
PROCESSES AND APPARATUSES FOR THE PRODUCTION OF CRYSTALLINE ORGANIC
MICROPARTICLE COMPOSITIONS BY MICROMILLING AND CRYSTALLIZATION ON
MICRO-SEED AND THEIR USE Background of the Invention 1000.1 IDuring
production of active organic compounds, such as, for example an active
pharmaceutical ingredient ("API"), formation of solids is most often
accomplished by caystallization in the solution phase followed by isolation
and drying. Often times, the dry active organic compound must be further
processed to reach a particle size profile necessary to ensure proper
formulation of the end product. While, the resultant particle size can vary
significantly, in most cases, fine pharmaceutical active ingredient powders
have a mean size less than 300 um, However, there has been a strong need
for crystals of a particle size less. than $0 urn due to pharmaceutical
targets with low water solubility and/or low: permeability. Small particles
in a formulation provide higher surface area for transport into the body.
100021It is common to conduct a dry inil ling step, such as air jet
classification min pm milling, or hammer milling to reach an acceptable
particle size profile. Examples of dry milling equipment typically used for
pharmaceutical processing include those produced by Hosakawa
Micronl(wwwitoscmem) (eg, pin mill: Alpine HPZ Fine Impact Mills, eg
fluidized air jet mill: Alpine! AEG Fluidized Bed Opposed Jet Mills), those
produced by Fluid Energy, those produced by Quadra Engineering and those
described in Section lr of Perry's Chemical Engineer's Handbook (Sixth.
edition ed. .Robert H. Perry and Don Green). The dry milling step can be
used to either break agglomerates of particles into their native size
and/or to break the native particles into smaller pieces. l00031From a
process engineering point of view, dry milling, introduces many operational
concerns and costs. One major concern is the limitation of operator
exposure to the active compounds. For highly potent compounds, dry milling
may require expensive engineering controls to keep dusting low.
Additionally, engineering controls may be necessary to minimize dust
explosions. Other operational concerns of dry milling include accumulation
of material inside the d.ry till due to melting at high temperature or
sticking to the internal components of the mill. in pin milling, this poor
milling performance is  commonly Sled "ineltback" or "nagging,-
respectively, and Can even result in the production. of amorphous material,
mill plugging, and changes in the particle size exiting the mill as
-material is processed. Some compounds erode die mill dulimi processing
leading to unacceptably high levels of contaminants in the API product.
Thus, it is desirable to form crystals of the target particle size
distribution (ND) directly from crystallization and avoid dry milling as
the particle finishing step. [0004]Unfortunately, methods of production
directly via solution ci stffllwaLion or directly ia 'yet-milling
techniques are lacking. One developmentilling of a 



solid slurry followed by: isolation. Roton-stator milling typically
produces particles of a mean sze over 20 um. Unfortunately, in most cases,
attrition is often seen in this milling process. Attrition occurs when very
small particles are chipped off of the native particle leaving a bimodal
particle size (American Pharmaceutical Review Vol 7, Issue 5, pp 120423
-"Rotor Stator Milling of APcs..."). Often times, rotor-stator milling
results in a significantly slowed filtration step due to the prese ice of
these fine particles. Additionally, formulation of bimodal feeds using
direct compression or roller co.mpaction techniques is problematic. The
creation of a monomodal feed of small API particles would be beneficial in
the absence of dry mining as a finishing step. 10005)The formation of a new
solid phase by crystallization, from solute dissolved th liquid, is
generally accepted to occur by two pathways:. (1) by: nucleation of new
particles or (2) by gromh through deposition of solute on existing
particles. Nucleation can occur on foreign substances in a crystallizer or
homogeneously from solution. U.S. Patent No. 5,314,5(16 entitled
-Crysta)lization method to improve crystal structure and size' and U.S..
Published Patent .Application No. 2004/0091546 Al entitled ''Process and
apparatuses for preparing nanoparticie compositions with amphiphilic
copolymers and their use" describe small particles, even nanoparticles,
produced by massive nucleation of many new particles of the solute during
precipitation, in these processes, the character of the system is changed
using solvent composiuon,. te MP MIMIC or reaction to create high
supersaturation for the  WO 2007/106768PCT/US2007/063785 by nucleation
leads to a small particlethe end of the crystallization step, thereby
obviating die need for dry milling. [0006]A significant downside of the
above nucleation processes is that under high supersouration undesired
solid state forms (crystal tbrinlmolecular packings in a aystal) can be
produced as explained by Osiwalif s rule (Threillall - vol 7 no6 2003
Organic Process Research and Development). The production Of a variety of
crystal forms was witnessed by Kabasci et al. for a calcium carbonate
(Trans lehemE, vot 74, Part A, October 1996). It is common for
pharmaceutical compounds to exhibit several different oystal forms for the
same API and thus the use of -these nucleation driven technologies are
considered specialty applications, in addition, processes comprising high
supetsaturation and associated nucleation can yield oystals with occluded
solvent molecules or impurities. In general purification and isolation
process chosen for a pharmaceutical should yield a product of high chemical
purity and the proper solid state form and processes dominated, by
nucleation events are not desirable. [0007]in an effort to control the
morphologic properties of the final product, it is a trend in fine particle
eagineerine to use seed particles of the product to provide a template for
crystal growth during crystallization. Seeding can help control the
particle size, crystal trirm, and chemical purity by limiting the
supersaturation. Various milling techniques have been employed to generate
the seed stock. Diy milling has been used routinely to generate small
particles for crystallization seed to result in particles of moderate size.
'tins approach does not eliminate the previously discussed engineering and
safety concerns associated with dry milling and is less desirable than a
wet milling technique for seed generation. 10008]it has been demonstrated
that rotor-stator wet milling can be used to generate relatively lame
organic active particles with a practical limit of > 20 urn. On the other
hand, milling to >20 urn requires extended milling time in the attrition
regime where small fragments lead to a bimodal particle size distribution
(American Pharmaceutical Review Vol 7, Issue 5, pp 120-123, "Rotor Stator
Milling of APIs ... . h has been found that oystallizations using
rotor-stator wet milled products as. seed result in large particles and  



WO 2007/106768PCT/US2007/063785 most often, a bimodal particle size
distribution. A subsequentmilling step is required w create the desired
small sized crystals oromodat material. This method of seed generation is
not ideal. ,100091Sothcation is another technique used to generate large
seeds for cry stalk For example, sonication has been shown to yield product
greater than 100 urn (See U.S. Patent No. 3,892,539 entitled "Procis for
production of crystals in fluidized bed crystallizers"). Media milling has
recently been used to create final. product streams for direct formulation
of pharnioceuticals Nvith particulates less than 400 IMO (See U.S. Patent
No. 5,145,684), but using the wet milled micro-seed in a subsequent
crystallization has not previously been shown. A review of media milling
and its utilities is described in U.S. Patent No. 6,634,576. [04410.1This
patent describes possible materials for construction of the media mill and
media mill beads. These include U.S. Patent No. 3,804,653 which states that
media can be formulated of sand, beads, cylinders, pellets, ceramic or
plastic. Tins patent further discloses that the rnill can be formulated of
metal, steel alloy, ceramic mid. that the rnill may be lined with ceramic.
Plastic resin including polystyrene is noted as being particularly useful.
U.S. Patent No, 4,950,586 discloses the use of zirconium oxide beads to
mill organic dyes to below I um in the presence of stabilizers. Several
combinations of mill construction may be used to practice the instant
invention. In one embodiment, ceramic beads and. a ceramic mill are
utilized, hi a further embodiment, ceramic beads and a chromium-lined mill
are utilized. 1001.11In summary, there remains a need for clystallization
processes that can produce organic actives and especially pharmaceutical
products at a controlled size or surface area sufficient to obviate dry
milling to meet formulation demands. 'The pharmaceutical industry is
consistently requiring smaller particles due t.o their increased
bioavailability and/or dissolution rate. Likewise, it is also important to
yield chemical compounds with the requisite ciystal Corm and a
well-controlled crystal purity. In the present invention, wet milled
micro-seed with a Illeatl particle :size ranging from about 0..1 to about
20 um has been shown to be surprisingly effective for the production of
fine, organic active solid particles,  and especially for the
crystallization of active pharmaceuticals ingredients, with a controlled
particle s -e distribution, crystal form, and purity. Further advantages of
the present invention incLude The elimination of the need .for downstream
MilW114, thereby eliminat ng the health and safety hazards often associated
with these processes. Summary or the Invention 100121The present invention
provides a process for the production of crystalline particles of an
organic active compound. The process includes the steps of generating a
micro-seed by a \vet-milling process and subjecting the micro-seed to a
crystallization process. The micro-seed generated by the wet milling
process has a mean particle size of about 0.1 to about 20 t.uri. The
resulting crystalline particles have a mean particle size of less than 100 



100131With respect to the crystallization step, the present invention
includes two methods. The first crystallization method is a three-step
process: generating a slum of the micro seed using media milling;
dissolving a portion of the micro-seed; and crystallizing the active
organic compound on the micro-seed. 14141141The second crystallization
method is also a three-step process including generating a slurry of the
micro-seed, generating a solution of the product to be crystallized; and
combining the slurry with the solution, in one embodiment of this second
crystallization process; the slurry of the micro-seed and the solution of
the product are rapidfr micro-mixed when they are combined. 100151One of
three processing configurations may be used individually or in combination
in order to accomplish the second crystallization method. One configuration
is a batch processing; another is a semi-continuous processing; a. third is
a continuous processing configuration. 100161A recycle loop may also be
used in conjunction with the secimd crystallization process. In one
embodiment of the second ctystallizati on process, a recycle loop is
utilized as part of the batch processing configuration. In another
embodiment of the second crystallization process; a recycle loop is
utilized as part of the semi-continuous processing  configuration. in yet
another embodiment of the second crystallization process, a recycle loop is
utilized as part of the continuous processing configuration. 10017]The
second crystallization method uses two types of solvent streams. In one
embodiment, the solvent system is an aqueous solvent streatm in another,
the solvent system is an orgwito solvent stream; in yet another, the
solvent system is a mixed solvent stream. 1110181Additionally, a
supplemental energy device may be used in conjunction with the second ci
Iallization process. In a first embodiment, this supplemental energy device
is a mixing tee; in a second, it is a mixing elbow; a third it is a static
mixer. in a fourth, it is a Slifka:WE and, in a filth, it is a rotor-stator
homogenizer. {00191Further, the active organic compound of the present
invention may be a 



pharmaceutical selected from a group which includes analgesics.
alai-inflammatimy agents, antihelmintics, anti-turthymics, anti-asthmatics,
antibiotics, anticoagulants, antidepressants, antidiabetic agents,
andepileptics, antihistamines, tunihypertensive agents, tmtimuscarinic
agents, antintycobacterial agents, antineoplastic agents,
immunosuppressants, antithyroid agents, antiviral agents, anxiolytics,
sedatives, astringents, betosadrenergic receptor blocking drugs, contrast
media, carticosteroids, cough suppressants, diagnostic agents., diagnostic
imaging agents, dopaminergics, haemostatics, immuriological agents, lipid
regulating agents, muscle relaxants, parasympathomimetics, parathyroid
calcitonin, prostaglandins, radio pharmaceuticals. sex hormones,
anti-allergic agents, stimulants, sympathornimeti cs, thyroid agents,
vasodilators and xanthines. 100201Additionally, the present invention
further provides a pharmaceutical composition including the, crystalline
particles produced by the processes described herein and a pharmaceutically
acceptable carrier. Brief Description of the Figures {00211Figure 1
demonstrates the typical components necessary for media milling in recycle
mode, including the blending vessel, fluid pump, media mill, and recycle
line back to the vessel. Single pass milling does not recycle and simply
feeds the product into a collection receiver through the mill In stunk pass
mode, the pump can be replaced by a pressure transfer from the still.
Multiple single passes can accomplish a. similar product profile as the
recycle mode. 10022]Figure 2 demonstrates a crystallization vessel set up
for Examples 1-7 and 9. In Example I. the antisolvent was charged rapidh C
10 seconds in portions using a syringe with a needle. Optionally, a
sonicator probe and or a light scattering probe can be added. 1410231Figure
3 displays an example set-up which was shoym amenable for scale up of the
micro-milling and crystallization process as in Example 10, 11, and 12. The
crystallization vessel and components of the recycle loop are presented.
100241Figure 4 displays the process discussed in. Example 8, wherein an
external recycle loop is employed for the application of a supplemental
energy device. The energy devices are motionless where the fluid flow
through the mixer provides energy input into the system by pressure drop
and turbulent fluid movement. The double tee consisted of two tees arranged
as pictured which promotes the impingement of two streams and the static
mixer was that or the "kenics helical style" manufactured by 'Keno Corp.
tijFigure 5 demonstrates the double tee supplemental energy device used in 



