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~<a solid material whose constituent atoms, molecules,

or ions are arranged in an orderly repeating pattern
extending in all three spatial dimensions

-
o 54 an N |
— Most drugs are developed as crystalline
o Stability
 Processability

* |P protection : :
Insulin crystals grown in outer

Space: From NASA
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» Polymorphism (% &% A& 2L %)

-~ The ability of a solid material to exist in more than
one form or crystal structure.

 Polymorphs (% 44 %)
— Solid phase
— Same chemical composition
— Different molecular arrangements
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ot Polymorphs of ROY »
f. Rt

(1) R P-1 [j/”g e
mp 106.2 °C 3 (3)YP2 lc
] 2/ CN Eanie mp 109.8 °C

s o7
- > ’ J. Am. Chem. S
Sl m. Chem. Soc.
(4) OP P2,/c 2000, 722, 585
mp 112.7 E’C (5) YN P-1, mp 99 °C (6) ORP Pbca
0 =46.1° 8=104.1° mp 97 °C,9=39.4°

(9) YTO04 P2,/c
P i Rt mp 106.9°C
< JACS 2001 JACS 2005a 6=112.8° JACS 2005b

Courtesy of Professor Lian Yu, University of Wisconsin, Madison
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Aspirin Polymorph Found

Second crystal form was first predicted to exist in the 1960s

Celia Henry Arnaud

In the late 1960s, there were indications that aspirin might have a second crystalline form, but it
continued to escape detection. Mow, Michael J. Zaworotko, chemistry professor at the
University of South Florida, Tampa, and coworkers at South Florida and TransForm
Pharmaceuticals, Lexington, Mass., have found this elusive polymarph (J_Am. Chem. Soc.
2005, 127, 16802).

This second form was obtained during cocrystallization experiments with aspirin and other
compounds. Form |l is kinetically stable at 100 K, but it converts back to form | at ambient
conditions. Both forms contain a hydrogen-bonded carboxylic acid dimer (shown). But they
differ in the way the dimers adjoin one another through their acetyl groups: The familiar form |
assembles into dimers of dimers, whereas the new polymarph forms chains of dimers.

Chemical & Engineering Mews
IS5HN 0005%-2347
Copyright @ 2010 American Chemical Society
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Abbott Reports Production
Problems For Norvir

& Print This ShareThis

Abbott Laboratories has reported that it is having
difficultiesmaintaining production of its HIV protease inhibitor
Morvir (ritonavir). The problems are related to its capsule
formulation of the antiretroviral.

"We have encountered an undesired formation of a Norvir crystalline
structure that affects how the capsule form of Norvir dissolves.”
commented Arthur Higgins, senior vice president for pharmaceutical
operations at Abbott. Although the problem has been identified, to
date the company has been unable to come up with a solution.

s8] EEEE

L. A EH (Norvir)
i
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. I\gj «—/’\%5}5] é{] Z: ]g] EJE%:‘J ?E_J_-;E\‘ij‘ 5 Solubility ratios for polymorphs (n=81).
Z:néﬁﬁé]}g%nd&%— ri/%) I‘i 4 * ! s |

R Y R ACE T LK A
- At F AR P (Stability) 5. ., . o s
T | * o w LX) ‘e ¢
- //&/ﬁ]’q;};., //&Hj %‘%ﬁiﬁ}é]ﬁ }ﬂ}/ ”’1_‘_”\% “\'¢.‘J‘¢'#+¢\!“mﬂ“ hd t¢
(Bioavailability) 0 | |
B l v‘i T’T ‘H‘ i 'ri U i Cnmpuu‘:'s:l Number ? ;
(Processab | I | ty) Pudipeddi and Serajuddins, Journal Of Pharmaceutical

Sciences, Vol. 94, No,5,"May 2005
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e “Polymorphic forms of a drug substance can have
different chemical and physical properties, including
melting point, chemical reactivity, apparent solubility,
dissolution rate, optical and mechanical properties,
vapor pressure, and density. ... Thus, polymorphism
can affect the quality, safety, and efficacy of the drug
product.”

