 1 mnute,

f ol | owed ot 3 -Af I, . ted .l r Light at 408
nm wavel e gP ﬁpf oﬂr%% Sﬁ]%ﬁéﬁﬁ” éﬁl E%‘ﬁ‘g%kd\}mﬁl;é Hﬁg%géryr%%v\%\?éjfsgﬁgloﬁs }3 %Wei“ ‘%t?'leﬁﬁ?"e,
fol | owed bystalline states o thiscconipommintro tuseié throwlhl different meaksds) Vekile FtmA08

nm wavel epgt h _f.or 30.s nds,, then.with 674 rimwavel ength for 30,

seconds. gSr Iitﬁﬁ 50%%%“?@3?526& byttH%Og%ﬁﬂll%“%@r’Fg% 3pE GO]QF%W‘?“FFWS@U%
each of tfemap@iuexd fBitedrYabs iCifolnalBLEH 22X PROASH DaRERs &le IBXTHD ShARGE
of 25 cmflg m t he respective Strachan Devices. The 408 nm beam had a

peak powef 23404 Rpya £y A4 5has thy theF bigath bendrrbreflagionsie sesavhat
expander @ndrhheitBrbAE ?Z?@%é&ﬁow@%te@l‘iﬁ&) U![thiﬂfm\}a&'&@ioﬁ RO REARRNAS

optically phase cancel using the Strachan Device to achieve a
measur ed B0h peplt angle Ketay etattorngiS ALt sborn inedtlgpeRér denoniradide that Buet a

3 cmdia r h rdi bea assed through a
Thor | abe. Ex B Ierehl T8 AT A5 Gaudl B8 B RO B p R Pk e an
Devi ce, tin&igitd 26 bnbepatienethataiiifers freth thepitheensGbtfexicrmnt FRRAIS and 27,
cancel l atjon |.evel t chi eve .a _power. of roxi mately 0.48 nm\ over
the 3 cm SERFEPET g e lowst [PV o L mediat @vuribiey ehmaaf 1 o amaed.
nodul ated at 6.25 MHz [0104] After the sequenced | aser treatnent, the
lid of th@10TlassSdPeilify stidiss whForesDpy et 2 2dhdwed tas lritlzitRNfiat hawad t o

dry through slow evaporati .at room tenperature of about 19 to 20C
and 32 pe‘%ﬁsgfﬁtioﬂu a&cﬁws ﬁ@ll}t&%ﬁ ?8h 3%&%“5135 gind Bt qfFogm 27 was 4.3

transpar egthesth@ss¥ coindletsial tRRtal1RS AforydsBBh RElcRLL 'YPSIHAL b bR GEHTINRS
t hen studi ed using PNRD, and found to be non-crystalline, The PXRD

pattern i@ shoit (Aeef axderng. Abhernghly soporysipbine Blavhisri dsserirsatadattrvantatinas er
treated at@ryuasd bk j : -\ o )
spectros céﬁ1 p)l/. Thﬁg\t3 FlTIe&R?ds%iggv{[Hr fgﬁnﬁ%ﬁ%ﬁ%% gsltﬁ'?ﬁleéylsaw gﬁgﬁaﬁﬂﬂ %th fe 22.
A conpar i heas tep ferms. FhisEngpment ofifrsdlie ddventagmefpogestiall dostredadtivnwast at i n

cal ci um wj 1. F spect rum of crystal Line atorvastatin .cal ciym
Tl st r at Db e ol B SRR RE NG € R U PR B cighon
mat eri al ddseat effacast ati n cal cium The FTIR spectrum of the
noncrystalline | aser treated atorvastatin cal cium exhibits sone

br oadeni t eaks conpared to, the, spectrym.of the crystalline
at or vast % ! él)g] c alt}eéllng?ﬁ a é{gn%%%%’g 8%&@5&“?%?&?%8%@9@3%1@1}'%“@%?E glass
cryst al | i av@visoatin cafcien 6edrEen thethoOnd DALY HpR4 1depPRP8IPEL0R5
[0106] Prior studies with atorvastatin cal ciumhave made di stinctions

bet ween t37BUFHGASONICH Sty the Héemy iar oy thedendsnaygadistnal dsetduioacr
through dhdiisnigr EedoiPEand Mook 42 WR S ieoh QLML fogfcnﬁﬁlr%}yh gr

tested by the_orlg{enal i nnovat or, ‘the "nobst common non-crysta

f or m pr oW veFoyensr Resim! sadvanh thvihe sedidreaterwold pFéecpasemti@lBy wolmgatih es
the PXRD pat. d_shows,..t hat their broad
bands of r%gf F@@fﬁﬁgﬁg gg%@&n%&%g&ngﬁ%ﬁgﬂgﬁt %’C? ﬁes g?tﬁ‘?rb%méﬁpt ari ng
nor e crystaabparené glaghitate apprasss bovery stablertitieregtigibfei obsdedeidensyml |

A e SR e e e T

atorvastatin calciumshow in Figure 20 has a pattern that differs
from t he Quatiaeative Exbmaien edodvagatinfoileiem23 and 27, suggesting it has

t he | owe 4? vel,of residual crystallinity of any of the forns

exam nedibf i07]T§8 IpEPﬁ‘?‘io#’P W&‘%/ i"seg’aWe‘PFPt Vit ths sxeppton thatergaieps R at

during t h@plidatish ohRtr ré¥fiation. The resulting material was visibly crystalline, which was
confirmed by PXRD analysis, which demonstrated that a substantial amount of crystalline
material was present. A PXRD pattern for the atorvastatin calcium obtained without the

application of the laser radiation is illustrated in Figure 60. The PXRD pattern of Figure

32



di ssolution, the aqueous solubility of Form 23 was 3.2 tinmes and that
of Fonn 27 was 4.3 tines that of commercial crystalline atorvastatin

cal ci um Byowoemspwse4®f further reductions in short rangecangesisaghos he
hi ghly non-crystalline glass formlaser treated atorvastatin cal cium

is predi it she e?ﬁfa‘éﬁﬁz{ﬂgfth% RGHRTe LIk mu'éeéteéin'ﬁigxﬁ&dm FTIR

bi oavai l ability over these two forns. This increnent-offers the
advant ageanelysisof éetreniltingodevastdincricom wat dsaparformed noefimring the material

augnent at | i | ki ffects educt | .or elimnation
of “adver e eafE LBk KL BRI SRR R Ao Rubhatram

pr oduci ngealiighliynaian anifyes bathk exgeriglens Sugimdtedads atireet ealE offfe aysiication
ot her net s, i ncl ydes 'aﬁfl%i ng o ]Iég/ very | ow energies in acoustic

r esonance® EE]I‘?SEFH%CH%%P&”% % Ocregstﬂfcf PHEBndency to t her nal
degradation or instability of the conpound and not requiring the use

of envi r ciwmipiab| Yrebasiicn ofNdrSHrystAlin€RPENEIME SAEMANt S.  Resi dual
sol vent i@ hﬂe sol i dﬂit ate woul d pose essentially no health risk
conpar ed (P51 Yt heh cxuro) gavanle phrefepsnte plandard ipsevasieip ealgiagoyasanplyped with

occurs, tHERDANFRAE SuSlcass BlALERBRARAD dBill ML M‘xe%&rﬁpﬂeg‘la%}fgh

negligi bl e observed tendency to recrystallization, increasin
pract i calltiredd pnds ef ig8edsion charprteriftic of enreatiy pridsead; dnorploms raGovgsttiat i ve

Exanpl e: j TN T r . l.e 5 S
repoat od G R Ra el ati S i 2 TR BLAS ofn G POR oy
radi at i orrosubasgtatiresaléitimngilmsttated ialFigas2%i si bly crystal li ne, which was
confirnme PX nal ysis, which denonstrated that a substantial,
anount 019[0@/1 st §P F?H@ %@‘Pgrolf 5‘?3‘1?/’\%?%3%&‘:5@% r.e%eAe‘ﬁf(%nB%ﬁnfjé’faﬁ disgolve

at or vast ai30nngaf abistlintetiaablBthenind @ ubothenadliifahd 9000 §fm ke 2lsaser

radiation js il IEstrated in Fifgure_ 60. The PXRD pattern of Figure 60
has the JEWRBIHelRSsoldiongs topsieped intop ¢nmen kpmen glpgsPsirt disle govased

Fi gure 19yiifMehld IR, aAdb&ddonfndiflfe heSbt i ng atorvastatin cal ci um was
al so perfor rreé, confinning the material was atorvastatin calcium The

resul ts d8hgist sk amphifude medvlaied diogds lastr lighthaving ascestral wavelsagthiofim i s
not an arj,] rd N o1V S ead, .1 s.a,di.rect result
of the apa%ﬁ%@ttging&nwgﬁtp ﬁé@fi)&éer&étg)&ogtr ?Sgkpﬁ%ﬁmfﬁfé"%? @Eé&m%tfe. {l“h%p

i nvent i orampiixaiephedulatedRiiedednst ligit hafinhleremttay shaditigieoROSuMGETE that i

cal of um R R G o} ARt AT HOT LJUEHF o LB PRD
spect r um folidveddtetarotiRitidieo faaiphie Aardulaha 1P Reht RemsESnR tvat Qéd Bty 9N

characteristic_of currently produced anorphous rosuvastatin cal cium

and is i I'TgREr BEREANGREIEVYE piimaidigodeliied lapra dightuittobtéanmn agy dlength fone

sanpl e of; fAsHY aifodlel By 83InGi i1l oF ainpliMaL FidhEdeh Taski! 1A & 458 nm
wavelength for 30 seconds, then with another cycle of amplitude modulated laser light at
674 nm wavelength for 30 seconds. During these cycles, the sample was rotated slowly
through each of the approximately 3 cm diameter expanded beams at a distance of 25 ¢m
from the respective Strachan Devices. The emission from the 408 nm diode laser had a
peak power of 2.17 mW after passing through a Thorlabs 5x beam expander and the
Strachan Device. The output of the 408 nm beam was optically phase cancelled using the
Strachan Device to achieve a measured 80 percent reduction of transmitted power to 0.42
mW over a 3 cm beam. The emission from the 674 nm diode laser was passed through a
Thorlabs 5x beam expander and the Strachan Device. Using the Strachan Device, the 674

nm beam was adjusted to the 80 percent phase cancellation level to achieve a power of
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[0111] A 10 ng sanple of rosuvastatin cal ciumreference conmpound was
di ssolved in 530 ng of absolute ethanol by heating to 160C while

stirring avo200@spn for 12.5 mnutes. The solution vvag»dry@a@fg@ggrggd
into a 60 mmx 15 nmglass Petri dish, covered with a glass lid, and

pl aced on, I&Qﬁl@ﬂe (?48%\7\9 b%}?&engt%&h Pé‘ﬂ%& dvér%!g%g Wgtaﬁlg gx:dee

| aser lig t having a centr wave red
to the soinodilend af6. Ei)kﬂrlzast atl n cal ciumfor 1 mnute. Then anpl i t ude

nodul at ed e ent,r of about, 674
nm was aprgqhgg‘g?ér%ﬁ#eeqlé% %a(s)erlf of 58%%\/5& he\,\@‘}fﬁ Etfl%‘&ﬁq’f%?s TEMRY 9 st
Thgs:a cygﬂhFSc)anEalld:&ﬂ té dﬂzggmgh hwaanﬁn?ysfc?mememwé ﬁ%out 20° .
nodul at e t_at nm wavel engt or nm nute, then anot her
cycl e of @r?ﬁ%taﬁ%%@%aﬁp%ff%hﬁ“&?g? I%}’ ulignt maisnal dier jR g SresRatent sles 1
m nut e, f@ahtkoweekoy aaazwl@@mh@wséreregtfed %mbasw@l@uﬁ&%h%ﬁ%uﬂe%% ﬁLé gt

at 408 nm wavel ength for 30 seconds, then w th another
anpl i t udeP¥BBuUIcaedharagisastic qumys‘é@tlhr@mm@nvwamf@wmmhmhat:a@a Igm:onds

Duri ng t%éa?e&%fd»ﬁ%aﬁﬁ& iSRS &E%alﬁgé ated slowy through each of

t he approxi mate arret er anded beans at a distance of 25 cm
fromthe ﬁOéi;ﬁectM/ET& spacthaam oDihe ﬂasastreaﬂ'ddeosﬂmsmmlcﬂm epectrescdPBisur n

di ode | as yer of t hr oy a
Thor | abs uSt gee%né—*? an %‘BP?%H%{ ?1% Slﬁgg thﬁ%@ eﬁﬁfiﬁ%{] of the
408 urn bmam:amﬁn amluma;htwth@thﬁﬂ& 1@&?@3& bt stesd twuﬁab@t1§bﬂaqﬁadﬂo@§m ce
to achiev. ed g ercent ductl on of transmitted power to
0.42 mwW g?re Eﬁﬁ?‘ﬁé #ht eﬁﬂ%’r Fﬁt WSWHFIHBFHSPY@"‘BJ?&&EHIH@& ode | aser
was passatsablmr oqgchn rﬂi@‘ﬂ{elm%%ttmsgﬁ@ﬁﬂg%su@&b‘%tﬁﬁﬁlcﬁﬁﬁ achan

Devi ce. the Strachan Device, the 674 nm beam was adjusted to
the 80 peFwdRiopagain fiscapadeilestion byusls obgrreedrin salidl stetpromeyastafin caleium

2?22?? Io rr;r?a{gg ll)?ﬁ;}%d%? F?Q[é\g ?Jseng gst(agb tz@%&%ﬁ?%ﬁ f%\% %ﬁter re(%lﬁztlon of

sequenc edshbasgrgetor@@mwnkasm eratbtﬂ dasofastahe gk aisthe Batmssmmfmﬁasma-eated

renoved, an L ut i wed..t thro | qw. eva n at
a room tea;%r%lgr?éat lecél o tﬁo{? 8“?86‘1“5@%3’%} Sﬂgsegg ’f,oé?] ?IPV.-
The r esul doanparadab enﬂr@keddbmﬁdstitﬁl Qldiura p&ﬁﬁtﬁﬂ&t 1@ EatSt eds@vasﬁni?Yl RD
anal ysi s o .t he kgser tr d rosuv’z;statl nillustrated in Figure 26
is free o‘F‘ BRR ER’é’“i:Sr? ftnélrhfgatvri bl than eyripatly prodpesdselid sfated,

confi rm ngsivaghtit Addiuk@ot ASBRhdeahe é@ﬁﬂ&@@&é&rﬁﬁn@@h&hé}g}ukﬁ
non-crystalline. %0114] An FUR spectrum o | aser treate

r osuvast atifeiem e ftﬁh“%%@ﬁﬁllg@lﬁé@ﬁwﬂhs}‘emeﬁdgWlati@mldlpnrfﬂmgmr:fe 28. A
conmparison of the FTER spectrumof the |aser treated rosuvastatin
cal ci um viampngt Prsparation efdfosqragrplousdizedmibe/Sinavastssinvast at i n cal ci um

shown in re a mat er i al

rosuvast a h%cal%&lﬁwfﬁ%@%ﬁﬁﬁé @E@B&(E@% ﬁgofgr??rgrc Papgdg 81%?8

st at e r osuvasdrphius gtas giate mwajoebmpmdud:adeaﬂetﬂe fasauscasiicat bfithe pieeerpr oad
refl ecti on. bands.observed,in.solid r?%ate r%)ujuvas ati n ca}]ci um are

bl unted oFYAHYEnECPRAPUEats Dok merprefatien GListHisifor the eRemePrAs an even

greater roeibiidtions s cbofidd fa g PRI BhdBTIRankBSE bf tdpeatéthtreated
rosuvastat%?n As in _the discussion for |aser treated atorvastatin

cal ci um TERETre TR Hearhridhe eeljeibs and srmvpstaiin mdseparpte sapples of

rosuvast alzkinRlagd SHva QMA@ dbRHARE gﬁﬁés%%ff}f&%%ﬁ%]ft’h% g of
predicts that |aser treated rosuvastatin calciumw ubl e

and bi oavih¢ redstreetsiaple ofi eryetalling egatiodos davisp it ¢haacieréstic ammaas Dfa
cal ci um r ne V\/net i this
is suffi C&QS%#H‘EE Jog{é}onﬁ?l rllslt @2{% age% si%lg ?qganﬁéjm%? ﬁ&%e%a SR RS i

per f or marlesr treated ezetimibe is illustrated in Figure 13. The PXRD pattern of the reference

sample of crystalline simvastatin is illustrated in Figure 7, and the PXRD pattern of laser

treated non-crystalline simvastatin is illustrated in Figure 9.
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Exanpl e 7: Preparation of Co-anorphous Ezetirnibe/Sinmvastatin [0116]
H ghly interm xed non-crystalline blends of two of nore conpounds
into a co-vaoosphsus gl ass state have been produced w t bctrhgz2dogssines
treatment of the present invention. Conparative data for

i nterpret@ipn r I r < i L:0RS. Wwas

obt ai hed FE o ¢ P Bl R RIC Fer QO Bl 13

r ef er enceillusirgidas Fodure B with fhetdR epestiumi dfdheamoh-aystalbisd atdr treamd

separate S i_m be d sinmvastatin treated with the
process o%g{%’g}%i r?%ﬁ? ﬁgéﬁec néog%ﬁﬁe %?P?%Sraﬁlp?ﬁ oft%%&lérfeesr‘@ﬁa@&att@éﬁrpl e of
cryst al | iitlestezet in Figupes, aha e R IR kpedthar elthehdmsdrygalixs@peaked of a

ot tern CROHGHBI QPRSI F Beta U Ie T sbrat ed i n
Fi gure 13yonlhigstBMRD R0k inAMsabht@rdnes 6f @RGEtef I BeQfonGeXiSt AHIH ne
sinmvastatin is illustrated in Figure 7, and the PXRD pattern of I|aser
treated nPACEsGeayAllowaeospannd ddeatifipation and presideafusier eyidanguipishenon-WO

2009/ 052 - / : reference
canpl o of Ry BT e rary pisadhhe (PR aRRe! FlBlns el Bh e (e
FTER spectryuating caneraddn theroysttalitd stee.l aser treated ezetini be. The

FTIR spe of~the reference s .e..of crystalline sinmvastatin is

i |l ust ratcllgtlijf%?n ﬁogﬁp%mg?usgﬁapﬁﬁgﬁ?% ﬁlb§68§f%ﬁ§8‘fn YHE PRER r“ﬁ}@}tgf’l i ne
| aser tr qfabﬁds Sfmvaﬁ’gﬁjdnﬁviﬁﬁezieliﬂnﬂﬁtsﬁlﬁft&l&lﬁh vefdhgthkiBs &ﬂ.ﬂ,lﬁis.z,tm@ afrKiRg.
pattern compound i.n_.the non-crystalljne state results. in _ .