Example 11. The lines are made of C ID steel pipe with sharp right angle
turns. The streams impinge at the outlet. I0026)Figure 6 is a general
overview of a possible crystallization process, including generating a
slurry of the micro-seed; generating a concentrate solution of the product
to be crystallized; and combining the shiny with the concentrate to Mutate
crystallization. Further crystallization can be afforded by a number of
methods to create supersaturation, some of yythich are listed, [0027]Figure
7 is an example of a batch cnisiallization method. I00281Figure 8 is an
example oN semi-continuous crystallization method. I00291Figure 9 is an
example of a batch reactive crystallization method. Shown is a reaction
scenario where reagent A and B react to form the product to be
crystallized, f00301Figure 10 is a micrograph of the product of Example B.
WO 2007/106768PCT/US2007/063785 100311Figure 11 is a micrograph of the
product in the micro-milling process for Example 3D after O. minutes of
recycle micro-milling, 100321Figure 12 is a micrograph of the product in
die micro-miffing process for Example 38 after 15 inmates of recycle
micro-milling, 



100331.Figure 13 is a micrograph of the product in the micro- Olin )
process for Example 38 after 60 minutes of recycle micro-milling.
100341Figure 14 is a micrograph of the product slurry at the end or
crysiallization of Example 3 100351Figure 15 is a micrograph of the product
slurry at the end of crystallization of Example 40. 100361Figure 16 is a
micrograph of the product sl  Ty at the end of crystallization of Example
5. 1003717 is a micrograph of the product. slurry at the end of
cnstaBi.zaton of Example A. 100381Figure iS is a micrograph. of the product
slurr at the end of crystallization of Example 8B. 100391Figure 19 is a
micrograph of the product slurry at the end of clystallization of Example
9A. 



100401Figure 20 is a micrograph. of the product slurry at the end of
crystallization of Example 9B, 10411Figure 21 is a micrograph of the
product slurry at the end of crystallization of Example l0, 100421Figure 22
is a micrograph of the product slurry at the end of crysLalUzation of
Example II. 100431tr,ure 23 is a micrograph of the product. slurry at the
end of c.nstalhiaton of Example 12. f00441Figure 24 is a particle ze
thstnhtthon repon for the product in the mi CIO- milling process for
Example 3B after L5 Minutes of recycle micro-milling.  WO
2007/106768PCT/US2007/063785 10045!Figure 25 is a particle size
distribution report for the product lathe micro- milling process For
Example 3.B Mier 60 minutes of recycle micro-milling. 



100461Figure 26 is a report on the pharmacokinetie data collected for three
dogs comparing the plasma level of compound F in the bloodstream Ira the
first 24 hours alter iMestion of a direct fill capsule for the
micro-milling and crystallization process or dry milling process as in
Example 6. Detailed Description oldie Invention 100471The micro-milling
arid crystallization process CM mc") of the present invention comprises
growth on micro-seed particles to a mean volume particle size less than
about 100 um silt% as for example, less than about 60 um further still
'less than about 40 urn. In most cases the product will range from about 3
to about 40 um depending on the amount of seed added for crystallization.
The micro-seed can range from about 0.1 to about 20 um, for example, from
about I to about 10 um by mean volume analysis. The wed can :be generated
by a number of wet milling devices, such as for example., media milling.
Particles less than 1 um mean may also be utilized. However, tins size
range is less attractive than -micro-seed because the resulting API
particle sizes if the particles are kept dispersed duting a growth
ctystallization are smaller than desired for conventional isolation
techniques using typical seed levels of about 0.5% to about 15%. {0048:1The
process of the presimt invention NNE) comprises generating a slum, of the
micro-seed and generating a solution containing the product to be
crystallized. These two streams are combined to provide crystallization of
the product. In most cases, the crystallization is continued by
manipulating changes in product :solubility and concentration in order to
drive the crzstallization These manipulations lead to a supersaturated
system which provides a driving force for the deposition of solute on the
seed. The level of supersaturation during the seeding event and the
subsequent clystalli iai.10{71.1s controlled at a level to enhance growth
conditions versus nucleation. In the present invention,. the process is
designed to facilitate growth on the micro-seed \tile CC)311I0i ling the
birth of new particles. A review of the methods for ctystallization
including a discussion of gro wth and nucleation process conditions is
provided by Price (Che nical Engineering Progress, September 1997. P34
"Take some Solid Steps to improve Crystallization"). 100491The micro-seed
and product particles of the N.D4Cprocess of the present invention have a
number of specific advantages. The microseed particles have a high surthce
area to volume ratio and thus the growth rate, at a ei yen supersaturation,
is enhanced significantly relative to large seed particles. A high
population of seed panicles avoids nucleation on foreign substances and the
crystallization is one of growth on the existing seed particles at low
supersaturation. Thus, the size and form of the API particles we controlled
by the characteristics of the seed. particle. 100501Generally, operating at
reactor conditions where the desired crv:stal 'form is the most stable and
seeding with the desired crystal ham is preferred. it has been discovered
that small particles have less sensitivity to particle attrition by shear
since the particle -particle impacts are between objects of significantly
less weight. Starting with monomodal seed, the process of the present
invention provides a monomodal particle size distribution as confirmed by
optical micrographs and laser scattering techniques. Due to the
monodisperse particle size of the resultant product, it is amenable to
downstream filtration and formulation making the composite process an
attractive method for fine particle finishing. 10051)Although the present
invention may be utilized for the production of any 



precipitated or crystallized organic active particles, including
pharmaceuticals, biopharmaceuticals, nutraceulicals, diagnostic: agents.
agrochemicals, insecticides, herbicides, pigments, food ingredients, food.
formulations, beverages, fine chemicals, and cosmetics; for ease of
description, principally pharmaceuticals will be specifically addressed.
The aystallinelprecipithie.d particles for organic compounds used in other
industry segments can be produced using the some general techniques
described herein. 100521Any method of generating a supersaturation to
promote growth in the presence: of the n cro-seed is amenable to this
invention. Common methods to manipulate ation include changes in solvent
composition, temperature, use of chemical reaction, or use of distillation.
Although reactive crystallization requires the formation of the  final API
from one or more reagents, the API formed becomes supersaturated and
supersattuation of the product is the source of crystallization. A review
of crystallization methods to generate supersaturalion and the interplay
between nucleation and growth is provided by Price (Chemical Engineering
Progress, September 1997, P 34 "Take some Solid Steps to Improve
Crystallization"). 100531The addition of the micro-seed to the solute or
the solute to the micro-seed cart be accomplished in several ways including
batch crystallization, semi-batch crystallization or semi-continuous
crystallization. These techniques are common to those practiced in the art
and extensions to other crystallizer configurations are expected.
Additionally, a combination of these methods can be utilized. 100541Batch
crystallization typically includes crystallizations where the temperature
is changed or solvent is removed by distillation to generate the
supersaturation. A semi-hatch crystallization typically includes the
continuous addition of a solvent or reagent to a reservoir of solute or the
reaction precursor for the solute. In batch and semi-batch crystallization,
the seed is typically added to a reservoir of solute which is
supersaturated at the time ofseed addition or as a result of the seed
addition. See Figures 6 and 7. 100551Semi-continuous crystallization is
designed to keep the contents of the liquid phase in the reactor nearly
constant throughout the crystallization. In a semicrontinuous
crystallization by non-solvent (also called an anti-solvent), a seed stream
is added to a reactor followed by the simultaneous addition of both a
stream containing the solute dissolved in solution and a steam of non
solvent Here the crystallization occurs at a rate similar to the rate at
which the components are added. See Figure 8. An example schematic for a.
reactive cqstallization is provided in Figure 9. 100561The chemical
composition of the streams chosen for the &WC process is 



dependent on the compound being crystallized. Accordingly, aqueous, organic
or mixed aqueous and organic streams can be utilized.  WO
2007/106768PCT/US2007/063785 100571In the process of the present invention,
wet Milting to micro-seed size is required to limit the need for dry-milling
in a downstream production process. Only select machines can provide
particles of a mean optimum size ranging. from about I to about. 10 urn.
tg methods such as high enemy hydrodynamic cavitation or high intensity
sonication, high energy ball or media nulling, and high pressure
homogenization are representative of the technologies that can be utilized
to Make micro-seed having a mean optimuni size ranging from about 1 to about
10 urn. [0058]In one embodiment of the invention media milling is an
effective wet milling method to reduce the particle size of seed to the
target size. In addition, media milling has been found to maintain the
crystallinity of the API upon the milling process. The size of the media
beads utilized ranges, for example, from about 0.5 to about 4 mm.
100591Additional parameters that can be changed. during the wet milling
process of the inventioninclude product concentration, milling temperature,
and mill, speed to afford the desired micro-seed size. 100601Media milling
work on API product streams has been practiced to generate particles less
than one micron in mean size using specialty beads of 0.5 mm or less in the
presence of colloidal stabilizers. The surface active agents overcome the
colloidal farces that are active at less than one micron and provide a
stream of disperse particles for formulation. His feed stream can be used in
the current invention as micro seed,. Crystalliz.ations From the current
invention are most predictable When a substantially disperse seed is
utilized for crystallization Using aggregates of particles as seed is less
desirable since the number and size of the aggregates could be variable.
Thus, seed ciystals of 0.1 um to 0.5 um may be utilized in the present
invention where it is desirable to employ colloidal, stabilizers unless the
organic compound is self-stabilized as disperse particles. j00611Since the
process of the present. invention is primarily one of growth on existing
seed particles. the amount and size of micro-seed is the primary determinant
of the API particle size. Variable amounts of seed can be added to afford
the desired particle size distribution (PSD) after crystrillization. Typical
seed amounts (material not dissolved in the 



solvent phase of the seed slum) range from. about 0.1 to 2O NAT% relative
to the amount of the active ingredient to be crystallized. In a growth
crystallization, introduction of less seed leads to larger particles. For
example, low amounts of seed can increase the product particles size above
60 urn, but the crystallization could potentially be very slow to avoid
nucleation and promote growth on those seeds. Seed levels of about 0.3 to
15% are reasonable charges starting with micro-seed of 1 to 10 urn.
[0062{In another embodiment. the MMC process comprises [0063]using a wet
milling process to generate micro-seeda mea size of itpprox.unaiely 0.1 to
20 tun-, and 100641(2) crystallizing an organic active compound on the
micro-see to yield crystalline particles having a mean size less than 100
run, {0065]In a further embodiment, the MNIC process comprises: [0066](I)
using a wet milling process to generate micro-seed having a mean size of
approximately 0.1 to 20 tun: [0067{(2) dissolving a portion of the
micro-seed rind. [0068](3) crystallizing an organic active, compound on the
micro-seed to yield crystalline particles having a mean. size less than 100
tint 10069)'The dissolution process may comprise heating, Changes in Pfl,
changes in solvent composition or other. This tailors the resultant
particle size distribution to one only slightly larger than the seed. In
some cases only mild enhancement of the micro-seed particle size is
sufficient for the product needs and thus seed levels of 50% or higher may
be used. 100701In one embodiment, the micro-seed may be isolated and
charged as a dry 



