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116. P, D. McCrary, L. A. Flores, G. Chatel, and R. D. Rogers, “Evaluating Ionic Liquids as Hypergolic Fuels: From Reactive
Nanomaterials to Trigger Additives," Presented by P. D. MeCraIy before the Energetic Ionic Liquid Mini-Symposium (May 21-
22, 2013), Air Force Research Laboratory, Edwards Air Force Base, CA, No Abstract,

117. L. A. Flores, P. D. McCraIy, G. Chatel, O. Andreea Cojocaru, and R. D. Rogers, "Molecular Characteristics and Interactions
Leading to Liquid Clathrate Behavior,” Presented by L. A. Flores before the Energetic Ionic Liquid Mini-Symposium (May 21-
22, 2013), Air Force Research Laboratory, Edwards Air Force Base, CA, No Abstract.

118. R. D. Rogers and S. P. Kelley, “Suprarnolecular chemistry in the liquid state: What can halogen bonding offer ionic liquids?”
Presented by R. D. Rogers before the 49111 Midwest Regional Meeting of the American Chemical Society (November 12-15,
2014), Columbia. MO. Abstract 384.

1 19. R. D. Rogers, “Green Chemistry and Advanced Materials from Renewable Polymers: Education, Research, and
Entrepreneurship to Motivate the Next Generation of Scientists,” Presented by R. D. Rogers before the 31d Annual Sustainable
Innovation through Green Chemistry Workshop and Case Competition Schedule (January 16-17, 2015), McGill University,
Montreal, QC, Canada. No Abstract (Invited Keynote).

120. R. D. Rogers, “Innovation is the Gateway to the Biomass Biorefinery and Ultimately A Sustainable Bio-based Economy,”
Presented by R. D. Rogers before the Quebec-Ontario Biotech Meeting (May 21-22, 2015), McGill University, Montreal, QC,
Canada, No Abstract (Invited Keynote).

121. R. D. Rogers, “What is an Appropriate Academic Business Model to Drive Commercialization of Sustainable Technology?“
Presented by R. D. Rogers before the Science for a Sustainable Society Symposium (January 26-27, 2016). McGill University,
Montreal, QC, Canada, No Abstract (Invited Keynote).
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Seminars:

"C1 Chemistry in Group IVB - Some Structural Aspects." Presented by R. D. Rogers at Bell Laboratories. Murray Hill. NJ. on
8/15/83.

"Structural Investigations of New Pentarnethylcyclopentadienyl Derivatives of Group IVB." Presented by R. D. Rogers at
Northwestern University, Evanston. IL on 2/3/84.
"Early Transition Metal Chemistry: A Structural Point of View." Presented by R. D. Rogers at the Instituto Venezolano de
Investigaciones Cientifica. Caracas. Venezuela on 8/15/84.
"Structural Organornetallic Cherrlistry of the Early Transition Metals." Presented by R. D. Rogers at Fisk University, Nashville,
TN on 3/18/85.

"Structural Organometallic Chemistry of the Early Transition Metals." Presented by R. D. Rogers at Tuskeegee Institute.
Tuskeegee. AL on 3/20/85.
"Structural Organornetallic Cherrlistry of the Early Transition Metals." Presented by R. D. Rogers at The University of Alabama.
Tuscaloosa. AL on 3/21/85.

"Crown Ether Coordination in the f-Element Series." Presented by R. D. Rogers at the University of Illinois at Chicago.
Chicago. IL on 2/18/86.
"Early Transition Metal Chemistry - A Structural Point of View." Presented by R. D. Rogers at Marquette University.
Milwaukee. WI on 3/21/86.
"f-Element/Crown Ether Complexes, Structural Effects of Solvent and Water of Hydration Hydrogen Bonding.” Presented by R.
D. Rogers at Victoria University. Wellington. New Zealand on 7/24/87.
"f-Element/Crown Ether Complexes." Presented by R. D. Rogers at the University of Hawaii. Honolulu. HA on 8/26/87.
"I—Elernent/Crown Ether Complexes." Presented by R. D. Rogers at the University of Toledo. Toledo. OH 011 10/14/87 .
"Hydrogen Bonding in f—Element Complexes of Crown Ethers." Presented by R. D. Rogers at Ripon College. Ripon. WI. on
1 1/22/88.