di sappea?[%ggé of % ﬁ%?ﬁ@f’étfqz%‘i’?’%?taﬂ‘é‘f“%é@t o Pkl ment spetlinsseeyive
al | ows COmRQOnAS s bff drfddllify kiR tss OV S8 ivdatil 53 B¥lod %s%gn@é héﬂ&ﬁ
noncrystal line state by showi ng a broadeni ng of absorption anc}s t hat

occurs i rPrHERHHEPIEIR Vithe magneierstigrer B 7 Henionips tfalldweddystisring at

0118] Co- : pzet i i i d
[ | %@Eﬁﬁ%ﬁa@a@ﬁﬁbﬁﬁ 191yifEL 61{7% ﬁ@aéegl tat§ g‘ﬁ@sé.aﬁ“hys{o\é\?[o?l vPars?Sﬁ[ €

wi th the process e rTnvention w I ' m be: si mvas I'n wei
rati os ofcopled to 20°%, aid then flieted n8ng f O R} Forerame enetesidudl erysiahy d&ifdi n

wei ght rag] f 1:1,.20 of. cr al li ezetim pe..and 20 sanpl e

of cryst gth:’ ?o%gtaoglw atg?naqelrg%u?/éelﬁlg) %@s@{ﬂ ’f/ggm%gq%‘? eﬁbdlghf ccéngeg{%{hea glass

et hanol ti%d fsltpirmﬁdém%;padxirgﬁag mm-w'gaézgt(i)rajbaa@mf e ing osgi'gav{raaam{ iﬁlrthi% -]s_é_}nple.

m nut es, (0] S]:,I[I‘I[l at | rpmfor an additiona .

m nut es clﬂ?%‘)]h\é\%ﬂé _Eﬂeé{nébeéeg‘_i n Wit o L g 1 hg of Gemtend chistalive,

and then diheadd 9@h@%f@{)ﬁﬁémngQﬁml‘ta@tafu@%féedis%ﬁwe& ﬁlssg%ti%oﬁbm @l s.
en nm g

Hal f of the solution was lecanted into a 60 nmm X ass
Petri di sthasgl andeingdahI@00gprssith 2 pragustip sdmerder Smprutssi foHowkd byl Simng of

ezeti m be,; apsh hh Y aPhddfidMPRS RAldufes'oR alHhSa SR $40°C. The solution was
cooled to approximately 20°C, and then filtered using a syringe to remove any residual
crystals, Half of the solution was then decanted into a 60 mm x 15 mm glass Petri dish
covered with a glass lid.
[0121]  For an ezetimibe:simvastatin weight ratio of 1:4, 5 mg of crystalline ezetimibe
and 20 mg crystalline simvastatin were dissolved in 663 mg of absolute ethanol, and
stirred at 3000 rpm for 8 minutes, followed by stirring at 9000 rpm for an additional 10
minutes on a heated plate at 140°C. The solution was cooled to approximately 20°C, and
then filtered using a syringe to remove any residual crystals. Half of the solution was then

decanted info a 60 mm x 15 mm glass Petri dish covered with a glass lid

[0122]  For an ezetimibe:simvastatin weight ratio of 1:8, 2.5 mg of crystalline ezetimibe

and 20 mg crystalline simvastatin were dissolved in 502 mg of absolute ethanol, and



[0120] For an ezetim be:simvastatin weight ratio of 1:2, 10 ng of
control crystalline ezetim be and 20 ng of crystalline sinmvastatin
wer e di ssovoedvnm2808 ng of absol ute ethanol, and stirreg@ahod3@®8@es pm
with a magnetic stirrer for 8 mnutes, followed by stirring at 9000

rpmfor apg;addib (R)Q‘Elln 503 mlﬂﬂéseﬁll%ﬁreggg%%ﬁg 3@(@2%@%9&@?@8&;@9 11

sol uti on was coo appr oxi frat e sing a
syringe twoiméssone heagd phs dudld® G rl;lﬁtsalugon Was Cooddd tbhpprentmatelp hO‘\thand

t hen decate o.a 60 mm x 15 mm gl as Petr cover

o aes T e st Ruife 2Rl fuP et TaRedlehir e g S Tl i ek feng
mg of cr y@etca:htledﬁ@oezembenaﬂglawmdﬁhwst@éd wilga glaga/ast ati n were
di ssol ved_in 663 of .ahsol ute ethano]l, .and stirred at 9000 rpm for
8 m nut es[O12Hl | o@é@ae AP/ Fniestalin serptys (igHng Gretigb %m‘fﬁﬁtﬁwh% of

i nut esofy ar; e ala 112t RrAtrsCie vEREarRAlesto AStNS 1G0PLRBkIR from o

appr oxi mat ely 20C, and’then |tered using a syringe to renove any
resi dual é:m%laaerréaavmaafcermai tvn'eelgwﬂu@ﬁ adautfd nmhwaveleeinioed Sintinges aBd

nun x 15 r an
ozot i m el A B R IRrBR 8 bin'h MhARe LAMCL AR

ezet i m bewavedenzth mfgabcmt;@salh:l fon. Sshimrias trethiimg t\hesa&mﬂe slswlwlmbwgh eahdfny
of absol ute ethanol stirred 000 rpm.for 3 fol | owed
by tirri T SOOIy BT SHeEr SRS 4 b G Ge SSTL HoRHYF ed
plate at R4fictivdSieachol DEViOds. WaS 60O Bind ket &oa@@dfaﬁxwmia@éem t@eGgh and t hen
filtered usin asyrlngeto renpve any resi dual %@tals Hal f of the

sol uti on TBE1a0H ek bease smapderiapd & STaden Mevice-1 Hsingity Sashapdigvicegihg 574
cover ed_wihbodnoh:888jubibtll 04 83008 812 bl GARAILY RSEALIS: SOTRIES.

havi ng ezeti m be/sinvastatin rations of 1: , , were

first tre@d@mWiover ahpnickpridehran. an@cFOBagebeaméwdatﬁeéﬁpwqu 8-1gim¥e
| aser havj t 5
ot en o oRER bR ARKEABRIK Beh DAY i MR DENG! Tnk Qg
di ode | asefthti408 mg baam et Dﬁdicaﬁ/aphedsemgtdallﬂiusaigdm SetfrBau Davitoto a2hisve a
m nutes, rotati the sa rough e t he ,appr oxi nat el
o G e el B 8En B Sl T ot R iR ©! Y

respect i Veeadl. I'Béth 8BankdeWére @Rctrdiienl§ hplitde nasielatedia0d 85 hepanstavagsed
t hrough a Thorl abs 5x beam expander and a Strachan Device. Using the

Strachan [B8¢tke, Afefdh®TERuencrD BaFH RAENCAH Qf§1%ee?(91‘]ﬁ’6n% e s op st PpiHase
cancel | at a@ﬁksk@e\f@}mﬁo@e@&m tﬁé!?ol@ﬁcﬂa@%’ie afouﬁéd%m@ﬁéﬁu s1éw%v£ﬂ&£f69%99€d

beam The 408 nm beam had a peak power of 0.10 passi ng
t hr ough arophoiemapratusxatipatied Z?éb(tpah pndagbgut 4kto 3p lpa@hlarhumedltyc élhe Tepgltant

out put of Eﬁaﬂ%?aﬁ‘ E?e%ﬁ‘%?sﬁ%dta‘%& (;L%IBBQ&E@& t%%’b%gé dl{rjag'g]la%%itg?asé Qe

Strachan D&Vice eve a neasure ercent
transm tt Ehe mmbdm@as&hnmmm rhaang emmmlxqmamdmththeatﬁns oBatih 1 2ebAp

01247 art 1 Phevee Bt iy idurng b fisowoss Gl S8 VEreBle 11 as
of the gl assaRetitdly isotropic, indicating that all the treated samples tested were non-crystalline,
and, thus, co-amorphous.
[0125]  Figure 29 illustrates the PXRD pattern of the sample of laser treated
ezetimibe/simvastatin in a 1:1 ratio by weight, demonstrating that the combination of
ezetimibe and simvastatin is non-crystalline. Figure 30 illustrates the PXRD pattern of the
sample of laser treated ezetimibe/simvastatin in a 1:2 ratio by weight, demonstrating that
the combination of ezetimibe and simvastatin is non-crystalline. Figure 31 illustrates the
PXRD pattern of the sample of laser ireated ezetimibe/simvastatin in a 1:4 ratio by weight,
demonstrating that the combination of ezetimibe and simvastatin is non-crystalline.

Figure 32 illustrates the PXRD pattern of the sample of laser treated ezetimibe/simvastatin
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di shes were renoved and the solutions were allowed to dry through
sl ow evaporation at a roomtenperature about of 20 to 21C and about
40 to 43 peocenoshuem dity. The resultant material for aldrafseskoseoos
ezetim be/sinvastatin sanples dried to a pure transparent gl ass

state. The ezetj.m ' t at.ih . - : .
czet i beld e LR A Aty 8 YRR o I fcogringive apd simuasttin, o
by pol ar iizinmg-ctyisgphitnem cr oscopy (PLM, and all were found to appear

entirely | ropi.c, .pndicati that .all the.treated sanpl es tested
wer e non- 098k al Titheh Riskess phhe et PG LeR st Epis comBimatons
i 11 ustr at efezethaibBXRYpratid erdl fohr dfike aarptiecaficdllgseséd wEigRietbs of 1:1,
ezetimbe/sinvastatin in a 1:1 ratio by wei ght, denonstrating that

t he conbih%i?ﬁﬁmﬂﬂﬁ%zetirnibe and simvastatin is non-crystalline.
Fi gure 30[orzi.>+}ustmtﬁécegmaﬁ?f&gr@ﬁhwﬁ%t 9\%\%%@%%5{910% 6f b @R e ahf eat ed

ezetim be/sinvastatin in a rati o by ght, denonstrating that
t he conbi nevastaiinofithethe riogifisd lesadradiatimmBomtthart(8sin divde tapet flllbivadby the

Figure 31 j}l. r.at t the . f .l aser

{roat od SURUENEleb® ERdditint HERTR AL RGN, S BRGFAIRCIRE, e Bibanals g
t hat the afghdinal:2on4.chd&Beyéightheticniutbnmiastisdd dhovswae eperigd tathlthae.
Figure 32 illustrates the P attern qf the sanple of |aser

r Sat od - FUTF R AT RO AGT BPIoROL. | e e o i T i dentical o those
denonst r addséigbetiRBbved, BefORRitRal 5 @imeé afAREI IR dTenaiTd 15h BNAS laddrivihsi S
non-crystalline. [0126] Thus, the process of the invention produced

hi ghl'y~ coPRHEt PRRIUR thedr § gmycaion of thejmadifagdamyseien %ft‘fhfh6'f4rmahserf our
of the cugpgntly clinically used weight ratios of 1:1, 1:2,1:4, and

1:8. [0127] The process was themrepeated first treating the solutions
of ezeti ni%BBland odlowingshessanensid lserisamusgi, thediis|of gwrelasa Betmtdidns Weem

t he 408 L fol] o ifi .radiation from
the 674 ridv@hEnd AR hnuiphualeRud b IR FRAGG LEY CBRRGN s Myl
1:1, 1:2,ofkbdyt 20A¢b dho8t 22t ab@itt B0 tel pHrccanBurdidier Thegswbavmategile

repeated with the reverse |aser applicatjion protocol. The sequenced

| acer it AL ey SEesta oo BT pAgkioquuly P atials sEEadBt ¢ at
the 2.5 nizetiineeARAYds&dh sanpled, if AGod&8 : nM-iledend B8 Sferd@&maRRHyed
prior to the 2.5 mnute application of the nodified em ssion of the

674 nm | RATIZREKRN "TGITSPEend Bk forrd toanpren seely dxiopicr isdicaina that
the 1ids gfmtBeaod asmiReIAd csnbgRoner

[0129]  Figure 33 illustrates the PXRD pattern of sample laser ireated
ezetimibe/simvastatin in a 1:1 weight ratio, demonstrating that the combination ezetimibe
and simvastatin is co-amorphous. Figure 34 illustrates the PXRD pattern of laser treated
ezetimibe/simvastatin in a 1:2 weight ratio, demonstrating that the combination of
ezetimibe and simvastatin co-amorphous. Figure 35 illustrates the PXRD pattern of laser
treated ezetimibe/simvastatin in a 1:4 weight ratio, demonstrating that the combination of
ezetimibe and simvastatin is co-amorphous. Figure 36 illustrates the PXRD pattern of
laser treated ezetimibe/simvastatin in a 1:8 ratio by weight, demonstrating that the
combination of ezetimibe and simvastatin is co-amorphous.

[0130]  The co-amorphous combinations of ezetimibe/simvastatin were then analyzed
using Fourier transform infrared (FTIR) spectroscopy. Figure 37, Figure 38, Figure 39,
and Figure 40 illustrate the FTIR spectra of the laser treated co-amorphous
ezetimibe/simvastatin samples having ratios of 1:1, 1:2, 1:4, and 1:8, respectively.

Figure 41, Figure 42, Figure 43, and Figure 44 illustrate the FTIR spectra of the laser
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renoved, and the solutions were allowed to dry through slow
evaporation at a tenperature of about 20 to about 22C and about 40 to
47 per centwbumodistes The resultant material for all fouscriuszesseoss
ezetim be/shnvastatin sanples dried to a pure transparent glass
state. Thgefg®bd- %Q%@ds%&ﬁﬁﬁ%ﬂsﬂn@% @ﬁnplésrha(/ﬁ’: i @%s @k 13: 1o ]]'ilzandl: 4,
and 1:8 were exam ned by polarizing |ight mcroScopy, and al

found to ASpesapecEntlyr hgprogisssiepdicompaaidrativriy eadtaaf thdsk seduendes éalt: Bd
sanpl es hHe go [ strates.the

pattern o sarrb éag@(r') rﬂéag &%I%]edz%g g?nﬁ.bg %ilerlr[\l'}gbszsé{?vaﬁaﬁuﬁ Cgmgm%%él ght
ratio, ded@n@tshatelthag bothaetirhibe emhbinmadtitinmregesdniinbe wdmsmﬁdwaﬂ;blea

is co-anp e, | ustr at stheP attern of | aser
treat ed eazlgf ﬁboé‘?“bgi%ﬁvﬁg‘fa%tjir er?f‘?sﬁmf %?" hq%ﬁgﬁgqc,eéppq-,g
t hat the econBtanaitn neh-cBzRUlingiIHe ﬁﬁ*@ao‘hl d‘maz§é SniplesC staﬁpﬁﬂag&ys%n of
Fi gure 35 illustrates the PXRD pattern of |aser ‘treated

ezet i ni bef¥TRAMAL F208 feqomey @Tﬁpiﬁé‘?r@ﬁ‘@mﬂ&ﬁwﬂﬂmﬁﬁw hendshét the
combi nat i ghvadtatBzelchik RatBRH SloH¥E Al thdke of 1 %z&m[ﬁi%%hige uldBed gplg’cﬁd

illustrates the PXRD pattern of Taser treate eze SI m/as
inal:8 fﬂaﬁhthaygwmwrahtra@embcpmmgmhat t he conbination of

Conbi nat Saa br Oyacre w bar B il APERIACHR o NP iGed Dub P gietuos

Fouri er tthanspmemditnbe aeredtableht R)arrstpmpémmse:@mge Fdngitioas Jth nbloBisRd38,
Fi gure 39 a.of the | aser

d Fi the FTI.R s
treated ct mgn I g‘é’%&@éﬁ% Eé egt%sf'gf PWdE‘%i ?’gg%’?%’gﬁb’%ﬁ igg of

1:1, 1:2, colalﬂorpﬁﬁllﬂ; firB of the SiFREdt Yoy useﬁhﬂﬂﬁ@eﬁ.ﬁ)plé:itgélﬁl%lf'%at EQdr e
43, and Figure 44 jllustrate the FJIR spectra of the |aser treated

co- anor phoiis® eAditoppariasFpaldbseradily QH%SIP@@ W4k the obsarvaskeass ofpraducing?,
1:4, d
and diaGiatiIBHREGE by ﬁﬂnﬁrpha_ﬁecoﬂ{pfagililgﬁssdf%gﬁgmfufg 3‘@%@9‘5&%‘?‘9@%&%@% .

each of these sequences is '1:1, -4,

of all ofPrpﬁ'é%@ﬂécz@l@ﬁfrﬁeb@?iéﬁgm?@éﬂIaamufamzmaxpeoﬂaé tolsmshsivelat e t hat
bot h ezet oﬁl % simvastatin are present in the co-anorphous

sanpl es, are %oroughly m xed. There is sone broadening of a few

of the ab hanon crystalline formfor
each of t dhodde )Aa& ke %%%pggéyae%% fon of conpound rati os becones
nore pr ed[@mii:riantTherprstmeaﬁEﬂmma 7tihe répested Faaleadladtdbe D, B2 MVASHhA ign
becone rel at ) %/ E%f r than those o{] the ezetinm be, as woul d be
anti ci pat‘@ﬂ gre FrEt %@‘Ev?sﬁt‘ﬁé%ﬁlﬁs 4 fhsexpeption ghat BiHo¥asioons .
[0131] Oﬂﬁ@h&dli@m@@ia@éﬁ}ﬁd&ﬂ@ﬂﬁ Eﬂe@&sﬁitﬁl@mté}ﬁﬁé Was vYé’ﬁﬂf’cx?EtQﬁHQ%éW%th

this method, they aﬁﬁpared to be very stable at room erature
storage cCORBIFDHS rinilgsip g dananeidecthibyt 4 pibstenifa) amaunt iof extystalline

G ven t he,8as ugi PigrHhG st.al phous
formof the diﬁfvges ggr??qra%tl 0s 33 ﬂh?%]e%é ?‘gﬂgﬁgﬁb} %1 ih Qﬁﬁgg%t P at
a wder aﬁigfefn@ﬁ/sad‘chstamﬁahplcmhtmsemmcnttL’oEapldaﬂtzblyoﬁhe)ths@eamat‘i&htdi‘e t he

observed f. n d bilizj t us

conposi ti gﬁéﬁé B eéeu m%lt?égla%g aéllﬁtrzrggaléefpef 1Y_|e?y &%Fiﬁ%?‘{%’ B‘r%&ﬁ@tqfﬂi"? to
the | e\r/]e:cremﬂtiﬂ%&‘zgmnﬁmﬂimvmtmfsaiﬁﬁiw\lvdibgamcfpeﬁ&ﬁﬁﬁi, eshfirMiddehitehat dawple/
strai ght f or war

%o ar at ?I@FX \r;% Ezetim be/ Si nvastatiri

[ 0132] The "I ErHeH FZQE‘%H% SpnYy, éa“PeE grests dsmopsirae hat thpe 1.1,

L2, L4 conbrbldhs uedflbe/Sifvh a6 hib U b DY B AbLrin SR Gt 921 e
exception that there was no application of laser ra Iation.

resul ti ndlifeaterulenishagpptcaiogop iy leseyrdiation ivethe plotesh owéns 1mmﬁ¢rr rred by
PXRD anal ysi s, which denonstrated that a substantial anount of
crystalli 'r Prapareios of Cosasprrphons Bmp Egetimide/d tdryastasmcPelofimt he 1: 1,
1:2, 1.4, n%l‘ bt ' tihn sanpl es obtained
W t hout thgﬂjppl I C |a%n g?&‘%‘%@mﬁé@g&g%%ﬁé&b?&é@?alllr%é;ol rH)lu%lt ed in

Fi gur es 8OmbgmtiogPyasabthiigd, frone the PFKRY eld/FTIRrenkEbiRoAstpbysi sitedte@ach of

reference samples of each of the ezetimibe and atorvastatin calcium and separate samples
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Exanpl e 8: Preparation of Co-anorphous G ass Ezetim be/ Atorvastatin

Cal ci um [ 0133] Conparative data for interpretation of results for the
co- anor phowe 20@b2Mat i ons was obtained fromthe PXRD angtid:Rsiosoes

anal ysis of separate untreated reference sanples of each of the

ezet i m beopadiatRramasihallns slishmmand VABRAL BloBess @F?lle enfdn, GFRL T M be
and atorvastatin calciumtreated with the process of the i nventi on.