Guidance for Industry by Office of Generic Drugs (OGD),
Center for Drug Evaluation and Research (CDER) of the FDA.
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* “We recommend that ANDA applicants investigate
whether the drug substance in guestion can exist in
polymorphic forms. Polymorphic forms in the context
of this guidance refer to crystalline and amorphous
forms as well as solvate and hydrate forms....”

Guidance for Industry by Office of Generic.Drugs (OGD),
Center for Drug Evaluation and Research{(CDER) of the FDA.
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e “The number of polymorphs discovered for a chemical is
proportional to the effort/time spent”, by Walter McCrone

5
O
— I

B F 3 i i

» Discovered in other experiments (unintentionally)

— During storage, formulation development;, process scale-up,
manufacturing etc.

» Molecular modeling
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Order parameter Y
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_ Stability
Analytical _ (chemical & physical)

Preformulation Process - Bioavailability
(Solubility & Dissolution)
Formulation Other \J
- Processability

Biopharm (API, Formulation)

Desired Polymorph
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« 4] 252 5] : a way to extend the life of its
Intellectual property right

15 %] 25/ 8] away to enter the game early:

— prepare to enter generic market without undue
delay;

— enjoy independently protectable IP right
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Patentable subject matter (could vary depending on
country);

Novelty (at least some aspect Is new);

Non-obviousness (U.S.), inventive step (EP),
Inventiveness (China); and

Utility (U.S.), industrial application (EP), practical
applicability (China).

28
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http://en.wikipedia.org/wiki/Patentable_subject_matter
http://en.wikipedia.org/wiki/Inventive_step_and_non-obviousness
http://en.wikipedia.org/wiki/Inventive_step_and_non-obviousness
http://en.wikipedia.org/wiki/Industrial_applicability
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Atorvastatin Hemi-Calcium Salt

Sales > $ 12B/yr
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Atorvastatin (Pfizer):

« US Pat-No. 4,681,893: original patent on composition of matter (expired in
March 2010)

« US Pat. No. 5,273,995: hemi-calcium salt of the (R)-enantiomer (“Lipitor”)
(expired in June 2011)

« US Pat. No. 5,969,156: crystalline hydrate Forms I, 11, IV (to expire in
2014)

« US Pat. No. 6,121,461: Form 111 (to expire in 2014)

« US Pat. No. 6,605,729: claims Crystalline Forms V, VI, VII, VIII, IX, X,
X1, X1, XHI, X1V, XV, XVI, XVII, XVIII, and XIX(to expire in 2022)
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New Chemical Entity
Enantiomer

Salt Form

Crystal Form (Polymorph)
Formulation

Process

@> Crystal Pharmatech
A REMRMESH L ER

31



Sanofi-Synthelabo v. Apotex, Inc.
470 F3d 1368 (Fed. Cir. 2006)

C-0CH; U.S. Pat. No. 4,847,265
Bl (bisulfate salt)
| * Hz304 Prior Art:
U.S. Pat. No. 4,529,596
PR S UL E

(free base)

Clopidogrel: Plavix® (bisulfate salt)
2010 Global Sale: $ 9.4 Blyr
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http://www.westlaw.com/Find/Default.wl?rs=dfa1.0&vr=2.0&CMD=ML&DocName=I3bda3239475111db9765f9243f53508a&FindType=GD
http://www.westlaw.com/Find/Default.wl?rs=dfa1.0&vr=2.0&CMD=ML&DocName=I396eb020475111db9765f9243f53508a&FindType=BD
http://www.westlaw.com/Find/Default.wl?rs=dfa1.0&vr=2.0&DB=4074&FindType=Y&SerialNum=1989264702
http://www.westlaw.com/Find/Default.wl?rs=dfa1.0&vr=2.0&DB=4074&FindType=Y&SerialNum=1985097855

Sanofi-Synthelabo v. Apotex, Inc.
(cont’'d)

District Court Findings:
« The“596 patent does not describe clopidogrel bisulfate.