"Crown Ether Cornplexation Chemistry of the Lanthanides.“ Presented by R. D. Rogers at Albany State College. Albany. GA.
011 2/10/89.

"Crown Ether Cornplexation Chemistry of the Lanthanides.“ Presented by R. D. Rogers at Tuskeegee University. Tuskeegee.
AL. on 2/13/89.

"f-Element/Crown Ether Complex Chemistry." Presented by R. D. Rogers at The University of Alabama. Tuscaloosa. AL. on
2/14/89.

"Crown Ether Chemistry of the Lanthanides." Presented by R. D. Rogers at Saint Mary's University. Halifax. Canada on 3/3/89.
"Coordination versus Hydrogen Bonding in Crown Ether Complexes of Hydrated f-Element Salts." Presented by R. D. Rogers at
Dalhousie University. Halifax. Canada. on 3/3/89.
"Macrocycle Complcxation Chemistry: The Toxic Metals (Cd. Hg. T1. Pb, Bi) and Their Removal from the Environment."
Presented by R. D. Rogers at Western Michigan University. Kalamazoo. MI. on 10/23/89.
"Macrocycle Complexation Chemistry: The Toxic Metals (Cd. Hg. T1. Pb, Bi) and Their Removal from the Environment."
Presented by R. D. Rogers at Rockford College. Rockford. IL. on 3/27/90.
" Structural Characterization of Light Atom Structures via X-ray Crystallography." Presented by R. D. Rogers at The University
of Mississippi. Oxford. MS. 011 4/10/90.
"The Toxic Metals and Their Removal from the Environment.“ Presented by R. D. Rogers at Illinois Benedictine College. Lisle.
IL. 011 4/19/90.
"Crown Ether vs. Polyethylene Glycol Cornplexation of Lanthanide Chlorides." Presented by R. D. Rogers at Indiana University.
Bloornington. IN, on 2/28/91.
"Polyethylene Glycols as Ionizable Complexing Agents of Bi”." Presented by R. D. Rogers at Indiana University. Bloomington.
IN. on 3/1/91.