The PXRD BE¥RDepaerfoftracicemer emystalling paatinibg inallusgreted iri Biguied 1. The PXRD

il lustrat T r.

non- ar et 211! T@kdpon QG AR Do Al LERRERRD, 1
crystal | i pateat m?um@ﬂhﬂd atorgadtainumaicien id 1lIuB1tateaheH1gure B gihie@ XD pditegn of
PXRD pattern . of laser tr ate staII E“g?%t [V statl n calciumis

i | lustrat aaefﬂﬁfa‘iﬁf‘aa? RS mf’@%ﬁ‘ﬁf’fgﬁ CHYER IS Y 18916&0 ef er ence

crystalli [m3e]z et Tifs ERispedthihlisitth@teBdtendd chjs@liR e2dintbt 1I1hkera{%?ilulﬁ
spectrum t he non- crﬁstal line | aser treated ezetim be.

spectrum u’fen]@ With ©F SR sRectiam f fheqensristajlinslaser feated Qﬁewﬂhes The
i [ ustrat pem ebinghbehe ;efc@ﬁlg: 1fidd ﬁ)ﬁgﬁﬁﬁfﬁlﬂm{lﬂﬁ 15t1h§s ed in IF%.II'E‘, 1

non-crystalline | aser treated atorvastatin calciumis | ust

Fi gure 22andthg BBIR wesionmgf Bamph-erystallneyascriradedateystatindimni a 50 mg
sanpl e of I orvastatin cal ciumwere dissolved in 2008 ng
of absol ultl@g%%%ﬁ%tﬂl 52Ltl rring at 9000 rpmwith a magnetic stirrer
for 12.5 mnutes on a heated plate at 140C. The solution was then
cool ed t o[0182im t& P erzsaupls, ofa}rbdtaﬂliﬂeteeﬂt'enlibasmmgﬂarrgwamplg@qurstraﬂmeve

any resid o) pe nt | uti.on was then
decant ed é{ agtgﬁ%%f%“ﬁh “’A%S&ESO%’ é%%&%e ¥ II%)SEI ﬁ“ ﬂnt@’asttlgal at e at
100C, andQQm\tpmedtm mhgmng kthss fdm 2.3 mirutd\oh AeeapPplrd siatedy 4 ny of

ezetlmbe d 10 rvastatln cal ci n.the treated sanple,
o D o oo B B 3Rk P g G erb Mleree fitiist S as s Ay Hy

anpl it Udere@iﬂdél'cﬁﬁsﬁﬂ% | vaf 20 bk bPie 61018 Awas then decanted into a 60 mm x 15
mm glass Petri dish on a heated plate at 100°C, and covered with a glass lid to provide
approximately 10 mg of ezetimibe and 10 mg of atorvastatin calcium in the treated
sample, i.e., a 1:1 weight ratio.

[0136]  The sample was first treated with amplitude modulated laser radiation from a
diode laser having a central wavelength of about 408 nm for 2.5 minutes, and then the
sample was treated with amplitude modulated laser radiation from a diode laser having a
central wavelength of about 674 nm for 2.5 minutes, rotating the sample slowly through
each of the approximately 3 cm diameter expanded beams at a distance of 25 cm from the
respective Strachan Devices. The 408 nm laser diode beam had a peak power of 0.88 mW
afier passing through a Thorlabs 5x beam expander and the Strachan Device. Using the
Strachan Device, the 408 nm beam was adjusted to the 80 percent phase cancellation level
to achieve a measured power of 0.17 mW over the 3 cm beam. The 674 nm beam was
passed through a Thorlabs 5x beam expander and a Strachan Device. The output of the
674 nm beam was optically phase cancelled using the Strachan Device to achieve a
measured 80 percent reduction of transmitted power to approximately 0.48 mW over the

3 cm beam. Both beams were electronically amplitude modulated at 6.25 MHz.

[0137]  After the sequenced laser treatment, the lid of the glass Petri dish was removed,

and the solution was allowed to dry through slow evaporation at a temperature of about
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di ode | aser having a central wavel ength of about 408 nmfor 2.5

m nutes, and then the sanple was treated with anplitude nodul at ed

| aser radiwsibizenyofrzeen a di ode | aser having a central wawelhanrgéddo@oos
about 674 run for 2.5 mnutes, rotating the sanple slowly through

each of therCapEN®HerBhhiding Wk@'r@éﬁﬁ%ﬂ%z&ﬁﬂ@@%ﬁra% Ie i Rl

of 25 cmfromthe respective Strachan Devices. The 408 aser ode

beam had G2 SEHRNEMAEE pralsf FWW&TQt@rthfpmﬁmﬁﬁde‘qHawr Teaded abs 5x
e Xy e P PR B B 00 SR

408 nm beam was a uste to t ent’ p ase ca
t o achi ev@zeanmma@dvq@mmmmﬁmﬁsﬁan-m&smﬁme the 3 cm beam The 674

run beam assed thro bs 5x.beam expander and

Strachan @ ]2 I %rh%usﬁe éw %‘?Zaﬁﬁq’b EA T B‘b?ti‘%’a‘f’?sﬁg%ase

cancel | edsubgcred 16 heFBIR @rhek. Paxire4s 10statditRyETR slﬁ@@tﬁiﬁ'i sekn8hsharmrat
ower to_approximately 0.48 nWover the 3 cm

reduction of transmtted
beam Bot ?%%@éh?@%?@@%@t%m &5l Ir“}}loaﬁ‘iﬂqutsﬁﬁélgrfbﬁlﬁpﬁlteéﬂmatbﬂ 8nd5 MHz.
[0137] Aft ﬁérvfaiiﬁtzrﬁc%ﬁwﬁﬂﬁﬁ%ré@ﬁ%d%&@ﬁéﬂ?ﬁﬁuxeﬁhg‘h{:rlg‘fjs ds%etbﬁr Ogﬁﬁg Brafe PR |

di sh was renoved, and the sol ution was ‘al | owe
evapor at | rihagbsarbeatedines cansistent with mnomcw@lamfomownb efithe humrpeuiuidy .

The resul ezfall ied to a

t r anspar e[trg)?%]l asg{escpaa?g:{rﬁl&—’:a%g@& éﬁdﬁlq 9£t asm%[sg%g? £H Y

t he | aserfouncéa!t@dfee_azmhlmtbeqﬁratmpm;smatstdnagea:bndltmnsl wittendlobkerved ghllency

ratio, he conbinatio zeti m be. and

at or vast a &Eg’@é %{‘ gwr% CWE'S‘?% ‘?Uﬁglgr{f‘ §@]Y'Fﬂ5 -Cp5tels S EIpEPhous

ezetim beglastsdomasﬂtaislcamealhﬁmmcxa,ﬁma@;sdstah@ﬂle\mg-chhamrfelgmss@érﬁﬁoﬁegc@n

FTI R anal SI S. ‘EE% }ggilghﬁsuat es the FTIR spectrum of the | aser
t

treated € é'iHOFﬂ’ fly dhat éiv(ids Waﬁgf‘aOff‘dimPa%Ilr@mS Gewd readilabe ng
that bot hygaelkil. Ml :Bshsetved Hé’s@%@ﬁfoﬁu&ﬂé %&&Hﬁb@ﬁﬁ%§6ﬁﬁf£ﬁ %rﬁ@rg‘gous foum
ew 0 sor bance

thoroughly m xed. There is some broadening of a
| i nes confitBis spbippiicn aflsempernderiperementpliieintrsasingpprodention op td the level of

conmpoundsy,, £

ezetirni be/gg'tg %%%%-sg?gt%ﬁnl tﬁé}g%:ai&?g{%%@wm%gg?@unad{%o% r?Péltci’lmg’tqbl e
at room tapppestianureelulst of thigenethmtli ti ons with no observed tendency to
recrystallization. Gven the ease of producing the highly

non-cr yst@mmmi@_w_mmp_pmza&n@b&amﬁmtm ©flcitdal s conbi nati on of

corrpound t allin Iass for f each cqnpound

i ndi vi du i Pﬁ’i“‘?ﬂ? ?ﬁ?i?gtjﬁ%%&‘eg %e?faqﬁﬁghﬁ?e SXEFpLOR GRhincrearasae
could r eae@ph@‘atlbﬁ oPladt iaRalionWThb rdsbRing %%nﬁ?ﬁa@ﬂﬁﬁly%ﬁs@ilﬂ@%hﬂﬁ vaRd
stabilizing_of the co- armrphous formof this conbi'nation of

conpound<SORfIHRFEREHAP |a9a Yt rduE denopsteriecibatarsubgiantiel ameunt efestalfine
| ar ge scahfefBRHEedsttt RQ’XI?D SARER FRInd LeliSith Fﬁaﬂﬂ{%s)’aﬂﬂ%ﬁl@@m sihesh

t hrough replication of application nodules o
Conpar at ﬂv@ﬂoekmp@hcaw ithe laegr mediaticads Austratehindiignre 61. The PXRD pattern

of Figure 61 has peaks that correspond to PXRD peaks for ezetimibe and atorvastatin
calcium illustrated in Figures 11 and 19. An FTIR analysis of the resulting
ezetimibe/atorvastatin calcium was also performed, confirming that the material was
ezetimibe and atorvastatin calcium. The results demonstrate that the co-amorphous
ezetimibe/atorvastatin calcium is not an artifact of the experiment, but, instead, is a direct

result of the application of the laser radiation in the process of the invention.

Example 9: Preparation of Co-amorphous Ezetimibe/Atorvastatin Free Acid
[0141]  Comparative data for interpretation of results for the co-amorphous

combinations was obtained from the PXRD and FTIR analysis of separate untreated
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[ 0140] The protocol of Exanple 8 was repeated with the exception that
there was no application of |aser radiation. The resulting materi al
was Vi si bl'yogpspgszié i ne, which was confirnmed by PXRD anarysizsus/osdabch
denonstrated that a substantial amount of crystalline material was

present. ARXRD sRAbILEEMLRbT hB 8 LiEfhd HIRGHALRhKARE AL AnE I?ég)ﬁliaMampies

obtai ned without the application of the |aser radiation
i |1 ustr at eezetimibe god atopstatih EeaaRitrerted witinthe foratespiaf dhegtvdntion.pEhk s

t hat corr . L:m:.be vast at i n.cal Gi
1T ust ot SRPTEh) P RRAE cn QhnRE LA, Ao LR I ARLE L TR b RRY™
ezet i m bepaiteor vidseatreatedminedrysnlliiasezatimte pestoomrie &} gueol . i Thei PRI hat
the materi ezetim be d atorvastatin calciu The sults
denonst r af eﬁ%“’f@‘??&“ﬁ%&%ﬂo% 2819 ds ﬁﬁf%?dglﬂlﬁ%g}l At {JIPF ]%%Ueipﬁﬁﬁ"ms
not an arbfiheetredtd Adiecrestminé BeRbstatiitree dciBik 8RAvn InFigurdi g ect result
of the apﬁ)lli cation of the laser radiation in the process of the

i nvent i onlO&Elanplles spectppeehipiagd Sem dte KdRamelvEn Bﬁ@g reference sample of

Ezeti m be/diamikasieatdu iEﬂﬁ‘ﬁtrﬁG&Qﬁi{;&é%hﬁ%@%&r&%ﬂh@ 94\%% Jreated

interpretation of results for the co-anorphous conbi nations
obt ai ned RorofrystilineomRiimzhed ThT FRIR seeciysinof ofysisBina atresiatin freat@d is

ref er ence; thIPIR i m’ e and grvyastatin free id
and separléllt§l %ng%dﬁﬁplﬁ’e%u %?F Euzlgihlem' be(‘%’éﬁ%E atogrn \c/’ré'glt—yeslﬁhﬁw PEG (tﬁ%c?t?r?%séa?lc@d
wi th the frecopibs ilofstrotheé in FigenetiBon. The PXRD pattern of the reference
crystalline ezetimbe is illustrated in Figure 11. The PXRD pattern
of | aser t ed -CI |l | ezetim.be | own in Figure .13. The
PXRD pat t ¢ %ﬂof Ac?él)gr{gail iﬁ ?%gjfé: S{raa\l}glgteé?nlnﬁ ¥ P gc}inés Elfelokg‘é'ft?%%d in
Fi gur e 15atorVhstatiMIRE qoal wae disedivediad 099 meaf esbontdetbinos babtidingat

atorvastatin free. acid is sho i igure 16. [0142] The spectrum
obt ai ned%@@rﬁ’?%tﬁfﬁaﬁaf W%ﬂ}%tfﬁtg;@g‘ﬂ‘@ﬁ@?éﬁé%ei@%@éI%f?ocgrrf%t al line
ezet i m besdngionlwad Hich@b6d tdrobindbihBerddrantd ritdien {EIkR Spasd {olaf]g?ne%e de

| aser treated non-crystalline ezetimbe, The VIR spectrum o

cryst al | i 18l 6Pkl Axbont 3G rasceat pithe solptign easithanedecaniedinipur @ mm x Bnd
the FT1R b B OdisH Oy fdaYedit del | b V tin.free
acid is illustrated lf.n Fi gl?r e 18. h?@&%]sdﬂic{)j{)e?%\g@é%ﬁges lgcft%%_’ré‘_”de 4 _

](c:r ystal :j wdutionef rprirremalely HJI?Q SﬁgzeSmntwlf aﬁdﬂlmgtgfgtcﬂr]dstanle fﬁbam:igsi,@tl n
ree acid,. ed i.n . absal.ute ethanol by stirring
at 9000 glm%ef%lggﬁgn%éﬁzeeg fr%bes ra?oé‘fng’{‘ag"f] f‘f‘i?‘%‘im nutes on a heated plate
at 140C. [Divd]sol Theisanpleas eichetibetnolvedatindrdeQolt) waMetakidd ithakthlitude

ve any residual crystals. About 20

filtered usi syripnge to re
per cent omoé'ﬁ%eiﬁ%ﬁ‘ﬁ%l%af?‘?ﬁ g ke hewgs ¢ genteh Wabelenatko fEh oA TG mas s
Petri di sfor 28 néinktes bdithioh aliM 2aiplike modaRRdSALERAMHIM fbnd BlBRSSel 1d tO
provi de a sol ution of approxi matel(% 10fm%50f ezetimbe and 10 ng of

*Ub AR QY It

at or vast dtavinerarceairal ¢yayelength of ahpuy 4 miies, gfating theispmple skmdy

at or vast at,i i 1441, T Lm bel at in
1ot ool bidieh LA of Soporoi i Ao @it Sbaf kL MERHINEH N |
from a difeie theaswecthvabitraghan Reyives.alhaieine agiriiiel balnwas 6Fded thivolighr
2.5 m nut n wth, a i tud dul at.ed | as radiati on, froma
di ode | asag&qﬁgggsn%g%mceé{ﬁﬂdgf %@%@é’ﬁﬁ} ©6F° abBith t%ﬁggaﬂﬁ{’ §vics the

m nut es, 67dtnat beagh wineadpargdlte tiel s0weicehtiphosean@feforokvdl feache @ pbiet el y
3 cm di anet er e%%g dgg be‘gms at_a distance of 25 cmfromthe
respect i V& B Y Pad ek over o paarim e & i perae hiskanpelae v piants ed

t hrough a).@ham aes 5%%—%2&%@(9%&%‘05 3R den SlfaAt ald ARG han PRVG, T e

Strachan Devi ce, the nm beam was angUSted to the 80 percent phase
cancel | atThsrpunsyef the 40&pmibetra was ppfigelly phase pancebddmsing| the $irapBareGeer a
3 cm beary, ,Jih8,4082 Ream.Bad sake ter ssi ng
t hrough a %ﬂor FQ%S"" Sﬂea gxpa% 8? anﬁﬁgﬁgﬂjg\gﬁgﬁo Vi ¢e. Br'I"ﬁgelcm
out put ofbethe Bodtheams bepmslovonsplily aaplitydqrhaddatedhatddds dHzusi ng t he
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WO 2009/ 052246PCT/ US2008/ 080095 [ 0145] After the sequenced | aser
treatnment the lid of the glass Petri dish was renoved, and the
solution was allowed to dry through sl ow evaporation at a tenperature
of about 2YOeWIPIFEIGnd about 20 percent humidity. The PETESRURINS0095
sanpl e of ezetim be and atorvastatin free acid dried to a pure
t ranspar efot4sjl assftatled equdnceliinger 4réatiehiiht Habéthetghss PXRIdighatseemovadd,
| aser treated ezeti m'beiato V?FIStaI'Eri n fﬁee acid.ina 1:1

rgt

wei rati o,
denonst r a#1dHe SR HIGHAKE] ¢ S“WfB‘@P%HO%F&%E‘F&@F%&‘P%

acid is npr-60yst Hd dbber 20234 g dER- PR S a s PRI SESingRe &fd
ezetimbe and atorvastatin free acid was analyzed with FTIR

spect r os cBpyastiingigeccifginiad |t d pristtessnaprat prrRtale cbigrigf dHusmies figser
treated egehbAkbG/ RIRL AN Rl QikibE8 AR Gn FOdiGRT {0 Gt tdpat both

b
conpounds ‘are ‘present and are thoroughly m xed I n the co-anorphous
conposi t i imonFhaing tha combmatirmefdeetimige afd atofvestatof frechesidaib son-bantabine.