product. {0071]The MMC process of the current invention is highly scalable.
Proper equipment design at each scale may enable robust performance at all
scales. Two features that may be employed for reliable scale up: II rapid
micro-mixing during additions of materials to an actively crystallizing
system and 2) inclusion elan energy device for particle dispersion of
unwanted agglomeration Crystallizer designs containing -these features are
amenable for scale-up of the invention, 100721Rapid micro-mixing implies a
fast 1111--XiMg lime of the two streams at the molecular [eve/ relative to
the characteristic induction tune for crystallization of the product. These
concepts are explained in detail by Johnson and Prud'hoirime (Australian
Journal of Chemistry 5(00): 1021-1024 (2003)) and by Marcant and David
(AlIebE journal Nov1991 vol 37. No lit Both groups of authors stress that
the micro-mixing time can affect the outcome of a crystallization or
precipitation. Accordinglyi the authors emphasize that a low micro-mixing
Lillie is advantageous. For solvent, concentrate,. or reagent additions,
this rapid micro-mixing reduces or eliminates concentration gradients that
could lead to a nucleation event. j00731In one embodiment of the invention,
supersaturation is kept low m promote growth on the micro-seed. In some
cases, the kinetics of crystallization are fast and nucteation cannot be
substantially avoided. An appropriate rapid mixer should be chosen hi these
cases -to limit nucleation by mixing reagent streams quickly and avoiding
high local concentrations of reagents. When the micro-seed is added to a
crystallizer containing solute, dispersion of the seed by rapid
inicro-mixing, is important to limit agglomeration of the micro-seed as
crystaffization takes place. 100741Additionally, the work of Itunslow
(Chemical Engineering Transactions, "Proceedines of the 151 international
Symposium on Industrial Crystallization 2002", Volume 1 2002, p 65,
published by .ADIC -Assoc.:a:gone hal lona Di Engegneria (hemi) teaches
that agglomeration of particles is directly related to the level of local
supersaturation. Therefore, rapid micro-mixing is also helpful in
minimizing agglomeration for this situation. The selection of a rapid mixer
must he balanced against the level of particle attrition by the choice of
the mixer. The mechanism leading to particle birth due to particle
-particles or particles crystallizer surface interactions in the presence
of seed particles is commonly referred to as secondary nucleation and is
expected to occur to some extent in most crystallizations. The choices of
equipment can alter the extent of this effect. {00751Organic active
compounds of small size haveidency w aggregate and then agglomerate by the
deposition of mass on an aggregate during crystallization. When paiticles.
agglomerate the API particle size will be larger than if growth occurred
only on the inddual seed paticies and agglomerates were not present. In
some pharmaceutical applications., agglomeration is not desired for it can
be more difficult w scale up a process comprising agglomerated particles.
In these situations, it is desirable to develop methods to use the
micro-seed where agglomeration is managed. {00761in general, the energy
clensity experienced by the particles must be sufficient 



to afford &agglomeration and the particles must be exposed to the energy
d.ensity during crystallization at a frequency sufficient to maintain a
disperse system. A supplemental energy device helps to minimize
agglomeration by dispersing particles. A function of theenergy device is to
create particle collisions which break lightly agglomerated materials apart
or create a shear filed which torque and break the agglomerates. This
energy device could. be as simple as a properly designed tank agitator or a
ritcycle pipe with fluid pumping through it. Fluid pumps are high energy
devices and can affect the crystallization process. These devices are
sufficient when aggregates and agglomerates are not strong or the product
is exposed to the device frequently. Rotor stator wet-mills are useful to
provide a strong shear environment and are most useful when the particles
themselves are not unfitted. Sonication energy applied to the crystallizer
has been found to limit agglomeration of compounds that aggregate readily
and form stronger agglomerates, Applying sonication or an energy device at
the end of the crystallization can So he useful to break. agglomerates, but
is less desirable than during the cnistallization since the agglomerates
may be of significant strength by the end of the cnistallization time.
Sonication hams also provide a sound wave which ITILIV be responsible for
breaking It ghtly agglomerated materials ivithout fracturing the primary
particles. 10077jNeedle crystals present challenges for the processing of
fine organics. In particular, their filtration rates are typically slow.
One aspect of this invention is the use of sonication during
crystallization. Sonication can promote the growth of needle crystals in
the  width direction yielding a more robust product for filtration. The use
of somcation to generate micro-seed for needle crystals is also especially
advantageous. Needles fend to break on the long is and produce C3ystals of
a similar width, but shorter length. 100781The fundamental technology of
sonication (ultrasound waves typically between 10 and 60 kHz) is highly
complex and the fundamental mechanism for successful deagglomermion is
unclear, but it is well known that isonication is effective at deaggmgation
or deagglomeration (Pohl and Schubert Parfet: 2004 'dispersion and
deamlomeration of natioparticles in aqueous solutions"). As a nonbinding
explanation of the mechanical process, sonic.ation provides -ultrasound
waves of a high power density and thus a high strength for agglomerate
disruption. Cavitation bubbles are formed during the negative-pressure
period of tlw wave and the rapid collapse of these bubbles provide a shock
wave and high temperature and pressures useful for deagglomeration. In the
present invention, it has been found that the seed and grown particles are
not sig,niticandy fractured in most cases, and thus, the high energy
CVerliS of sonication are especially effective to promote growth on
disperse particles without attrition of the particles. 100791In the recent
years, work on sonication for chemistry has strayed into crystallization
Focus has been paced on the use of ultrasound to reduce the induction time
for nucleation or to provide facile nucleation at moderate supersaturation.
This is useful to enhance the reproducibility of seed bed generation in the
absence of solids apriori or without needing to add a solid seed to the
batch concentrate (McCausland a al Chemical Engineering Progress July 2001
P 56 61). 'This approach is contrary to the current teachings where the
presence of micro-seed dictates the final product properties and especially
the crystal form. 100801The application of sonication to pharmaceutical
clystallization for the purpose of controlled growth on disperse micro-seed
particles as in the MMC process is unique. In addition, the sonication
power required for successIvil &agglomeration as demonstrated in the
current invention is relatively smafl. less than 10 watts per liter of
total hatch at the end of clystallintion and preferably less than I watt
per liter of total batch at the end of  crystallization. The design of
equipment for SattiCail Oa and research into the technology is an. active
area of research. Examples of flow cell.s amenable to the present invention
are commercially, provided by several manufactures (e.g. Branson W.F3-16)
and (ett. Telsonics SR.R.46 series) for use in recycle loops as an energy
device. [008.11The use of a recycle loop to provide methods for
micro-rtaxing and methods to 



incorporate a supplemental energy device has been shown to be especially
advantageous for scal.e up. The primary concept is to relieve the
micro-mixing and energy input demands from a conventional crystallizer
(typically a stirred tank) and create specialized zones or functionality.
The stirred tank ciyatallizer can serve as a blending device, with
micro-mixing and supplemental energy input to the system independently
controlled external to the tank This approach is an example of a scalable
crystallization system for large scale production. A practical emulation of
this system is provided in Figure 3. Micro-mixing is best accomplished, by
adding a stream into a region. of high energy dissipation or high.
turbulence. Addition of the stream into the center of the pipe into a
region of turbulent flow in a recycle loop is one embodiment. In. this
case, a velocity of at least 1 m/s is recommended for conventional pipe
flow, but not essential provided the microsmixing is fast. This example is
not limiting for the location of reagent addition and method of reagent
addition is critical. to achieving proper micromixing. The concepts of
mixing in pipelines and in stirred vessels are described in The Handbook of
Industrial MixingPaul. et al., 2004, Wiky Interscience), j00821The recycle
rate for the crystallizer can he quantified by the time to pass the
equivalent cif one volume of the batch at the end of the crystalliz.ation
through the recycle loop, or the turnover time at the end of the
crystallization. The turnover time for a vessel can be varied independently
and will he a function of the frequency at which the batch should be
exposed to the supplemental energy device to limit the agglomeration of the
product. A typical turnover time for large scale production ranges from
about 5 to about 30 minutes, but this is not limiting. Since the
agglomeration of the product crystals typically requires deposition of mass
by crystallization, the rate of crystallization can be slowed to extend the
turnover time required to afford deagglomeration. WO
2007/106768PCT/US2007/063785 100831The particle size and surface area of
the resultant product may be enhanced by the addition of supplemental
additives to the seed or the crystallization hatch. In on embodiment, the
additives help dispeise die seed and crystals in Ow crystallizer Which
limits particle agglomeration. The addition of supplemental additives imy
be used for other purposes as well, such as reduction of product oxidation
or to lintit compounds sticking to the skies of a vessel. The supplement&
adrliti yes may be substantially removed by: the isolation step yielding a
pure active ingredient. Materials with surfactant properties are useful to
enhance the shiny characteristics of the milling, seeding, and
crystallization steps of the M.M.C. process,. 100841Supplemental additives
include, but are not limited to: Men diluents,. amphiphilic copolymers,
solubilizing agents, emulsifiers, suspending agents, adjuvants, wetting
agents, sweetening, flavoring, and perfuming agents, isotonic agents,
colloidal dispersants and surfactants such as but not limited to a charged
phospholipid such as dimyristoyl phophatidyl glycerol; alginic acid,
alinnates, acacia, gum acacia, 1,3 butvleneglycol, benzaikonium chloride,
collodial silicon dioxide, celostearyl alcohol, cetomacrog,o1 emulsifying
wax, casein, calcium stearate, cetyl pyridinium chloride, cetyl alcohol,
cholesterol,. calcium carbonate, Crodestas F-1 10i10, which is a mixture of
sucrose stearate and sucrose distearaw (of Croda Inc.). clays, kaolin and
bentonite, derivatives of cellulose and their salts such as hydroxypropyl
methylcellulose (IIPMC), carboxymethylcellose sodium, carboxymethy
'cellulose and its salts, hydroxypropyl celluloses, methylc.elltilose.
hydroxywthvicellulose, hydroxypropylcellulose" hydroxypropylmethylcellulose
phthalate, noncrystalline cellulose; dicalcium phosphate, dodecyl trimethyl
ammonium bromide, dextran, dialkylesters of sodium sullosuccinic (e,g.
Aerosol OTO of American Cyanamid), gelatin, glycerol, glycerol
monostearare, glucose, pisononylphenoxypoli-tglycidolt, also known as Olin
10-6(r) or ;surfactant 10-Cig (of Olin Chemicals, Stamford, Conn.);
iducamides such as octanoyl-N-methylglucamide, decanoyi-Ninethylglucamide,
heptanoyl-N-inethylgiucamide, lactose, leci thintphospbatidest, maltosides
such as n-dodecyl 13-D-maltosidemaatinito1, magnesium stearate, magnesium
aluminutn silicate, oils such as cotton seed oil, corn germ oil, olive oil,
castor oil, and sesame oil: paraffin, potato starch, polyethylene glycols
(en the Carbowaxs 3:3,50t9and 14501(r), and Carbopol 934(r) of Union
Carbide), polyoxyethylene alkyl erhers(eg. auwrogol ethers such as
cetomacrogol 1000), polyoxyethylene sorbitan fatty acid esters(eg. the
commercially available Tweens(r) of ICI specialty chemicals),
polyoxyethylene castor oil derivatives, polyoxyethylene
sterines,polyvinylpyrrolidone(PVP), phosphates, 4-(1,
l,3,13-tetramethylbutyl) phenol polymer with ethylene oxide and
formaldehyde, (also known as tylox.apol, superione, and triton), aul.
polox.ameis and polaxami ties (e.g. Pluronics Rittl.:F(r), PO(r), F108(r)
and tetronic 908(r) available from BASF Corporation Mount Olive,
pyranosides such as n-hexyl J3-D-giticopyranoside" n-heptyl
P-D-glucopyranoside: noctyl-ff-D-glucopyranoside, n-decyl
P-D-glucopyranoside; n-decyl 13-D-maltopyranoside: ndodecyl
P-Dsglucopyranoside; quaternary ammonium compounds, silicic acid, sodium
citrate, starches, sorbi Um esters, sodium carbonate, solid polyethylene
glycols, sodium dodecyl sulfate, sodium laiiry..1 sulfate (eg. DUPONOL PLD
of DuPont corporation), steric acid, sucrose, tapioca starch, talc,
thioglucosides such as milreptyl P-Diithiogincoside, tragacanth,
triethanolamine, Triton X-200(r) which is a alkyl aryl polyether sullonate
(of Rhom and Haas); and the like. The inert diluents, solubilizing agents,
emulsifiers,. adjuvants, wetting agents, isotonic agents, colloidal
dispersants and surfactants are commercially available or can be prepared
by techniques known in the art j0085jLikewise it is possible to synthesize
desirable chemical structures not commercially available, such as crystal
growth modifiers to tailor the process performance. The properties of many
of these and other pharmaceutical excipients suitable for addition to the
process solvent streams before or after mixing are provided in the Handbook
of Pharmaceutical Excipients, 3rd edition, editor Arthur H. Kibbe, 2000,
American Pharmaceutical Association, London, the disclosure of which is
hereby incorporated by reference in its entirety. 100861in the MMC process
of the present invention, microparticles are formed in the 