"Investigations of Polyethylene Glycols as Complexing Agents and Liquid/Liquid Extraction Diluents for Bismuth" Presented
by R. D. Rogers at Loyola University of Chicago, Chicago. IL, on 9/19/91.
"Polyethylene Glycols and Metal Ions: Structural Chemistry to Aqueous Biphasic Extraction." Presented by R. D. Rogers at the
Universitat Bayreuth. Bayreuth. Germany. on 6/23/92.
"Polyethylene Glycols: From Coordination Chemistry of Metal Cations to Unique Systems for Dissolved Metal Ion
Separations." Presented by R. D. Rogers at the University of Groningen. Groningen. The Netherlands. on 7/2/92.
"Macrocycle Cornplexation Chemistry: Toxic Metals and Their Removal from the Environment." Presented by R. D. Rogers at
Elmhurst College. Elmhurst. IL. on 11/18/92.
"Aqueous Biphasic Systems: New Systems for Metal Iorl Extraction." Presented by R. D. Rogers at Los Alarnos National
Laboratory. Los Alamos. NM. on 5/26/93.
"Polyethylene Glycol-Based Aqueous Biphasic Systems: New Systems for Novel Metal Ion Separations." Presented by R. D.
Rogers at the University of New Mexico. Albuquerque. NM. on 9/24/93.
"Structural Investigation of Cyclic and Acyclic Polyether Complexes - Cation Control of Coordination." Presented by R. D.
Rogers at Valparaiso University. Valparaiso. IN. on 12/10/93.
"Polyethylene Glycol-Based Aqueous Biphasic Systems: New Systems for Novel Metal Ion Separations." Presented by R. D.
Rogers at Loyola University of Chicago. Chicago. IL. on 4/14/94.
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"The Effects of Polyethylene Glycol on the Coordination Sphere of Strontium: Are PEGS Useful in Sr” Extraction
Technologies?" Presented by R. D. Rogers at Oak Ridge National Laboratory, Oak Ridge. TN, on 5/ 16/94.
"Polyethylene Glycol-Based Aqueous Biphasic Systems: New Systems for Novel Metal Ion Separations," Presented by R. D.
Rogers at Union Carbide Corporation. South Charleston, WV, on 6/3/94.
"The Effects of Polyethylene Glycol on the Coordination Sphere of Strontium: Are PEGS Useful in Sr2+ Extraction
Technologies?" Presented by R. D. Rogers at The University of Alabama, Tuscaloosa, AL, on 6/22/94.
"Polyethylene Glycol-Based Aqueous Biphasic Systems: New Ways to Separate Metal Ions," Presented by R. D. Rogers at
Western Michigan University, Kalamazoo, MI, on 10/ 10/94.
"Polyethylene Glycol-Based Aqueous Biphasic Systems: New Ways to Separate Metal Ions," Presented by R. D. Rogers at the
University of Wisconsin-Oshkosh, Oshkosh, WI, on 11/10/94
"Polyethylene Glycols: Coordination Chemistry of Metal Cations to Unique Systems for Metal Ion Separations," Presented by R.
D. Rogers at the University of Sevilla, Sevilla, Spain, on 6/16/95.
"Polyethylene Glycols: Coordination Chemistry of Metal Cations to Unique Systems for Metal 1011 Separations," Presented by R.
D. Rogers at The University of Alabama, Tuscaloosa, AL, on 7/12/95.
"Polyethylene Glycols: Coordination Chemistry of Metal Cations to Unique Systems for Metal Ion Separations," Presented by R.
D. Rogers at The University of Iowa, Iowa City, IA, on 9/13/95.
"Polyethylene Glycols: Coordination Chemistry of Metal Cations to Unique Systems for Metal Ion Separations," Presented by R.
D. Rogers at The University of Wisconsin at Milwaukee, Milwaukee, WI, on 10/9/95.
"Polyethylene Glycol-Based Aqueous Biphasic Systems: New Technologies for Metal Ion Separations," Presented by R. D.
Rogers at Argonne National Laboratory, Argonne, IL, on 1/29/96.
"Polyethylene Glycol-Based Aqueous Biphasic Systems: New Technologies for Metal Ion Separations," Presented by R. D.
Rogers at Monash University, Clayton, Victoria, Australia, 0113/19/96.
"ABEC Resins: From Aqueous Biphasic Novelties to Selective Aqueous Biphasic Extraction Chromatography Resins for Metal
Ions," Presented by R. D. Rogers at Mississippi State University, Starkville, MS, on 1/24/97.
"Green Chemistry in Separation Science," Presented by R. D. Rogers at the March meeting of the Alabama Section of The
Arrrerican Chemical Society, Birmingham, AL, 011 3/20/97.
"ABEC Resins: From Aqueous Biphasic Novelties to Selective Aqueous Biphasic Extraction Chromatography Resins for Metal
Ions," Presented by R. D. Rogers at the University of Alabama at Huntsville, Huntsville, AL, on 3/28/97.
"The SMART System at The University of Alabama: Experiences, Reflections, and Data," Presented by R. D. Rogers at the
Siemens Area Detector Users Group Meeting (SADUG97), Athens, GA, on 4/19/97 .
"Coordination Chemistry and Separations of Actinides." Presented by R. D. Rogers at Florida State University, Tallahassee, FL,
on 4/24/97 .