i nes congj,stent..with a non-crystalline form of, each . compound in the
co- armor phote ConbBeP R b TR ) A B TR RN ol
ezetim b%‘?lﬁédéﬁl&h atg'zm sﬁdceesoapjgflﬁgﬁxmesﬁmsh@uas the TR gpe triunlof\ied lgdti:
ratio was found to, very stable at roomtenperature storage

condi t i on&eajic %BWBle/%E"éYaxﬁéﬂn &R 6%‘H’c‘9d’fﬁlrﬂgé]&qigigaﬁ é?tﬁ"i‘:?’é’}’m@dé é?g‘? Hfétease

of producifathré MBroughIFTRLANRURe EPIROPhéUsRBmBbsiBFE THEDE s@h8lbroadening of
atorvastatin free acid, it is likely that a wide range of additional
rati os coufey efdhprusenbeny linsaennsipteniyith a npecropigbing dermedsacihiomnoyad gl ng

and Stabiﬂhk%&-@&oﬁ%oﬁ?ﬁn@%ﬁﬁi@ﬂfphous formof this conbination of

conpounds, i ncrenenta I ncreasi ng production up to the |evel of
| ar ge scalté4Tianuflecbtamonphdus ezstipebd/gdrvagathefreeamili dopnpmesitiondlaiisbed :1

t hrough repljcalion of |icati modul es_of this method,. .
oomoarn | GRebsyao REs Bl SR () Ltle FDOH i Sizarhtl sTorl ' BRdignergigh no
prot ocol e¢Hsefzs@tepliency tnsrsrfizat Sivenithideatdief padepig thaicd-Madphher e was

no application of |aser radiation, The resultin teri,al was visibly
cryst al | | $REPOFHPR AT wmwwswgﬁw ﬁw%?@?ﬁmive ° HeRDist r at ed

that a subgitambl @lioMIdYe Rbdcey fdadily. | Wath R edrddd %oﬁé@&ﬁﬁﬁgmﬂ PXRD
pattern for the -ezetim be/atorvastatin cal cium obtai ned without the

appl i cat | ##bibfing piethe agramorphapsdora et fhis qombigtion pbepmnpumisy inceengataliyhe

PXRD patt T ) %1&%? P& ‘ié‘@ ﬁ%ﬂrﬁ%ﬁ?@‘% d B0 S

for ezeti %E%% ﬁ&oat or 3a§t a?tl n r%e%c?%? I %Jlljst rat I eFft:agur es e%ﬁg}(

and 15. Ascémpksha tirgghgepicatibreofapplidation qrodules pithisendhak vast atin free

acid was al so performed, confirmng the material was ezetim be and

at or vast afompimnige hgimle: THretimdsih tosvactetimPist Aaide t hat t he co- anor phous

ezetim’beﬁ rvastatin fr acid i s not an tifact of 1h

exper i mont 6t - Teerisel of Falipinerheabirdt e SheptRp st Bers wr v

t he | aser agphiditihiofMstdtadibgord I TIReeSiRg rhdi@ial Mde MsibDNcrysXEAR MhicdkOiras

Preparation of Co-anorphous, Ezetim be/ Rosckjvast atin Cal cium )
confirmed by PXRD analysis, which demonstrated that a substantial amount of crystalline
material was present. A PXRD pattern for the ezetimibe/atorvastatin calcium obtained
without the application of the laser radiation is illustrated in Figure 62. The PXRD pattern
of Figure 62 has the peaks that correspond to PXRD peaks for ezetimibe and atorvastatin
free acid illustrated in Figures 11 and 15. An FTIR analysis of the resulting
ezetimibe/atorvastatin free acid was also performed, confirming the material was
ezetimibe and atorvastatin free acid. The results demonstrate that the co-amorphous
ezetimibe/atorvastatin free acid is not an artifact of the experiment, but, instead, is a direct

result of the application of the laser radiation in the process of the invention.
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[ 0149] Conpar ative data for interpretation of results for the

co- anor phous conbi nati ons was obtai ned fromthe PXRD and FTIR

anal ysis of untreated reference sanples of each of the ezetirnibe and
rosuvast atWe 2000832¢m and sanpl es of ezetim be and rosuP&F(USEG08/080095
calciumtreated with the process of the invention. The PXRD pattern
01;] t he relﬁmceo:clgzwlﬁztraidﬂ ﬁ@oeﬂﬁddrbmubazétsﬂbbmll \l‘aathﬁdChlﬁiulgi gure ﬁl.
The PXRD pattern_o aser, treated non-cryst ine ezetimbe is shown
in Figur ity THePTRBREEH Y SRR dPTINISPTe AT AffrEsy ﬁ@é%y‘aﬁ?pﬁl@%lrouanm phous

rosuvast addnihifaioss Wi dttaihdd Msth HRFSERD And FUH haBRis ANHirdAe 1B RRce

pattern of the |aser treated non-crystalline rosuvastatin calciumis
i |1 ust r at @enples ofeephirod thpazelirpibs gpd st arEin sgelsmranchsanpienel szefimibenad
crystalli 1 IS . t i i : j .t

poct rum SFFRElh B3 e U AEH B0 Bt i Bctiot e rAI falch)
spect r um sfer¢iive cryefaiine redinsbeslibustrhted os Bigast 14t iTie PXIRE} patieirsof laser
illustrated in Figure.27, and the FM.spectrum.of nop-crystalline
| asor ¢ e SEu BRI R R el TP LT ARy TSR B 0151] A
10 ng sanplgerdt s@&hipls badrhomBoeZeduvaitie: clthn isiQuitBtcdainPlg@redfs, and the
rosuvastatjn_cal ciumwere dissolved in 408 ng of absol ute ethanol by
stirring &ERBogseRehikg s Weatedprarqrystaling rogyvastain ealeiog gt Bustraied nowed
by stirripguatzs9000 rpmwith a magnetic stirrer for an additional 10

m nutes on a heated T%ate at 140C. The solution was decanted into a
60 mMm x 1K1a%h gl Bed IR spectiginsd teretrensa codiaping cectimiby Bolbistrated it Bigwieed
with a gl N ide roxi _ j g d 10
T of at orvalt SR FRR R PR kORI S M gac Rl R, DT TRE
ratio. [ Ogs2fwilbéthezeftientdratmpiniastuatstatinsalrplneisvibisstizted ari Bigufei A7s4ndni t h

anpl i tude ated | aser radiation.fro i ode | aser .havi a
contral B S Eun B R it Pl e BT S it sy
wi t h anpl Figugegnodul ated | aser radiation froma diode |aser having a
central wavel ength of abor?t 408 nmfor, 2.5 n‘Ln tes, rotating the
sanpl e sl GWFY t rr g sBmele SrensrimssaetEwbaaR 4?0@15@%1#3 Byastatin

expanded Pgan® wike &sQIRHAINE68 RAf 02s6Mid &Rl BEsrBSPRIODY Brpli@Ghan
Devices. The 674 nm | aser di odée beam was passed through a Thorl abs 5x

beam expamdgtetiapidre St & matsas. DHovedby WisTingatt3ee0 sim adthamapadticyirer foo
674 nm be 'Oqﬁﬁ > Lon | ev
to achi ev%madag%ﬁj@@?ﬂ o] g%ﬁ%g)%%g’ﬁg%cgﬁ?g%g@qmgggug&gg%née%%%éﬁé}ra &J
beam Them408 1HimnbglasnHeaddish peakegpalwdate af 1W°Coamidbadredwith aghisnlid to

t hrough a_Tharl abs .5x. be expander. an he rachan. Devi ce.. The
out put of PR S8R KDL e ey O i S A 208 g he
Strachan {gmidcei.ec.fDi:a0kigyatia. neasured 80 percent reduction of
transm’ttedé&ower to 0.43 mMNVover a 3 cmdi aneter beam _Bot h beans

vere el eckénl cathepzeHpibporeasitia srmpls yvas fregfed Brsippth ampliyde modulated he

sequencedibasaliadon SRR Blod®last vz 8ok dd §a2d16h giPStaLB Rt Glink Gatdndm
the lid of the glass Petri dish was renpved, and the sol uti on was

al | oned t Brddymmhicaibgn sithsmplitagronedulaed lser sadidiopdiom udiedolasadeviand
45 percen 1, di T i f

eseti m ber FOMVASRE T a3 Pdor A B B PR Gy et
Fi gur e 49edch lofigerappresintandy PXRIpatttremxparglied béend @ s distanceaf 25dcm from the

combi nat | BRPSIVEIEErH BEey oS b At Fotcher e R e al 1 ne.

[ 0154] TheTkeH-B59% phavSpaadeResd & Seichel Deviet.i Ukihe thaSiraias Dtk athk 574

cal cium V\g% bteglg r\]vas adjusted to the 80 percent phase cancellation level to achieve a power of
approximately .048 mW over a 3 cm diameter beam. The 408 nm beam had a peak power
of 2.15 mW after passing through a Thorlabs 5x beam expander and the Strachan Device.

The output of the 408 nm beam was oplically phase cancelled using the Strachan Device
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anal yzed with FUR spectroscopy. Figure 50 illustrates the FUR
spectrum of the | aser treated ezeti m be/rosuvastatin, denonstrating
that both ezetim be and rosuvastatin cal ci um corrpounds are present in
the conpost¥PPYRAIE t hor oughl y mixed. There is al so soRETHISBH8EHIY
of a few of the absorbance |ines consistent with a non-crystalline
form f or ®achicod amhﬁumdrﬁ}ﬁwrndst re@@ﬁﬁﬁpﬂ'ﬂnmsmitmdi puniseior e Umals bedriard cm

2t T oom { SAREPL TG At Pt wERART e Pk Rae BRI Sah Sy o

r ﬁcr ystal| om]/ Qﬂeemhdd&qu@asella@efr nREREHCHMBe éﬁeﬁnmd@mqah@mmfc@rcmnof
the ezet| err uyast at.l ca ClumCOFYpOItIOI’l and th

non-cr ystt&PFﬁﬁéC}g %@%P?t‘art%ho\va%eﬂvego%?mw TR Wasarpd to dry thraugh
likely t hﬁaw%vyﬁoﬁla%oﬁ@nagfén@felaaggbf199@%:1 u3bhLRenGaidty eadirlvithe
produced. Wth the observed ease of producing and stabilizing of the
co- anor ph@a@nélzfét tﬁiﬁﬁ@@laﬁﬂeaﬂb@mﬂémmﬁwwe\ém rpusdeannaenp gleehatate.on

up to th st@

readily :12‘: n%lgl fs?‘%ééé‘% ﬁlr oug ?ep @?%aﬁéﬂg#@gg%ﬁcﬁfgﬁﬁ %Oggvrf%gnp%al .
t hi s et hedightGatip allembilanatih‘gﬂ)upﬂhe ::o:Elzmatmm diezdiRosivy ast @tuvast@ad cdiciom is
[ 0156] The Iﬁ%{mtﬂﬁ of Exanple 10 was repeated with the exception
that t her® WA H8™3ppl i cation of laser radiation. The resulting

mat eri al [gas4vi sidelcy-zdoystoak borAgositihi of Bzatiag b€ &fif osuvadathycaPBPwas then
anal ysi's, which dermnstrat ed that a substantial _anount of crystalline

mat eri al WYzt WEBETIR ppeswpasopn: Figws 5P dusirpies dedlisprsrmaledest | n

cal ci um Otl?éa?édr&gnﬂﬂbb‘i‘&h‘%as%ﬁ @&ﬁﬂdsﬁ?{iﬂg%t%tﬂé%@tuhﬁé%ﬁd fciéﬁl»‘a@ttah Balbi
illustrated in Figure 63. The PXRD pattern of Figure 63 has e pea

t hat cor reseHads ase PXRD pethk sompasitwrand fopaighhomxed ulkese Htaﬂﬁ@ semkCi u m

illustr atlﬁg deﬂm?og U&w o%ﬁile 30 i%mce f ﬁgﬁ o pe&{‘t YiinS: d%il %@?alﬁx%sfg}n% tfcﬁf%ach

ezetim be/rosuvastatin Cl um was or me
mat eri al oftbe ezagoumide and rosuvastatin cal cium The results

denonstr hat...t he co;a ezetimbelr.o astatin cal ci i
ot an artOiTcr B SHE B BB RENE S B CHePRaR 113 ek B et
of the apﬂaluee,aty Bibledt rédie tdnabiture sk lc@lﬁ‘dlﬂuﬁhstvhﬂl 1 Hee5&d Rhddnbeto

i nvention. nple 11. Preparation, of Co-anorphous

Ezeti ni bevegwﬁ%@% a@i‘fﬁ}" Repars of rofisimedimipatmaephisdamuod the

i nterpr Et@zfehﬁﬁbeﬁ}ﬁsﬁﬁﬁ&ﬂﬂ&léx&ﬁ c&hsos%naammsc ds B¥h dfach
obt ai ned fromthe PXRD TI R anal ysi s of unt reat e erence

sanpl es ofonemend mﬂwmllﬁleémlukﬂwéhatgwm@nm ¢fraddé1|¢dalastpnsrcpnidawdlly be
sanples o i

process oém gal %@ﬁ ??ﬁ\s g%&gﬁggmﬁ{}gl{lg%gd %#Hq 1%1%%6 er e%‘l{:l%rphous

cryst al | i epetimetandidsevdstatinlchlosr, ad:aé:cdg prndEctgmn@ th the IE’MOH&@B spxﬂtat ern
of Iasertre d. nan-cr |l ine.ezetim wn.in. Fi The
PYXRD pat tEPIBT IR PEReHE & &) oG EbaribiREed el it epgisrisny
The PXRD paditled of 1ok nle@tied@r treated non-crystalline sinvastatin is
illustrated in Figure 9. The PXRD pattern of crystalline aspirinis

i Il ustratgénparathieBiatiple: FrREmBYRsRRktagh CaRfunh aser treated
non-crystalline aspirin_is_illustrated in Figure 3. [0158] The FTIR

spect r um IG5¢)r y skhgiprotpeol @7 Bxample b0 was reppated vk 8¢ sxeepipythebthere westn
t he

application of laser radiation. The resulting material was visibly crystalline, which was
confirmed by PXRD analysis, which demonstrated that a substantial amount of crystalline
material was present. A PXRD pattern for the ezetimibe/rosuvastatin calcium obtained
without the application of the laser radiation is illustrated in Figure 63. The PXRD pattem
of Figure 63 has the peaks that correspond to PXRD peaks for ezetimibe and rosuvastatin
calcium illustrated in Figures 11 and 25. Anp FTIR analysis of the resulting

ezetimibe/rosuvastatin calcium was also performed, confirming the material was ezetimibe
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FUR spectrum of non-crystalline | aser treated ezetim be. The FUR
spectrum of the reference sanple of crystalline simvastatin is
illustrated in Figure S. The FUR spectrumof the |aser treated

non- cryst aWPizﬂ(gméﬁgﬁ@ast atin is illustrated in Figure 1FCTHR00RPHIRIS
spectrumof crystalline aspirinis illustrated in Figure 2. The FTIR
spect r um afd menvestyist edldiime Thessnlty depmmetthtathpi thi no-amoiphbust rat ed i n

Fi gure 4. 159] A cr | Line ezetimh Q .
canpl o of “EURIPT A SRR T it o RS ok S EARGTnIE mefplite FPiree
aspi ri n wesdt of tas eppliestidnof 100@sargadidtioa bis tie pt e catdfatiedhvdiyiost i rring at
9000 rpmwi th a magnetic stirrer for 12 mnutes on a heated plate at

140C. The_sol uti h | ed, t t t .and filtered
using a spremeboriaRale P ralpt AR R R R A on' vae

then decafpied] i NC@nperfil ertatafod itdipre@lios sf Pedlf fordhstb-arangheever ed with
a glass lid to provide 1 of ezetimbhe, 10 ng. of_ sinvastatin, and

5 ny of agqavtripﬁlqnﬁwtah%btéig?ﬂp"g@mdhe RERDjand FATR ana) iy of infeatediefrencei e

a2:2:1 V‘@inﬂﬁés Jf@hdnof hdLeRhhieesin i, ofd aspirin and samples of ezetimibe,
ezetimibe/sinvastatin/aspirin was first treated with anplitude

modul at edsiegwpting sl wpirorirriediith the pipecss a6 e innentiony BredBRP ghttern of
wavel engt e?éfez%ggeu&%'rﬁgﬁnyé%etiﬁqbe%s g}ug&d@btf 85 ﬂ?i t Pﬁéw&bfnbtaﬁa lrladde

nodul ated T aser radi ation froma ase aving a ce
wavel engt treadéd aimeuryst@lide enetimdre 12stowm in Figasg 1. CHlatBNRD phiters afiplysalline

slowy thr.ou each, of the I QXxi 3.cm di.anet er expanded..beans
2t O i ot SRS DR ABRRE BR PR Gl SRR SRR 205
nm | aser ¢diRdaatheiaMbasetinEigke 9ovRaE PXRILp kN cafstREneRapisinngillubEfemh
a Thorl abs 5x beam expander and . the Strachan Deyice.,L Using the_.
Strachan BeBEE ! the P68 patvmpddrenaeiedionanaiplins sspigingpiliystatehin
phase cangghleation [evel to achieve a power of approximtely 0.52 mW
over a 3 cmdiameter beam The 674 nm beam was passed t hrough a