final mixed solution. The final solvent concentration containing the
microparticles can be altered by a number of post treatment processes,
including, but not limited w, dialysis, distillation, wiped film
evaporation, centrifugation., lyophilizati on, filtration, sterile
filtration, extraction, supercritical fluid extraction, and spray drying.
These processes Typiiwily occur alter formation of the microparticles, but
could also occur during the fibrillation process. 100871it has been noted
that a high solubilitv of product in the solution phase can during drying
lead to deposition of residual solute in the liquid phase on the particles
leading to light agglomerates of the native particles formed during
wystallization. Dissolution of a drug particle after formulation is Wien
sensitive to the surface area of the native particle size versus
agglomerates. The light agglomerates can be broken during formulation
processing to yield products with acceptable bioavailability. {00881In
measuring particle size, care must be taken to select the correct measwing
tool. For instance, typical laser light scattering techniques used to
measure particle size may result in erroneous readings since the techniques
employed ma), not be able to break agglomerates into native particles.
Thus, particle size analysis of the product may indicate large agglomerates
instead of the native particle size. Measurement of the surface area versus
light scattering techniques is a preferred measurement technique as set
forth in the examples below. However, mean particle size may also be
measured using conventional laser light scattering devices, Specifically,
the analysis of dry product is preferred in a machine similar to the
Sympatec Helos machine with Ito 3 atm pressure. In general, the surface
area of a product and the particle size are directly related depending on
the shape of the panicle in question. 100891One shape of a particle that is
often problematic for particle size analysis is that of needles where We
aspect ratio of the length to width is greater than 6. This type of a
particle can demonstrate a bimodal particle size distribution when
micrographs show a consistent product of small size has been produced. For
this invention, the particle size by tight scattering in dry analysis cell
is measured in a Sy mpatec Hetes when the aspect ratio is less than 6. When
the aspect ratio is 6 Or greaten optical microscopy is used to measure the
particle size by the longest dimension of the crystal. WO
2007/106768PCT/US2007/063785 [0090jSubsequent post processing of the
product of a MMC process into a pharmaceutical formulation is typically
advantageous to enhance the product performance or product acceptance as a
marketed product Processes such as, but not Imuted to, roller compaction,
wet granulation, direct compression, or direct /Ell capsules are all
possible. in particular, pharmaceutical compositions ia-ith the product of
the MIVIC process can be made to satisfy the needs of the industry and
these formulations include supplemental additives of various types as
stated above. Possible but not limiting classes of compounds for the MMC
process and subsequent /emulation include: analgesics, anti-inflammatory
agents, antihelmintics, anti-arrthymics, anti-asthmatics, antibiotics,
anticoagulants, antidepressants, antidiabetic agents, Emniepileplics"
antihistamines, antihypertensive agents, antiinuscarinic agents,
antimycobacterial agents, antineoplastic agents, immunosuppressants,
arnithyroid agents, antiviral agents., anxiolytics, sedatives, astringents,
betasadrenergic receptor blocking drugs, contrast media, corticosteroids,
cough suppressants, diagnostic agents, diagnostic imaging agents,
dopaminergics, haemostatics, immunological agents, lipid regulating agents.
muscle relaxants, parasympalhomimetic.s, parathyroid calcitonin,
prostaglandins, radiopharnaaceuticals, sex hormones, anti-allergic agents,
stimulants, syrnpathoinimetics, thyroid agents, vasodilators and
xarithines. Drug substances includ.e those intended /or oral administration
and intravenous administration and inhalation administration although it is
conceivable to use other methods such as dermal patches. The drug
substances can be selected from any pharmaceutical organic active and
precursor compound. A description of these classes of drugs and a listing
of species within each class can be found in Physicians Desk- Reference, 51
edition, 2001, Medical Economics Co., .Moravale, NI, the disclosure of
which is hereby incorporated by reference in its entirety. The drug
substances are commercially available and/or can be prepared by techniques
known in the an. j00911As used herein, the terms "crystallization" and/or
"precipitation include any methodology of producing particles from fluids:
including, but not limited to, classical solyentnunisolyent
crystallization/precipitaritm, te.mperature dependent
ctystallizationlprecipitatim "salting out" crystallizationlprecipitatim phi
dependent  reactions; "cooling driven crystallizationlprecipitation: cry
dlizationiprecipitation based upon chemical and/or physical reactions, etc.



100921As used herein, the term "biopharmaceutical" includes any
therripeutic compound being derived from a biological source or chemically
synthesized to be equivalent to a product from a biological source, for
example, a protein, a peptide, a vaccine, a nucleic acid, an
immunoglobulin, a polysaccharide, cell product a plant extract an animal
extract, a recombinant protein an enzyme or combinations thereof. {00931As
used herein, the terms "'solvent" and mini-solvent" denote, respectively,
those fluids in which a substance is substantially dissolved, and a fluid
which causes the desired substance to clystallizelprecipitaw or fall out of
solution. f00941The process and apparatus of the present invention can be
utilized to clystallize a wide variety of pharmaceutical substances.. The
water sOluble and water insoluble pharmaceutical substances that can be
crystallized according to the present invention include, but are not:
limited to, anabolic steroids, analeptics, analgesics, anesthetics,
antacids, antharrthymics, anti-asthmatics, antibiotics, anti-carlogenics,
anticoagulants, anticolonergics, anticonvulsants, antidepressants,
antidiabetics, araidiarrheals" anti-emetics, anti-epileptics, antiftmgalse
antihelmintics, antihemorrhoidals, antihistamines, annhormones,
annhypertensi yes, amihypotensives, anti-inflammatories, antimuscarinics,
antimycotics, antineoplastics, anti-obesity drugs, an tiplaque agents, anti
protozoals, anti psychotics, antiseptics, anti-spasmotics, anti-thromhics,
=Missives, amivirals, anxicilytics, astringensts, beta-adrenergic receptor
blocking drugs, bile acids, breath fresheners. bronchospasmolytic drugs,
bronchodilators" calcium channel blockers, cardiac glycosides,
contraceptives, cortiocoateroids" decongestants, diagnostics, digestives,
diuretics" dopaminergics, electrolytes, emetics, expectorants, haemostatic
drugs, hormones, hormone replacement. therapy drugs, hypnotics,
hypoglycemic drugs, immunosuppressants, impotence drugs, laxatives, lipid
regulators, mucolytics, muscle relaxants, non-steroidal anttinflammatories,
nutraceuticals, pain relievers, parasympathicolytics,
parasympathicomimerics, prostagladins, psychostimulan, psychotropics,
sedatives, sex steroids, spasmolytics, steroids, stimulants,  sulfonamides,
sympathicolytics, sumpathieomimetics, symputhomimetics, thyreunimetics,
thyreostatic drugs, vasodilators; vitamins. Nina ines and mixtures thereof
100951Pharmaceutical compositions accordion to this invention include the
particles described herein and a pharmaceutically acceptable carrier
Suitable pharmaceutically acceptable carriers are well known to Those
skilled in the art. These include non-toxic physiologically acceptable
carriers, adjuvants or vehicles for parenteral injection, for oral
administration in solid or liquid form, for rectal adminstration, and the
like. The pharmaceutical compositions of this invention are useful in oral
and parenter includinn intravenous, administration applications but this is
not limiting 100961The following examples provide a non limiting
description of methods to exercise the MMC process of the present
invention, {00971For the following examples: 



j00981.Micro-seed particles were made by one of two nulls. The 600 ml disc
mill represented a KDL model made by DYNOt-Mill. The null chamber was
chromium treated and the agitating discs were yttrium stabilized zirconium
oxide. The mill was charged with approximately 1900 grams of yttrium
stabilized zirconium oxide round beads of a uniform diameter. The 160 ml
agitated Mini-Cer mill included a ceramic chamber and a. ceramic agitator
and was made by Netzseh Inc. The mill was Oharged with approximately 500
grams of yttrium stabilized zirconium oxide beads of a uniform diameter of
'airiable size. The beads for these mills were provided by Norstonec. Inc,,
Wyncote, Pennsylvania, They are highly polished and originally produced by
TOS01I USA, Inc. 100991Particle surface area was analyzed using BET
multipaint analysis on a GEMINI. 2360 (Manufactured by Microrneritics(r)
Instrument Corporation Inc., Norcrossi Georuiro, unless mentioned
otherwise. watoalMicrographs of the particles were taken on an optical
microscope. Micrographs are of the crystallization shim,. at the end of
crystallization, unless otherwise Dowd_  WO 2007/106768PCT/US2007/063785
1001.01jThe particle size distribution of the dry .cake was analyzed using
laser light dithaction in aHELOS OASIS. (SYMPATEC (3bh.
(http://www.sympatec.com0) machine unless otherwise noted. The same machine
was also equipped with a slurry eel/ where a slurry of milled material or
the product slurry from a crystallization could be analyzed. Standard
techniques for analysis were used including the addition of lecithin to the
Isopar (lick carrier fluid and the application of sonication, EXAMPLES
[001021Example  [001.03jCompound A Cox H Inhibitor j001041This series of
semi-batch ci:vstallizations demonstrate the ability to create a 



high surface area micro-seed by media milling and the effects of varying
the amounts of micro-seed introduced during crystallization to produce
final products of variable surface area and particle size. The surface area
of the final product is comparable to jet milled material. Also illustrated
are experiments which show that the addition of supplemental additives to
the micro-seed after milling and prior to the crystallization process can
increase the surface area of the resultant product. The anti-solvent was
added to cause crystallization. 1001.051Jet milling of Compound A
1001061Compound A was Jet milled using a typical corm:Futon ranging between
1- /.9mm nozzles, 43-45 psig jet pressure, and 7000-21000 rpm for an
,t00AFG jet mill of tiosrikawa Micron, Inc. The resultant surface area of
the material was 2,5 Mks. t00107)Milling of Micro-seed for Examples IA-1E
j001081On Day 0, the disc mill containing 1. mm yttrium stabilized
zirconium oxide beads was flushed with 50 % n-heptane and 50% toluene and
the contents of the mill were displaced for disposal by air via a positive
displacement pump. To a vessel connected to the mill, 60 grams of Compotuid
A and 1066 grams of 50: 50 toluene:heptane by weight was Charged. The
mixture was agitated in the mill holding tank at a temperature of 25' C.
The mixture was then recycled through the mill at a rate of 900 tintmin for
60 minutes. During this time, the mill was on at a tip speed of 6.8 mls.
The tank slum was sampled at 20, 40,  and 60 minutes to confirm the milling
process by microscopy After 60 minutes the7vir,iv ry was packaged into
glass jars for use later in the crystallization. runs of Tablel and 2A,/at
or inicro-seed slurry was filtered 00 a sintered glass {linnet to determine
the concentration of the   tcro-seed not dissolved in solution by diving
the filter cake in a vacuum oven at 60 C. This value was reported for the
basis of seed charging. The surface area of the filter cake after diying
was measured by standard BET isotherm and found to be 3,4 in2/g.
100109jCtystallizations IA and 18 