"Polyethylene Glycol-Based Aqueous Biphasic Systems and ABEC Resins for the Selective Removal and Recovery of Metal
Ions," Presented by R. D. Rogers at the University of Birmingham, Birmingham, England, UK, on 5/21/97.
"Polyethylene Glycol-Based ABEC Resins for the Selective Removal of Technetium from Hanford Tank Wastes," Presented by
R. D. Rogers at British Nuclear Fuels, Ltd., Preston, England, UK, on 5/22/97.
"Aqueous Biphasic Systems: New Technologies for Metal Ion Separations," Presented by R. D. Rogers at Queen's University,
Belfast, Northern Ireland, UK, on 5/27/97.
"Clean Separation Technologies," Presented by R. D. Rogers at the University of New Hampshire, Durham, NH, 011 7/24/97.
Clean Separation Technologies," Presented by R. D. Rogers at the University of Marburg, Marburg, Germany, on 9/26/97.
"Green Separation Science: Traditional Polymeric Supports to Crysz Engineered Inorganic Polymers," Presented by R. D.
Rogers at Clemson University, Clemson, SC, on 10/1/97.
"Utilization of Polyethylene Glycol in Industrially and Environmentally Important Separations," Presented by R. D. Rogers at
Union Carbide, South Charleston, WV, on 10/3/97.

"Clean Separation Technologies," Presented by R. D. Rogers at The University of Alabama (Chemical Engineering Department),
Tuscaloosa, AL, on 10/9/97.
"Polyethylene Glycol-Based Aqueous Biphasic Systems and ABEC Resins for the Selective Removal and Recovery of Metal
Ions,“ Presented by R. D. Rogers at the University of Tennessee at Knoxville, Knoxville, TN, on 2/5/98.
"Green Separation Science: Traditional Polymeric Supports to Crystal Engineered Inorganic Polymers," Presented by R. D.
Rogers at Oak Ridge National Laboratory, Oak Ridge, TN, on 2/6/98.
"Green Separation Science: Traditional Polymeric Supports to Crystal Engineered Inorganic Polymers," Presented by R. D.
Rogers at Termessee Technological University, Cookeville, TN, 011 2/19/98.
"Coordination Chemistry to Crystal Engineering," Presented by R. D. Rogers at the University of Puerto Rico, San Jaun, PR, on
4/6/98.

"Clean Separations Using Non-Toxic Aqueous Polymers: In Support of Vision 2020," Presented by R. D. Rogers in the J .
Clarence Karcher Lecture series at the Umversity of Oklahoma, Norman, OK, on 4/23/98.
"Environmentally Benign Liquid/Liquid Extraction Media for Metal lon Separations: Aqueous Biphasic Systems and Room
Temperature Ionic Liquids," Presented by R. D. Rogers at the University of Mississippi, Oxford, MS, 011 12/4/98.
"Green Separation Science and technology: Using Environmentally Benign Liquid/Liquid Extraction Media for Metal Ion
Separations: Aqueous Biphasic Systems and Room temperature Ionic Liquids," Presented by R. D. Rogers at the Exxon
Research and Development Laboratories, Baton Rouge. LA, on 5/7/00.
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"Green Separation Science and Technology: Using Environmentally Benign Liquid/Liquid Extraction Media. Aqueous Biphasie
Systems and Room Temperature Ionic Liquids," Presented by R. D. Rogers at the University of South Alabama, Mobile, AL. on
5/2 1/99.