Thor | abs BXSBeantiedpdRdeectamvolrratalindrgatimbeiicidustried ip ffigue 1Dwith e
674 nm b j _ |
nm bepTves.aTh £kl o BRRe LEANEEEL S LN IrI BB AShAN, OB oo

to achiev asur ercent reduction of transmt ower to
appr oxi mateddrynod s&8plndf aystallme Sincvastdiiaivelwstraoéd an¥ighetsh The &TER wescqum

electronically anpljtude nodul ated at..6.2 .. Q161] After
S beuenoadois ft TRl nas R R sy B s highre (3 afpe gl
renoved, ghetridhef Sx?htuﬂih@ Bspifasisalliseved id Bighie)?. tTHe TUUR sSdc@MndfapaY at i on

at a tenperatyre of 21C and .26 ,ﬁercent_ hum dity. The resultant
materi al FOFtabRe lagsTdicaivr BepET midetRisdAR Bighied n” sanpl e dried to a pure

transpar efy;sgf asg 18 Gmpld S Rialiine dzbiifibe A RFmb 8 ﬁn}ﬁg%@%&&g? Sh? f

the laser treated ezetimbe/sinvastatin/aspirin’in a 2:

rati o, depiivestatan e § e semmsodicristatingfaspivie wierd diesolved imi9tmag oin, and
aspirin i - ' [ - : (L f
czet i m be > Bk SRR B e ol AT RTINS RSN o TRERUES Gt e
spect r oscplpte.at FE0r ghd 2oiutidbnuwhs thtesoddigo FidhiRteapecture rand filteted using a

co- anor phous | aser treated.ezetim be/sinvastatin/aspirinp. co sition,
dermonst r at i Hge KHETOVHECEPET Rtbteln |10E AT BET BRBEHIC4PLirgR 2 SOREM &g
t hor oughl y5 finx gdss PEGEHigh,iafd abwegedSoiiiea Baaade®iphe/i@f 108mf ePeRfimitee10 mg
absorbance | ines consjstent with a non-crystalline form L
of simvastatin, and 5 mg of aspirin in the sample 6f ezetimibe/simvastatin/aspirin; i.e., a
2:2:1 weight ratio.
[0160]  The sample of ezetimibe/simvastatin/aspirin was first treated with amplitude
modulated laser radiation from a diode laser having a central wavelength of about 408 nm
for 2.5 minutes, and then with amplitude modulated laser radiation from a diode laser
having a central wavelength of about 674 nm for 2.5 minutes, rotating the sample slowly

through each of the approximately 3 cm diameter expanded beams at a distance of 25 cm



[ 0163] The co-anorphous gl ass conposition of

ezetim be/sinvastatin/aspirinin a 2:2:1 weight ratio was found to be
very st abl ogm tenperature storage conditions with no observed

t endency t Ogéog}bilzg%gal lize. Wth the observed ease of prPSa’{Pé?Waﬂ%ﬂﬁ%f
stabilizing of the co-anorphous formof this conbination of
conpoundsfrom ¢l resneptivefStrpabarfAestieesi Abe #@3 wk frsen dedethgamdiad e gl yower of

acconplis ARV . ti.d I fd hL:
[0164] Ther o B0 2 Hafthls Brdeb I G s? Helth B RS R SRR o
t her e wasUsing #ieitiaclamilzeviosf the d8®nmrbesin atas edjustfh® the8Uptrcay phaster i al
domonst r e G FXe T B RA  EGR Sy SaP T e Rt Parelibs
present. weaRXRBe@al hel tbafOsastpassee A8 budh B 3laby RSbaatd dxbaset idda

obtai ned without the application of the |laser radiation is

i |1 ustrat&&ehan BP‘@EFr' J@a‘%ﬂ%@%&é@&@@l@ﬁ% _8??@%61‘*&66@%3%4 oing the
peaks t NalLALS BSRONG obBorXTRCRRMS 0 RIccAEEIALRES Al MRA R0 and
aspirin illustrated in Figures 11, 8, and I. An FT1R analysis of the
resul ti ngappraxtimatelydl &3 mipastaaeidrrndipineienbesas Btk beavesrwaye piseronically
confirmn t i material was ezetim be, sinvastatin,
and aspi rignrélnﬁee&j&glslaﬁﬁlé 6?5%1%12,{ rate that the co-anorphous

ezet i m beji0d6hiv asAdrithd gpincedilass trratneat) tiarlid dfalet glafks Pehredigdxwey lemenéd,
but, instead, is .a direct result of the application of the | 4

a at | oniiie s saibyrd Bk poushfoontRreRiin e SoveraieERAte on
of Co- anogfalreyerdeasiumitipe/ Thcresdahthiteri Ldbrthe e Aitelsirivastatin/aspirin

[ 0165] Conparative data for inter{?ﬁret ation of results faor the
co- anor phBPledidith aPPETERnfReseb BlRs e Figsin ot Hlusprirpthedditpaitem of

anal ysi s @ 140t f Rkt besBRa 8 SRR ESin Al BAGRiAE raliB CeBRAkiATing greand
atorvastatin calciumand aspirin and the noncrystalline forns of

t hese congpoupedision péegetiig simvesiating potespyings neherybtaliant i on. The PXRD
pattern o er [ [ i m\.be. |5 1] 3 '
Froure 110000 HlGRRRFFRFY SR AMDR AL Sk el 430 BB b e
ezet i m bearnabyzshoite FRRFRpgeiraacd. Flhee P2 Dstoatstthe AT speciysth af thene
atorvastatin calci gmis il4 ustr%t}ad in .ii_Lﬁur.e 19. The P RDgFatIern of
| aser tr e3t HHORBMSIFETERT HEURIPS YRS RUMASPYAT CGRRRSIISD; qepipestaling 44t n
Fi gure 20indibhe tRXRP1Red dipdudds £ pebak hAdBoRSPALY hilxddS ThbleUs blk@k®ee i n
Figure 1. The PXRD pattern of |aser treated non-crystalline aspirin

i s il ustprapdsaingpfgifgl pEths absashapes imes cpugstes adthagwpsrystine famer ence
crystalline ezetimbe is illustrated in Figure 12 with the FTIR
spect rum @f 65N - Tl drpitfs bRSESomosifivh B RERIHMRstaliRsidn R a 2:2:1
spectrum of the reference sanple of crystalline atorvastatin cal cium
i s illustweEboatinwes Hupétohe verpgatiy piogis dempaiphusstoseas-condigens witlheo

| aser tre ' [ (8. | ' ' -

FV Spect r QNP FPLdR LI LR aiLE MLl &y bierl IS LR BEp b B it

i |1 ustr at thd coamlipgonefopm of Hes ¢Oritnatioe of campafhidy erslewpysitradriufarairingser

treated agpltip i LUNIAAGL Foure 4

Comparative Example: Ezetimibe/Simvastatin/Aspirin

[0164]  The protocol of Example 11 was repeated with the exception that there was no
application of laser radiation. The resulting material was visibly crystalline, which was
confirmed by PXRD analysis, which demonstrated that a substantial amount of crystalline
material was present. A PXRD pattern for the ezetimibe/simvastatin/aspirin obtained
without the application of the laser radiation is illustrated in Figure 68. The PXRD pattern
of Figure 68 has the peals that correspond to PXRD peaks for ezetimibe, simvastatin, and
aspirin illustrated in Figures 11, 8, and 1. An FTIR analysis of the resulting
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[0167] A 50 ng sanple of crystalline ezetimbe, a 50 ng sanpl e of
crystalline atorvastatin calcium and a 25 ng sanple of crystalline

aspirin i | ved in 2400 ng of absol ute ethanol stirrin
9000 rpmvﬁbﬁﬁgdg%géé%eti c stirrer for 12 mnutes on a hé’éT /3§g95at
140C. The solution was then cooled to roomtenperature, and f| | tered

using a s§EElmie/sinovasehpiepiamy/as else prifirmed.ponnyng hakte clz@tabétﬁmnabf
t he sol ut] e i 0 I and
e AL DA 0 9Pl 2, 1 e
at or vast attzemnd:&l’sﬂnwstatlaﬁasblﬁn rsglooﬁ.n aﬂfuct ofrthc exptehimsnts titpinetead, is a direct

ezeti m be/ at,orynas cal |r|n ratio.
C0168] TheRUEet i frtics ?&L{aﬁer b epyﬁassgimew“ﬁ@?e st
treat ed th ude ted | ser at on fro i ode .l.aser
et ng Eemda: PEpRaRa el oo e g A ias
and then &4y armﬂmﬁayaﬁera@sdubﬁh@q)rém&fomamtafdrm dot@merphowdi 0de | aser
emtting at a central wavel ength of about 674 nm wavel ength for 2.5

mi nut es, foRbiRgtians Waroklaing féorg (AR Rpd HHR ambryisor U@%@te&ﬁsk&mmt ely
3 cmdi a”ﬁhﬁ)‘ies%’f@@éﬂ%%e@@tﬁﬁg@%ﬁ@aﬂfﬁgt @ai&?ﬁm%ﬁdﬁ thfonat r achan
Devi ce. The 408 nm |l aser dio eam ha a peak po r 0.71 nwWafter
passi ng t#vsuhe formhof thetesompotyuls imeeted st dre prackss hﬁhsuwa@thaln Tbevi ce.
Usi ng the t t

per cont | phaRDHEAR P e oot AR R VIR BE R B I R
MN  The 6pattenmiieamrauds] passesthilinr @ghibe isdhomndl Bighre ]Beaine@}mder
and the Strach out put of. the 674_nm hea tlcaII
Phase cantberLs Herl e S BRI ed Ee . dhh eI weae?

percent  r Rk &lehtodn-cityitamishiohRctaPO¥BE iGs muét%atéﬂ%wgme 20.3TRdPXRD
di amet er beam Both beans, were el ectronical I@ﬁa% i tude nodul ated at

6. 25 Mz. Patemey|castadline ampiria dyilfasieaéed in Fmve tr Jatigra of jagerdreaiede

gl ass Pet g, dishines {rﬁ.‘r{gﬂﬁguatg&]ﬁkﬁl?& cgolution was allowed to dry

t hrough sl ow evapor ation at a room enperature of about 20 to 21C and
34 per cent016ini dFWTmhee%mfttmfee@@? crysisBing exatimake atﬂﬂwtrated in

cal cium a nspar ent S te.
Froure 53 BTRcTHER i SR Shpe Brfe Qb ot REER A R PR
ezet i m bedpattonmy asmat-eferemael samprdcsfsglsrailrnelamreas%nﬁ cdlcinei igfitustrated i Figure

denonstrate th he conbinati on zet| m atorvasfatin .cal ciym
and aspl 1 TS TIBADEIYE S TEr e Al ot HE B Gl m o et
ezeti m bematigfy ast Bhd FTRApeHIN SRk FdiftefR¥RAEIelol 6 sMBiBe b anal yzed
usi ng FTER spectroscogy FI ﬁure 54 illustrates the FUR spectroscopic

pat t er n ofluptrrged indégure ¢-ohbel b ef nanorysadting lnser Eraated aRRIHLISI ri n,

deronst r afi, fiehidNAFigkd 41 hree conpounds are present and are thoroughl y
m xed. There Is al so sone broadening of a few of the absorbance |ines
consi st eni0l6¥k h & 5HoE-sempltadichisklineseetimip BADmhempl@oflcrywalbie rati o

ezetim bejs] TUAR! & #&é%ﬁ' risg-ngt?é’aﬁfﬁi’ébéc{rgs?aﬂn?e %gmﬁa‘%’we?e 4hYeah %Pd Fng!

room tenperature Storage con erved endenc
recr yst al ¢fi badlute pthakdltbly stlhmgmbsmon@da weidls & magnghic ottt mmmmutes ona
of th s conbi nation of

stabili zi f the ¢ usfor
conpoundsielisalaie A Gr DRRITER 't tep oHES fosgem FPYge lfeged
manuf act Uidii}os 4y8in8XREein8e iy BRdi-agtth. TREDTD eféaﬁ@f tHR 1618 Bn was
replication of application nodules of this met
decanted into a 60 mm x 15 mm glass Petri dish, and covered with a glass lid to provide
10 mg of ezetimibe, 10 mg of atorvastatin calcium, and 5 mg of aspirin in this sample of
ezetimibe/atorvastatin calciwm/aspirin, i.e., a 2:2:1 weight ratio.
[0168]  The ezetimibe, atorvastatin calcium, and aspirin were first treated with
amplitude modulated laser radiation from a diode laser emitting at a central wavelength of

about 408 nm for 2.5 minutes, and then with amplitude modulated laser radiation from a
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Conpar ati ve Exanpl e: Ezetirni be/Atorvastatin Calciunm Aspirin

[0172] The protocol of Exanple 12 was repeated with the exception that
there was Lj,cation of |aser radiation. The resulting mater

was Vi si bl\8836‘§@fi§ﬁ‘?i ne, which was confirmed by PXRD arf&h &SF@S/OW??SCh
denmonstrated that a substantial amount of crystalline material was
present . Mo gEALBE Al F wnireltveavelzagth vl Beyua b oF vmstaaelensth for 2.5 minutes,

cal ci um nﬁgl Lcatien :

radi at i o?ll%:gds Fﬁeus(sa%&) ?’ W]I %ulg}agﬂ E%h@%%b%%ﬁ%%? %g}%‘?%%rae%ﬁélg F % 64
has t he pbahsathdistacww%pmnﬂomcbhd%ﬂahﬁeﬁk\scé. Orheetf@ mimikdre diode beam had
atorvastatin,calciu irin i ustr ed,i igures 11, , and
O e kR E SRR AR phi Pl Bhf Phetr dr brdiefets and the

cal ci unt astpichhD¥@se. AUsifg peIStkecHiR Mevivethe 08 fid bEAE wiBh@hétad toWBS 80
ezetim be, atorvastatin cal cium and aspirin. The results denonstrate

that the PEechPhashernselaionilsrebiepaugys ameastred RoReEei L i The 474 vt
an artif a&éanp&mst;taeseam%ﬁgm@ﬁoﬂagysx béﬁ?é}&féﬂder hed Ae B8k ﬁe%r%u' rpof

t he application the laser radiation In process of
i nventi onoufﬁ;mﬁrﬁieéwztm lmaép*aasa:mn@aﬂymhaw—aAWﬁ@hsusthe Strachan Devzce to

Ezetim b eéc@}qu\é eta?t}r!acp?(f ée??en‘?‘?edﬁété%%f EIIERSI’IL}& g«; 65@ %nW%vgrae{ £ cf or
interpretation o resu € Co-anor |na I oNs "Was

obt ai ned dimontet heanP)dRiTh deaindTde aleetkgtmaﬂy(afnpﬂnﬂe amﬁemteri af €28 MIEz.
sanples o ch e ezetim be and a t free d and
Zoprrin aitaEfhe Kb eRlernso sEimsn: MnEod o i SiSedinmied,
the procegsl ibé sdliteon waselibivedio dH ehrENERII EALERbALOf attahaoﬂheé @GR of
crystalline ezetimbe is illustrated in Figure 11. The PXRD pattern

of "1 aser #9o8EEEdO Abif: B Adrerqephipmadiby.i Fhe Iﬁﬁli‘ia%t e@ﬁwefawrms@uae 13.
The PXRD Mkﬁlﬁfagblﬁ{lc RDyés&tﬁJnldﬂa@ t@&?ﬁ: 23halet %mﬁw&lfﬁigaré 58 'uhdgﬁste@ ed
in Figure 15. The PX attern of the noncrys l'ine |laser treated

at or vast athp FXiRlpatigol of thelapdr|tigated azctichibafatpivasizter ceBinThagspihXiRm %Jatlt ern
of the cr [

pattern o gl%gl]sljg{rl J rcgeg@hdﬁ ﬂn%{r}ll-ﬁ%t%éwlfl%noédoafg %eltllrﬁhﬁéll S “’1"1 ag]gt% Erllg

Fi gure 3. asbﬁﬂzM:]sn‘Bh@rﬁuanpectrum of the reference sanple of

crystalll zet mbe is .illus Fi gu wi.t h the, FUR

Cotot o Q7GR il B onons PRLERb S dlat PRl sttt Sort iR vas then
spectrum Qfal}tzbd?u §igd BT cma@lye Fdur€ 54/ BluddrdtédtBe BT %b@@ﬁ‘@&tbpﬂc pdtReh of
acid is illustrated in gure 17. The FUR spectrum of non-crystalline

| aser tre@f"&ﬁeréfe@W%?tﬁ'ﬂlpF{aﬁoF‘@ém%FﬁiClP@/ﬁSPlﬂﬂs@Wéiﬁltmﬁ thet gl fleee18. The
FTI R spectdmneds drbEretcth %@ﬂ@%?&iéﬂiﬁrﬁiad CEYSL Al lléo@Sm@%fUaEiélﬂné?f a few
illustrated in Figure 2. The FTI R spectrum of non-crystalline [aser
treated asfthe fsoibgnge lings consistegit with Fmgmwefsmllmpdqr%] A 50 ny sarrpl e of
crystalli zet i

froe ol d0TAHG B iEE SPARLE LR Do G Bl RRREH B

in 2400 ngarpttablbabﬂouﬁﬂempéraﬁurﬂ std]’ygesiomdituongwﬂh n&@%meﬂmﬂdbﬁdy ta

magnetic stirrer for tes .at eat ed,pl at.e. at _140C. The
sol ution W&?’Stﬁ léﬁuoélod%ﬁlﬁgﬂeé’%?e %elaﬁen‘%é’rr%[]”ﬁ% anﬁﬁ’fa&i’?@%e?éa using a
syringe te-sesMNSisIon bEBIsEmbinafiySéfdotipodilisPREeiig d{ﬁ baidfibs ug @ @k on
was then decanted into a 60 mm x 15 mm gl ass Petri sh and covered

with a gl ¥d of jaaes salsmeapniietuting isfypesteddd be roflde acopmphighed fhrough
at or vast afehfeabibf 61 Apli t}oﬂ%dﬁleggff?ﬁsrﬁétﬁbcf' ninthis Saﬂp' e of

ezetim be/atorvastatin free acid/aspirin, i.e., a 2:2:1 weight ratio.
Comparative Example: Ezetimibe/Atorvastatin Calcium/Aspirin

[0172]  The protocol of Example 12 was repeated with the exception that there was no
application of laser radiation. The resulting material was visibly crystalline, which was
confirmed by PXRD analysis, which demonstrated that a substantial amount of crystalline

material was present. A PXRD patten for the ezetimibe/atorvastatin calcium/aspirin
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[0176] The ezetim be, atorvastatin free acid, and aspirin were first
treated with anplitude nodul ated | aser radiation emtted froma diode
| aser havi‘g ? fentral wavel engt h of about 408 for 2.5 m nutes, and
then with ﬂﬁ P5#4° nodul at ed [aser radiation emitted fACIASAV0E0BHES

| aser having a central wavel ength of about 674 nmfor 2.5 m nutes,
rotating etianshwithaut dleapblcation olifh laserahdiafion i dlusppedin Ifigtrel6¢. Them

di anet er i st ance of cm f t h racha
Devi ce. wﬁg%bﬁg@fea% lgaé gﬁ eegf?ﬁ Zétcf Dg%%é)ggbp%ﬁgjr) pggks% T N Ef ter
passi ng tfinwaghtiracaldion] aksismhxn Beatuted paFigers and9) ind 1StARENRanEB¥is Of .

