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comprising a compound, an element, or a mixture.

5 More particularly, samples are solidified in
capillary tubes, and a distribution of solid
forms is generated, including high free energy
forms. The generated forms may be more stable
within the capillary tubes and may be isolated

10 and analyzed within the capillary tubes.

BACKGROUND OF THE INVENTION

A chemical compound, or a mixture of
compounds, may exist in different solid forms,

15 each of which has a characteristic free energy at

a given temperature. . A compound is a substance
composed of atoms or ions in chemical
combination. A compound will wusually include

atoms or ions of two or more elements, but as
20 used herein, may include substances composed of
one element. The "form" of a compound or mixture
refers to its arrangement of molecules or atoms
in the solid oxr semi-solid state. Different
forms of a compound or mixture may be
25 distinguished by their x-ray diffraction patterns

as well as other suitable means. A compound or
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under 2 a relatively high free energy state. The same

compound or mixture way  exhibit different

properties depending upon which form it is in

(such as amorphous or crystalline, or such as one
15 of several different crystalline forms).

A compound oOr mixture will have a most
stable solid form at a given temperature (that
is, its lowest free energy form at that
temperature), and may have less stable forms,

20 which are referred to herein as high free energy
forms, or as metastable forms in some contexts.
For example, if a compound crystallizes in a
stable crystal form that is the most stable form
thaﬁ can.ﬁbe found, then any other form that is
25 found may be considered a high free energy form,
in that it has higher free energy than the most
stable form. Such forms are metastable
thermodynamically -in that they are stable enough
to be found in solid form, at least for some

30 period of time.
Past attempts to generate high free energy

forms involved flash evaporations, cooling under
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may not be desirable to alter pH, temperature
or other conditions when attempting to generate
high free energy forms.

When a compound has different solid or
crystalline forms, the different forms are
frequently referred to as polymorphs of the
compound . A "polymorphic" compound as used
herein mwmeans a compound having more than one
solid form. For example; a polymorphic compound
may have different forms of its crystalline
structure, or different forms based upon
hydration, or it may have a c¢rystalline form and
an amorphous form.

There are several reasons why 1t may be
desirable to search for different polymorph
forms, including different free energy forms, of
a compound or mixtﬁre. Different free energy
forms of the same compound or mixture may exhibit
different properties. s a result, different
free energy forms, including different
crystalline forms, of a compound or mixture may
have greater or lesser efficacy for a particular

application.
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10 nucleation site. Since nucleation may set the
character of the crystallization process, the
identity of the foreign substance 1s an important
parameter. The presence of "seeds”™ of other
crystalline compounds in a crystallization

15 environmment can be beneficial, detrimental, or
both, but in any event, usually has an influence.
Growth is the enlargement of crystals caused by
déposition of molecules on an existing surface.

Typically, a solid to be crystallized 1is

20 present in a solution at, above, or below its
saturation point at a . given temperature.
Crystallization is dinitiated or facilitated by
removing solvent, changing temperature, and/or
adding an antisolvent. The solvent may be

25 removed by evaporation or cther means.
2lternatively, the temperature of the solution is
changed, resulting in crystallization.
Eventually the solution reaches a point where
crystals will grow.

30 During a crystallization process, a specific
chemical substance may crystallize into different

forms. For example, ammonium nitrate exhibits
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temperature the 1owes£ - free energy form
frequently is ©preferentially formed and the
qthers have relatively Thigher free energy.
Transitions  from one polymorph form,

15 pseudopolymorph foxrm, or amorphous form to
anothexr form may be accompanied by other physical
or chemical changes. The different forms of
ammonium nitrate arise from the different packing
arrangements into which the molecules

20 crystallize at different temperatures. Some
compounds may have different  colors that indicate
different free energy forms.: For example, the
compound 5-methyl-2-[{2-nitrophenyl)amino] -3-
thiophenecarbonitrile exhibits different colors

25 depending on which solid form it is in.

A spécific solid form may be more preferable
than another solid form. For example, one
polymorph may have a more desirable color or
greater hardness or disperse in water more easily

30 than another polymorph. Often one polymorph form
is more stable than another form. For example,

at g0°C, one orthorhombic form of ammonium
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generate crystalld ng satSsmihd cepi ldaryotabestaboe exanpl aesd S. Pat ent
No. 5,997,636 discusses a nethod for growing crystals 10 within a

capi |l ary tubelesihmliat epblpmoxphi | §ormli sedusasscriyke amMisiezi @ gt ei ns,
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Crystallization of Organic Salts From Aqueous Sol ution", Journal of

Supercritical Fluidd 1% (2000) Pd9gRB8ratéi soiwsesl}ine| cauples
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of the capillary, that.it is shown that the 25 size distribution and

mor phol ogyo cawishin a capillary tube. The patent primarily
discloses crystallizing proteins, and the patent
does not disclose the relative free energy of the
proteins - formed or that different forms of

proteins were formed.

15 As another example, D. Amaro-Gonzdlez et
al., "Gas Antisolvent Crystallization Of Organic
Salts From Agqueous Solution", Journal Of
Supercritical Fluids, 17 {z000) 24%-258,
discloses results of crystallization of

20 lcobenzarit, including crystallizations in
capillaries. Lobenzarit is an anti-arthritic
agent. Amaro-Gonzélez et al. state that particle

size and agglomeration varied depending on the

size of the capillary, that it is shown that the

25. size distribution and morphology can be

controlled using different capillary diameters,

and that it is poséible to obtain individual
crystals without agglomeration.

The reference does not disclose that

30 different crystal forms (arrangements at the

molecular or atomic level in the solid) were

produced. A different particle size or shape
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be grown. As yet another” exanple, U S. Patent No. 4,295,857 discusses a
process of thegemgstatidd neinpr eci piltvatdldnyof «f chcapbydaryi t liubes

capillary. A chranmp is an aromatic.conpound having a 20 chem cal
groupi ng, the &ﬂ%%&?%,SW‘? ctrofF vaRa %]g?B‘F"to t he conpound. The patent

di scloses that it izgs desif@blerto PrERALEL, @ rgagent egpaerent oy, mxture
in a capillary because it allows for .

10 4,290,835 discloses that varlous processes are
known for growing crystalline bodies and that one
such process, referxed to as the "capillary die
process," generally uses a capillary die or
forming member from which the crystalline body

15 can be grown.

As vyet another example, U.S. Patent No.
4,295,857 discusses a process of the crystalline
precipitation of a chromogen within a capillary.
A chromogen 1is an aromatic compound having a-

20 chemical grouping, the chromophore, which gives
color to the compound. The patent discloses that
it is desirable to prepare a reagent component or
mixture in a <c¢apillary because it allows for
handling of‘very small amounts of substance and

25 it excludes or at least reduces the danger of
errors in dosing of the substance, such as in
clinical <chemical applications. The examples
disclosed the crystallization of 4—aminophenazone
in numerous capillary tubes, such as in wheels of

30 five to ten capillary tubes.
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10 forms of a compound or mlxture, and none disclose
that a high free energ? form may be isolated,
analyzed and/or stabilized within a capillary
tube. _

There are several factors ﬁhat discourage

15 the use of <capillary tubes for solidifying
compounds or mixtures. One factor 1is that
capillary tubes are more difficult to work with
than other containers. Another factor is that
there has been no general recognition that the

20 use of capillary tubes may affect reactions or
lead to compositional or chemical dJdifferences.
Thus, since it was believed that the same forms
and reactions could be dome in other containers,
it is believed that capillary tubes have not been

25 used to search for and generate high free energy

forms.

SUMMARY OF THE INVENTION

As one aspect, a method of generating a high
30 free energy form of a sample is provided. The

method comprises the steps of disposing a sample
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one high free §Qﬁ%ﬂ¥'@%WEHH ddwi 5888 erubbes$ol iadid yi fen st By cap conpri se
5 crystallizing the sanple, using solvent evaporation or antisolvent

addi tion, gel ldagstusinenhighd frisien-ermpay daposial ohe pametaatively,
change in tenperatu allize the sanple. 10 The

b . .
net hod may furt her @%ﬁg??sé%gﬁzﬁ }E%g%?ryé%ggéﬂruf?$e sanpre t¥om a

supersat ur at edcr$okutingn gl at keast opgmpeBpoundusihghas beepedi scovered
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15 capill ary tevepramatient heroef f ornd igolstsati | i zaddds iway notIpe
necessary. | ndee in__many cases, the_hi.gh.energy formi iciently
stable wthin &ﬁgfggﬁpprary t fHE f or aFgﬁga%Fgff hour@%ﬁﬁﬁgy%é%hod may
further conprigettRaastieRr130 Whsigdi nzitgngdheathigh teaae mneagydf orm
such as by adding a stabilizing agent or subjecting the formto

stabilizi ng cohdi crynsalldee Shef AR - the stabilizing step consists'

essential |,y of The method may further comprise the step of

preparing the sample from a supersaturated
solution of at least one compound.
It has been discovered that an isolated high -
free energy form is readily stabilized within the
15 capillary tube and further efforts at
stabilization may not be necessary. Indeed, in
many cases, the high energy form is sufficiently
stable within the capillary tube for at least 24
hours. The method may further comprise the step
20 of stabilizing the high free energy form, such as
by adding a stabilizing agent or subjecting the
form to stabilizing conditions. More preferably,
" the stabilizing step consists’ essentially of
maintaining the high free energy form of the
25 sample in the capillary tube, without adding a
stabilizing agent or subjecting the form to
stabilizing conditions.
The method may further comprise the step of
identifying the high free energy form by a method
30 selected from the group consisting of visual
analysis, microscopic analysis, thermal analysis,