"Environmentally Benign Liquid/Liquid Extraction Media: Aqueous Biphasie Systems and Room Temperature Ionic Liquids,"
Presented by R. D. Rogers at Pacific Northwest National Laboratory, Richland, WA, on 10/7/99.
"Environmentally Benign Liquid/Liquid Extraction Media: Aqueous Biphasie Systems and Room Temperature Ionic Liquids,"
Presented by R. D. Rogers at Washington State University, Pullman, WA, on 10/8/99.
"A Toolbox Approach to Green Separations Science & Technology: Crystal Engineering, Aqueous Biphasie Systems, and Roorrr
Temperature Ionic Liquids," Presented by R. D. Rogers at The University of Kentucky, Lexington, KY, on 10/28/99.
"Room Temperature Ionic Liquids as VOC Solvent Replacements," Presented by R. D. Rogers at Mercer Umversity, Macon,
GA, on 11/9/99.
"Ionic Liquids in Separations," Presented by R. D. Rogers at Queen's University, Belfast, Northenr Ireland, UK, during Ionic
Liquid Week, 1/31/00-2/4/00.
"Green Chemistry and Ionic Liquids: Sustainable Industrial Development from Academic Challenges," Presented by R. D.
Rogers at Birmingham Southern College, Birmingham. AL, on 2/29/00.
“Ionic Liquids in Separations,“ Presented by R. D. Rogers as the 21le Queens University Ionic Liquid Laboratory Lecture,
Queen's University. Belfast. Northern Ireland. UK on 4/3/00.
“Ionic versus Molecular Solvents: Challenges in Adopting Ionic Liquids as Alternative Reaction Media,“ Presented by R. D.
Rogers at the University of Florida, Gainesville, FL on 5/3/00.
“The Role of the Sugar Industry in the New Green Chemistry & Engineering Paradigm of Sustainable Industry,” Presented by R.
D. Rogers at the Sugar Cane Growers Cooperative of Florida, Belle Glade, F1 on 5/4/00.
“Ionic Liquids & Their Application to Separation Processes,” Presented by R. D. Rogers at Union Carbide, South Charleston,
WV on 5/9/00.

“Crystal Engineering of Coordination Polymers,” Presented by R. D. Rogers at Universite Louis Pasteur, Strasbourg, France on
6/7/00 (Visiting Professor Lecture).
“Green Chemistry and Applications of Ionic Liquids as Solvents,” Presented by R. D. Rogers at Université Louis Pasteur,
Strasbourg, France on 6/16/00 (Visiting Professor Lecture).
“How Green Chemistry can Shape the Future of the Chemical Industry,” Presented by R. D. Rogers at the Green Chemical
Processes —Issue, Challenges, Innovations, Technical Symposium, BP Amoco Chemicals Central Technology, Naperville, IL on
7/1 1/00.

“Engineering Tetrapyridylporphyrin Coordination Complexes for Metal Ion Recognition in Crystalline Materials or on
Surfaces,” Presented by R. D. Rogers at Emory University on 9/28/00.
“Ionic Liquids as Alternatives to Organic Solvents“ Presented by R. D. Rogers at North Carolina State University. Raleigh, NC
on 10/5/00.

“Ionic Liquids as Alternatives to Organic Solvents" Presented by R. D. Rogers at Kennedy Space Center, Cape Canaveral, FL on
10/6/00.