Using the_Strachan Devjce, the,L 408 .urn heam adj.usted tqo the 80

bor ont | oSS KRR GRTTPY SRS Ao RAG0 8725 e RO B RRBTIBE 15, 14
MV The 6fdteRN WaMERS: RASSRthiTRRHEY add 9], e I EaibRNRRANER the
and the Strachan Device. The output of the 674 nm beam was optically

phase cantetneaheus e imibe/2ior yasa i rrleewy apiripds BRIRN avidad ofitasipeinsd
percent r&AUGLLAMN Q] gildARSIN d4f p@ﬂ%fon?o?ﬂ 188 fs\ﬁYa%ﬁ{ e ﬁ)‘aﬁs of the
np u at

di anmet er beam Bét eans were electronically a I tude ate

6. 25 MHz.inf@%ipA] After the sequenced | aser treatnent, the lid of the
gl ass Petri dish was renoved, and the solution was allowed to dry

t hr ough sExampy dpoP@pareimorad! (- Amopdoet Bretinohe/ 206 aatatin Beepanid/dnirin

hum dity. resul t ant etdim pe/atorvastatin free acid/aspirin
comosi 1 BN bl S E TR b e P A S AR R L
iIlustr gt }ﬁﬁnﬁiﬁkﬂioﬁé(ﬁa_s ﬁlﬂ?ih&f ﬂorﬁftfae;m%ammmizsl C?SJﬁﬁ_edtéhcﬂafeeﬁl_ce
ezetl m be/ atgorvast ati ree Cl aspirin n a.Zz. 2z el t rati o,
denonst r atdRgSt &fﬁ“ﬁ}fghec‘i?ﬁ‘ﬁﬁ’ﬁa%ﬁwﬁ’éﬁﬁ%hﬁ? §F§&2 39 3pign O 1FEOhe
co- anor ph@ysaBze tdri JTMesé BtASTuREd ARttt fhe GRIFERADI tHeqRvenasn.t TIRPXRD

anal yzed uSi ng FTIR spectroscopy. Fi_gure 56 illustrates the FTIR
spect r um RAtterhe theyreirence hoigalling seqtimibe it Beptiated dn Highes/ ldt dihe £3RR pattern

free aci djaspy E{Eﬁ%&ﬁdﬁ) %t&ﬂiﬁé"ezegﬂ:m?iig SR ih Bkl d, fﬁm&ﬁgg@aﬂeﬁs
are present and thoroughly m xed. There iIs also sonme broadening of a
f ew of t heyshldioe Banwetatin fresacebnsihstreted inFighred 5ndire EXRIY pdtieime thomom-

[ 0179] The_cq-anoyphqus. ezetirnj.be/sinyastatin/.aspiri pfion in
h 2 2t 1 WP RO AT g eRist SPURAE GbEoNY B e g 6o LB o ur 6
st or age ] con@id éﬂ?@'c@@t?ﬁn@ ﬁhpﬁbﬁie ﬁl!r/]tsd?]tte@ fiEipay 1t The ;!?lm‘tl)[‘ﬁpﬂiehi chaﬁsieﬁ n.

G ven the ease o roduci ng. t he, hi y non-crystalline co-anorphous
f or m of tﬁ?aéeddftﬂﬁ‘tﬁrg%ﬁinéﬁﬁsf”inﬂlf gluﬁ?ag?éfl‘?f?%??’a wi de range of

addi ti onajoiy4t | OpheotRApsag dNthdRiPERE YaBHle owr&aamm@e&?ﬁﬂeegd ease

of producing ‘and stabilizing of the co-anorphousS formo is
conbi nat | Bustoftediadienn ds with e faiR spedtiugn efimepeagialiine lpsen Heated exatimibet o

O e o R

met hod.  illustrated in Figure 17. The FTIR spectrum of non-crystalline laser treated atorvastatin

free acid is illustrated in Figure 18. The FTIR spectrum of the reference sample of
crystalline aspirin is illustrated in Figure 2. The FTIR spectrum of non-crystailine laser
treated aspirin is illustrated in Figure 4.

[0175] A 50 mg sample of crystalline ezetimibe, a 50 mg sample of crystalline
atorvastatin free acid, and a 25 mg sample of crystalline aspirin were dissolved in 2400 mg
of absolute ethanol by stirring at 9000 rpm with a magnetic stirrer for 12 minutes at on a
heated plate at 140°C. The solution was then cooled to room temperature, and filtered
using a syringe to remove any residual crystals. 20 percent of this solution was then

decanted into a 60 mm x 15 mm glass Petri dish and covered with a glass lid to provide 10
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Conpar ati ve Exanpl e: Ezetim be/ Atorvastatin Free Acid/ Aspirin [0180]
The protocol of Exanple 13 was repeated wth the exception that there
was no ap jon of laser radiation. The resulting material was

vi sibly C%@?@%o #é“o whi ch was confirnmed by PXRD anal y<Sicd/USaps@poos
denonstrated that a substantial anmount of crystalline material was
present. WEPKRUFARS: &P merdatorvrstain dice AviBemdiSony abasatrinin g gample of

aci d/ aspi LRl fd 06k oM QL applicati t.he | aser radiation
is |IIustr§tIgd |Pn ifsgulre 65. 'IahBEII%XRD pattﬁg%righﬁat igure 65 has the
peaks tha@léﬁrreﬁpmdlmmemmmefamd sretspininlyere fitsorrvast atthn free

id, d t F An, ETIR
o oo ot Rl i A S e o BiF S dliogp e AR pderdll i i
was al so *pesreﬂ@f rgﬂﬁd,abmgmbs &"di&ﬁ?f‘@mﬁlhﬁesnm_?ﬁhmﬁwtﬁ\ﬁa?pl@ﬁ@é maﬂltlstegti Ias?rh t th
atorvast at | ree | an 11 e resu S enpnstrat e a e
co- anor phréﬂg‘ iery gpitied fraimg @P@%@? é*ﬁ*ﬁng P@@ltgiwayeé%rﬁlw fbpat G{4mmyfer 2.5

artifact ﬁfnutéaefo%ag Eﬂe@ﬁﬂb}c Ly tHrbSdteash of e §p;9b>f1§1‘é{el)f 28l dianiert he
appllcatlon of aser radiation in the Pprocess of he i nventi on.

Exanpl e Mpalrf%eé@am"a% Mtarfliganceef m&mﬂle@;@@ham%mﬁbv 4@% mmilgser diode
Cal ci unl Aspit r

for the co- arrlé)arﬂp ous cont)%?gazfll :I%Wsaafg 5131% g?%%%%%%ﬁﬁp%ﬁ%éﬁﬁ L
anal ysi s oifd thefrahtreDevied. e@ﬁn@@emwﬂ)@fcee&e HO&JﬁmtblaanmtadJmtbcEtoand

{hose conpbaRdecE I Ba s TR THE SRS BReFHE PULOT i? MRe 1BRD
pattern of74hiebémi evepuseedc thysighla THoel alez3d bheain@pirflet drdubé SRiden Device.
Fi gure 1 The PXR%eﬁ%t}tern of | aser .treated ngn-crystalline

ezeti ni b hesOudpHS Gt P heam s opfigalivpnpsesancelpdugite the Saeaa Revice

sanpl e of (ra@RievS hhsulbdBal felddf feductibh BB AAk@Ed Jdwel BU .48 1%5\/ ovd? @ 3RK-RD
pattern of |aser treated non-crystalline rosuvastatin calciumis

i |1 ust r at @@npter imagy Roth Beamsjgerpxivprueal g empfude redpleted abhéd Midmm| e of
crystalli Spi

| aser tre te? no}r;lil-tégrﬂ;l/ezsteg{l%#ﬁgagésrg’??ﬂ%ﬂrg&ﬂ fjﬂ%e %?ﬁgp 8%%%5@‘/9&

[ 0182] ThearldTh&sdwantwasralofed toelry Efreughrstiey sapplagomit wemgaraﬂufa afe0°C
ezetimbe is, .l lustrat. re 12.w,th the ETILLR s t r.um of

non- cr ystglldl%sr%rcleg }éurmlwyeaﬂé Wbe%‘?év =6 gﬁ%ﬁ{)%?ﬂ’%? t he

r ef er encecongppition dfied Qﬂp&@éfr@ispﬂeﬂ@él@b statel Fidukd SEM0atR8h thé\PfRDLiﬂ'aﬁeIﬁ7
The FTIR éfpectrum of nan- cr%/stal [ i ne | aser treated rosuvastati

cal ci um | ¥h¢ FUTEPRIGY IR EFHRH FoPBIbAEvIsH{iR fiep aeidiagpirip i ¢ Fie: ] Welght

refer encemﬁarﬁe}r%nmatﬁgmtaﬂelcbﬂsoﬁt%@hrshan chytallinkustrated in Figure 2.
The FTIR spectrum of non-crystalline laser treated aspirin is

i 11 ustrat@d78n FAhgueamprpiions gatinibasimyasidinseirio compysition wasthen
ezetim beanaﬁfzg@usrﬂgg lsﬁﬁpgpgcrmscgp% 'FY&?& % fll@lstrates the FTIR spectrum of the

co-amorphous laser treated ezetimibe/atorvastatin free acid/aspirin composition,

confirming that all three compounds are present and thoroughly mixed. There is also

some broadening of a few of the absorbance lines consistent with a non-crystalline form.

[0179]  The co-amorphous ezetimibe/simvastatin/aspirin composition in a 2:2:1 weight
ratio was found to be very stable at room temperature storage conditions with no observed
tendency to recrystallization. Given the ease of preducing the highly non-crystalline
co-amorphous form of this combination, it is likely that a wide range of additional ratios
could readily be produced. With the observed ease of producing and stabilizing of the

co-amorphous form of this combination of compounds, incrementally increasing



calcium and a 10 ng sanple of crystalline aspirin were dissolved in
2000 ng of absolute ethanol by stirring at 9000 rpomw th a magnetic
stirrer f Lputes on a heated plate at 140C. The sgl t|on

t hen cool e Otog%ﬂar#tenperature, and filtered using a %FF%%OSPBOO%
remove any resj dual ¥stal s. Half of the solution was then decanted
into a 6oprﬁﬁﬁleéiomslpﬁsaﬁh§ eebofaree iscae gAnUfagieringo xreatedita be iadibass | i d
to provi dg. amSalHdk kit O e 1e38f ik Rmopsuvast atin
cal cium ar?d E 1? a@ﬁfﬂiﬁkaﬂ&l ap?; 5. : uve\ie?gtllilﬁl I‘at(ISO [ 0184] The
ezetim be/rosuvastatl n cal ci um aspl r| n soI ution was first treated

wi t h anpl Comperativedifamniel Fzedevbey dgrasiatnFreedwidAdiivae | aser having a
central n ,

! § fudel ol aptpio R Ex R el R Qo ek s no
central weppdicagingtdf lastr matiation. 674k msnltingy m&edal Wan uisédy cnysthbine, I’v@'utlh'ﬁ'as

sanple slow.y thro eac he .approxi nmgt el y .3 cm. di anet

expanded BEeeapy EAPTRENEE whioB adhsrHs Tt e defR A B enelive
Devi ce. Tﬂ@teﬁ@l&v:ﬁ;fﬁrésaﬁte rA Hkegbepdpeanfohe egetipebdatpamatiofrec?acld/afiraf t er
passing through a Thorlabs 5x beam expander and the Strachan Device.

Using th eO‘gﬁma%W&ho%éhﬁ spglicaligg ol thg 1%??%#&6@3% waldusgated & Bguedst Héego

percent PRRRE LABGEIIFAREO85 hﬁ\{ﬁé daRs BEIERN o%d@@?ﬁﬁb%a@@%’?é @ik, 48
MmN The 674 nrﬁpdﬁteam was passed %roﬂ a Tﬁporl abs 5x ‘beam engantljer

and the Setpeekain fesdcid an¢h@lr@m3tﬂ|§ertat@i intfgra74, Uy, andéadniddRopalvaadl y
h
phase Ca”&g L Gfid g%&@%&@&ﬁ%&&%& E&%@%%Qisgﬁ%\é@grﬁedﬁ%‘?& £9

per cent uctio ransmtted power

di anet er hetnr] Botdrctirehrsatoveasatal malcdniamiadspiyinarﬁhb rdsulted amoohutrae ddt at
6.25 MHz. 018 After t ment ass Petri
i oh vas ot P b 1 36 4RI 8B o1 ow
evapor at i a{peﬁineﬁt benpekead, i diedct 23l aftle fplpSicnTthdHdr eddition Thee
resul tant co- am)rphous ezet Uni behosuvastatin cal ciumaspirin

conposi t i BRCerE PEHCiReBli%r e transparent gl ass state. Figure 57
illustrates the PXRD pattern of |aser treated co-anorphqus

ezet i mi beEx@apiedd: Breppraton of Canhamamhous, E%%B%’Rf’?”@ﬁst?tﬁl (aalngl/&sm@ ght

ratio, demmesfr abbiFarkiiRidald¥er &%@@éﬁ&ﬁ Oftedudis %}Qh&éalé{l hinfte-
[ 0186] The co-anor phous ezeti m be/rosuvastatin cal ciunfaspirin

conposi t i eemyiagionhsas abfaingd amdibs RYRPANRFIHR eval secupyireedpelaseB8
ezet 1t bOTBLE SRR e Lo R S Ao e A SRS
npOS|

| cat] ng that
all thr eeogetaﬂmmﬁ:dmmfﬂwmc&mmhn@cba&dmﬂhm pmgé‘sls yfflﬁb)nﬁ(éntufhéﬂﬁ is

Rbiua IR RTINS PRI e
co- anor phgiteredEhicitibaéd ASLMShIHE BreGRki 1Y B ITh Fighre mmgfel E@D in
az:2:1 pattern of the reference sample of rosuvastatin calcium is illustrated in Figure 25. The
PXRD pattern of laser treated non-crystalline rosuvastatin calcium is illustrated in
Figure 26. The PXRD pattern of the reference sample of crystalline aspirin is illustrated in
Figure 1. The PXRD pattern of laser treated non-crystalline aspirin is illustrated in Figure
3.
[0182]  The FTIR spectrum of the reference sample of crystalline ezetimibe is
illustrated in Figure 12 with the FTIR spectrum of non-crystalline laser treated ezetimibe.
The FTIR spectrum of the reference sample of rosuvastatin calcium is illustrated in

Figure 27. The FTIR spectrum of non-crystalline laser treated rosuvastatin calcium is

itlustrated in Figure 28. The FTIR spectrum of the reference sample of crystalline aspirin



wei ght was found to be very stable at roomtenperature storage
conditions with no observed tendency to recrystallize. Wth the
observed roduci ng and stabilizing of the co-anorphous form
of this c?n@?%g{o?zgﬁsoof conpounds, increnmental ly i ncreaé’Fﬁgjsﬁqﬁ%’ffﬂ?:’i on
up to the l[evel of |arge scale manufacturing is_expected to be
readi |y dédBrptes keewrfodgn Pl Bpsresan oh net-Crypipiline laseidrralrg @spias isof
this met hgdsirfRNpatatd ve Exanpl e: Ezeti m be/ Rosuvastatin

Cal cium Aspirin [0I88] The protocol of Exanple 13 was repeated with
the exception that there was no application of l[aser radiation. The
resul ti ngOhstler R0 REsamplsiohEyysieHips eagtiniibe 2 2@ sempdsofzontvestatid by
PXRD anal y.si: i . - anti al:

crystall i&r%gduﬁn%ta\g@iaglla nﬁs r%é%@l&%@nﬁ%?@?%ﬁ#e&m ? ﬂéebur% O?melute
ezet i m befthapsliviasirang & 9980 qint with aspagnetc winteafonédl mindteoart a hdaeed plate at

applicatipgn.of -the.laser radiatjon is illustrated, .p Figure 66. The
PYRD pat B0 CoT MEote as Frneopld by todeopiiat e prek ErAie s BRBEp Eaks
for ezet immobeanyros v sityataisn Had of hensoludiod was fieh dBcailel tisb R0k kN 5
Figures 11, 25, and An FTIR anal ysis. of the resulti

ezetinib %EE%@% RFVEGAM SR $l5s HRde Prvids aseluisy ggbp, MESAT i rmi ng

the mat erd,ghmiRs1 (BAEbE MsPBstafiR SHYARE Ald Hm R Gdpii, i 8NH 23SPhEilsBr radd b1
results denmpnstrate that the co-anorphous ezeti m’be/rosuvastatin

cal ci um d8p¥4li n The epasribe/msuvastatn cdfivpyrspeiselutinewes fitsutreatédisitead, i s
a direct 6.t of 4: . i.afl i h
process of °t e&ilﬁ%dg%#éﬁég&p@%h %Q?SJ dlh‘?e:lsge?zl? ?%%gg%%ﬁ%ﬁl é;lgihacf%l i ne
At or vast adbowt 408Ingi UfiAsges, and {hed 84h Ehelihidg iodulaed aseymtatibn fremgl disk

state of ,the. conbination of atorvastatjn calciumand aspirjn wa

ot oduced ‘55 BTG R Rl raRld’ 4P B PO S GRS BBl B ihor
wavel engtstowigsigbudt @bk ofbe upiabeichate3 shrditidiresp e @bSinisat hantbeysce.
A 60 ng s%%g_ of crystalljne atorv_astaﬁ?i n_cal ciumand a 60 ng sanpl e
of cryst & ThECRIT FFRFCiEs FraghasBryen The D8 oo Iy dodaBear bk Banol
by stirrigageabr 29R0wRE Wihkdihy frdBEACHoAat I et exiMHab QRS SRENLP
140C for 10 minutes in a stopper€ed Erlennmeyer flask. The solution was
di vi ded dégridel YWsingthe SirachemDavics ﬂlﬂs‘l%ﬂngb%@gswﬁie&dﬂlistedits HeBO0fpercent
producin e 3 ; | e was
Cover od WPl anataBchid SRR SaRplhen Rt Pag v SREGT) AT G

t enper at yrassed 1§06 Chimrabaft beaof exprundey asd ihe Strachah Deuivt.aThd sutputiofi tie

1:1 ratiaq i ght was treated w a .sequence of | aser radi ation
rodi £ e SR e o Rt b GRrCeateoi ik B SRR R RS R a0 | ¢ e
nodul at ednélisnde 30 pe€ént kdd@blionerrahEaifed peivEde 014856W vevd Pemaliaend al
wavel ength of 674 nm The seconpd,_application of anplitude nodul ated

di ode | ad®pm; Befh beaps srerecleqtggically eaplithds madnlajed & M Hzavel engt h of
405 nm  Thegsyanyer Wedade} f&RdeRDAY &4 6AER ggafgs %Qﬁfd?sﬂ%a@ﬁélﬂ@\teﬁ,l dhdFp &M

di anmet er expanded beans at a di stance of mfromthe respective

St r achan spaipe ags allowed to dry through slow evaporation at a temperature of 21°C and 30
percent humidity. The resultant co-amorphous ezetimibe/rosuvastatin calcium/aspirin
composition dried to a pure transparent glass state. Figure 57 illustrates the PXRD pattern
of laser treated co-amorphous ezetimibe/rosuvastatin calcium/aspirin composition in a
2:2:1 weight ratio, demonstrating that the composition is non-crystalline.
[0186]  The co-amorphous ezetimibe/rosuvastatin calcium/aspirin composition was then
analyzed using FTIR spectroscopy. Figure 58 iltustrates the FTIR spectrum of the laser
treated co-amorphous ezetimibe/rosuvastatin calcium/aspirin composition, indicating that

all three compounds are present and are thoroughly mixed. There is also some broadening

of a few of the absorbance lines consistent with a non-crystalline form.