diffraction analysis, and spectroscopic analysis.
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solidifying the 5 sanpl.e in the capjllary,. e, . M Ni whet her a
hi gh free ener‘?ﬁm?:g?m of? t fe sca%f]gi?lé? i%ﬁggé c%%ﬁlﬁ%gﬁfyﬁrﬂtﬁge. T the
present nethods,the SeAPlEndBycdei 1 phagedtite at drehstddiaeniaimg | ary
tubes, 10 alternatively at |least 10 capillary tubes, The sanple may be

placed in at lwasthewoasdtighfireaperrapy tasds chnBhgt 390RIE b set

differs fromat |east_ogne.othe t. For exanple, the capillary tubes of
at |east one sEt Ta§ ﬁﬁ@éi&afg E'IiuTsoi%e‘r ent inner dianeter than the capillary

tubes of at |east gpe idepreelentThResRONEE Maye beampllacedain ¢ | east
four sets of capillary tubes, and each set may differ fromthe other sets
with respect pbacéé si¥e oralsur ig@stof ERBecapfdPhaty23® t UBEREi thin the

fﬁ;:' 'n 3gm gfggéhatgvgiy afdvaniageous, t  Hse18ky! easteone oppillary
: sample may be placed 1in at least two sets of
capillary tubes, and at least one set differs
from at least one other set. For example, the
capillary tubes of at least one set may have a
15 different inner diameter than the capillary tubes
of at least one other set. The sample may be
placed in at least four sets of capillary tubes,
and each set may differ from the other sets with
respect to the size or surface of the capillary
20 tubes within the sets. In some cases, it ig
advantageous to use at least oné capillary tube
coated with heparin on the interior of the tube. |
“The step'of determining whether a high free
energy form was generated can comprise an
25 analytical method selected from ‘the group
consisting of visual analysis, microscopic
analysis, thermal analysis, diffraction analysis,
and spectroscopic analysis. o
Depending on the sample, visual analysis of
30 said form may be sufficiént and is relatively
quick and easy. In some cases, the determination_

of whether a high free energy form was generated

10



coated with heparin on the interior of the tube.

whet her a
anal yti cal

The step of determni

g
high free energy formwas generated can conprise an 2deN2ﬁ§

net hod sel ected fromthe group consisting of visual

anal¥sis,

ni cr oscoPit¥>BidPysis, thermal analysis, diffraction anal y&5TUSOIAMR
spectroscopi ¢ anal ysis. Depending on the sanple, visual analysis of 30
said formmy Qelgufébepenteantbrisratelmd i daky Ondtkasfdeeasy. ths some

cases, the determ nation

of whether a high free energy form was generated

10 2 4 JUN 2005orwo 2/ g 0usl civesbIesossr gy |0k okipei 8NGEAEREL i ng dat a

indicative of the formor the relatiye fr enet f. ge
and conparing tR&" d t §UPRTAR d%ﬁgt rgggFin5%¥ogéméggﬁh ?

DESCRI PTI ON OF EHE ¢+ NGS, Birgiife dod$. an energy-tenperature
showi ng the relative thernodynam c stabilities of the various fornms of

5-nmet hyl -2-§ (2- 10 nitrophenyl)am no] - 3-thi ophenecarbonitrile.

gEgted form
orm .5 BRI EF
di agram

Figure 2 is

rghat e, thetaodynani

stabilities of the varft it : Ey =2+ o- acet ani lide. 15
DETAI LED DESCRI PTI Oy iQF,,RAW NGS  AAD SBEEEBRE%EMB@WEWSQBQELW esent
met hods relate to searching for and generating high free energy forns of

a

showing the relative thermodynamic stabilities of

the various forms of 5-methyl-2-[(2-

10 nitrophenyl)amino]-3-thiophenecarbonitrile.

Figure 2 1is an energy-temperature diagram

showing the relative thermodynamic stabilities of

the various forms of 4-methyl-2-nitro-

acetanilide.
15
. DETAILED DESCRIPTION OF DRAWINGS

AND PREFERRED EMBODIMENTS

The present methods relate to searching

and generating high free energy forms of

for

b=

20 compound or mixture of compounds by generating

solid forms or semisolid forms in one or more

capillary tubes. The sample may comprise
| compound, an element, a mixture of compound(s)
solution, a suspension, or a dispersion
25- compound (s) or other material.

A "semisolid® form is used herein

one

, 4

of

to

indicate materials like waxes, suspensions, gels,

creams, and ointments. The term "solid form™
used herein to also indicate semisolid forms

30 well. As used herein, the term "compound"

is

asS

may

include elemental compounds, the term "molecule"

includes collections of atoms, and the term

11



20 conpound or m xture of conpounds by generating solid forns 02 Zﬁmmsl id
forms in one or nore capillary tubes. The sanple nay conprise A

conmpoung,, element, a mxture of conpound(s), a soluti L nsion,
St RGN0 BBy Re PSR

or a di 25 conpound(s) or other material. A "Semso form
is used herein to indicate materials |ike waxes, suspensions, gels,
creams, and oi pokymerpiite ineindss| pdlbtmebess wkddhhéxd nfeemal so

indicate sem solid fornms as 30 well. As us%d her gj n, th%ntﬁrm " conpound"
may include SP@FeRt Q0 cohPBOAEYNERERe Yor MEOMSI et eSSl tHBS™

col |l ections of t te : 2 0 54
PCT/ u501/‘505573‘9%g?§ﬁ¥?g AR uﬁﬂ%%#%ﬂﬂ%%g?, IhR M0 OBLES8e ased on

arrangenent s afo@t 0dwmitAs usedcheseahlizsoli dirfdyicgy sl sdkatiéhcati on
include but are not limted to, crystalli zi ng an%| crystallization. 5 As
used herei B, %%l BERAg &S gh FrTRIahERGyAf Bl 'Irﬁf)llfrh%’é% Bf®i ning it

for a sufficie P 3 hat Lt caul d: be ¢ dent i Li.gd z or

ot herwi se uti I%‘Iirg%ig"la'kﬁnees‘jﬁ}éghaﬂ:égng% rg]ypf g?% nénete'S %%&tﬁ%?/sggg?ed in
totally pure fesmthatcabt 10cbeldi Xied widdnoitied, noaradyhed.f opws, so
long as it is distinguishable physically, chem cal or analytically. As
menti oned abovethekeiseeptotlideddi fyrhg RHPsdRA%® RBFIHCI 68ETbut i's

1o T el UL B e gLt S Da) Lage enero
m xtures aqb anpepho#ed with one or more other forms, so long as
it is distinguishable physically, chemical or
analyﬁically. _
As mentioned above, the step of solidifying
the sample may include but is not limited to
1S crystallizing the sample. Indeed, the high free
energy forms which may be sought or generated may
include amorphous formg, wmixtures of amorphous
forms, 'eutectic mixtures, mixed crystal forms,
solid solutions, co-crystals and other forms.

20 Nonetheless, in preferred embodiments of the
present methodé, solid samples are generated in
capillary  tubes through a suitable means of
crystallization. Typically, a solution containing
.a compound or ndxturé to be crystallized and a

251 solvent is placed in a capillary tube. The
compound or mixture can be present in a solution
below, at, or above its saturation point at a

given temperature at the time it is placed in the

capillary tube. The concentration of the
30 compound or mixture is increased, through
evaporatiocn of the solvent, the use of an

antisolvent, or other suitable means, eveqtually

1z



forms, eutectic mixtures, mxed crystal forms, solid solutiong, juN 2005
co-crystals and other forns. 20 Nonethel ess, in preferred enbodi nents of

the present nethods, solid sanples are generated in capi Iaﬁi tubes
t hr oughW0 8388 e neans of crystallization. Typically, HX¥EBPUH

containing a conmpound or mxture to be crystallized and a 25 solvent is

placed in a capil Laryotsbge rdPeon CUmRaENdepys PR X1 UE8LE8A Deaqinesent in a
solution below at, or above its saturation Egént at a given tenperature

at the time itafsepl aceduihabhe aapint aof tubee, Thdiesonsehifiatd?dn of the

30 conmpound or m xture _is increased, throgt;lgh. evapor ati on _of th(? sol vent,
the use of an S@RtFS6LGemPPEHT Sot helte saftRbited AP atit™PevedtuadiFy Y 12 2 4

JUN 2005 WO 02!3%54%%1%}4&301995&7 % 2 gPPESALE 2bhon MhEesis .

crystallization begins. ter a suitable amount of time, when solid or
semi sol i d gppeqlsSerhheivedylt ity saoplueion readyodied andl Jateduch as
diffraction analysis. 5 Alternatively, the solution is cooled or heated
so that crysta$PiFRBFORTYEERF S Z8LACRHPEEESil | ary tubes tend to include

an_ enclosed space gﬁﬁﬁ%pegoc%ggie%fayg ahgut 2Q.7M ro PRatau@R! Yad r om about

0.5 mMmto about 5 nm oS ly fromabout 0.5 mmto about 2.5
mm in at |eashc0Bged MRsicOMedtur$ngr ef ar renl tloatalbdet E&pitmary tubes
are circular in their interior shapes and have an inner dianeter from

about 0.1 nmPBeasEably HHOTOIROWr ef er aBFy %3 Wout T THm to about
2.5 mm Tq% 'UB%Eka%%E&e%iéH about 0.5 mm to about 2.5 mm, in

at least one dimension. It is preferred that the

capillary tubes are circular in their interior

shapes and have an inner diameter frxom about 0.1

mm to about S5 mm, more preferably from about 0.5

15 mm to about 2.5 mwmm. The inner diameters of

commercially available capillary tubes are

sometimes stated as ranges, such as 1.5-1.8 mm,

and it is preferred that the stated range fall

partially or wholly within one of the preferred

290 ranges described above. Presently preferred

capillary tubes are exemplified in the examples
below.