[1101101A series of batch anti-solvent crystallizations were performed by
dis.solving Compound A in toluene and heptane at room temperature resulting
visually dear solution as outlined in Table 1. ('initi at' charges); 2)
adding a specified amount of micro-seed slurry from the milling step which
initiated the crystallization due to the presence of micro-seed and.
additional will-solvent added 'vith the micro-seed slurry; 3) adding
n-heptane in portions to afford wystallization using this waist:them. The
charges were made over a 4 to 12 hour time span waiting m least 30 minutes
between additions; and 4) filtering and washing the sultan slurry with
sparing amounts heptane (approximately 2-10 cake volumes) before drying at
6tr C to obtain a dry cake suitable for analysis of surface area
(post-processing). j001111The procedure and output is described in 'fable
I.  Table 1: Anti-solventstallization using micro-seed from a media mill
See Figure 10 which depicts the mieroaraph corresponding Exa tple I B. The
scale bar represents 10 urn. 1001121Crystallizations IC, ID, and 1E
1001131A second series of batches were conducted following the basic
procedure of 



Examples IA and I B where the anti-solvent was continuously added over 12
hours (Examples C]in Example 1D, the ionic surfactant lecithin oil (food
grade) was added to the micro-seed slurry from the media mill before
addition to the batch. in Example IF, the ncm-ionic surfactant Triton
X-1004() (Sigma Aldrich) was added to the micro-seed slurry from the media
mill befoie addition to the batch. The addition of the non-ionic Of ionic
surface active agents enhanced the resultant- surface area of the product
obtained from those crystallizations as set forth in Table 2.  Table 2:
Anti -solvent crystallization using micro-seed from a media mill and a slow
addition -- with or without surface active agents    1001141Example 2
1001151Compound A -Inhibitor 1001161This series of examples demonstrate
that physical slurry handling characteristics can be enhanced when
supplemental additives such as a non-ionic or an ionic surfactant are added
to the micro-se.ed wet-milling process. The supplemental additive was added
to the micro-seed slimy after milling for use in the crystallization
process resulting in a similar increase M product surface area as shown in
Example ID and IE above. In addition, samples of the slurry were taken at
15 and 60 minutes to demonstrate that the inilling time can. he changed as
needed to afford material after crystallization of different surface area
Again, the surface area is comparable to that of jet milled material, but k
produced directly M the process of the present invention. 1001171Milling of
Micro-seed for Exampk 14 and 28 



1001181On Day U. the disc mill containing 1 mm yttrium stabilized zirconium
oxide heads was flushed with 50% n-heptane and 50% toluene and the contents
of the mill were displaced for disposal by air from a positive displacement
pump. Sixty grams of Compound A and IOU grams of 50;30 toltieneMemane by
weight were charged to a vessel connected to the mill, A total of 10 grams
of Triton X-100 was also added. The mixture was agitated in the mill
holding tank at a temperature of 2111C and the mixture was then recycled
through the  milt at a. rate of 900 inUinin for 60 minutes. During this
time the mill was on at a tip speed of 6.8 mis. A small portion. of the
tank slurry was sampled at J5, 30 and 45 minutes to confirnn the milling
process tiy fthelOSCOpy. After 60 Mthlthes Or milling., the slimy was
packaged into glass jars for use later. A portion of ajar of nacro-seed
slaty was filtered on a 0.2 urn filter funnel to determine the
concentration of the micro-seed not dissolved in solution. The fiber cake
was washed with sparing amounts of the anti-solvent breplane and then dried
in a. vacuum oven at 60C, The concentration of the micro-seed slurry as
solids was 4.1 wt%. This concentration was approximately 30% higher than
the corresponding micro-seed 'slurry of Example I where anon-ionic
surfactant was not used during the milling process. This difference can be:
attributed to reduced physical losses in the milling system. The surface
area of the fiber cake alter thy ing was measured by standard BET isotherm
and found to be 3.9 m'/g. j0011.91Milling of Micro-seed for Examples 2C and
2D 1001201On Day 0, the disc mill containing 1 mm yttrium stabilized
zirconium oxide beads was flushed with a 50% n-heptane and 50% toluene and
the contents of the mill were displaced for disposal by air from a positive
displacement pump. Sixty grams of Compound A and 1074 grams of 50:50
toluenetheptane by :weight were charged to a vessel, connected to the mill.
A total of 125 grams of lecithin oil was also added. The mixture was
agitated in the mill holding tank at a temperature of 20C. The mixture was
then recycled through the mill at a rate of 900 mlimin for 60 minutes. 'Die
temperature of the outlet of the mill was 21T. During this time, the mill
was an at a tip speed of 6.8 ms. A small portion of the tank slurry was
sampled at 15, 30 and 45 minutes to confirm the milling process hy
microscopy. After 60 minutes of milling, the slurry was packaged into glass
jars for use later. A portion of ajar of micro-seed slurry was filtered on
a 0.2 urn filter funnel to determine the concentration of the micro-seed
not dissolved in solution. The filter cake was washed With sparing amounts
of the anu-solvent heptane and then dried in a. vacuum oven at 605C. The
concentration of the micro-seed slurry as solids was 4.8 wt%. This
concentration was approximately 50% higher than the corresponding
micro-seed slurry of Example I where an ionic surfactant was  not used
during the milling process. This difference can be attributed to reduced
physical losses in the milling system, The surface area of the filler cake,
after drying was measured by standard BET isotherm and found to be 5.3
m2/g.. 1001211Crystallizations 2A, 211, 2C, and 20 1001221A series of batch
anti-solvent crystallizations were perfenned by 1001231)dissolving Compound
A in toluene and tieptane 'Vhich resulted in a visually clear solution
("initial" charges in Table 3); 



2) adding a specified amount of micro-seed slum' as. shown in Table 3 after
adding more non-ionic or ionic surfactant to the micro-seed:. 3) adding
ii-heptane at a continuous rate to afford en:staflinrtion 4) filtering and
washing the resultant slum with 2 to 10 cake volumes of heptano before
drying at 60'C to obtain a dry cake for analysis of surface area
(post-processing):, The procedure and output is described in Table 3:
Exampie # ID time to crystaltation milling time of seed sIurry INItlal
product ,solithi Initial toluene Initial n-heptane wt% as solids 9 slurry g
solution with seed g solutton with seed wt34 solids to product
cystellization temperature time for andsokredt amount of antisolvont m2/9
[00124]Example 3 1001251Compound B = Cox H Inhibitor 



[00126]This series of examples demonstrate the ability to replace pin
milling for a compound known to exhibit "moltback". The form of the crystal
is controlled throughout the process even though four other possible
crystalline forms of Compound B are known. 'The crystallizations were
performed at elevated temperature. This example demonstrates that the
surface area can be controlled by the addition of different levels of
micro-seed.  WO 2007/106768PCT/US2007/063785 [001.271Pin milling of
Compound B 1001.281Compound B was Pin milled lot pharmace heal use using
typical conditions far an Alpine(r) UPZ160 miii (Ilosakawa) and with a high
process nitrogen flow. This compound is difficult to mill due to the low
melting point of the compound. Cold nitrogen at tre. and 40 SCFM (standard
cubic feet per minute) was applied as a pin rinse of the mill during
processing to keep the processing temperature below the melting point of
the compound. Milling was not possible without this extra step. The
resultant surface area of the material was 0.0 m2/g, {001.291Mining of
Micro-seed for Example 34 and 38 100.1301On Day 0, the disc mill containing
1 mm yttrium stabilized zirconium oxide beads was flushed with 50%
a-heptane and 50% toluene and die contents of the mill were displaced for
disposal by air from a positive displacement pump. Sixty grams of Compound
B and 1066 grams of 50150 toluene.heptane by weight were charged to a
vessel connected to the mill. The mixture was agitated in the mill holding
tank at a temperature of 25C and the mixture waS then recycled through the
.mill at a rate of 900 rullmin for 60 minutes. During this time the mill
was on at a tip speed of 6.8 mts. The temperature of the mill outlet was
25"C. A small portion of the tank slurry was sampled at 13, 30 and 45
.minutes to confirm the milling process by microscopy. After 60 minutes of
milling in total the slurry was packaged into glass jars for use later From
one jar of micro-seed slurry, ].22.8 g was filtered on a filter funnel and
the filter cake was washed with sparing amounts of the anti-solvent
heptane. A total of 9.7 grams of wet cake was collected. This was then
dried in a vacuum oven at 60"C. The surface area of the filter cake after
drying was measured by standard BET isotherm and found to be 5.7 in2/g.
j4)013111Crystallizations 3% and 38 j001.321A series of batch anti-solvent
dystalliztaions were performed by 1001.33j1)dissolving Compound B in
toluene and heptane at 50"C in an 50 ml agitated veseI which resultd1 in a
visually dear sotution, denoted as the "initial" charges in Table 4; 



adding a specified amount of micro-seed shiny from the milling step which
initiated the crystallization due to the presence of micro-seed and
additional anti-solyent added with the micro-seed slum-, 3) adding
ntheptane at a continuous rate to afford ciystaltization; 4) filteting the
resultant slurry at room temperature, and washing with 2 to 10 cake volumes
of bertane before drying at 60C to obtain a dry cake for analysis of
surface area. The procedure and output: is described in Table 4: Example #
time to onistalfp.zaldon miiling time at seed shiny fnitial produa Illids
fnitial toluene nitial n-heptane seed norniria,.d?ed level crystallization
temperature time for entisolvent ama II nt of antisolvent Surface area of
thy product 1001.34-1Figure 11 is a micrograph of the micro-milling shirty
of Example 38 atier 0.5 minutes of recycle milling. Figure 12 is a
micrograph of the micro-milling slurry of Example 311 after t 5 minutes of
recycle milling, Figure 13 is a micrograph of the micro-milling slurry of
Example 313 after 60 minutes of recycle milling. Figure 14 depicts the
micrograph corresponding to the -final product after crystallization of
Example 313. The scale bar represents 10 tun. 