[0191] The 674 nn | aser di ode beam had a peak power of 4.80 mWV

W t hout optics with about a 50 percent reduction of power to 2.4 nW
af ter pass| ugh a Thorl abs 5x beam expander and the Strachan
Devi ce. Uss\%vﬂgoqgﬁéﬁé?rachan Devi ce, the 674 nm beam was P&d[{F2{084800%

the 80 percent phase cancellation |evel to achieve a power of
appr oxi mel0&BY 0. Uw cramehous ezstipih edioayastatin ealgiamisaririp sompositna i1652rlun

beam had @.;pEak:sROWNEN 0B ' [ | gg%}wj .20 _per cent
reducti on %Igﬁgov%er totOS. g%%e&%%%ﬁ%h{}ﬁ?#&gﬁca orslqvé%lgl%x beam
expander ehservedienSincathearyDelize. e Withike chstpad eok of hedudibg e dhebdlimivgst

optically,ph ncell ed .ysi ng.the Strachan vice t chi eve a
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el ectronically.,. l.i tude nodul ated at 6.25 Megahertz (NMHz) and the
405 nm beRrRBETRb TR éﬁ’q’gﬁm‘f'o‘?f@PWFmT gegapshidhis srstHadon” of

atorvastatin calcium aﬁdﬁasrﬁri@ri n was treated in the covered Petri

di sh for é@%ﬂ%@@m i & P2E _bG'?@SPTaﬁaEBﬁ:ﬂGWéﬁ’lﬁﬁ, then for 2.5

m nut es wigh k8]t heridQRotbddbE Bk Is | flva@Rpb AL Al it theteh 6 ‘QHH-Ja?th%le%)fm .

t hrough each respective beam projected from bel ow the sanple. The lid

was t hen apeheaion of lagenrediationa e sesalime seteridl waewisibbrerprtebes abichiwass | ow

evapor al | Aghedy PREDAIREL itifa{ondAU ma0CuplBhRP i BEy SPLY 8"
at'ed, provi e

t he sanpl e evapor I'ng a transparent glass appearan
t hr oughounatehd vesstprasents anpXieD pRitgu fer thedetimiistratvesatirheldXRBsgidn t er n

of the conbi.nation atorvastatin, cal ci.umand, aspirin.in 1

wei ght ra%rﬁ?%“adéwﬁ%"“mhéﬁi’ 1 @?ﬂ %ﬁtb%{aé?rlr?%éfonﬁf 8%%ﬁ%lﬁrh1$‘ﬁ§$?-a?é% t he
FM spect rRXIRDfpattérh $f Sizog 65 Had thatpedlts thit@ o BpbAC o B peakRgaksephibkhe

i ndi vi dual conpounds are present w th broadenj r&g of  the bands that is

typi cal fFVAALR QTR ﬂdﬁép%ﬂlﬁ%m%?d&bﬁﬁ‘érﬁﬁbb. CBRdaran FUR amalysisioé:
At or vast aht &-s&i@hg AN AS oAt O Sfldi TR s PR tWRE Also 9&&%&@6}%&&@% ,
repeated conparative with the exception that there was no applrcation
of | aser rrl@tam%lt\%ﬁzetnmbe,ﬂ@gﬁm$thgaﬁ>av@ﬁnéasm Thegepilty demgusiratelthat éhe
whi ch was, C I BRI, Y SIiS: I : that a
subst anti é}lggr%%({r%%%‘?%ggyst a%??héééﬁ%? %gﬁﬁg@%ﬁ% %g}&eﬁgﬁﬁmem’
pattern flot, itdiendaisardnastrasultrof tlad applicatias pf the tesedrhdiati@dinvthd procdss bithe
applicati,ogn of the laser radiation is illustrated in Figure 71. An
FTIR andfl‘fleé]izgn'of the resulting atorvastatin calciumaspirin was al so

performed, confjrmng the er al S comhi i.on of, atorvastatin
cal ci um 'inllr{egafﬁ@nro Pf@ﬂ%ﬁé&l‘éﬂsgﬁm%&w&pmn

non- cr yst[al §9jne e dighshdt dristABhE F1HEH @b thd cdnBbinffon 3P aRabth@e talQfim

the experinent, but, instead, is a direct result of the application

of the | PPERSPIER4E PFused byRePlyBssauesse piang Wevslnghfollowed by short
wavelength laser light medulated and structured by a Strachan Device. A 60 mg sample

of crystalline atorvastatin calcium and a 60 mg sample of crystalline aspirin were
dissolved in 1000 mg of absolute ethanol by stirring at 9000 rpm with a magnetic stirrer,
while heating to 140°C for 10 minutes in a stoppered Erlenmeyer flask. The solution was
divided equally into six 60 mm x 15 mm glass Petri dishes for producing treated and
untreated control samples, and each sample was covered with a glass lid. The samples
were allowed to cool to room temperature.

[0190]  One sample of atorvastatin calcium/aspirin in a 1:1 ratio by weight was treated
with a sequence of laser radiation modified with a Strachan Device. The first application
of amplitude modulated diode laser light was from a diode laser having a central

wavelength of 674 nm. The second application of amplitude modulated diode laser light



[ 0195] The nol ecul ar wei ght of atorvastatin calciumis 1155.36 and
that of aspirin 180.16. Although the conpounds in this conbination
are in a 1, L. by weight, the smaller relative size of aspirin
results i rjlwézlrar(%fogérhér)ati o of aspirin to atorvastatin cal®&h /080095
6.413:1. Exanple 16: Preparation of Atorvastatin Free Acid/ Aspirin
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2nd -t hen B0 ChoBbiRG AR s Sirain sty Coupe aieseen Ditfnbe 7 boa
produci ngwhd Rfisesd 13 Ak 0 HrRA RAsCAREERLioS RIBI 6 3chi GG bSRNBF € Was
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appr oxi matelg 3 cC ex%andeddg am alt%ha _gmgnce of 25 cmfromthe
Strachan BEGFIE™ §iGVE8] CXPAMAGRT; The S HHTHAE W36 SCHOURHY SRD sy
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ssin gh . . . . :
Devi ce. Tﬁ%9%ut plhe sglutipp af eloryastatin qadoaym apd aspiin w2d rsptegimthe covare®Petad
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of T ranor Tt oA panarey SER AT SRR 23 MR IS b
expanded dvofiguratipreroiing thm sanpterslaily deobgermh adpatipe bdanpowecied froth 80

MmN wi t ho |.C i t 50 _percent reduction, of. power to 2.4
MV af t er L%é@@%r?ﬁ?ﬁl%&&%@%ﬁ@?% © @%&b{l}\eé@?ﬁ%lﬁa%@ Soélﬁlg%taﬂ%“ Strachan
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free acid and aspirin was treated in the covered_ . )

of atorvastatin calcium and aspirin in a 1:1 weight ratio to be highly non-crystalline.

Figure 70 illustrates the FTIR spectrum of this sample in which the characteristic peaks of

the individual compounds are present with broadening of the bands that is typical for

non-crystalline forms of compounds.

Comparative Example: Atorvastatin Calcium/Aspirin

[0194]  The protocol of Example 15 was repeated comparative with the exception that
there was no application of laser radiation. The resulting material was visibly crystalline,
which was confirmed by PXRD analysis, which demonstrated that a substantial amount of
crystalline material was present. A PXRD pattern for the atorvastatin calcium/aspirin
obtained without the application of the laser radiation is illustrated in Figure 71. An FTIR
analysis of the resulting atorvastatin calcium/aspirin was also performed, confirming the

material was a combination of atorvastatin calcium and aspirin. The results demonstrate

M



Petri dish for 2.5 mnutes with the 405 nm |l aser radiation nodul at ed
by the Strachan Device, then for 2.5 mnutes with the 674 nrn
configura 'L the sanples stationary as the 3 cm

the enti rre\b(ggw%\q“ ﬁ%sh The lid was then renoved from &%&mssgﬁéﬁéﬁﬁé’nd
solidification proceeded by slow evapor ation at a roomtenperature of
about 22chaythonen-gHaalline slefestatinpri¢inmeeinp iRat a1 Agifact ship rEPHEfthg a
transpar efi 19%{[@3?13 zs%gﬂx%@trr@g!ﬁteof{tfé@ &Bﬁﬂbﬁf&l of iR 1%.@; {2081 SRIPhE proEég UF e 7 2
illustrates the PXRD pattern o wel ght ratio conblnatlon of
at or vast ainientionee acid and aspirin to be hi ghly non- crystal l'ine. An
FUR anal ygsi, s--0f I

peaks of @ﬁgﬂl nd’f%n&f} %@ V‘%I gﬁgé{gﬁﬁaghﬁ Caﬁch]ﬁ%‘ ﬂ%ﬁ%gr oa eﬁ%;i}naéb%lﬁ t he
bands t hatg(.15. tAlfhoagh thfe@bmpmmde uryﬂﬁsaslombnatlmmﬁm ol : 1aetipbyweight, the

Co t t at F A d/ 0201
or ot ocol SRR AN se oL Re FPUBHLIE " BB R PR PP RE Uir R BT

t hat ther@4y@§ no application of |aser radiation. The resulting
material was visibly crystalline, which was confirmed by PXRD

anal ysi s, b 6ePRRkGH S bhakath BDBk@NIpRtn amount of cryStalline

material was present. A PXRD pattern for the atorvastatin free

aci d/ aspi [ AGlobt Bieréghlvinerherystaliine ghaspitate af the gorsbinetinn af insyastagiaifige i on

is illust i I

ot or vast st i s P pfodtiied bl 2OALDE B Borl R e Dby

mat eri al lvag vxavdcngﬂn haemlxght whdwsted wakttamtiuredfhyedSteachah laﬂdceasﬂpﬁwm The
results dem) hat, t he non-cr | l..l,pe_ at oryast at |

aci d/ aspi ﬁmﬁj #%Ysﬁaal e aﬁorlvzsl&ﬁ Qeaenac}e(lf i 1'2 s g“?)? eshq%rn\e@natgpmﬁ atre

i nstead, #issodvediiii €800 mgsflitsokfe etﬂhtﬁohl@pdtirﬁ@g at@00Ofpni h:ﬁhlaamnettoaadnatl on
in the proce ss of the invention. 0202 ecul ar .

at or vast at'fife pgatiag I%E’c]i“é?(l[i| orglggnigute Nat‘ﬁ%}‘l? g{?mﬁ%}%é}ﬁ s eﬁoﬁ‘ltif”%was

combi nat i gRerad, %na thefl dilwé.’edreawgf i m@wmém 813Rds! fBF pro@hilg tYeRitediane

of aSpI rin resu ts in a nolar ‘ratio of ‘aspirin to atorvastatl n free
acid of 6wztpRied CDMW@BMEacbIS@palﬁafaﬁ@@wemﬂ Rsupdsttgenslid. The samples

Cal ci um A@g}eraplgw[eg%oc%l)]}a%&hggﬁl‘ PerflQi: crystalline glass state of the
ca

conbi nati on rosuvas atin cli umand aspirin was produced by
appl yi ng E)l@%}aea’fle:obmmglae_srmmpéﬁ o@mwastm\ﬂ@bemgiamlmm oweighbuptid ohly2

wavel ength | i.ght nodul d. str a.St chan i ce.
A 60 o s AR DR RO ACT o r i A4 B R a P vgp T tnst

crystal | i agliespindfmphiuge dioﬂﬁ]ﬁie\ﬂ@l@bdlemas&raﬂght Wgs ﬁbmaabﬁ@deumr Biviggw| by
stirring at 9000 rpmw th a netic stirrer

central wavelength of 405 nm. The second application of amplitude modulated diode laser
light from a diode laser having a central wavelength of 674 nm. The sample was placed
above an approximately 3 cm expanded beam at a distance of 25 cm from the Strachan
Device.

[0198]  The 405 nm beam had a peak power of 11 mW without optics with about a 50
percent reduction of power to 5.5 mW after passing through a Thorlabs 5x beam expander
and the Strachan Device. The output of the 405 nm beam was optically phase cancelled
using the Strachan Device to achieve a measured 90 percent reduction of transmitted
power to approximately 0.55 mW over a 3 cm diameter expanded beam. The 674 nm
laser diode beam had a peak power of 4.80 mW without optics with about a 50 percent
reduction of power to 2.4 mW after passing through a Thorlabs 5x beam expander and the
Strachan Device. Using the Strachan Device, the 674 nim beam was adjusted to the 80

percent phase cancellation level to achieve a power of approximately 0.48 mW over a 3

*h
th



while heating to 140C for 10 mnutes in a stoppered Erl enneyer fl ask.
The solution was filtered, and then divided equally into 6

pol ystyre RPetri..dishes for producing treated and untreated cont
sanpl es a%oezg@@%zszg%npl e was covered with a pol ystyrene HGTUS24450s00
sanples were_ allowed to cool to roomtenperature [0204] The exenpl ary
sanpl e of SR JSREHS CERICAPERISY. | Thej 495 amy bepmy s ebechpmigall peplifade reddated
with a repeatedrsetitens 870hm base vat Adhdhi-2%: PdpfHLed wWith a Strachan
Devi ce. The first’ appﬁfcatl on@gﬁ_gnpﬁ%?t_ uge n%?g% ed di ode | aser

| i ght was[(1P®m allti sotidioh afatorvastetimfyecacidantdragbirinaxae treatgd n thé cab@Bedur n.
The secon [ | it ul at ed di l.aser J.ight from
a di ode Ig%tggﬁ) a@ﬁigg{gmgéesn‘ﬁﬁg{hevﬁggg{ﬂg%%f ha%ba?m%?lf(aﬁ%ed$ﬁghes%tﬁ%F@ was
pl aced abDedcamheadpr DX brimited witl3thed7¢ xipaved & gurbeaimy il tha sethpleastatonafy a25
cmfromtphe Strachan Deyice. [0205] The 40% nm beam had a peak power
of 11" mw {60 eaaﬂp%qvwgmwumlead@b Tﬁ@ﬁ@e“fﬁs theadREY BhE T TSRBPIE o
5.5 MV af iR soRagiehtitth prodeeatabyasio W%@ﬁﬁo@ét DR PANIR oraBsutiheC.
Strachan Device. The output of the 405 nm beam was optically phase

cancel | edl%8hg ThesolerigyAatiapduredding 2 senplebaviag aiagsprsat Yessper cent

o Aot or | e B e e

of 4.80 niRwdiditmtiogpmbomtion pfatetyesiatinaidsticpieand espirin éxbechtigldn of power

to 2.4 mWafter. passin rough Thor | abs 5x beam,expander .and the
St aonan itASkaRREARSTIORGUAD &m0 Bl R forkd R R PR S e
adj ust ed peaks beth8hdpehetodmpimmdeare areeait vath oedeging bf the baditeatés tIpical

power of %Fgroxi mately 0.48 nmWover a 3 cm di aneter expanded beam
The 405 nifY BREAYRESNEIUVEY PO APERIYYS-anpl i t ude nodul ated at 10.8 Mz

and the 674 nm beam was npdul ated_at 46 WVHz. [0206] The sol ution of
rpsuvastaé@lﬁm@ﬁﬁ@iﬁ @BiaFt?angAtchééfFéﬁf‘i n the covered Petri

di sh for oo nut EheWirdtBedl e EAARPIB TS AR tdpaste @ bd A hrativB ORI RE exkeflidiUh &
with the 674 nmconfiguration with the sanpl es stationary as each of

the 3 cm Bewikesaeveplicatiomef laser radiativanghereaitling nrrierisl wessvisielyeastsdineor
two more {yﬂ%ﬁ'ﬁ!aﬁ%nfﬁ%@%gg PR¥D ﬁaa}}}ags%m’fcpﬁ%%ﬂgﬁe%{a@gk%@g?@f@g{nof

m nut es. I'id was t renove Fomthe sanple an ion
pr oceededciystaliihomatvialpoasgiresent. ot PXRIDgmtteinefhpibe atowvastatf frad ecid/a @B

ol 55, appRaRaHEB b BORBUECPR e BhTr ey BINEGES & Bater P eridiss
the PXRD patysBrof tiefredultthglitdrvititBlittecraaidiagpieia ik BRb berforgfed | @aEMARE a@ld N

calciumand agspirin to, be highly non-crystalline. An FUR anal ysis of
this sanpPeCHRRATGPIPEEPH gL toNastHRFes ek Ind @Riripe hRaT et tsidgmionstrate

i ndi vi duajnaCRIRKAYSHaBhE alerRSaRE 6¥b Add/Rpaateniviehigh id R R aRER bARL 1S
typical for non-crystalline forns of conpounds. Conparative Exanpl e:

Rosuvast a¢4parimanic biiningiegst, fs adirect result of the application of the laser radiation in the
process of the invention.

[0202]  The molecular weight of atorvastatin free acid is 558.64. Although the

r ol
95

compounds in this combination are in a 1:2 ratio by weight, the smaller relative size of

aspirin results in a molar ratio of aspirin to atorvastatin free acid of 6.202:1.