Any suitable crystallization technique may

be employed for obtaining crystals. Fer example,

25 crystals - may  be obtained through cooling,

heating, evaporation, addition of an antisolvent,

reactive crystallization, and using supercritical

fluids as solvents. additionally, melt

crystallization techniques mway be used to

30 generate a solid or semisolid. Through such

technigues, the use of a solvent can be avoided.

in such technigques, formation of crystalline

13



commercially available capillary tubes are sonetines stated as%é%pﬁ?®s
such as 1.5-1.8 mm and it is preferred that the stated range I

partiakkéogﬁgﬁgflly wi thin one of the preferred 20 range§wq§§§ﬁ%@%g above.

Pr esent red capillary tubes are exenplified in the exanples
bel ow. Any suitable crystallization technique may be enployed for
obt ai ni ng crygiaksiafor iexafpbe, a25melystafs immy berpbtalaedinbr ough
cooling, heating, evaporation, addition of an antisolvent, & active
crystal | i zatispecars uspbgesupereri 3 cPlWeids asPegiveppelly,

Addi ti Iy, | t | )] ' ' t
2 S0l 1 or SehhEol VoYt DGRC Sckn PAEE QUEY, The GW2E of "Soualvent can

be avoided. {npsyshctieshrieqies.qf«y mation of crystalline 13 2 4 JUN 2005
WD 02/ 054043 PCT/ USQA /50557 material is froma nelt of the crystallizing

speci es r&t her thabuglegticromnAdd@romsial o8, a G hdst BPFM2at¥on process
may be done through _sublipation te I QUL Nuel.eaf rom h of a
U3 o PR Pal AR | On NiperRha 0o 2RE BEOUD,

crystal nor mff§ conce e

crystallized $a solaujdimnnaszé®ached swepansdiow atilms Theeechedntration
may increase as a result of evaporation of the solvent, 10 addition of
anti sol vent, supebsetptriadiicst. t h@&hesof 9BAENEYRRABRNERYmEBEERSE n t he

present methods, qrystallZation IepcRe ol OJPd dsed s8dedroperation
10 addition of antisolvent, or absorption of the
solvent by another material.

Ih ‘the present methods, crystallization may
be performed as a seeded operation or an unseeded
operation. In a seeded operation, a selected

15 quantity of seed crystals is included in the
system. The seed crystals may be a high free
energy form, which will further encourage the
generation of high free energy forms. The
characteristics of the seed crystals typically

20 influence the characteristics of the crystals
generated from the system. C;ystallization may
be pérformed by heterogeneous oOr homogeneogs
mechanisms.

In other embodiments of the present methods,

25 the sample is solidified other than by
crystallization. The sample may be in the foxm of
a melt which is then added to the capillary tube
and allowed to solidify in an amorphous form.

Alternatively, the mechanism by which

30 solidification is accomplished may dinclude gel
diffusion methods, thin-layer (with or without

subseguent measures to gquickly remove residual

14



operation. In a seeded operation, a selected 15 quantity of seeg cm S
is included in the system The seed crystals nay be a high fre 4

form L, il| further encourage the generation of hig r ener gy
forms. \A%g’%%ﬁlr%ct eristics of the seed crystals typicall E’Cgﬂ?ﬁ%m‘?’ﬁénce
the characteristics of the crystals generated fromthe system

Crystal lizati ogoepentbe Reihiaraeg byilet @f0geneeuasor tbnfeganees
mechani sms. I n other enbodi nents of the present methods, 25 the sanple is

sol i dified ot héoridesh bychmyyt al |iket i opapTheasaep) e ndgpPpeitaorhe form
of a nmelt which is then added the capillary tub nd al dto
solidify in.anwﬁﬁﬁFﬁﬁbus fﬁ}nlO&%Fé}na??&&ﬁ%ietheﬁﬁggﬁ§ﬁrsn1b& ich 30
so!|d|f|catlopt#%fﬁgayﬁgdﬁyedagay|HyﬂéggbgebonQ&Eﬁ@y§N1ﬂ@?ho@%
thin-layer (with or wthout subsequent neasures to quickly renove

residual 18 2ehpldyed0%o WB0QA/AH-5404%ePCTHUBOLING055T suiusmre i ncl udi ng
air of various tenperatures forced throu%h t he capillarie Qp%g% sition
[ iC

met hods, or ot k&rldfd abife Ret REEETaGEkr SOLREAMS Uy idni & a
condi tions nayéggfﬁ&gyﬂ&ag@ tgd%g'gﬁéi_thqupongqayiﬁahlﬁ>gﬂne€_ Cool i ng
solut1on e

of a saturated IS a typlca rmodynam ¢ condition. An addition
of a sol utiongefuthrcospouhd arompoitnd eotomamtexreeds ah amcess vent is

a typical kinetic condition. 10 As a furt spect, it.Qas been found
dition.

that if the c&fi IAHrEILERY sl%eﬁldt%%?%ﬂle’ré'%ge hd FRB

10 As a further aspect, it has been found that
if'thé'éapillary tube is held motionless and the
material therein is at a suitably high level of
‘supersatuxation) there is an advantage for
finding high free energy forms. '

135 It may be desirable to determine which solid
form is the most stable. Furthermore, relative
stability among thé various forms can be placed
in order either qualitatively or guantitatively.
However, these stability orders may differ under

20 different conditions, as the thermodynamic
relationship of forms is dependent upon the
temperature and pressure conditions under which
the sample generations were carried out.

The high free energy forms may be identified

2':'; by any suitable method, including but not limited
to visual analysis (such as when different forms
exhibit different colors), microscopic analysis
including electron microscopy, thermal analysis
such as determining -the melting points, x-ray

30 diffraction analysis, infrared spectroscopic
analysis, or other spectroscopic analysis. Any

appropriate analytical technique that is used to

15



material therein is at a suitably high | evel of supersaturatiogAQRWr
e

an advantage for finding high free energy forns. 15 It may be
to detegmne whjch solid formis the nost stable. Furthe glative
stabili&96gﬂ%%ghthe various fornms can be pl aced PERASSSSF

in order éither

Slra

e

e

qualitatively or quantitatively. However, these stability orders may

di ffer under 29; gffferentceondi t sppgcrasalne t hesmesysBalg
of forms i s dependent upon the

whi ch the samméefgenenaki onshawreteai #Ee@SoutMayThe 1§ gh Usede

may be identified 25 by any suitable_nethpd, including o} imted
to visual anal?%?%e?EHEﬁ a¥ EﬂeﬁjﬁﬁngFgﬁngd?%ghoéghibi?ggwpf%?%nt

col ors), nicrqéﬁgp&gegpala§g§' 106 aght e elogct eae Nrenasdepy, fider ma
anal ysis such as determining the nelting points,

anal ysi s, isnfremedggpect r bheogiccisarmysbg, drtaoinet apectiod

opPc

rela@ti onship
tenperature and pressure conditions under

ehérgy forns

x-ray 30 diffraction

anal ysis. Any _appropri at alytical .techpique th S t 15 2 4
JUN 2005 WO 0bfbBEBEY prREbeer 565%%&1‘@?%%i%?§£§§’rugt§’gﬁ’al ?agnergeti c,

or perfor ”ancgeﬁeéseghe.ri StirGS Myt he msedbin campnesdi aro wWothethe
present net hods. i

free energy formwas generated. This data nay be conpared to ot her
generated or tBNEFE- &

10

15

20

25

30

Fromthe analyses, data indicative of the relative free
S energy of theatar ngemeyabedobbai ned apue uskdistdngi déatif y E®Rfet ler a hi gh

Sting data for a known form
Preferably, the method comprises generating

more than one solid form such that a distribution
of solid forms 1is created. From such &
distribution, one may determine the frequency of
higher versus lower energy forms, and the number
of occurrences of them. It is expected that a
distribution will typically be heavily skewed
towards low free energy forms unless one alters
conditions to skew the distribution toward high
free energy forms. For example, one may
undertake a number of crystallizations of a given
compound or mixture and can obtain both low and
high free energy forms. In order to obtain a
cuitable distribution, one should put the sample
into a suitable number of individual capillary
tubes, for example, five or more capillary tubes,
alternatively 50 or more capillary tubes.