1001351Example 4 i001361Compound C 13K1 antagonist 1001371This series of
examples demonstrates that multiple pharmaceutical classes can be
accommodated using the methods of the present invention. it also
demonstrates that the surface area of the final product. can be controlled
by using different size micro-seed. The micro-seed size can be altered
using different amounts of milling time. The seed panicles generated by the
milling step in this example are above I urn in size. Compound C has a low
melting point and the NEW process is usetill to avoid "meltback' during dry
ninthly_ Cold nitrogen must. be applied as a pin rinse of the pin mill to
enable milling significant quantity of mated j001381Milling of Micro-seed
for Example 4A and 48 100139.1On Day 0, the disc mill containing 1 mm
yttrium stabilized zirconium oxide beads was flushed with 30% ntheptane and
50% toluene by weight and the contents lithe mill were displaced for
disposal by air lion a positive displacement pump. Sixty grams of Compound
C and 1066 grams of 50:50 toluene:heptane by weight were charged to a
vessel connected to the mill. The mixture was agitated in the mill holding
tank at a temperature of 19'C and the mixture was then recycled through the
mill at a rate of 900 nil/min for 60 minutes. During this. time the mill
was on at a tip speed of 6.8 Enis The temperature of the mill outlet was
20*C. A small portion of the tank slurry was sampled at 0, 15, 30 and 43
minutes to confirm the milling process by microscopy. After 60 minutes of
milling in total, the slurry was packaged into glass jars for use later.
The slurry samples were analyzed on the SYMPATECigi light diffraction wet
cell analyzer USing lecithin and 120 seconds of sonication in ISOPAR G.
Figures 24 and. 25 demonstrate the particle size distribution of the
micro-seed. For the micro-seed milled 1.5 minutes, the mean particle size
by volume is 3.9 urn and 93% of the particles by volume are less than 9,8
um. For the micro-seed milled 60 minutes, the mean particle site by volume
is 2.33 um and 95% of the particles by volume are less than 5.2 urn
indicating a sharper particle size distribution using micro-seed milled
longer. A portion of the micro-seed slurry from 15 minutes and 60 minutes
of milling was filtered and washed with hepiane and dried at 60 C as in the
previous examples. After dryine the surface area of the idler cakes was
measured by standard BET isotherm and found to be 4.6 m2ig for 15 minutes
of milling and 6,6 nitajg for 60 minutes of milling. This data demonsirates
that micro-seed size and surface area can he controlled by process
parameters. Crystallizations 4A and 48 1001.4IlTwo batch anti-solvent
crystafluzations were performed 'by  [001.42J1)dissolving Compound C in
tuluene md heptane at 43DC in a 75 ml -vessel agitated by overhead stirrer
which resulted in a visually clear solution (the nitiar charges); 2) the
slum: was cooled to 40C to generate a supersaturated solution without
solids forming as verified visually by in-situ light haekscatlering; 



3) addina a. specified amount of micro-seed slurry from the mill ina step;
4) adding ri-heptane at a continuous rate To afford crystalli Killen, and
5) filtering the resultant slurry at room temperature, and washing with 2
to 10 cake volumes of heptane before drying at 60'C to obtain a dry cake
for analysis of surface area  The procedure and output is described n Table
5:    Surface area of dry ,produc Figure 15 depicts the micrograph of th
5nS. product of Exainple 413. 1001431Example 5 1001441Compound U
bispbosphonabe 1001451This example demonstrates that particle sizes
obtained by conventional clysiallization followed by pia milling of a dry
cake can be replicated by the MIVIC process. This example also demonstrates
a. temperatme cooldown crystallization and another drug class. Different
sized media beads were used and the process was aqueous based. 



1001461Conventional Approach 1001471Compound 0 was dissolved in water at
100Wi M 60C. The compound was cooled to Mt and distilled to 200 g/1
simulumeously to provide a crystallized product. The material was filtered"
dried and pin milled using typical pin milling conditions. The pia    ing
of this product is especiaily difficult A functional mill was only
maintained when the mill was shut down and the pins cleaned alder each 40
kg of material processed. This process yielded a 5-40 tim product as
analyzed visually by micrograph.  WO 2007/106768PCT/US2007/063785
{001481Milling of Micro-seed for Example 5 {001491On Day 0, the disc mill
was charged with 1890 g of 1.5 mm yttrium stabilized zirconium oxide beads
and flushed with deionized water, The contents of the mill were displaced
for disposal by air from a positive displacement pump. Thirty-four grams of
Compound D and 207 grains of deionized water by water weight were charged
to a vessel connected to the mill. The mixture was agitated in the mill
holding tank while being recycled through the mill at a rate of 630 mIlmin
for 10 minutes. During this time the mill was on at a tip speed of 6.8 mis.
The mill outlet temperature was 20"C. A small portion of the tank shiny was
sampled at 0 and 5 minutes to confirm the milling process by microscopy..
After 10 minutes of milling, the slurry was packaged into glass jars for
use later A micrograph of the micro-seed indicated a size larger with 1.5
ram beads than runs with 1.0 nun beads. 1001501Crystallizations 5 {00151)On
Day 0: a temperature cooldown crystallization was performed by dissoiving
/4,0 2 Compound D in 95 g water in an 75 nit vessel agitated by overhead
stirrer which resulted M a visually clear solution.. The temperature of the
jacket enclosing the vessel was held at 66C fin this dissolution. The
slurry was cooled by placing 64C on the jacket to generate a supersaturated
solution without solids forming. Supersaturation was verified visually and
by imsitu light backscaftering. A total of 4.0 grams of slurry mieso-seed
from the milling step WAS added and the jacket temperature was changed to
6I"C. The ja.cket was then cooled from 61 to 48"C over 4 hours and from 48
to 20QC over 7 hours. A micrograph of the micro-seed slurry was analyzed
for visual particle size analysis. The mean length was 17 urn and the mean
width was 8 urn. This size mimics that needed for the pharmaceutical
application. Figure / 6 is a micrograph of the final product of Exaraple 5.
WO 2007/106768PCT/US2007/063785 



1001521E SAM pie 6 100153jCompound F =serotonin antagonist 1001541This
series of exatrtples demonstrate that the MAK: process can meet the
hioavailability of the product produced by a AFG jet mill as measured by
canine Wood plasma levels. This series of examples further demonstrates the
utility of a supplemental energy device placed in the crystalization vessel
(in this case a sonicator) to promote a product with smaller particle size
(higher surface area). Example 6 demonstrates that smaller heads in the
milling process lead to htufter surface area micro-seed and higher surface
area of the product when the same charue of micro-seed was employed. This
example demonstrates that the use of higher tevel of seed, here 20%, can.
enhance the surface area of the product. The example is a semi-continuous
process with mixed aqueous organic solvents. Compound F is known to have
several polymorphs and the process m accordance with the preent invention
produced the desired polymorph. This demonstrates the feasibility of the
MMC process for pharmaceutical processing. 1001551AFG Milling
100156.1Material was 100ARE milled with [mm noziles, 50 patg jet pressure.
9000- 80(1(1 rpm and the surface area. was 0.6 1001571Milling of Micro-seed
41 for Example 6 1001581On Day 0, the disc mill containing 1890 grains
01'1.5 mm yttrium stabilized zirconium oxide heads was flushed with. 60%
isopropanol (EPA) and 40% deionized water by rolume. The con tents of the
mill were displaced for disposal by ad from a. posit' ve displacement pump,
To a vessel connected to the mill, were charged 18.5 grams of Compound F
and 220 grams of 60/40 IPA/Water The mixture wits agitated in Ow mill
holding tank while being recycled through the mill at a rate of 600 to 900
nil/min for 15 minutes. During this. time the mill was on at a tip speed of
6.8 ITV'S and the mill outlet temperature was below 30C. A small portion
oldie tank slurry was sampled at (1.5. and 10 minutes to confirm the
.milling process by microscopy. After 15 minutes of milling, the stuffy was
packaged into glass jars for use later, WO 2007/106768PCT/US2007/063785
[001.59jMilling of Micro-seed 42 for Example 6 f001.601The procedure of
Milling 41 above was duplicated except 1894 grams cilLo mm st.trnnn
stabilized zirconi UM oxide beads were used as media. 



j001611Semi-continuous Crystallization 1001621Semi-continuous
crystallization was accomplished by the simultaneous addition of the
micro-seed slurry concentrate and the antisolvent for the specified charge
time. The solvent ratio was maintained. during the addition of the
concentrate. The charges Nvere made through a 22 gauge needle below the
liquid-gas surface near the agitator on. opposite sides of the ves.sel. The
75 ml vessel employed art overhead stirrer for agitation and an 8 min
sonication probe placed below the liquid-gas surface. Where noted in Table
7, the sonication probe was on during the crystallization at a power of
approximately 10 wails. For the runs using Media milled seed #2, additional
water was added al the end of the hatch concentrate addition at the same
rate when charged with concentrate to change the solvent ratio from 4:3 to
1:21PA,water. This vas done to improve yield approximately 5% by lowering
the mother liquor losses and did not impact the particle size
significantly. Post processing comprised filtration of the slurries at room
temperature via vacuum and drying with air or drying in a vacuum oven at
40C. 100163)The yield of Example 6C of Table 7 was quantified to be 85%.
This run was shown by X-Ray diffraction to yield the desired hem-hydrate
form.  Run Summary Table 7: seed % chargeconstant hrsonicahon rats) lPAthl
20 (7764 loss) 



SA My (um) 35% <urn) Media mtheng 31 {1.5 men heads)  4:3 2$ 4. t 10.2 6A10
6 POrle 41 IS 



12.1 6810 3 yes 4.3 22 7.7 174 Moths realms run #2 1.0 rnm beads)  4:3 3 5 



3 7.6 6C10 3 yes 9 '2 2S 8 ,S 18 CD20 3 yes 3:2 2.6 



6 10.3  1001641Post Farmidation and Use The solid product of Example 6C.
and the AFG milling sample were formulated in a side by side study into
direct Idled capsules using conventional pharmaceutical ingredients. The
area under the Curve RUC in 24 hours) rot Dogs of IVITYTE Example 6C was
compared versus AEG milled material indicating equivalent b o performance
was obtained. The results are provided in Figure 26. 1001.651Example 7
1001661Compound G UP IV inhibitor 1001671This example demonstrates that
large particles (> 50 um) can be made consistently by the NEvIC. process of
the present invention. 11w particle sin can be tailored using different
seed loads. 1001681Media Milling 1001691On Day Or the MTh media. mdl was
flushed with 80120 IPA/water and pumped dry. A slurry or Compound 0 al 100
mg/g in 80/20 IPA/winter by weight was fed through the Mill in -recycle
mode at a rate of 300 miskran for 12(} MthltfieS, The resulting :particle
size of the micro-seed had a mean size of 4.7 um as measured by light
diffraction.  WO 2007/106768PCT/US2007/063785 



1001701Crystallization 100171jA series of oystallizations were made using
the media milled. micro-seed of Example 7. In these crystallization's, the
seed amount was varied. A hatch olCompound at 220 mgig in 70/30 by weight
IPA/Water was heated to over 70C. to dissolve the solids. A visually Clear
solution was obtained. The batch was cooled to 65 to 67C. to create
supersaturaiion. The batch was seeded with the level of tnicro-seed as
indicated in Table 8 (grams of dry product added to the seed slurry versus
that in the batch). The hatch was aged 3 hours and cooled to room
temperature over 5 hours. Isopropyl alcohol anti-solvent was charged over a
period of 15 to 30 minutes to reach 80/20 IPA/water by weight The batch was
aged 1 hour and vacuum filtered and vacuum dried in an oven at 45C, The
particle size was analyzed via a Microtrac particles size light diffraction
using 3(1 second sonication at approximately 30 watts in the wet state. The
following results were obtained.  Table 8:  ! Run Number 7A   Day 13  10
Seed load (%).. 0,5 0.5 



[00172jExample 8: [001731Compound II = bisphosphonate 1001741The example
demonstrates scale up of the M1M(l process and the utility of a recycle
loop to enhance the mixing characteristics of a vessel upon scale up,. This
example further demonstrates that a higher intensity energy device placed
in the recycle loop there a static mixer) can enhance the suffaci area
achieved tbr the final product 'This series of examples demonstrates a
profile comparable to pin milled product  WO 2007/106768PCT/US2007/063785
1001751Pin milling j001 76jCompound D was ctystallized. The product was
pin-milled and the resulting. particle size was measure by light
diffraction as 18.7 um with 95% less than 50 um, 'The surface area was 0.53
m21g, 100171Milling of Micro-seed for Example 1001781A series of media
milling runs were made to supply micro-seed for the crystallization. On Day
0, the disc mill was charged with 1.5 mm yttrium stabilized zirconium oxide
beads and then flushed with deionizect water. The contents of the mill were
displaced tor disposal by air from a positive displacement pump. Slurries
at the equivalent of 100 grams per 1 liter &ionized water concentration
were charged to a vessel connected to the mill. The mixture was agitated in
the mill holding tank while being recycled through the mill at a rate of
900During this time the mill was on at a tip speed of 6.8. nits and the
mill outlet temperature was 25C. After milling,. the slurry was packaged
into glass Jars for later use. 