“Ionic Liquids as "Green’ Alternatives to Organic Solvents,” Presented by R. D. Rogers at Dow Agrosciences LLC,
Indianapolis, IN 011 10/30/00.
“Ionic Liquids,” Presented by R. D. Rogers at University of Massachusetts at Boston, Boston, MA on 1 1/28/00.
“Room Temperature Ionic Liquids as Altemative Reaction Media.” Presented by R. D. Rogers at Tulane University, New
Orleans, LA on 12/5/00.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironics," Presented by R. D. Rogers at Louisiana
State University, Baton Rouge, LA on 1/31/01.
“Ionic Liquids as 'Green‘ Alternatives to Organic Solvents,“ Presented by R. D. Rogers at Dow Corning, Midland, M1 on 2/5/01.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers at
University of South Florida, Tampa, FL on 4/19/01.“Iomc Liquids as “Green’ Alternatives to Organic Solvents,” Presented by R.
D. Rogers at Cognis Corporation, Cincinnati, OH on 5/16/01.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies," Presented by R. D. Rogers at the US.
Errvirornnental Protection Agency, Washington, DC on 5/23/01.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers at
Termessee State University, Nashville, TN on 10/18/01.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Irorries,” Presented by R. D. Rogers at the
Urliversity of Illinois at Urbana-Charnpaign, Urbana, IL on 2/ 12/02.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers at Wesleyan
University, Middletown, CT on 2/15/02.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers at Kansas
State University, Manhattan, KS on 2/22/02.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers to
Stellenbosch Umversity, Stellenbosch, South Africa on 3/20/02.
“Non-Sugar Products from Sugarcane for the New Millennium: Green Pathways to a Carbohydrate Economy?” Presented by R.
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D. Rogers to the Sugar Milling Research Institute, Durban, South Africa on 3/26/02.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers to
Monsanto Company. St. Louis, M0 on 6/6/02,
“Ionic Liquids: What are They? Are They Useful? And the Case of the Missing Data,” Presented by R. D. Rogers to The Dow
Chemical Company, Midland, MI on 6/ 19/02.
“Ionic Liquids: What are They? Are They Useful? And the Case of the Missing Data,” Presented by R. D. Rogers to The
Lubrizol Corporation. Cleveland, OH on 7/24/02.
“Ionic Liquids: What are They? Are They Useful? And the Case of the Missing Data,” Presented by R. D. Rogers to Honeywell
Corporation. Buffalo, NY 011 8/14/02.
“Ionic Liquids: What are They? Are They Useful? And the Case of the Missing Data,” Presented by R. D. Rogers to Eastman
Corporation, Kingsport, TN on 10/28/02.
“Ionic Liquids: What are They? Are They Useful? And the Case of the Missing Data,” Presented by R. D. Rogers to Savannah
River Technical Center, SC 011 11/13/02.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers to Auburn
University, Auburn, AL on 1/16/03.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers to GE
Global Research Center, Schenectady, NY on 2/3/03.
“Challenges and Opportunities in the Use of Ionic Liquids: Separations, Extractions, and the Choice of Ionic Liquid,” Presented
by R. D. Rogers to AstraZeneca, Loughborough, United Kingdom on 3/28/03.
“Green Chemistry” in Pursuit of Traditional Chemical Research, Education, and Service: A Path Forward for the University of
Massachusetts- Boston?” Presented by R. D. Rogers to the University of Massachusetts-Boston, Boston, MA on 5/5/03.
“Radiochemistry in the Rogers Group at The University of Alabama,” Presented by R. D. Rogers at The University of Alabama,
Tuscaloosa, AL on 8/28/03.

“Challenges and Opportunities in the Use of Ionic Liquids: Separations, Extractions, and the Choice of Ionic Liquid.” Presented
by R. D. Rogers to Los Alamos National Laboratory, Los Alamos, NM on 9/18/03.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers to
Mississippi State University, Starkville, MS on 10/17/03.
“Ionic Liquids as Green Solvents: Engineering New Bio-Based Materials,” Presented by R. D. Rogers at the University of
Alabama at Huntsville, Huntsville, AL on 1/16/04.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Synergies and Ironies,” Presented by R. D. Rogers to Sun Yat-
Sen University, Guangzhou, China on 2/23/04.
“A Burnum Legacy: Red Chemistry, Green Chemistry, and My Road from Alabama to Alabama” Presented by R. D. Rogers to
The University of Alabama (Burnum Award Address), Tuscaloosa, AL on 4/6/04.
“Ionic Liquids: Solvents for Green Chemistry or Advanced Technological Fluids for Extreme Environments (i.e. NASA)?”
Presented by R. D. Rogers to Marshall Space Flight Center. Huntsville, AL on 4/8/04.
“Green Chemistry“ in Pursuit of Traditional Chemical Research, Education, and Service: A Path Forward for the University of
Central Florida?” Presented by R. D. Rogers to the University of Central Florida, Orlando, FL on 4/14/04.
“Ionic Liquids: Solvents for Green Chemistry or Advanced Technological Fluids?” Presented by R. D. Rogers to BASF
Corporation, Ludwigshafen, Germany 0114/26/04.
“Ionic Liquids: Solvents for Green Chemistry or Advanced Technological Fluids?” Presented by R. D. Rogers to Merck KGaA,
Darrnstadt, Germany 011 4/27/04.
“Advanced Materials from Direct Dissolution of Cellulose,” Presented to by R. D. Rogers to Gulf States Paper Corporation,
Tuscaloosa, AL 011 6/7/04.