However, by generating solid forms in
capillary tubes, one may favor the formation of
high free energy forms. While the inventors &o
not wish to be bound by theory, it is believed
that capillary tubes  may not offer the

opportunity for early nucleation, ‘thereby

i6
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10 Preferably, the method conprises generating nore than one solif %?rm
such that a distribution of solid forns is created. Fron1sucﬂQﬂU 10

distributi < may determ ne the frequency of higher L r
ener gy ﬁ%bﬁ@@”ﬁﬁg t he nunber 15 of occurrences of them I¥E?§E§y8%8 ed
that a distribution will typically be heavily skewed towards |ow free

energy forns UFa8eTioNRe @id ef SymeONsht bonnitd Skaw tdge typt Fobuki on
toward high free energy forns. For exanple, one may 20 undertake a
number of crysiad ioze onshbghalfyeeesnesgipdmidt of S nFxyaEalaadedan obtain

both | ow and high free enerqy. forns. In order t bt ai n .suitable
di stribution, &&%:ﬁﬁﬁﬂ%ﬁ%ﬁﬁégv%psﬁﬂﬁﬁea gﬁfoegéiﬁkzi E@ﬁﬁﬁ%ﬁrbgf
i ndi vi dual capijldyainy v t ubes, ther examhRrthiMsaiofor ecgaptlibagy tubes,

alternatively 50 or nore capillary tubes. However, by generatingfsolid
forns in capi Widhin ubddss omPiElafavdiulae fBrwati oRR8f VAREghOEr ee

ener forms. Whil.e the inventors,do 30 t wi t h ,
119 believed O lazahi |t|u§ﬁ?t&Bsgsnagaﬂ%otWa?PE%BPﬁgf’%ﬁBEgV?%ﬁh50%

early nucl eati Qysd hgeianild AW UNRQOS eVO-§¢/ 064048 PRILHEGL/ 50557
favoring the formati on of high free energy fornms, and once a hi'gh free

energy formis edrysiredtlinged,the t sfareaisiar meet onle¥it of&EPOWCBAEDYY for m
L) D TIPSR B e Lwperur bt apoeniblons, NS,
tovards |£§s RfeRbablg: Uit 'S BherBed WS t hodis .

Again, while the inventors do not wish to be
bound by theory, it is presently hypothesized
that the use of a capillary tube 1s advantageous
in generating high free energy forms because one

15 can maintain a hicgher level of supersaturation
within the capillary tube, thereby reducing the
tendency for premature solidification as a low
free eneragy form. BAlso, it is presently believed.
that the dimensions and possibly curved shape of

20 the <capillary tubes promote generation of
unusually high free energy forms. Furthermore,
the capillary tube may provide a way of matching
dimensions between the crystal structures and the
medium. Regardless of the correctness of any

25 theory, the use of capillary tubes has been
empirically demonstrated to be a successful
method of generating high free enexgy forms of
certain compounds, as shown in the following
examples.

30
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elimnating the formation of low free energy fornms. In fact, it iﬁ
likely that one may still 10 get a npjority of |ow free energgl'f 05
Again, while the inventors do not wish to be bound by thgamy,

"t
present WORYPHhbsi zed that the use of a capillary tube is aé\gghot:}g’;eous

in generating high free energy forns because one 15 can maintain a higher

| evel of superﬁﬁgﬂ?ggi gn within the capillary tube, thereby reducing the
tendency for premature solidification as a low free energgeform Al so,

it is presently bel Fevedchifatestdwe k nefdiconsonraupdssh b LBt véd shape
of 20 the capillary tubes prqnote ner at.ion .of  un L Ly:-hLgh free
energy forns. ElRtRECFOPEETY; @“Eé'gﬁl'l%fr %%enn%ﬁaﬁgglkéélgbmy of

mat chi ng di mensions. het V\Bﬂfﬂiéhgo&b}éﬁh@ Sl WS @snantohde foedisum

Regar dl ess of t'Ré Correctness o any 25 theory, the use of capillary
tubes has beennhaefpiq i catéy dérfdmstardt edolorpe a BeBece<FRIC néffod of

generating high free energy fornms of _.certain. nd sh in the

fol l owing exa¥ples®¥-30 ig 5 IRWRE 26685 \beﬁ‘%ﬁg’ﬁs %%;T%Ssbl;ag%ﬁ 7

Exanpl e 1 For tAhi t 0 RG 5 NBd s 2#ROY ™. There
fgf)gﬁﬁonoi - Si}gﬁi OI%{EIP oaD -

((2-nitropheny enecarbonitrile was used._ This ¢onpound
has conformati gral &dxmecvaycngfolmes idinkfler epl yeerphs: L&e®E Afange and

Yel low. In view of this variety of colors, the _conpound h
referred to aswhRow . Rfffer @ay ~exist. ~Figure 1 TRound Nasehesn

10 temperature diagram showing  the relative
thermodynamic stabilities of the various forms of
" the ROY compound. As indicated in Figure 1, the
form indicated by vyellow needles is the least
stable (that is, it is the highest free energy
15  form shown) at room temperature. In Figure 1,
»yN" indicates yellow needles, "R" indicates the
red form, "ON" indicates orange needles, "OP"
indicates orange ©plates, and "Y" indicates
yellow. n,n demarcates the conditions beyond

20 which the compound will be in liquid form.

For this example, a solution of ROY in
ethanol was prepared. A supersaturated solution
of 160.3 mg of ROY in 2 mwbL of ethanol was
prepared, having a supersaturation ratio of 6.7.

25  The ROY compound has solubility in ethanol of

approximately 12 mg/mL at 25 degrees C.

v Two sets of capillary tubes were used in
this example, and each set included five
capillary tubes. The ' first set were open-ended

10 Kimox-51 capillary tubes having a stated inner
diameter of 1.5-1.8 wmm. The second set were

open-ended capillary tubes having a stated inner

18



are six known conformational polynorph forms in which ROY may exi st.
Figure 1 is an energy 10 tenperature di agram show ng the rel atideJUN 2005

t hernodynami c stabilities of the various forms of the ROY conpound. As

i ndi cat eY AW % Ydre 1, the formindicated by yell ow needP&dP P! | east
stable (that is, it is the highest free energy 15 form shown) at room
tenperature. | @iEn@u=e 1, of" YN§.6n0di. eat eamyel emeedhes, 'sRaliledi cat es
the red form "ON' indicates orange needles, "OP" indicates orange

pl ates, and "Ytapidileatestulyes| vwre Lindehat tnut 8CeA¥eonbT e ofdebeyond

20 which the conmpound wll, be in liquid f.orm,  For this exanpl g sol ution
of ROYin etha&"P orelaf 45T A gﬁﬁgFgatw&r“gt g’c?psaro%llai on&rﬁoﬁhigo. 3 ng of
ROY in 2 ml of gthanel, washe Prepaledr havibeg a weiper sebasatdon batio of

6.7. 25 The ROY conpound has solubility in ethanol of approximtely 12
ng/ nL at 25 degredsing Themetis oflishgililest y valhsds &oke &%@d‘ti nl%his

exanpl e, and each set included fiv capillary t S ' fjrst.set were
open- ended 30 RPONESr chpiffiFy ‘Tﬁt}’éseﬁ}a\?l’lﬁ’g"a st at gﬁ?ﬁﬁeriﬂd{agneter of
1.5-1.8 nm The, 8L Selaamrérs apefoengdedlcapt | baeyhbukes having a
stated inner 18 2 4 JUN 20 WO 02/ 054043 PCT/ USG, /50557 di anet er of

0.5-0.6 nm Wen t h@henaRPE/ etbapidl arglutbes wae iHREHAISES eléived from
e PP e A SRR B T R P B
10 10 the solution was poured out the opposite end.
This was to remove all but a thin layer of
solution clinging to the walls of the capillary.
Both ends of the capillary tubes‘were open and
free of plugs. -
15 In some instances with larger capillary
tubes, one end became plugged with ROY crystals,
and thé plugged end was broken off so that the
end was open. In the smaller capillary tubes, the
residual remaining in the tubes was found mostly
20 as small droplets on the interior surface of the
tubes, although some xesidual was found as plugs
in the capililary. The capillary tubes were

allowed to sit for several hours at room

temperature.
25 After solidification, the following results
were seel. In the larger capillary tubes, high

free energy yellow needles formed, with red
plates forming later among the vyellow needles.
However, a majority of the high free energy
30 yellow needles remained. In the smaller
capillary tubes, approximately one-half of the

small droplets crystallized, initially displaying

15



m nutes, rinsing wwth ethanol, and drying in an oven at 65 degrees C for
at | east one hour. The ROY/ethanol solution was introduced to ZdafiiN 2005

capilla e hy capillary action, and then 10 the sol ujj _poured
out the%%%h%@ﬁ? end. This was to renove all but a thin |%§ﬁ&5@ﬁ%a ol ution
clinging to the walls of the capillary. Both ends of the capillary tubes
wer e open and higae fafeepl émgsrgitSykhlsamaciedikancesh it helrangealtapi |l ary

t ubes, one end becane plugged with ROY crystals and the Flu ged end was
broken off so EREVeEhed diel RuanGFedieadd e sHRRl emakbi f aP§EFﬁbes, the

residual remaining in the tu S n : S I plets on
the interior strf cer%é ﬁﬁ% 9?38@2,i%ﬁ?hgﬁgﬁ%%%%S%gégi Ja magg?gund as
plugs in the gapibkary. The capillary tubes were allowed to sit for
several hours at room tenperature. 25 After solidification, the follow ng

results wdre seen. This rexawpier iBgpreFasy thabediigh ghree r BESEHE gy

yel | ow needl es .fornmed, _w th,red { foyrm ng l.ater Q%Bg&i he.yel | ow
needl| es. Hovvee;gfrf“sa r’%?%ri Pﬁ? ofoﬂagllﬁels%h #?ee%gnlglr%yf% ye owl}réeedl es
remai ned. In thapsmalder teRid.| armhet uRegheappr oxicemt ehgrgpe- Bakk of the

smal | droplets crystallized, initially displaying 19 2 4 JUN 2005 WD
02/ 054043 PCT/ KW80WN5035T hitdle f RE¥ ehemByuRe| | WaF nceBtEerenhighlisvent ual Iy

converted to orggggﬁg&gd%§§.éggafig4} draplet s, werg,red; kpegoher. and

the residual pP
10 sizes by crystallization from a supersaturated

solution. Furthermore, the high free energy form
yvellow needles were sufficiently stabilized in
the capillary tubes without other stabilizing
efforts, particularly in the larger capillary

15 tubes.