1001791Crystallizations 8 1001801A series of temperature cooldown
crystallizations were performed by dissolving 250 grams of Compound D in
2500 g deionized water in an agitated vessel using an overhead stirrer. The
temperature of the jacket enclosing the vessel was increased and the hatch
temperature was raised to 60- 62C to dissolve the batch to a visually clew'
solution. The slurry was cooled to 52C to generate a.supersaturated
solution without. solids forming as verified visually. A total of 115
milliliters of micro-seed slimy was added to the vessel, via. the top of
the reactor and aged at 52 to 53C for 30 minutes. The batch was cooled to
5C. aged tbr at least 1 hour and then filtered cold using a vacuum filler
and vacuum dried at 45C. j001.811Based on the concentration of product in
the mother liquor at the final solvent composition, a yield of at least 80%
is expected for this set of examples. The particle surface area was
analyzed by BET isotherm and light diffraction. The particles or run 8A
were highly agglomerated and exceeded the capability of the light
diffraction machine to measure. Addition of a. recycle loop as depicted in
Figure 4 enhanced the 'surface area of the product. Addition la static 'I:
h is a higher energy device in. the recycle loop lead to higher surface
area comparable to that produced by pin nailing the thy product. Table 9:
1001821The results of Example: SA demonstrated that the equipment chosen to
scale up the MMC process can alter the product results. Adding a recycle
loop to a vessel to aid in mixing is an embodiment of the present
invention, Furthermore, Example 8C demonstrates that adding a supplemental
energy device can provide a higher energy in the recycle hop thereby
yielding a product of enhanced surface area, The surface area of Example SC
matches that produced by pin milling The crystallizations produced without
a recycle loop or supplemental energy device lead to visually agglomerated
tnaterial of relatively lower surface area and larger particle size as
shown in Figures 17 artd 18. 1001831Example 9: 



[001841Compound E lipid-lowering compound 1001851This example d monstrates
semi-continuous crystallization with atmsoftenls whore multiple charge
times for antisobron I ind concentrate can he accommodated. Sonication is
shown useful to enhance: surface area of the product. Here, smaller beads
of 0 S   mm were used to demonsi a e. that a range of bead.s sizes can be
utilized in accordance w th the process of the present invention.
1001861Conventional Drymilling Approach 1001871Compound E was jet milled.
The resultant surface area specification was 1.4 to 2.9 nfor die product
100188)Milling of Micro-seed for Example 9 [00189]On Day 0, the disc mill
was charged with 0.8 mm yttrium stabilized. zirconium   ide beads in
thestate. To a vessel connected to the mill was charged 1000 ml o160/40
Me011iwater and then 60 grams of Compound E and then 0.2 grams of butylated
hvdroxy anisole (BilAl as a supplemental additive for performance of the
product The mixture was agitated in the mill holding tank whik being
recycled through the mill at a rare of 900 inlimin for 30 minutes, Dining
this time the mill was on at a tip speed of 6.Sin/sand  the mill outlet
temperature win 21C. A small portion of the tank slurry was 'sampled at 0
and 30 minutes to confirm the milling process by microscopy, AFter 30
minutes or milling in total, the slimy was packaged into glass jars for
later use. The mean micro-seed size was determined to be about 2 urn.
1001901flystallizations 9A, 98, 91', 90 



100191)Semicrontinuous anti-solvent crystallizations were performed by:
1001921i)creating concentrate by dissolving 60 g of Compound E int liter of
methanol. A total of 0,2 grains of l:ititylated hydroxy anisole was added
to this stream in order to prevent oxidation oldie product; 2) creating
micro-seed bed by charging 5 nit of micro-seed slurry from mithug and
adding 5 ml of 60140 Methanol water by volume The charges were made to a 00
ml tigitated vessel at (00 RPM with a 22 mm diameter blade: 3)
simultaneously charging the 56 milliliters of concentrate and 36
milliliters of deioni.zed water anti-solvem were chard to the vessel via
separate syrimze pumps; 4) aging the batch for 1 hour at room temperature.
Sonication at approximately 10 watts of power was applied directly into the
crystallizer during the concentrate additions and 1 hour age period using a
8 mm probe (D630 manufactured by Telesonics); 5) filtering the resultant
slurry at room temperature before vacuum drying at: 45C to obtain a dry
cake for analysis of surface area. The particle size was measured by dry
solids light diffraction, 1001931Based on. the concentration. of product in
the mother liquors th the final solvent: composition, a yield of at least
80% is expected for Ibis set ore:samples. The runs were made using
identical reactor systems. The procedure and output is described in Table
10:  Example # GAS6  



90 Day I 1 2 2 Addttken tilt* of ca,ncontrate 3 3 10 10 Sonication during
addition 1.'1'. 



no yes no nominal seed revef 10 in to In oystallrzatron temperature 20 20
20 20 Surface area of dry product 



2.6 2 1   Mean Frartiole Size 8 4 11.8 7 10.1   Micrographs of The product
of Example 9A and 98 are shown in Figures 19 and 20, respectively'. '1'lle
products are similar except for the length of the individual crystals.
Figure 19 can be compared to Figure 21 where the process was scaled up
using, loss sonication power and a longer addition time to limit any
nucleation. 1001941Example HI [001951Compound E = lipid-lowering compound 



1001961This example demonstrated that the process of the present invention
was amenable for scale up to a commercial production volume level for
specialty chemicals, Here a scale of 15 kg of product is produced in one
batch using, a semi-continuous hatch method. A larger scale emulation of
the recycle loop is described which produced a successful scale up The
recycle rate corresponded to 18 minute hatch turnover timo, practical rate
for a large scale manufacturing process. `the sonication power density was
approximately, 0 7 Wikg of batch, a practical level for a large scale
manufacturing process.  The crystallization product was post processed
using conventional manufacturing equipment As with many pharmaceuticals,
the product was oxygen sensitive and all streams were degassed using either
nitrogen flow or VKLIUM application. The supplemental additive, buryfated
hydroxyanisole (BHA), was used as a product stabilizer. 1001971Milling of
micro-seed for Example 10 1001981A total of 1.49 kg of Compound E unmilled
pure, 9,3 kg of deioniied water, 14 kg of methanol and 8.14 g of .B14A were
charged to a jacketed 30 liter glass vessel equipped with an agitator to
blend the vessel contents. The shiny was charged with nitrogen to degas the
solution and a nitrogen sweep was used throughout the milling process to
keep the system inert. A large quantity of solids was charged and the
material demonstrated clumping during \vetting. hi order to &clump the
material, a 3/8" ID recycle line was connected to the vessel which
contained a rotor :stator mill (IKAV Works T-50 with coarse teeth). The
batch was recycled through the wet mill for 30 minutes to break up the
large chunks of solid. The FICA Works mill was used as the pump to recycle
the batch volume at least twice during this step. The recycling step did
not reduce the particle size of the product significantly. 1001991To mill
the band] to micro-see& a second recycle line was constructed as in Figure
L The pump was a peristaltic Masterflex and the mill was a Netasch media
mill model number "Minicer". The mill was charged with 135 ml of 1 mm
yttrium stabilized zirconium oxide beads (approximately 500 grams). The
batch slurry as then recycled through the Minicer mill at a rate of 300
mlimin rate using the Masterflext -volumetric pump. The Mill was run at
2202 rpm, corresponding to a 6.8 ints up speed. The mill and the batch
vessel, were cooled by glycol baths to maintain the batch shirty
temperature below 25't throughout the milling process. The hatch slurry was
milled for a total of 41 hours. The milled slurry was aged. overnight at
room temperature, then. discharged though the media mill into a poly- drum
for use within the next 3 hours. The milled slurry was the micro-seed
stream A portion of -the slimy was filtered on a O. 2 um filter and
analy.z.ed after drying in a vacuum oven at 40C. At the time of thscharge
of the slurry, the surface area of the milled  sol ds was 4.05 m2irg with a
volume mean particle size of 2. m and 95% of the particles less than 4.8uu
by volume, A Helos analyzer was used. 1002001Crystallization for Example 10
1002011Reovle loop saw The larger scale eqLpmern is similar to the set up
of Figure 3 except that an inline laser backscattering probe was used to
measure the chord ength of the partictes in the slurry in real time and the
seed was charged before the first mixing device. The recycle loop from the
bottom of the 1(X0 gallon stirred. tank consisted of: 10020211)a diaphram
pump; 



2) a focused beam reflectance measurement probe for chord length
monitoring: 3) valve port for sampling and charging seed slum/ as needed;
4) a rapid mixing device connected to a pump for deionized water amisolvent
addition from a drum:  5) an energy device consisting of a radial sonicator
horn of 2" dituneter and 22" long in a 2 liter now through cell, The
sonicator was manufactured by Telesonics and was powered by a generator of
.2000W,  6) a rapid mixing device connected to a pump for batch concentrate
addition from a drum;  7) a mass meter to measure the recycle rate of
slurry; pipe returning to the main crystallizer which was 13/1.6" internal
diameter; 1002031Antisolvent stream: To a vessel previously cleaned and
flushed with deionized water, .a total 01 250 kg of deionized water was
charged. The deionized. water was degassed. using several vacuum and
nitrogen pressure purges. The water was drummed in 50 gallon drums and kept
closed till use. This stream was the antisolvent stream. 1002041Hatch
stream: To a vessel flushed with methanol, a total of 14 kg of Compound E
active pharmaceutical ingredient (APO, 144 kg of methanol (previously
degassed), and 80 BHA inhibitor was charged, Compound E concentrate was
drummed into 50 gallon drums and kept closed until use. This was the batch
stream, [002.05iCro seed slurry make tq): A total of 36 kg of previously
mule up 60140 yd./vol. inethanollwater solution was charged to a 100 gallon
crystallizer. The solution was recycled ta approximately 25 kg/iran using
the recycle loop. The sonicator radial probe was set at 350 Vs" power, and
the Lasentect FBRM probe was wined on for information. The micro-seed
slurry described in this example above was charged to the recycle loop via
the 3/8" seed charge port Tee and the seed bed was recycled for 1 S minutes
with sonication. at 20 to 25C. This was the micro-seed for the batch.
061Cryythitization eithrgey, The vessel agitator was 22" in diameter and
was spinning at $ mils for the crystallization. A total 129 kg of delonized
water was charged to the micro-seed, along with 168 kg of Compound E in
methanol batch concentrate, over 10 hrs time simultaneously at a constant
charge rate. Throughout the crystallization the batch was kept at 20 to 25C
while continuous sonication at 350 W was applied. Samples were taken after
1., 3, 6 and 10 hr addition to confirm the crystallization progress. After
simultaneous addition was completed. 84 kg of &ionized water was charged al
a constant charge rate over two hours with sonication at 20 to 25*C. The
addition of extra water antisolvern was made to increase the yield by
lowering the solubility for the product The charges were made slowly to
promote growth of the crystals versus nucleation. 