“Applications of Ionic Liquid Technologies to f-Element Separations.” Presented by R. D. Rogers to the E. 0. Lawrence
Berkeley Laboratory, Berkeley, CA on 6/16/04.
“Ionic Liquids: An Overview,” Presented by R. D. Rogers to Stepan Company, Northfield, IL on 8/20/04:
“Ionic Liquids: Solvents for Green Chemistry or Advanced Technological Fluids?” Presented by R. D. Rogers to the U. S.
Environmental Protection Agency, National Risk Management Research Laboratory, Cincinnati, OH on 9/1/04.
“Ionic Liquids: Solvents for Green Chemistry or Advanced Technological Fluids?” Presented by R. D. Rogers to Davidson
College, Davidson, NC on 9/2/04.
“Ionic Liquids: An Overview,” Presented by R. D. Rogers to The Proctor & Gamble Company, Cincinnati, OH on 11/10/04.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Enabling Sustainable Technologies for New Advanced
Materials,” Presented by R. D. Rogers to the Swiss Federal Institute of Technology at Lausanne, Switzerland, on 10/13/04.
“Ionic Liquid Processing of Cellulose,” Presented by R. D. Rogers to Lenzing AG, Lenzing, Austria, on 10/18/04.
“Ionic Liquids: Solvents for Green Chemistry or Advanced Technological Fluids?” Presented by R. D. Rogers to the University
of South Dakota, Vermillion, SD on 11/1/04.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Enabling Sustainable Technologies for New Advanced
Materials,” Presented by R. D. Rogers to the Naval Research Laboratory, Washington, DC on 11/9/04.
“Green Chemistry, Ionic Liquids, Advanced Materials, and Everything in Between” Presented by R. D. Rogers to the University
of Missouri, Columbia, M0 on 11/ I I/04.
“Green Chemistry, Ionic Liquids, Advanced Materials, and Everything in Between” Presented by R. D. Rogers to Howard
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University. Washington. DC on 12/3/04.
“Green Chemistry. Ionic Liquids, Advanced Materials. and Everything in Between” Presented by R. D. Rogers to the University
of Bucharest. Bucharest, Romania on 12/13/04.
“Green Chemistry. Ionic Liquids. Advanced Materials. and Everything in Between" Presented by R. D. Rogers to Wake Forest
University. Winston. NC on 1/12/05.
“Supramolecular Chemistry in Alternative Solvents: Are Nonvolatile Ionic Liquids Effective Crystallization Solvents or Fodder
for Co-Crystals?” Presented by R. D. Rogers to the University of Bucharest. Bucharest. Romania 011 3/16/05.
“Green Chemistry — An Overview.” Presented by R. D. Rogers to the University of Bucharest. Bucharest. Romania on 3/ 17/05.
“Ionic Liquids: Solvents for Cellulose.” Presented by R. D. Rogers to the US. Bureau of Engraving and Printing. Washington.
DC on 4/29/05.