Example 2
In this example, the ROY compound was
solidified in capillary tubes by a process
20 including the use of water as an anti-solvent.
The ROY compound is generally insoluble in water.
Two sets of five capillary tubes were used
in this example, the first having a stated inner
diameter of 1.5-1.8 mm and the second having a
2§ stated inner diameter of 0.5-0.6 wm. The
capiliary tubes all contained water toward one
end of the tubes.
Attempts were made to introduce a solution
containing 16.5 mg/mL of ROY in ethanol to each
30 of the capillary tubes. The ROY solution was not
pulled into the smaller capillary tubes

containing water. 1In the larger capillary tubes,

20



yellow. 5 This exanple indicates that high free energy forns may be
obtained by solidification in capillary tubes. The highest fr2é JNBy

form known for the ROY conpound was preferentially

0 obt ai in _capillary
t ubes of WOMBOSH#f erent 10 sizes by crystallization from Eggﬂbdg?% “ﬁr at ed
solution. Furthernore, the high free energy form yellow needl es were

ffici I biljzed i .h il jtk bilizi
Citorts, part CHPaAG | AOLRE PRy ot cABoRry 18 { UGS ENapl &2 In thi

arger capillar

Exanple 2 In this

exanpl e, the @pggwggnda@@%nwl bdifigd idgpeanpiddmr y{dabesibing process

20 including the use o

water as an anti-solvent. The ROY conpound is

general |y insohib] evias wetontaifew betwesh ftihge REPI SCANE ¥ AbednGer e used
inthis exanple, the first having a.stated inner dianeter of 1.5-1.8 mm
and the second-havriagcy 28 §%§t§%35ﬁ1§?ydg5%§%ér of 0.5-0.6 mm .The
capillary tubes all pgantaimedoyaisy tpvamdyonsolendoal déhepoubesd Attenpts

were made to introduce a solution containing 16.5

nmg/ nL of ROY in ethanol

to each 30 offtbm cap | bogepn t ahds. witHe ROD¥Y S ue¥ o Slds?hofSpufled into
the smaller capillary_tubes containing water. | illary

tubes, 20 2 4a§BN’§éé§e d§?05ﬁ5ﬁ58gfﬁlugéf Sgggggﬁ%géggépgg?Ution was
successful l'y iapfLogsed dpodPi 5baidiackioBy ait saaldperatgamn (Eont ai ni ng

the places from which the ethanol evaporated. In

10 most of the larger capillary tubes,

comprised approximately  75% to

the solids

- 90% yellow

needles, which are a high free energy form, with

the remainder comprising red plates and orange

needles. By breaking the capillary tube, it is

15 possible to separate the various

forms for

20

25

30

separate analyses. This would be useful for
single crystal structure determination studies.
The capillary tubes were allowed to sit at room
temperature, with the effect that more red plates
began to appear, at the expense of vyellow
needles. However, the red plates also constitute
a high free energy form, and a significant amount
of yellow needles remained.

This example shows that it may be easier to
introduce solutions to capillary of certain sizes
when relying on capillary action alone. This
example also shows that a wide wvariety of forms
may be obtained in a single solidification, as a
mixture of forms corresponding to each of the

three colors of the ROY compound were obtained.
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air) was naintained between the ROY solution and the water in the
capillary tubes. S The ethanol of the ROY solution evaporated? 4f jijmqgshe
open enc{v&/i %B,the water acting as an anti-solvent to increase the_
super sat PP The ROY conpound solidified by crystal | FEA(48H R the
pl aces from which the ethanol evaporated. In 10 nost of the |arger

capil lary tubegxaidpdesd ids conprised approximately 75%to 90% yel | ow

needl es, which are a high free energy form wth _the remainder,
conprising red pl at d¥%hd SFAPRES nedd| eBSTBYIBELaky Ehe %’a‘sﬁlliqnary
tube, it is 15 i o} teg t i p e
anal yses. Thi sS&%‘Eﬁfb%:t%sgigﬁﬁggr%'s?%& ec%%%lo{lg%rgg?ﬁr g)ef il
determ nation shgdil@sry Thetohpkl | awgreubespweygeadl | oved t @rsverat room
tenperature, with the effect that nore red plates 20 began to appear, at
the expensed of ey@HFRt Heddt @stDoheDeFPRERE -red pl ates al so constitute

a high free energy f an Lgni fi u Yy eed] es
remai ned. This exanp eltg's%omga?ﬁ%r itéérg?/i%ae as;EtéJrl)e?:) %E?y\ﬁ?rgodfjgce
sol utions to capiddeal yiahegerdnimetsézesf wheh-1 et yimg owithpiwdtay action
al one. This exanple also shows that a w de vari etx of. for may. be
obtained in a SisnghB SOHIFIIERY oFOnES 1Ry WheF iR Bash n@@or&cé{spondi ng

oS oS PR ) el D Rarmen e skt 21 2
performed in ad@asié®n An air gap remained between the ROY
solution and the water within each capillary
tube. Both ends of each tube were plugged with
clay.
After approximately one hour, a faint dark
15 red band of solids appeared neaxr the front of the
water layer in two of the three capillary tubes.
After three days, the red band in the two
capillary tubes was slightly fainter but still
present, but no band or other solids had formed
20 in the third capillary tube. After six days the
faint red band was still present in two tubes and
small spots of red appeared near the front of the
ROY sclution. Microscopic analysis showed no
obvious crystalline phase. The significance is
25l that the amorphous form is the highest enerxgy
solid form, demonstrating that a high free energy

form was generated and stabilized by the method.

Example 4
30 In this example, a supersaturated solution
of ROY in ethanol was solidified by evaporation

in capillary tubes of Jdifferent sizes. A large
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simlar to Exanple 2, except that the ends of the «capillary tubes were
plugged to prevent 5 evaporation to the atnmosphere. Three | ar g JUN 2005

capi | | arnypolbigesyf having a stated inner diameter of 1.5-1 <L vvater
as an ant?sol vent contained therein had the ROY soluti onpgyﬁg&”ﬁ A

i ntroduced by capillary 10 action. An air gap renma ned between the ROY
sol ution and tﬁé‘“%ﬁ?eroﬁm t%lrhde%%%a’éh%t‘?l WEye MAFecumith BRdSTEETeach t ube

wer e pl ugged \QIF L & Lerg t J‘é)ﬁ(l%l%ﬁ‘l % tﬁofggr,foa: gal ntdark 15

red band of s appear ed near ront o e “water layer in tw of
the three capi ble&hsg hulees £ reAf teetertdyr efodays, the red band in the two
capillary tubes was slightly fainter but still resent, but no band or
other solids had foPnﬁW?ﬁt‘fﬁ%t?%l F@Lludon 25 ROBe.lmf EERAEPE days t he

ok L O SO i Aubesxppdcspeidsomaip o

appear ed near £ ( croscopi ¢ anal ysi s showed
no obvi ous crysltaallkdme qumgseindhénsi Zmi frilcanfe etsh&tol hatThene Ra@Nor phous

formis the hi ghest .energy solid form denonstratin that a Eﬁgh free
energy form waSl§EAErat RS andtSPANFEAz iy FheUhe k. CABXAABEE 4 30 In

this exanple, a,guper Sﬂﬁ a?l ed Egk%?ggi fof 1R N gtgagggr\gas selidified

by evaporation 1 n capl es o ferent sizes. Alarge 22 2 4 JUN
2005 WO 02/ 05494-3;:8@5/@8@]/§ﬁ55€dune|ﬁber 106 rsolsipdicfiifdata lons, wéparper f or med

' order 10 sets of capillary tubes were used {with about 10

tubes in each set), the first set being capillary

tubes having a stated inner diameter of 1.5-1.8

mm, the secohd set being capilliary tubes having a

stated inner diameter of 1.1-1.2 wmm, the third

15 set being capillary tubes having a stated inner

diameter of 0.5-0.6 mm and used as received from

the suppiier (that is, coated with heparin), and

the fourth set being capiliary tubes having a

stated inner diameter of 0.5-0.6 mm and which

20 were twashed" by soaking for 10 minutes in

distilled water, rinsing with ethanol, and drying

for at least an hour at 65 degrees C.

nfter approximately 20 minutes, the

capillary tubes were checked for solid forms and

25 re-checked at intervails. In the first set, the

ROY compound crystallizéd primarily as yellow

needles, with a small percentage of capillary

tubes containing some orange needles instead of

vellow needles. In the second set, a few

30 capillary tubes contained yellow needles

exclusively, but most tubes contained a mixture

of about 75-90% yellow needles with the remainder
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to generate a distribution of solid forns, some being high freﬂgugqgﬂﬁ
forms. A supersaturated solution of ROY in ethanol 5 was prepare y