Example 17: Preparation of Rosuvastatin Calcium/Aspirin

[0203]  The highly non-crystalline glass state of the combination of rosuvastatin
calcium and aspirin was produced by applying a repeated sequence of short wavelength
followed by long wavelength laser light modulated and structured by a Strachan Device.
A 60 mg sample of rosuvastatin calcium and a 60 mg sample of crystalline aspirin were

dissolved in 1200 mg of absolute ethanol by stirring at 9000 rpm with a magnetic stirrer,



[ 0208] The protocol of Exanple 17 was repeated conparative with the
exception that there was no application of |aser radiation. The

resul ting i@l, was visibly crystalline, which was i
WBLGH0l0R224 aml'{srzg@%s%s

PXRD anal ysi's, Ich denonstrated that a substanti al

crystalline.naterial resent. A PXRD pattern for_the rosuvastatin
cal ci unt ag/_ﬁilg_ﬁ??ﬂagf%%g@ ffgﬁlt B e AP By flale Thessofution was
radi at i onfiitéredl,lan8 Heh A@8kd duukilyintoRs folystnd hdti ARABEYBE Sro@hiciidFeated and
resulting rosuvastatin calciumaspirin was al so performed, confirmng

t he mat er Pereaigdsonirel sampplsatndomch sammia weneavaradivited ralvatyreredicasHier i n.
The resul Ea?nrﬁ&rw&étaﬁ@&e%&vaé‘&.t&P&m&‘%ﬂfﬁ%{aﬁéa' |ine combination of

rosuvastatin calciumand aspirini1s not an artifact of the
exper i menf0208ut | Thawsematlyy sesnpde i oawvestategaspirindh atlhieratip py weaht eas of

the | aser,radjation i he process of ,.the inyenii . -1 0209] The
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conpoundsfitshapplicsicnafamphtude modnRted Micdle ldsdr gkt Was Bymviadigdt laset R&ving a

snmaller relatjve siz of48§\§$ligﬂ'nresgltsinanola,r rati o of aspirin
i 5,

to atorvaStHe Hatere hgsecond appligatipneot pyplipids saaditaied fliese laser
Si mvast at j; gt AR £ 8844 2 GhJihe aQExﬁJéHl Yra P& Y5473 rnk. n?héﬂaﬁl%% \§§S I £00f

t he conbination of sinvastatin and aspirin was produced ying a
repeat ed %6 enarPreFimEtedr § ciipupandad bernt &2 diskenge 923 emdronmihe Seagah

| aser |ight,;ppdul ated and structured by a Strachan Device. A 60 ng
sanple of crystalline sinvastatin and a 30 ng sanple of crystalline
aspirin wWeR285i sEiwl 406 i peaglitadrapeak pabealf 1 enWiviithoot optigs with ebdng at

9000 rpmwith a etic stirr ile heati to 140C far, 10
i nut en 10 Rote@o FRENEY Pt i miT i pebie Bt Siouaes Sk bPR e
and then dipshdtedn@the ShrhyhanMievice. Qht ysbytrcddie M6tom beinshesSophieslly phase

produci ng treated. and untyeated control sanples. Each sanple was
cover ed V\Faflﬁg] dﬁﬁ@ﬁ@ﬁ#@ﬁé@%ﬁ@&r‘ﬁé‘cga‘fﬁ@?SUEQQOQPIICB%@WBO%%I to

room t enpeEmhied poR2 bldppRRIENEIFLBIHWSHIPA & c/f dishdMAShAldeBbESR] Thd
ina?21ratio by wei qgt was treated with a repeated sequence of
| aser radb&htimetpspistieds keamiad i paaleravess Rbdh SDEVY sdthomiapties with about a 50

appl i cat | ghedf ARl B BDHYl A aflal: ASirlo ARl § bt Sy AN Afhade

| aser having a central ength o Sécond appl’i cat1 on
of anpl i t adeheBuadhat Pevidé.odsing dsditrathagMevicepire 474lmdearh ase adjnsted tog a

central velengt f 674 nm The.sanpl e was pl aced abo h _of the
oor ot B E0 AR pBess 2hrel Mon R IPRIGe E DR B AGPPrs Sialely PR R v
Str ﬁc han w\thlaﬁame{tﬁ?ekgind?ﬂlﬁeaé%5ﬂié msh@aﬁeagradaﬁelm@fic@w@ﬁpmﬁdell my

w t hout optics with a t 5 ercent reduction o ower to 5.5 nWw
after pas’gPﬁﬂa?wagqﬁwg‘ﬂﬂqaﬁh%gz 5y besELR RPN T até’ﬁ% MHg. St rachan
Devi ce. Tieoet Prfe sofutibR6f AQS8atin PRGNS a%ti% %géo h¥arRhAsR &RBEE IpLgd

using the Strachan Device to achieve a neasured 90 percent ction
of transndish & 1ppaee wid thpfoonn serfiguationsbemipr & yrinute withdihn @idamet er

expanded i r.of .4 80
it hout i peAaPw Rl el B Shuile0r e ABPGEHES o RER AR 0 bnls °)
mV af t er sagpdd digh.t Hnpwghrepealttofiol tdosmbie imdinaleyganfben tasldrebinenSiuragdian
Devi ce. Usjing.the rachan,Devi ce he 674 nm beam. adjusted to
Dhe 86 petifils. The RENARER Y Eched 508 Bf el REb DT atil o Tgected s
appr oxi meglew ¥vipofebion W Drem @mgerefivdofameite3cexpanded beam The 405 nm

beam was el ectraopically anplitude nodul ated _at 10.8 MHz and the 674
nm beam m@égﬁnd ulhgsglyestin ﬁ% spmpleFupporgierh PHViHRS & BRRHPAGH ghss appearance

Si mvast at infbudhsht ARinkitd kabBfe. IR 84 iTuBrdtbEin e PYXROEFhERIIT ne: § WeloRf
ratio combination of rosuvastatin calcium and aspirin to be highly non-crystalline. An
FTIR analysis of this sample demonstrates that the characteristic peaks of the individual
compounds are present with broadening of the bands that is typical for non-crystalline

forms of compounds.



1 mnute with the 405 um configuration, then for 1 mnute with the
674 rimconfiguration with the sanples stationary as each of the 3 cm

di anet er RegnFeengsed the entire sanple dish. This m%éfﬁﬁ?@%ﬁ)o;

two nore identical cycles for a total treatnent duration o

m nut es helld S then re e. sanpl e and solidification
pr oceeded—%ﬂgﬁg\ﬁ@%&'g&ﬁ’%ﬁa éfaﬁcémgﬁ?ﬁer ature of 21C. [0214]
The sol vefiRogn the sowpdierExapsieal ets r@&ﬁb‘d ebrhghr@ivievahRe ERBht B tARS
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| e
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analysis of this sanple to indicate that the characteristic peaks
t he i ndi vémsialline onisoiahdes riesnpre8ERD pttetn for tha den ssiptiofcalchven/ ispivths
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repeat ed aoahpardtharesuMiigrobhasteticeddivaasiifintvat bies penfﬁmm,ozoaﬁmhhg &el ONn
of laser radi.ation. The resulting nateri.al SVISIP@%’ stalline,

whi ch wasTBGHA VAR OB SRR O LIRSS PEn CRIFREIA APRFR t FER TSR Rgponsirate

subst ant i @bt tAFRMEryehllE ¥ethBinhtidieo B hdtAln ARFNPERPAPin ifndDsR R i fact
pattern for the sinvastatin/aspirin obtained without the application

of the | a’idhe prreriaenoALG Msiepd is discbtesilhofthe arndicieon ofthertmerradiniioy &t

of the reﬁlg:p}dcggo?ltﬁgqg%ﬁghn/ aspirin was al so perforned, confirmng
the material was a conbi nati on of sinvastatin and aspirin. The

resul ts diR6st rBteenolhadartvright ofiraswyestatin balrinmss Wb}stﬂatﬂdmoaglpthai n i
not an ar& Iﬁgo(fl%idsoigi tﬁlgg?lﬁ§19?ﬁdnr§9£n pi" {atxo b@%e? q the ggg%er rel%,ve s{%g%%l

of the ap atron dser radia
i nvent i onaspirieA00 94 @%MWdﬂdSﬁﬁﬁ)&iﬁ&@ﬁ)ﬁﬁn{@a’é]aﬁiﬂdfé 3s6liecul ar

wei ght of sinvastatin is 418.56. Although the conpounds in this

conmbi nati gn ar the smaller relative size
of aspi riLm'%%vll—% Preﬁm%tlo%(fagéﬁm%%ﬂwfg%@sp| rin to atorvastatin free
acid of 1[026Q} 1.THI2dnlY htveceballint glabostaie abihb cabidati@daiNstrevipRiR LM ©

glass formof "aspirin |gﬂo whi ch single nolecules or snmall_ clusters

of nol ecufBEILYE A aRﬁPBﬁ%fﬁ?ﬁ?fﬁ%ﬁqé?ﬂ’faﬁé%T}?Efn‘t’a"ﬁ%eng@lfeﬂﬂﬂwfi by f or
the emedﬁﬁg%&@ﬂ&%ﬁ%r ikt ﬁB&lQ%&ﬁ&ﬁcﬁ%@%abﬁM&iﬁ&P@mﬁl and

of | ow aqueous solubility, surrounding this Conmpound in a ITB.tI’IX of
gl ass aspiaripie QﬁCfYﬁﬁﬁihnﬂrﬁﬂgh@ta‘f@@m B3P imgsamplreofioatstallite agpisis aiera dienglved

A R i e R T

conpounds Wi [l e enhance ater t
aspi ri n ammtihpe HOHH dor hOhmnummmMpeﬁadIEnbnmbyqr fiagk. t Tie sehbiendes

combi nat | Bperc o8 Bk colifl o e spintiet oGS G AR and

si nvast at inireafed Vet sarfplls. OBacHG4rble was covered with a polystyrene lid. The samples

were allowed to cool to room temperature.

[0211]  The exemplary sample of simvastatin/aspirin in a 2:1 ratio by weight was
treated with a repeated sequence of laser radiation modified with a Strachan Device. The
first application of amplitude modulated diode laser light was from a diode laser having a
central wavelength of 405 nm. The second application of amplitude modulated diode laser
light from a diode laser having a central wavelength of 674 nm. The sample was placed
above each of the approximately 3 cm expanded beams at a distance of 25 cm from the
Strachan Device.

[0212]  The 405 nm beam had a peak power of 11 mW without optics with about a 50

percent reduction of power to 5.5 mW after passing through a Thorlabs 5x beam expander



which is relatively low In contrast, the solubility of crystalline
aspirinin water is 3.33 ng/m at roomtenperature, a 111-fold
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et hod) W RIEHeUE SEPHIEERERRE et Os U AR TR O DR e edrosiier

| ong- t er mySitpaiiztavd @fe d7BRnRANCK¥ShddieeacSbatigref the statin or

ot her hydroghoblc or poorly sol uble compound or conpounds thus

enbedded. [2ddbo] Tiwsoptian phEvrvayitisand sarian mas Beatedia the eqviered Pewst dish for
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syst em ¢ with tersamiples flanenakerssasioftha s c@-digaesti heemp cotestdthe Redte eatple

total and;: i hql est er.ql .l evel S 1. as_decgrease
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car di ovasmituass. Thalit wastien osresved Aspi the Barhigls andddlidifitetimnsbéatiaby slow
effects on reduci n%ithe tendenc%%gﬁascul ar clot formation that is

i ndependeRPY YL Y AP FPIREH e d cardi ovascul ar outcomes. The

particul agozani r i@ sefvedt if (iR dampR s bd, ko i 8L h ehisphRnfgl 5 BRaPHbed
matrix will offer additive and even_synergistic benefits for cardiac

and vascuihsrughey theentiropmplediigyre 4 dhistatpsy b BERetertemeafihnil insight
enhancemept;, i Atk L ! [ i fh td: only
30 por cono Eop B AL h el o R B e 7L oo
initial atbostraksithnl TIRoanahysisdé friesntphato iabisde e the chasactaistinpedts of the
current system c bioavailability. 1 er cent be. co surately
hor easedionfe pPRR a8 Betind Vi bl S PR bR F s Ao
benefits wdn-drosdliinefosns ofamponddice the side effect profile and nmake
statins acceptable to a w der nunber of persons who may benefit from

t he phar necebaayyedxadidt: i Sitvadi2284pTtn achi eve | arge scal e production

of this for m. croencapsylati on_pernmts
I%Z ET%] he protocoq oHExample 18 was repeated comparative with the exception that

there was no application of laser radiation. The resulting material was visibly crystalline,
which was confirmed by PXRD analysis, which demonstrated that a substantial amount of
crystalline material was present. A PXRD pattern for the simvastatin/aspirin obtained
without the application of the laser radiation is illustrated in Figure 78. An FTIR analysis
of the resulting simvastatin/aspirin was also performed, confirming the material was a
combination of simvastatin and aspirin. The results demonsirate that the non-crystalline
simvastatin/aspirin is not an artifact of the experiment, but, instead, is a direct result of the

application of the laser radiation in the process of the invention.



generation and sealing of smaller particle sizes that are
intrinsically nore stable than | arger particles conposed of the
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mg/ml at room temperature, 2 111-fold differential. By producing both simvastatin and
aspirin in an amorphous state, which often increases the solubility of hydrophobic
compounds by a factor of 2- to 8-fold and embedding the simvastatin with a matrix of
non-crystalline aspirin, it is expected that the solubility of simvastatin will be significantly
increased.
[0219]  For the particularly high molar ratios achieved with the co-amorphous
combination of aspirin with atorvastatin calcium, atorvastatin free acid, and rosuvastatin
calcium, aspirin molecules can completely surround individual or a few molecules of the
embedded statin. In this manner pockets are formed within the non-crystalline matrix of
aspirin at the scale of nanometers, and this system could be described as a glass aspirin
nanopocket packaging and delivery system for relatively less soluble compounds. The
combination of aspirin (or other suitable matrix compound that could be prepared through
this method) with a statin can create an environment that confers greater long-term
stability of the non-crystalline state of the statin or other hydrophobic or poorly soluble
compound or compounds thus embedded.
[0220]  The pharmacological benefit of the statins is primarily focused on reducing total
and LDL cholesterol. Use of statins has been associated with the observation of the
reduction of systemic inflammatory markers such as C-reactive protein. Reduced total and
especially LDL cholesterol levels as well as decreased systemic inflammation have been

identified as factors that improve cardiovascular health outcomes. Aspirin has well
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demonstrated effects on reducing the tendency to vascular clot formation that is
independently associated with improved cardiovascular outcomes. The particular pairing
of a statin and aspirin together in a co-absorbed matrix will offer additive and even
synergistic benefits for cardiac and vascular health.

[0221]  Particularly pronounced therapeutic enhancement is anticipated for atorvastatin.
With absorption of only 30 percent, solubility enhancement may promote considerably
greater initial absorption. To the degree that absorption is enhanced, the current systemic
bioavailability of 12 percent may be commensurately increased. The ability to achieve
comparable or greater clinical benefits at lower doses can reduce the side effect profile and
make statins acceptable to a wider number of persons who may benefit from the
pharmacology of statins.

[0222]  To achieve large scale production of this form, microencapsulation permits
generation and sealing of smaller particle sizes that are intrinsically more stable than larger
particles composed of the non-crystalline aspirin and statins or other compounds in a
co-amorphous combination. Microencapsulation will facilitate retaining stability during
long term storage over a wider range of temperature and humidity. Microencapsulation
techniques are well known in the art.

[0223] Whereas ezetimibe and the statins described in this disclosure were readily.
produced in the non-crystalline state as individual compounds and as co-amorphous glass
combinations of ezetimibe and a statin, when aspirin was added to this combination there
was a concentration threshold above which a tendency to crystallization occurred. When
ezetimibe and a statin were combined in an equal ratio by weight and aspirin was added to
produce a 1:1:1 ratio of ezetimibe/statin/aspirin, fine threads of crystals appeared in an
otherwise transparent glass matrix, most likely reflecting aggregation of crystallizing
aspirin. When aspirin was reduced in proportion to the 2:2:1 weight ratio for the
ezetimibe/statin/aspirin composition, a stable co-amorphous glass form was readily
produced with the process of the invention. Thus, it appears that this method can produce
stable co-amorphous combinations of ezetimibe and a statin in a wide range of ratios and
aspirin can be added to the combination at a leve] of up to at least about 20 percent by
weight to produce a stable highly co-amorphous combination of ezetimibe, a statin, and
plus aspirin.

[0224] The molecular structures of the compounds treated in the examples of the

invention describe above are significantly different, as shown below.
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radi ati on having a wavel ength centered at about 674 nm Each exanple
provided a non-crystalline formof the conposition, despite the
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cal cium aspirin, simvastatin/aspirin, and rosuvastatin
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to claim1, wherein the pharimac i cal conposjtion is honbgeneous.
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As the molecular structures for those compounds differ significantly, those skilled in the
art would expect the molecular orbitals and spectroscopic absorption bands of each of
those compounds to also be significantly different, such that different laser wavelengths
were required to effect the observed changes. However, as disclosed above,
non-crystalline and co-amorphous compositions of those compounds were prepared by
treatment with the process of the invention. For each composition in each example, the
laser radiation from diode lasers emitting at essentially the same two wavelengths was
modified by transmission through a Strachan Device, and applied to the composition.
That is, there was no significant difference in the emission spectra of the lasers used in
each example. One of the diode lasers used in the examples emitted laser radiation in the
violet range having a wavelength centered at about 408 nm (Examples 1 to 14) or at about

405 nm (Examples 15 to 18). The other diode laser used in the examples emitted laser

63



WO 2009/052246 PCT/US2008/080095

radiation having a wavelength centered at about 674 nm. Each example provided a
non-crystalline form of the composition, despite the differences in molecular structure,
[0225]  As discussed above, without being bound by theory, it is believed that the
output bandwidth of the lasers is broadened by the short pulse length. This follows from
the Uncertainty Principle. As a result, the short pulses of laser light are believed to
provide photons that interact with the different vibrational and/or electronic states of the
compositions to provide the non-crystalline forms. Lasers having an emission that
corresponds to specific absorption bands of the compositions are not required.
Accordingly, it 1s submitted that the process of the invention can be readily extended to

other pharmaceutical and organic compositions.
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CLAIMS

1. A pharmaceutical composition, comprising a solid non-crystalline, co-
amorphous blend of at least two pharmaceutical compounds, wherein the pharmaceutical
compounds are selected from the group consisting of aspirin, ezetimibe, simvastatin,

atorvastatin free acid, atorvastatin calcium, and rosuvastatin calcium.

2. The pharmaceutical composition according to claim 1, selected from the group
consisting of ezetimibe/simvastatin, ezetimibe/atorvastatin calcium, ezetimibe/atorvastatin
free acid, ezetimibe/rosuvastatin calcium, ezetimibe/simvastatin/aspirin,
ezetimibe/atorvastatin calcium/aspirin, ezetimibe/atorvastatin free acid/aspirin,
ezetimibe/rosuvastatin calcium/aspirin, and co-amorphous compositions comprising at least

one statin and aspirin.

3. The pharmaceutical composition according to claim 1, selected from the group
consisting of atorvastatin free acid/aspirin, atorvastatin calcium/aspirin, simvastatin/aspirin,

and rosuvastatin calcium/aspirin,

4. The pharmaceutical composition according to claim 1, wherein the

pharmaceutical composition is homogeneous.
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