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Access	  to	  NSLS	  is	  by:	  
•  ParLcipaLng	  Research	  Team	  (investment	  by	  invesLgators).	  
•  General	  User	  Proposal	  (requires	  peer	  review,	  scheduling	  can	  take	  several	  
months).	  

•  Proprietary	  Usage.	  	  Only	  safety	  review,	  no	  obligaLon	  to	  publish.	  

Examples	  from	  pharmaceuLcal	  industry,	  especially	  patent	  liLgaLon.	  

These	  images	  are	  merely	  visual	  aids	  	  
which	  accompanied	  a	  verbal	  presentaLon.	  

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



To	  use	  DOE	  faciliLes	  for	  proprietary	  work,	  one	  must	  pay	  cost	  recovery.	  	  	  
(To	  whom?)	  

NSLS.	  	  ~$30M/year	  operaLng	  budget.	  	  ~60	  beamlines.	  	  ~5000	  hrs/year.	  	  	  
Works	  out	  to	  about	  $100/hour.	  

Other	  costs	  of	  operaLng	  the	  beamline?	  

Who	  owns	  the	  data?	  

Current	  policy	  appears	  to	  give	  the	  US	  Government	  parLal	  ownership	  of	  any	  
intellectual	  property	  which	  is	  reduced	  to	  pracLce	  at	  the	  facility.	  

NSLS	  beamline	  X16C	  specializes	  in	  high	  resoluLon	  powder	  diffracLon;	  it	  is	  
currently	  operated	  by	  Stony	  Brook	  University	  which	  has	  a	  proprietary	  usage	  
agreement.	  

This	  allows	  me	  to	  collect	  proprietary	  data	  with	  very	  flexible	  scheduling.	  

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Powder diffraction station at X16C beamline,  
National Synchrotron Light Source,  

Brookhaven National Laboratory, U. S. A. 
(available for general users, rent, or collaboration) 
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Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



This	  drug	  has	  two	  polymorphs	  that	  can’t	  be	  quanLfied	  except	  
by	  Rietveld.	  	  Compare	  lab	  vs.	  synchrotron	  data	  sets.	  

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



PharmaceuLcal	  polymorphs.	  

Original	  RaniLdine	  HCl	  (‘658)	  patent	  expired	  in	  1995	  

1985.	  	  Glaxo	  obtained	  ‘431	  patent,	  “a	  novel	  form	  of	  raniLdine	  hydrochloride,	  
designated	  Form	  2,	  having	  favourable	  filtraLon	  and	  drying	  characterisLcs,	  
characterized	  by	  IR	  	  and/or	  X-‐ray	  …”	  

In	  1991,	  Zantac	  was	  selling	  $3.5	  Billion	  /	  year	  

In	  1991,	  Novopharm	  filed	  ANDA	  to	  market	  RHCl.	  	  Admined	  it	  infringed	  ‘431,	  but	  
argued	  it	  was	  invalid	  since	  they	  couldn’t	  produce	  Form	  I.	  

Glaxo	  won,	  with	  much	  effort	  expended	  (1993)	  to	  reproduce	  form	  I.	  

Court	  found	  that	  any	  Form	  2	  material	  consLtuted	  infringment.	  

Eventually,	  ~1997,	  Novopharm	  produced	  pure	  form	  I.	  

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Two polymorphs of Zantac®, 
ranitidine hydrochloride 

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Abbon	  Laboratories	  is	  the	  exclusive	  licensee	  of	  US	  patent	  4,935,507	  for	  crystalline	  
cefdinir	  anhydrate.	  	  That	  patent	  describes	  a	  process	  to	  produce	  anhydrate,	  claimed	  
by	  seven	  powder	  X-‐ray	  diffracLon	  peaks.	  	  	  

In	  2007,	  several	  generic	  manufacturers	  announced	  intent	  to	  sell	  cefdinir	  
(Hatch-‐Waxman),	  and	  were	  promptly	  sued	  for	  infringement.	  

Is	  the	  subject	  monohydrate	  pure,	  or	  does	  it	  contain	  the	  patented	  anhydrate?	  	  

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Is	  the	  subject	  monohydrate	  pure,	  or	  does	  it	  contain	  the	  patented	  anhydrate?	  	  

Peaks	  claimed	  in	  ‘507	  

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Any crystalline material is characterized by its lattice.   
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The lattice dimensions 
(lattice parameters) govern 
the position of all possible 
diffraction peaks. 

Knowing lattice dimensions allows one to calculate the position of 
every (hkl) peak.  With good data, one can go the other way and 
determine the lattice from powder peak positions. 

The math is a bit tedious, but the problem is to find A,B,…,F 
such that every peak can be assigned (h,k,l) so that its position 
is given by this equation. 

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Peak	  claimed	  in	  ‘507	  for	  anhydrate	  
coincides	  with	  the	  monohydrate	  (710).	  

High-‐resoluLon	  PXRD	  data	  indexes	  to	  an	  orthorhombic	  laqce,	  probably	  C2221,	  with	  
dimensions	  a	  =	  44.950	  Å,	  b	  =	  15.8495	  Å,	  c	  =	  4.996	  Å.	  

Pawley	  fit	  (no	  informaLon	  about	  atomic	  posiLons	  –	  refine	  only	  peak	  shapes	  and	  laqce	  
dimensions)	  fit	  to	  the	  experimental	  data.	   Note:	  data	  and	  interpretaLon	  here	  

are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Real business problem: 
_____ has a patented polymorph of _____ , and 
suspects that _____ is selling material that infringes.  
It is desired to examine the commercial tablets and 
determine the polymorph of the API for potential 
litigation. 

Proxy: 
Examine commercial tablet of Endocet 500/7.5 
Gross tablet 607 mg 
Acetaminophen 500 mg – known lattice & structure 
Oxycodone (as HCl) 7.5 mg – pattern in PDF but lattice 

 unknown,* 

Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  



Note:	  data	  and	  interpretaLon	  here	  
are	  mine	  alone,	  and	  should	  not	  be	  
imputed	  to	  any	  other	  party.	  