M xi ng dRPhHepRt el y 250 ng of the ROY conpound in 20 nippfaRifianel . The
ROY sol utlﬁon was i ntroduced into about 150 capillary tubes ha?/?jng’l

different inner dianefers or reparatiQn procedures re specifically,
four 10 sets oPfcafPtidfy Cﬂﬂ?égls\/%é’rgb E?gd t'_(‘5?15abou‘l'rnglgh‘;t ugﬁé"ridn each
set), the first,set hngygapi LLatyatybes Ravi ngoarstakad iBnep,di ameter
of 1.5-1.8 mngef'ﬁe t§Q€Lgom§|fiset %gi{ngaggpi I lary tuges ﬁavi ngya stwat ed

i nner di anet er nekdlek.1. 2 nim t héet hifraizdtth sesebei ngnaeepi | b&r ythebes
having a stated inner dianeter of 0.5-0,6 n‘Tland used.as received from
ye 1

the supplier (FRAREIISIYCoRNBESWiTIRHFRAS n S PEREFSurtt-Bef being

capillary tubes havi ngfinsSt@t efdes NPeLrda@iRl Ofn 0. 8nOuén M &a¢ whi ch 20
were "washed" Dy soaki ngr%or 10 mnutes in distilled water, rinsing with
ethanol, and dewpridlafgr atthbast ancdmiringd65 dedilass C. naktées

approximately 20 minutes, the capillary tubes V\fre.ch?cked for solid
forms and 25 PECANERED Yatey ift P44 HEFFFEFIYELY -t he ROY conpound

crystallized primrily gg;yeldoy,needigs, widih arseeldnopspedbage of
capillary tubes containing sone orange needles instead of = yell ow

needl es. In thgelacondnsedlea fWwewe3d(pwaipptentyallped cammchi hedayeél | ow

needl es exclusively, but st tuhes contained a mxture bout 75-90%
yel | ow neddl es f®ih” EREST eai r?t?é’rltﬁm %“%’Bﬁ-zoogihe .59 &R

capillary tubes coated with heparin exclusively
produced yellow needles. The washed 0.5-0.6 mm
capillary tubes and the 1.1i-1.2 mm capillary
tubes contained a mixture that included forms
15 corresponding to the color red, while the 1.5-1.8
mm capillary tubes contained a wixture that
included forms corresponding to the color orange.
This indicates that the use of capillary tubes of
different sizes may be desirable in crder to
20 obtain a greater variety of high free energy

forms.

Example 5
For this example, the compound 4&-methyl-2-
25 nitro-acetanilide was used. This compound has
conformational forms having three different
colors: White, Amber and Yellow. In view of
this variety of colors, the compound has been
referred to as "WAY". Figure 2 1is an energy-
30 temperature diagram showing the relative
thermodynamic stabilities of the various forms of

the WAY compound. "H,* indicates the enthalpy of
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WO 02/ 054043 PCT1USOL/ 50557 of solids conprising red plates. Inzghm topgsr d
set, all the capillary tubes contained yellow needles. In the fourth set,

nost of .l | ary tubes contained yell ow needles wit .
i Foays ?}P% " CrrBsoi My

anount o tes mxed in, though a few capillary tubes contained
yel | ow needl es exclusively or orange needles exclusively. In this
exanpl e, the hige figgueder gyH{"or indjieldt®ms nebdl esntea Eppr eder diei al | y

formed in all 10 four sets of capillary tubes. The 0.5-0.6 apil lary

t ubes coat ed vvia_fnl}i’eﬁengFW-echFusi \}é’ld}c%ﬁf’dubga ﬁ??%@\fﬂ}éeﬁg?.t%?he washed
0.5-0.6 mm cagihhdty EUPRS aAfeiNendidaled MHLaphLhalipy topetreontal ned
a m xture that “include orns 15 corresponding to the colfor red, while the

1.5-1.8 nmm capililter yfdihes"cont andedaben xher & deatene ngy udéd ther ns
correspondi ng to the col or "oran(ge. This_jindicates that the se of

capi | | ary tubedigtidyif{'&réntiifredtRay bRe deSTTanIBSTE%r 020 obt ai n
a greater varigty Qf figh frea epgRg¥ cEQr WBe BRI &nSr&PT ofhitycexanpl e,

t he conpound 4- metehyl -2- 25 nitro-acetani|lide was used. i s conpound has
conf or mat i onal yiedlrse hnimg 'tdyree i idarenttheof ves: eargy, ofntidre and

Yellow. In viewof this varjety of colors, the ound, ha en
referred to asYWPAK® L@ Qur &P8 MO e#%?@? §6etmr'ﬁ?ﬁ};e%ia§§|eam showi ng
the relative ther madynag ¢oshabidid i e6s0f stheivardipus ERemunale the- WAY
compound. "HL" Tndicates the enthal py of 24
10 and the amber forms are the least stable (that
is, they have the highest free energy).
A supersaturated solution of WAY in ethanol
was prepared, having a supersaturation ratio of
2. The WAY solution was introduced into 35
15 capillary tubes. The tubes were left open at
both ends and allowed to evaporate to the
atmosphere. After about. 25 minutes, sixty-two
capillary tubes contained crystals. Of these,
forty contained white crystals and twenty-two
20 contained yvellow crystals. After about one hour,
four additiocnal capillary tubes contained white
crystals, nine additionail capillary tubes
contained yellow crystals, and one additional
capillary tube contained a mixture of white and
25 vellow crystals. After about 95 minutes, two
additional capillary tubes contained white
crystals, and seventeen capillary tubes did mnot
yet contain solids.
After waiting overnight (for a total of
30 about thirteen hours and forty minutes after
introducing the WAY solution to the capillary

tubes), of the remaining seventeen capillary

25



2 4 JUN 2005 WO 02/054043 PCT/USO1 /50557 the liquid. "HA" igq!iﬁmtmﬁ t he
ent hal py of the anber form "HY" indicates the enthal py of the Yyellow

form G hidgicates the enthal py of the white form "Gephieisakes the
free ene]rcgf//b% htche 5 liquid. "GA" indicates the free energy of the anber

form "G" indicates the free energy_of the vyellow form "GW indicates
the free ener §1b6S t hesidhi (LA METheYGALPY | SFEE AL t he 'HESE st abl e,

Lhe yel low oL are Lose RLAPLSEL BaN Jha i ey 1sepdcthecaner for m

are the | east 58t ave t est fred enerdy). A

super sat ur at eq {9 UtH0Ps dheMAH It et eyl a1 sVasapdeparnsst Gadi mgta
supersaturation ratio of 2. The WAY sol ution was introduced_into 95 15
capi |l ary tubesntHicm t ubekidre | ePf opbd atwepBbYht¥Rds CERd 1A dwed to

evaporate to %21%&% gFﬁgger eshcﬁg tﬁe;r %Q?#%w 2%rt§|'fsntlét1e5s, SEXLY-twe

capillary 1 ub crysta ese, orty contained white

crystals and tMenited WorRO GaRisaidied yel howeCeyst alfs. tbser taibmst one
hour, four additional capillary tubes contained whjte Mfit al.s, nine

cr
addi tional capiad atyémﬁb@gmeéoﬁpaivﬁ@&%/é{ﬂbﬁ/@%ﬁ/st‘eipéFhaﬁ& f7& &ddi ti onal
capi | lary t”b[%ég’n: 'crﬂ;egdxg‘?%})(tgfxgcggie b%e'éggsgﬁlléa Lewecr ydal s. After

about 95 m nu ona ary tubes contained white

crystal s, and seueId eeqhapidd aky hilgRsrdi freet enmtggorttem ddld ds. After
wai ting overnight (for a total of 30 about _thirteep hours .gnd forty
nmi nut es at®er whiite oduvishglishe Wepvwededt ot t §PEhERD Iclai’rla ary

tubes that contained yellow crystals after one

-ﬁOur, six still contained yellow crystals after
waiting overnight, and one contained a mixture of
yellow and white crystals.

15 These results are significant and unexpected
because vyellow crystals are relatively less
stable at room temperature and readily transform
to white crystals. The persistence of yellow
crystals overnight while in the solid state is

20 unexpected, and it will facilitate the study of
the higher free energy yellow crystals.
Furthermoré, in this case, slower generation of
higher free energy yellow crystals tended to
improve the 1likelihood that those high free

25- energy crystals wouid last a 1longer period of
time.