« The °596 patent does not enable a person of ordinary skill in
the art to make clopidogrel bisulfate without undue

experimentation.
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Sanofi-Synthelabo v. Apotex, Inc.
(cont'd)

Enantiomer Not Obvious over disclosure of the racemate In

the prior art due to the unexpected properties of clopidogrel
bisulfate:

— high pharmacological activity

— low toxicity

Salt Not Obvious because extensive experimentation was

required to arrive at that particular compound (evidence: a
named inventor tested 20 different salts before discovering that
bisulfate had the most desirable properties)

34
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All variants of spectroscopy, microscopy, scattering etc. are used

Structure, order and dynamics of the solid state probed

Spectroscopy
Microscopy
Scattering

Thermal analysis

Physio-Mechanical analysis

Computer Modeling

sSNMR, IR, Raman, Terahertz...
SEM, Optical, AFM...

X-ray, Laser, ...

DSC, TGA, Microcalorimetry, DMA, DEA...

Bulk density, Solubility, Surface area, PSD...

Quantum, DFT, MD/MC, ...

X
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Diffracted
Beam

Bragg’s law:

nA=2dsind

Basic set-up
Incident X-ray Beam

el il
R g
*”-’(Emngraphic Planes

Diffraction Angle
20

fncident Angle
Iy . wave 2 .“
“ d: Interplanar spacing
N A %
S kd ~ I: wavelength of X-ray
Incident ¢ ¢ reflected q: Incident angle
atomic } ) ks i
plane S ‘.'
. \
d 4 =2
atomic \y
plange
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1 Investigate crystal transformation as a function of temperature
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Variable temperature stage
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DSC Analysis

Van’t Hoff plot (with solubility
measurement)

Slurry experiments
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Energy-Temperature Diagram of a
Crystalline:Solid Under Constant Pressure

Enthalpy, I7

| o
. - l: . = = (v’
Slope ( OT ] Fan

Eatropy Term, 75

Free Energy, G - I - 1S

>
0 Absolute Temperature, 77
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Energy-Temperature Plots for an
Enantiotropic and a Monotropic System

Energy

T-,n 'Ti -r.

Absolute Temperature, T Absoluie Temperature, T

Enantiotropic monotropic
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Heat Flow (Wfg)

Heat Flow (W/g)

Temperature (°C)

T
30

A B (O IEREP (J/9)
A 16244 71.80

B 148, 7 87.40

C 157.8 110.70

\
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F1DSCEL A M ah

(AH 2/ AH,,  —1)- YK

T =
CTOMA(AH, L/ AH, 5 —(1+Y))- YK
y = Tm,A _Tm,B _ Tm,A 1
Tm,B Tm,B G

Liquid

The relative thermodynamic stability between the three forms

was confirmed by solubility measurement.
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Van’t Hoft Plot
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vs. sl

HH = HEH X
2 T
180.96°C
72.54J/g
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o 31 175.76°C
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« Why Isit important?
—-Quality assurance for your API or formulation

* Deliver the correct pure polymorph
 Ensure process robustness

— Study the Kkinetics of polymorph transition
 Process development
« Storage condition specification

— |P consideration

» Techniques
— XRPD, DSC, Raman/IR, ssSNMR, DVS, etc
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Intensity (cps)

JF] XRPD 64T iy A& 849 A& ) Fm 2

famotidine polymorphs
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XRPD is able to quantify ~3wt% Form B in a mixture of Form A and B.

Zoltan et al, Journal of Pharmaceutical and Biomedical Analysis 49 (2009) 338—346

XY

> Crystal Pharmatech

S7

YR EMRMESH A ER



Heat Flow (W/g)

-10

x0 Up

110%

~. // 90%
\\ |
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y = 0.3682x? + 0.6325x
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Actual wt% of Form |

10% o
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vvvvv

— —
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© Universal V3.9A TA Instruments

Temperature {C) wt%of Form | from peak area

Limit of detection (LOD): < 1%
Limit of quantification (LOQ): < 1%
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FIDSC/mDSCXT T & A5 mx o9 4 Fm i€ = AT

E rmTrrrrrrryrrrirTrrrrTyrTrTrTrTTT [ rTrrTTT i

100% 0.0 f— _f

N / 3 Nmorphous _

oo -0.1 ;— ;

§ 600/: g é i

% 3 02f \Sanlple_s—f

€ 50% L C ]