1002071After the deionized water charge, the batch was aged with sonication
at 20 to 25C for 1 hour to ensure complete growth of the clystals. A
picture of the crystal slum was collected using an optical microscope as
indicated in Figure 21. Figure 21 demonstrates that the particles were
monothspersed with no small particles due to uncontrolled nucleation
present The recycle .loop was turned off and the batch was aged at 20 to
25ct overnight Post processing by filtration and drying of the batch
followed. 1002081Post processing for Example ill iti02.091nitration and
dkcing: After an overnight age in the vessel, the batch was filtered at
room temperature, A total of 385 kg of mother liquors with a Compound E
concentration of less than 1 ingig were collected. A mat of 20 kg of
previously made up 50150 \Iv methanol/water was charged to the crystallizer
via a sprayball in order to wash the  wails of the vesseH into the batch
filter and wash the product in the filter. A iota/ of 40 .kg of wash and
10S. dual mother liquors was collected. After filtration and appliCati.031
of nitrogen pressure to the cake for at least an hour, afi the wet cake was
removed .from the filter, placed onto trays, and dried in a large tray
dryer under vacuum at 40C for 48 hoigs. At this point the residual water
and methanol on the cake was only 0.5 wt%. A total of 14.5 kg of dry cake
was removed from thetray dryer indicating that a high yield of 93..5% was
obtained, especially when physical tosses are considered. The volume mean
particle size was 8K pm Yvi th 95% of the :particles less than. 2.0.3 inn
by volume. The surface area was 1.7 ni measured. by BET nitrogen
adsorption. These results were comparable to the laboratory material of
Example [0 demonstrating scale up of the process. 1002101Figure 21 can be
compared to Figure 19. The crystals were of' similar size and shape. liere
the sonication power per unit volume was reduced from 100 w per liter in
the laboratory to <1 Watts per liter yet the performance was acceptable.
Thus demonstrating that practical levels of sonication power can be used at
all scales successfully. [00211]Example 11 j002121Compound B =
hisphosphonate {00213]This example demonstrates scale up of a cooldown
batch raystallization. It also demonstrates that for scale up, amlomeration
of the clystals -.Elroy be prevented by using a recycle loop with a
turbulent flow rate (mean linear velocity' of 1 mis) and double tee energy
device to help disperse the micro-seed and product during cotstallization.
This example further demonstrates that it is possible to prevent
agglomerates from forming without sonication, 



1002141Milling of micro-seed for Example 11 j002151The procedure was
similar to that of Example 10 except a DYNO1R-Mill Type KOLA media mill was
used with a different product feed stream. The DYNO4)-Mill was charged with
495 inl I. mm yttrium stabilized zirconium oxide beads, and deionized water
was recycled through the mill to wet the beads. The excess water was then
discarded. A-total of 1.0 kg of Compound 0 was charged to [0 liters of
deionized water in the 30 liter vessel.  WO 2007/106768PCT/US2007/063785
This charge corresponded to 3wt% out of solution- the main batch after
accounting for the partial dissolution in the water, 'The slurry was
recycled though the rotor/stator mill for 15 minutes and then aged
overnight, The shiny was then recycled through the media mill via the
Mastertlex pump at a rate of 0.9 Umin. The mill tip speed was set at 6.8
nals. The milling was conducted for 5 hours. The slurry was discharged from
the mill into a drum. A sample ofslurry was filtered on a 0.2 um filter and
washed with acetone (less than about 0,1 solubility) to facilitate drying
of the sample. The sample was dried in a vacuum oven and analyzed. The
volume moan particle, size was 3.19 um with 95% of the particles less than
7,8 um, The profile was uimodid. The surface area was 1.7 rul/g by nitrogen
adsorption, 1002.161Crystallization for Example 11 1002171Mechanical soup
The same equipment setup for e ciystallizer was used as for Example 10
above. The energy device consisted of a "Double Tee" as depicted in Figure
5. The lines are made of ID steel pipe with sharp right angle turns. The
streams impinge at the outlet, 1 ]Hatch CliTirollizaritim A total of 22 kg
of Compound D was charged to fliers  of deionized water and dissolved at
60C. The dissolved solution in the 100 gallon tank was agitated, maintained
at 60C. and recycled around the recycle loop at a flow rate of 29 kg/win.
The batch was cooled to 51 to 52C to create supersaturation for the seed
charge. The mean linear velocity (volumetric flow rate cross sectional
area) in the recycle line was 1.4 to 1.7 inis for the majority of the line,
and the turnover time of the batch was 9 minutes. In this example,. the
recycle line contained a double tee as the energy device along with a
turbidem recycle loop. The vessel was agitated with a at 4 itils tip speed.



100219]'The micrmsee,d. slurry was charged to the recycle loop via. a
diaphragm pump and 3/8- seed charge port at a constant rate over 4 minutes,
The charge was made directly into the recycle loop to facilitate dispersion
of the seed slurry. The batch was cooled by the seed charm to 50 to 52C,
the batch was aged at this temperature for 30 minutes, and then cooled to
.1 to 3C over .10 hours via controlled linear cooldowm An optical
micrograph of the slurry was taken as shown in Figure 21 As demonstrated in
Figure 22, the particles were monodispersed with no small particles due to
uncontrolled nucleation. present 1002201Post processing of Example .11
1002211Filtration and drying: After cooldown the batch was aged at I to 3C
overnight, then filtered in a preceded (Ito  3'C) agitated filter drier
(Cerfeim 0.25 in2) set with a poly filter cloth (K.AVONTm brand 909 weave
a:vadat* from Shaffer, Inc.). The wet cake was washed with three
consecutive 65 kg acetone slurry washes (consisting of the solvent charge,
agitation of the contents for several. :minutes, and then filtration).
These washes were utilized to remove the residual mother liquors of a
product concentration high enough to lead to agglomeration of the solids
during drying. The acetone washed solids were dried in the same filter
under full vacuum with 2PC thud ea the filter jacket and packaged.
Micrographs indicated that there was no agglomeration of the cake, and the
thy cake mean volume particle size was 20.6 ttm. 95% of the particles were
less than 41 mm by volume using the Halos dry particle analyzer. The
surface area was 0.40 in2lig by BET nitrogen adsorption. These results are
comparable to the lab scale experiments of Example SB and C. This is in
contrast to the results of Example 8A where insufficient particle,
dispersion was. utilized during the cn,stailization. 100222IExample 12
1002231Compound D = bisphosphonate 1002241This example demonstrates
flexibility in selection of operating conditions and choice of energy
device for MMC on a given product. h is also the -third example of
production scale operations. This example used the same mechanical setup
and procedure as Example II, but was stressed by shortening the cooldown
time from 10 hr to 3 hrs, and by increasing the turnover time from 9
minutes to 18 minutes. These actions result in more potential for
nucleation and less frequent exposure to the recycle loop and energy device
to break any agglomerates formed in the crystallizer into dispersed
parades. The faster solids deposition rate and sl ONVe I recycle rate
through the energy device were offset by replacing the double tee with a
higher intensity enemy device,. a Telsonic radial probe 12" long and 2"
wide operated at an output of 800 W power in a. 1 L Bow through cell. The
seed load was also increased to lOwt% to obtain, a significantly smaller
product than Example 1002251Seedg,waaiion: The procedure followed Mat of
.Example Ii for the product and mill preparation. Here 3.48 kg of Compound
D pure and 33 kg dei.onized water was charge to the to 30 L vessel and
recycled around DYNCW-Mill Type .KDLA at 0.45-0,9 Limin flow rate for 16
hours, The resultant particle size of the product was a. mean volume of 2.8
pan and 95% of the particles less than 6.4 urn. The surface area was 2.0
m'ig. [00226]Botch (7 ryslall bolion: The procedure matched that of Example
11 except that 



the 2.2 kg of Compound D dissolved in water in the 100 gallon tank was
recycled, around the recycle loop at a flow rate near [5 kithnin throughout
the batch. The batch was cooled to approximately 53 -54C to create
isupersaturation for the seed charge. MO2271The micro-seed slurry was
charged to the recycle loop via a diaphragm pump and IV seed charge port at
a constant rate over 8 minutes. The charge was made directly into the
recycle loop to facilitate dispersion of the seed slaty The batch was
cooled by the seed charge to about 50-52*C, the batch was aged. at this
temperature for 30 minutes, and then cooled to approximately 1-3C. over 3
hours via controlled linear cooldown. An optical micrograph of the slurry
was taken as in Figure 23. Figure 23 demonstrates thir the particles were
.monodispersed with no small particles due to uncontrolled nucleation
present. The material was post processed by filtration, washed and dried as
in Example 11. The crystallization conditions and results are shown below:
Example 12 Example Batch Volume Agitator Tip speed (m/s)  Seed (%)
Seedchargetime CooldownTime (hr)  Turnover Time (min) 260L 4 10 8 3 



18 240 L 4 10 9 Diem- Device Acetone washed Sonicator (800 W) 3 x slurry
Double Tee 3 x slum' my (urn) 11.6 20.61  



95% < (tan) Surface area  23.8 40.34  0.4019 No    0,5686   Armirjornerared
No 



[00228The present application claims priority benefit of U.S. Provisional
Patenl Application Seriai No. 60/782,169 filed March 14, 2006, whion is
hereby incorporated by reference in its entirely.  What is claimed: 1. A
process for the production of crystalline particles of an organic active
compound comprising:       generating micro-seed of the organic active
compound by wet milling, wherein the micro-seed has a mean particle size of
about 0.1 to about 20 gm; and      subjecting the micro-seed of the organic
active compound to a crystallization process to form crystalline particles,
wherein the resulting crystalline particles have a mean particle size less
than 100 pm. 



2. "Ilie process of claim I, wherein the mean particle sin of the resulting
crystalline particles is less than 60 pm. 3. The process of claim 1, wherein
the mean size of the micro-seed is approximately 0.5 to 20 pm. 4. The
process of claim I, wherein the mean size of the micro-seed is approximately
1 to 10 pan 5. The process of claim 1, wherein a cavitation mill, a ball
mill, a media mill, or sonication is utilized during the wet milling
process. 6. The process of claim 5, wherein, the media mill or ball media
utilizes 0.5 to 4 trim beads. '7.'The process of claim 6, wherein a ceramic
mill and ceramic beads are utilized or a diromium-lined mill and ceramic
beads are utilized. 8. 'The process of claim 1, wherein the organic active
compound is a pharmaceutical 9. The process of Gitlin) 8, wherein, the
pharmaceutical is selected from the group consisting of analgesics,
anti-inflammatory agents, antihelmintics, anti-arrthyrnics, arrti-amhmtuics,
antibiotics, anticoagulants, antidepressants, antidiabelic agents,
tudiepileptics, antihistamines, milihypertensive agents, antimuscatinic
agents, antimycobacterial agents, antineoplastic agents, immunosuppressants,
antithyroid agents, antiviral agents, anxiolytics, sedatives, astringe.rns,
beta-adrenergic receptor blocking drugs, contrast media, corticosteroids,
cough suppressants, diagnostic agents, diagnostic imaging agents,
doparninergics, hat3mostatics, immuriological agents, lipid regulating
agents, muscle relaxants, parasympatomimetics, parathyroid calcitonin,
prostaglandins, radio-pharmaceuticals, sex hormones, anti-allergic agents,
stimulants, sympathentimetics, thyroid agents, vasodilators and xanthines,
10. A pharmaceutical composition comprising the crystalline particles
produced in the process of claim 1 and a pharmaceutically acceptable
carrier,  WO 2007/106768PCT/US2007/063785 11The process of claim L wherein
the aysialli ration process comprises the following steps; 



(1) generating a slum' of the, micro-seed; (2) generating a solution of the
product to he crystallized; and (3) combining the product of step (1) and
the product of step (2). 12. The procctss of claim 11, wherein the
crystallization process comprises using a batch, a semi continuous or a
continuous processing configuration. 13. The procas.s of claim U. wherein a
recycle Mop is utilized during the crystallization process. 14. The process
of claim I 1, wherein the, solvent system of the crystallization process
comprises primarily, an aqueous solvent stream, primarily an organic
solvent stream or a mixed solvent stream 15. The process of claim 1 I
therein a supplemental energy device is utilized during the ctystallization
process. 16The process of claim 1.5_ wherein the supplemental energy device
is a mixing tee a mixing ebow, a static mixer, a sonicator, or a rotor
stator homogenizer. 17.The process of claim 15, wherein the supplemental
energy device is utilized at the end ofthe clysthIlization process. l'SThe
process of claim 15., wherein the supplemental energy device is placed in a
recycle loop. 19.'the process of claim 11...wherein the crystallization
process further comprises adding the 



micro-seed, a bat& solution, a reagent solution, or an annsol vent into a
recycle ioop or a region of high Mixing intensity. ,t)The process of claim
I , wherein the crystal! ition process further comprises adding one or more
supplemental additives. The process of claim 11, wherein he slurry of the
niicro-seid and the solution of the product are rapidly micro-mixed when
they are combined. The process of claim L wherein the crystallization
process comprises the following steps; (1) generating a slurry of the micro
seed using media milting; (2) dissolving a portion of the micro-seed; and
(3) crystallizing the OnaaniC active compound on the, micro-seed  The
process of claim .T wherein the resulting cri stalline particle have a
orystaiiine form that corresponds to the form of the micro-seed. 