Although the example did not generate amber
crystals, it is expected that the wuse of
different procedures employing capillaxy tubes

30 may lead to the generation of amber crystals.
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tubes), of the remaining seventeen capillary 25 2 4 JUN 2005 WO

02/ 054043 PCT/ USO / 50557 tubes, six contained yellow crystals, EHL&QTW5
containea{ﬁ%%}F%are of yellow and white crystals, five contained white
crystal s, and three did not contain solids'. O the twen®-HWIEES7I I ary
5 tubes that showed yellow crystals after 25 mnutes, the crystals in

ni net een of thoggahybese had transfornmed to white crystals, which reflects
the fact that the yellow crystals were |l ess stable and had a hi gher free
energy than the 10 whbtre c¢inyist alescanfioveyversobfitibesni odé cdpid | a/3y t ubes

t hat cont ai ned gef|OM/Cr stals after one hour, six still contaiped yellow
crystals after COEPPYRE EniRFRPALEH dhed cSHPEEFEF U AHIAUr R 0t° yel | ow

and white crystgks, in Thassdiesild Sjrﬁrfo@ Q@Ebagnfet@ﬁ%&n.exr@&éﬁd
because yellow crystals are relatively less “stable at roomtenperature
and readi | y5transf bheset o'arvhide wWrikstsal was Thet pedscetiencd coftwelt ow

crystals overnight while in the solid state is_20 unexpected, and it wll

facilitate the SERUYIBFY CNESR HEF T & Bmtey yBRFIWILARG A, of
Furthermore, inothig gas shoVohieenarali gacal wJugher b ecoBnsigy vell ow
e 1 Kell

crystals tended to inprove t ood that those high free ener gy
crystals woul d iastiigtlidrigsYy yeréodfot ahiowr 1t hoonghetshe eesipie did not

generate anber c¢rystals, it is exgggted t hat the use of i fferent
procedur es enpl%&F gegg@quﬂwgqqﬂ) ing for at 1least an hour at

10 65 degrees C. The capillary tubes were
maintained at room teﬁperature and ©pressure
{about 23 degrees ¢ and at about 45% zxrelative
humidity) and were observed periodically.

0f the <capillary tubes <containing the

15 WAY/ethanol sclution, after about 40 minutes, the
solution had evaporated from fourteen of these
capiliary tubes, and they contained either white
crystals or a mixture c¢f white and yellow
crystals; after zbout 20.%5 hours, only one tube

20 still did not show any crystallization, and all
the other capillary  tubes contained vyellow
crystals or white crystals, with a couple of
exceptions.

Of the capiilary tubes <containing the

25 WAY/aqueous ethanol solution, after one hour,
there was no cxystallization in any of the

. capillary tubes; -after 21 hours, nine .of the
twenty capillary  tubes aid not show  any
crystallization, but the other eleven contained

30 either yellow crystals or white crystals, with a

couple of exceptions.
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30 may lead to the generation of anber crystals. 26 2 4 JUN 2005 Vﬁ)

02/ 054043 PCT/ US01h50557 Exanple 6 For this exanple, sol uti onsl bl Q@BMAY'
conpoundyyigssifpared at a supersaturation ratio of 2 ipcehl@pgdssfnd in
10% aqueous et hanol. Each 5 of these WAY sol utions was introduced into
twenty capillary tubes having a stated inner diameter of 0.5-0.6 nmm and
whi ch” had been washetPbiydEdakehgoni nodi stting ediAat eFOmBRUESoutE IO ni nut es,
rinsing wth ethanol, and. dryi ng for st at egrees C.
The capillary t %n%r eandrrai“#tuae'%ﬁlégd S?B?%g% t%‘?rp%?g %?e %%% gaflesgosure
(about 23 degr gemL apdgatk rabewl: 4A%getahives hepettyi @adoserin observed
periodically. O the capillary tubes containing the 15 WAY/ et hanol

sol ution, afterdegisas 40edsduses, THele sl RUTRHEE evhPSr at& ¥rom

fourteen of _thes capil lary tub i el I i.te
crystals or’a rﬁit%‘?‘é bt S\%%l%t éﬁaﬁc}eyrgﬂfio%v%%lrg%{%ﬁégggft (Igr abro\tljgtuttzo. 5
hours, only oneifsher@ sséth didcpatiishoewsany crystallization, and all
the other capillary tubes contained yellow crystals or white crystals,
with a couple of exceptions. O the capillary tubes containing the 25
WAY/ aqueous et hanol solution, after opagnﬂiou%, t here was no
crystallization in any of the «capillary tubes; after 21 hours, nine of

the twenty cag;diwaéﬂttymﬂil driwé FRewnamy crystallization, but the
ot her el even ¢qontai ned

Ethanol -2 4 10/20: white crystals
2/20: white and vyellow
, . crystals
Agqueous | -2 4:35 | 15/20: yellow crystals
ethanol ‘ 1/20: white crystals
Ethanol |38 0:50 |16/20: mixture of white

and yellow crystals, with
more white than yellow and|
with white crystals grown
out of end of the
capillary tube;

4/20: no solids formed
Ethanol | 38 1:43 | 17/20: mixture of vyellow
and white crystals;

3/20: no solids formed

Aqueous |38 0:50 |2/20: mixture of vyellow
ethanol and white crystals;

18/20: no solids formed
Aqueous | 38 1:13 [5/20: wmixture of yellow
ethanol and white crystals;

15/20: no solids formed

Agqueous | 38 1:42 | 19/20: mixture of yellow
ethanol and while crystals;
1/20: no solids formed

10 As shown above, all the conditions were at
least partly successful in generating high free
energy forms, in that all produced at least a
mixture of yellow and white crystals. The use of

an aqueous ethanel solution at 1low temperature
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30 either yellow crystals or white crystals, with a couple of exceptions.
27 2 4 JUN 2005 WD 02/054043 PCT/ US01150557 Solidification off & BN
cospoun a hanol and aqueous et hanol sol utions was at
differ e(rjl\y togwp%@gt ures (reported below in degrees Cel si ug'l)c.ﬁﬂ“sé)g}ragel‘%l
summari zes the results 5 of seven sets of twenty capillary tubes under set
different sets,gis C?@@ﬂﬂdﬂ?%rigabb%c%eS§QHM?nEnTe§EnE&HEiE%fUhﬁgﬁthano' -2
4 10/ 20: white crystals 2/20: "white and yellow crystals Aqueous -2 4:35
19/ 20: yel | ow dmest arseragt hizowots 1/ 20: white crystals Ethanol 38 0:50

16/ 20: m xture of white and yellow crystals, with nore white %hgn yel | ow
and with white crysithl sIGReWAL out'PEF efdYsitdfe 2BDi | PARTIEGEE: 4/ 20:
no sol i ds forned i Ethangk138 1d3add{ 3% mixtyr & fiwsl | ewmeandmehi te
crystals; 3/20: r?ggfsoﬁlﬂds %or med Aqueous 38 0:50 2/20: mixture of yellow
et hanol ands whidsdney yistadi st id8420conbadokirds faorkedvh NgRe68ys3881%E: 13 5/ 20:

m xture of yellow et ha&ml and white crystals;
are found.
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15/ 20: no solids formed Aqueous 38 1:42 19/20: m xture of yellow ethanol
and while crystals; 1/20: no solids fornmed 10 As shown above, al,| ilma'lﬂll'l
conditions were at |east partly successful in generating high frlb

energy fornms, in that all produced at least a mxture of yellow and white
crystals. The use of an aqueous ethanol solution at |ow tenperature 28 2
4 JUN 2005 WD 02/ 054043 PCT/ USO /50557 was particularly successful in
generating high free energy forns. In general, when crystals are
generated wunder simlar conditions in a simlar timeframe 5 using
traditional containers, only white crystals are found. 29 2 4 JUN 2005
VWHAT | S GVHATECLAIMED ISA et hod of searching for a high free energy form
of a conpound t, .or | xLuge, sai haod conpri Si the steps of

i sposi ng a s AREETEhir s p} SRLEE snaB) RS BefBTX Rl % re fn

pl ur al i t ynigtire, sarimdthodrcymprisingshe sepd ofcli f yi ng the sanple in the plurality of
capil lary,. tubes; and determ.ni ng whether a high free energy formof the
conpound sBPSHEZ M Fc?ﬁ‘BFF'&F&‘eicg‘g?%“‘fﬁlﬁ'Ee%PrWHggeB’fa WaEahi 11 ary tubes. 2.
The met heapildry sb&j m 1, further conprising the step of isolating at |east
one solid high free energy formof the sample. 3. The nmethod of claim!]

or 2 wherein %Oﬁéiﬁ?!ﬂth?ﬁaf"? r\'gthEP'éj?“B’Sﬁi?Pi”é‘é{é'-‘bﬁiM allizing the sanple. 4.
The met hogheinifig @héthel a Righ e MABHgf form bPRe Stpbflidf Hbdidht S RRmFEQIRN | S€s the use

of an
one or more of the capillary tubes.
2. The method of claim 1, further comprising the step of isolating at least one solid
high free energy form of the sample.
3. The method of claim 1 or 2 wherein the solidifying step comprises crystallizing
the sample.
4, The method of claim 1 or 2 wherein the solidifying step comprises the use of an
antisolvent.
5. The method of claim 1 or 2 wherein the solidifying step is selected from the group
consisting of solvent evaporation, antisolvent addition, gel diffusion, and thin-layer
deposition.
6. The method of claim 1 or 2, further comprising the step of preparing the sample
from a supersaturated solution of at least one compound.
7. The method of claim 1 or 2, wherein said isolated high free energy form is
stabilized within the capillary tube,
8. The method of claim 6, wherein said isolated high free energy form is stable
within the capillary tube for at least 24 hours.
9. The method of claim 1 or 2, further comprising the step of adding a stabilizing
agent to the high free energy form.
10.  The method of claim 8, further comprising the step of subjecting the high free
energy form of the sample to stabilizing conditions in the capillary tube.
11.  The method of claim 1 or 2, further comprising the step of identifying the high
free energy form by a method selected from the group consisting of visual analysis,

microscopic analysis, thermal analysis, diffraction analysis, and spectroscopic analysis.
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antisolvent. 5. The nmethod of claiml1l or 2 wherein the solidifying step
Is selected fromthe group consisting of solvent evaporation, 24JUN1ﬂE
antisolvent addition, gel diffusion, and thin-layer deposition

method of claiml or 2, further conprising the step of preparing the
sanple froma supersaturated solution of at |east one conmpound. 7. The
nmet hod of claim1 or 2, wherein said isolated high free energy formis
stabilized within the capillary tube. 8. The nethod of claim6, wherein
said isolated high free energy formis stable wthin the capillary tube
for at least 24 hours. 9. The nethod of claiml or 2, further conprising
the stepinf ar@inethodofdnfbf the preceding elgiens) wiefvir thesalmplghis pliceé inganer gy form  10.