< § amorphous free

2 40% I B ]

" 03F =

10% o delta Cp -0-45— —E

. —— Linear (delta Cp) ;:||||||||I|||||||||I|||||||||I|||||||||i

DO.O 0.1 0.2 0.3 0.4 80 80 100 110 120

ACp Temperature (°C)

Sample Amorphous content (wt%b) std (wt%o) # of measurements
Sample 1 16.4 2.0 3
Sample 2 23.2 2.9 3
Sample 3 37.8 2.0 3
Sample 3 stability study at 39.6 2.7 3

25° C/60%RH for 2 month
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Solution Atomization and Crystallization by

Sonication
ﬂ - L "
Y (=, — Drying gas input
j <+ Atomizer generates fine

solvent drops

Solvent evaporation leaving
viscous drops

Drying gas exit

Viscous drops pass into
non-solvent

Ultrasound input from a
Prosonitron

SAX particle generation

/':' To particle isolation system
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Formulation Difficulties with
sticking-and powder flow

*APLproperties limited
formulations to 100 mg/tablet

Spherical particles give two
options
—A 200 mg capsule with little
(if any) excipient
—A 200 mg capsule tablet

formulation manufactured
successfully

Non-
Engineered

\| Engineered

Courtesy of Dr. Horspool,

,< >

Crystal Pharmatech o
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25

Spherical Agglomeration of
Indomethacin ("3]% £ )

100

Chloroform (%)

Preparation of spherical agglomerates of
indomethacin:

Indomethacin (5 g) was dissolved in 25
ml of N,N-dimethylformamide heated at 45° until
a clear solution was obtained. The drug solution
was quickly poured in to 62.5 ml of water
maintained at 20°, under continuous stirring at
500 rpm with a propeller. When fine crystals of
indomethacin begun to precipitate (5 min), 10
ml of chloroform was added. After 10 min 2.5 ml
of chloroform was added again. After 30 min of
stirring spherical agglomerates were formed
and were separated from the solution by
filtration. Spherical agglomerates were dried at
45° for 12 h.

Reference: International Journal of Pharma. Research & Development, 2010
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Effect of Variables on Formulation of
Spherical-/Agglomerates of Indomethacin

Table 1: effect of variables on formulation of spherical agglomerates of indomethacin

Parameter Variables Observation
Conc. of bridging liquid 2% No agglomeration
(Chloroform) 8% MNo agglomeration
12.5% Agglomeration
Agitation speed 300+25 Clumps
400£25 Spherical & large
500+25 Spherical
600+25 Spherical & small
700£25 Irregular shape & small
Agitation time 20 min Incomplete agglomerates
30 min Spherical agglomerates
Temperature 541" No agglomeration
207 Spherical agglomerates
45+1" Very large agglomerates
Mode of addition of Whole at a time Crystals of irregular
bridging liquid geometry
Drop wise Spherical agglomerates
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Micromeritic Properties of Indomethacin
Commercial Sample vs. Spherical
Agglomerates

Properties Commercial Recrystallized Spherical
sample Sample agglomerates
Particle size(um) 5-10 10-15 830
Flow rate (g/s) No flow No flow 7.75
Angle of repose 38.88 36.157 28.72
Tapped density(g/ml) 0.9259+0.009 0.5409+0.04 0.1937£0.04
Bulk density(gm/ml) 0.6664+0.0084 0.394+0.08 0.1857+0.006
Carr's index 27.57 27.15 7.41
Mechanical strength - - 0.8974+0.65

(% )
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Spherical Agglomeration of Indomethacin by

Solvent Change Method

Commercial A

20KV WD25mm 35x

20KV WD25mm_ S090g "
S A L
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r ~ <% o
- L ((\\ -

Spherical agglomerate Surfe of erical aggmerate
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Tensile strength Kg/cm?

Improved Caompressibility and Dissolution

[~ [ = on (=1 =l
(=] (=] (=] (=] (=]
A 1 1 L 1

L)
']

% Drug release

s

1000

2000

] 10 20 30 40 50 60

Time in min

3000 4000

' : . e Koleme
Compaction pressure Kg/cm
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