The nmeth further conprising the step of subjecting the high
free gﬁ’ﬁ%"?@?’%ﬁ'ﬁ’ﬁﬁe sanple to stabilizing conditions in the

capi | | ar ¥3.t UbPhe mbfhod 3faitiaY wremth&slaa;bmslpmd Roat fealf lm@?magrmr ising the

step of |dent|fy| ng the hi gh free energy formby a method selected from
t he group®®bnsi sting of visual analysis, nicroscopic analysis, thermal

anal ysi syadif . 30 2 4 JUN
5005 1514 T e RElHoBB AYSl ik 1 fsn0egs BB plcdiRotBb im0 e sanpl o

i s pl acesety of capillanctabs, dnid wideastquie bt difiprstiuiven least gne otlieesetret hod of cl ai m 12,
uner el n 45° SRRl 5rhAT8 it LAY b EERB b8 LRER 14, ThE

met hod of "any 0 e sanple n at | east
two set ﬂlfiafennmp:rﬂlhmetyrthanbhtsc,apiﬂn'glmes df ez 4t laastenesmherdttffers fromat | east

one ot her set 5 The d.of .claim e capillary tubes of
sai d at IlgastThBHEIthPchag QQ wheggiry %ﬁa@ﬂ%’ H%WE‘?‘"G}@?FEFE’FSCF fn the capill ary
t ubes of c@ala@tasesIaaaedchmalf@isfmmtﬁeedmerae@wnﬁm@peaﬁbhﬁdnzet)rsq}ffuem 14, wherein
t he sanpl pl aced in at |east four sets of «capillary tubes, and each

set di ffeﬁéew&lﬁwﬂb@smﬂﬁaﬁ%w With respect to the size or surface of

the capi iy ar yrikygad v dnd bfcidal ¢ Foetvﬁere.ﬁza.dIhe%strsﬁmsﬁna@fmﬁw of claims | -
10, wherein said at | eaSt one ca ube Is coatéd with a substance

on the i geaadivith a@FbS@a‘FCcPﬂtﬂleé‘FﬂQ[@P%ﬂi‘ébcnet hod of any of claims | - 10,
wher ei n tlg'.e Sl‘h%PneﬁdeQ%?Bf@lé}hE'g- Wﬂ%gf% tﬂe@ép of determining whether the

high free energy form was generated comprises an analytical method selected from the
group consisting of visual analysis, microscopic analysis, thermal analysis, diffraction
analysis, and spectroscopic analysis.

19.  The method of claim 18, wherein the step of determining whether the high free
energy form was generated consists essentially of visual analysis of said form.

20.  The method of claim 18, wherein the step of determining whether the high free
energy form was generated comprises generating data indicative of the relative free
energy of the generated form and comparing said data to data relating to a known form.
21, The method of claim 1 wherein the high energy forms exhibit different colors.
22.  The method of claim 21, further comprising identifying the high free energy
forms by visual analysis.

23.  The method of claim 11 wherein the microscopic analysis is electron microscopy.
24,  The method of claim 11 wherein the thermal analysis is melting point.

25.  The method of claim 11 wherein the diffraction analysis is x-ray diffraction.

26.  The method of claim 11 wherein the spectroscopic analysis is infrared
SPECITOsCopYy.

27.  The method of any of claims 1 - 10 wherein the different high free energy forms
exhibit different colors.

28.  The method of claim 27, further comprising identifying the high free energy
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hi gh free energy formwas generated conprises an anal yti cal nethod
selected fromthe group consisting of visual analysis, mcroscpgi N 2005
anal ysis, thermal analysis, diffraction analysis, and spectroscopic

anal ysis. 19. The nethod of claim 18, wherein the step of determ ning
whet her the high free energy formwas generated consists essentially of
visual analysis of said form 20. The nethod of claim 18, wherein the
step of determ ning whether the high free energy formwas generated
conprises generating data indicative of the relative free energy of the
generated form and conparing said data to data relating to a known form
21. The itaihbbgviakl abigsien | wherein the high energy fornms exhibit different
colors. _22. The hod .of claim21, . further conprising.identifying the
high fr e@g-ene‘pﬁy‘eﬁéf’ aifg, ) 8, Whepx) t%ﬁﬂgm%opganaé%sgsqgﬂ%c%r%&hcww@# claiml 1
wherein ghe NMiehReeABE daiRNa] Wikken théthehRbinilons Fetiagpamy. 24. The net hod
of claim1ll wherein the thermal analysis is neLtiEg point. 25. The net hod

of clai m3i-1 whemethed phdaiey 18 wheean BadigfFgyopapalysisds X UPRraction. 26.
The met hqd Ofn%';.?emzhwclmqrs?\méme@9&&&&9@@@&53 BRI s is infrared

spectroscopy. The nethod of any of clainms 1 - 10 wherein the
di f f er entspsarggboplyr ee energy forns exhibit different colors. 28. The

met hod of,,cl aj CORPE $i i ifying the high free energy
31 2 4 Ja&l 2%&@89%&%&%@8& l%#&‘“&sﬁogﬁ%‘g The net hod of claim 18,

wher ei n t he nprepansgthpsamplefmim/skmewn solidifeamtof the compaund elspgnt, or30. The net hod
of claim18, wherein the thermal analysis is nelting point. 31. The

met hod of ™% m 18, wherein the diffraction analysis is x-ray

di f fract iapdlyzing3e. solld3enepdtduinl the tapillagy tobes B, deteinsinetha fredmergpefdactos copi ¢

anal ysi s ii infrareq._%g ctroscopy. 33. The nethod of any of clains | -
10, furt teéhe gesrted solidy: %repari ng the sanple froma known solid form of

the conpQumshring e Feélénergof eabh Hithe RnerfiéiioldsittGe frBceneigl bfthe pomar ated in the
capillary tubes to determ ne the free energy of each of the generated

sol i ds; éﬁ'd’fé@?rpari ng the free energy of each of the generated solids to
the free ;gnergy fhddldfclSiROW Turther comprising analyzing the known solid form to

determine the free energy.
35.  The method of any of claims 1 - 10, further comprising:

determining the number of occurrences of each of said solid forms within the
capillary tubes; and

assigning a relative free energy to each of said solid forms based on the number of
OCCUITENCES.
36.  The method of claim 34 wherein the plurality comprises at least five capillary
tubes.
37.  The method of claim 36 wherein the plurality comprises at least 10 capillary
tubes.
38.  The method of claim 37 wherein the plurality comprises at least 50 or more
capillary tubes.
39.  The method of claim 38 wherein the plurality comprises at least about 150
capillary tubes.
40.  The method of any of claims 1 - 10, wherein the step of determining whether a
high free energy form is in the capillary tubes was generated comprises determining
whether a distribution of solid forms solidified in the capillary tubes.
4]1.  The method of claim 40, further comprising the step of identifying one or more

high free energy forms with an analytical method selected from the group consisting of
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solid form 34. The nethod of claim 33 further conprising analyzing the
known solid formto determne the free energy. 35. The nethod of any of
claims I - 10, further conprising: determning the nunber of OCCHITN e MEES
of each of said solid forns within the capillary tubes; and assigning a
relative free energy to each of said solid fornms based on the nunber of
occurrences. 36. The nethod of claim 34 wherein the plurality conprises
at least five capillary tubes. 37. The method of claim 36 wherein the
plurality conprises at |least 10 capillary tubes. 38. The nethod of claim
37 wherein the plurality conprises at |east 50 or nore capillary tubes.
39. The wviniahanalysi$, midrescopiShalybie tiermal timdysis] diffradtiob ynatysispmmidses at | east about
150 capillary tubes. 40. The nethod of any of clains I - 10, wherein the
step of PEHEFFPA ether a high free energy formis in the capillary
tubes wag geITaE meBod SRRMmRN 4 B ShedRlRS diffdiénhBigh Mxhfigy foAmgéxdibiti but i on of
solid forns solidified in the capi|lary tubes. 41. The met,q?d of claim
40, furt #Eprensolpis; Al My step ot ientifyingsthg gl free egargyforeongjsts pliallhi gh free
ener gy f ofyiBa\whdiitis¥Rs@dfmit i cal method selected fromthe group consisting
of 32 24JUN2005 visual analysis, mcroscopic analysis, thernal

anal ysi s#3.di The methodof anyef oJaims] - Hnwhespiethe stepefsloteanipingvpehesa 42, The

met hod of. [ i.n, t i § 0 ' energy fornms exhibit
differ enﬁ'glg% (fglg,é}%’%ﬂﬁﬁ%eg%@%%o ?Eﬁff?#sﬁh‘gn?ﬁ%ﬁﬁi gh free energy form
consists essentially of visual analysis of said form 43. The nethod of
any of clains 1 - 10, wherein the step of determ ning whether a high
free energy formis in the capillary tubes conprises thermal analysis. 33
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