“Ionic Liquids: Applications are Coming; Get Ready Now!.” Presented by R. D. Rogers to NIEHS. Raleigh. NC. on 5/4/05.
“Green Chemistry. Ionic Liquids. Advanced Materials. and Everything in Between” Presented by R. D. Rogers to the Institute
of Process Engineering. Chinese Academy of Sciences. Beijing. China 011 5/26/05.
“Ionic Liquids: Solvents for Green Chemistry or Advanced Technological Fluids? (R&D. Trends. and Practical Application).”
Presented by R. D. Rogers to Merck KGaA. Darmstadt. Germany on 6/ 16/05.
“The Past. Present. and Future of Ionic Liquids: From Designer Solvents for Crystal Engineering to Advanced New Materials.”
Presented by R. D. Rogers to The University of Tokyo. Tokyo. Japan on 7/20/05.
“Designer Ionic Liquids Enabling Sustainable Technologies.” Presented by R. D. Rogers to Tokyo University of Agricultural
and Technology. Tokyo. Japan on 7/21/05.
“The Past. Present. and Future of Ionic Liquids: From Designer Solvents for Crystal Engineering to Advanced New Materials.”
Presented by R. D. Rogers to Kyoto University. Kyoto. Japan on 7/22/05.
“Designer Ionic Liquids Enabling Sustainable Technologies.” Presented by R. D. Rogers to Eastman Kodak Company.
Rochester. NY on 8/9/05.
“Energetic Ionic Liquids: Fundamental Studies Relating Target Structures and Key Physical Properties.” Presented by R. D.
Rogers to the Air Force Research Laboratory. Edwards Air Force Base. CA on 8/11/05.
“A Platform Strategy Using Ionic Liquids t0 Dissolve and Process Cellulose for Advanced New Materials.” Presented by R. D.
Rogers to FMC BioPolymer. Princeton. NJ on 9/13/05.
“Designer Ionic Liquids Enabling Sustainable Technologies.” Presented by R. D. Rogers to the Changchung Institute of Applied
Chemistry. Chinese Academy of Sciences. Changchung. China on 9/27/05.
“Energetic Ionic Liquids: Fundamental Studies Relating Target Structures and Key Physical Properties." Presented by R. D.
Rogers to the American Pacific/Georgia Tech. Roundtable. Atlanta. GA on 10/6/05'. (also Panel Member for the Energetic
Materials Panel Discussion).
“Designer Ionic Liquids Enabling Sustainable Teclnrologies.” Presented by R. D. Rogers to the University of South Carolina.
Columbia. SC on 11/18/05.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Enabling Sustainable Technologies for New Advanced
Materials.“ Presented by R. D. Rogers to the University of Southern Mississippi. Hattiesburg. MS on 12/2/05.
“Designer Ionic Liquids Enabling Sustainable Teclnrologies.” Presented by R. D. Rogers to the DuPont 2005 Discovery
Chemistry Seminar Series. DuPont Central Research and Development. Wilmington. DE on 12/7/05.
“Green Chemistry and Applications of Ionic Liquids as Solvents.” Presented by R. D. Rogers to Jackson State University.
Jackson. MS on 1/27/06.
“Designer Ionic Liquids Enabling Sustainable Technologies.” Presented by R. D. Rogers to Millennium Chernical/Lyondell.
Baltimore. MD on 2/28/06,
“The Past. Present. and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials." Presented by R. D.
Rogers as the Arnold C. Ott Lectureship in Chemistry (research presentation). Grand Valley State University. Allendale. M1 on
4/5/06.

“Green Chemistry: Can Society and the Chemical Industry Co-Exist?” Presented by R. D. Rogers as the Arnold C. Ott
Lectureship in Chenristry (public lecture). Grand Valley State University. Grand Rapids. M1 on 4/5/06.
“Ionic Liquids.” Presented by R. D. Rogers to Albion College. Albion. M1 on 4/7/06.
“How the Center for Green Manufacturing Can Impact Alabama." Presented by R. D. Rogers to the Tuscaloosa League of
Women Voters. Tuscaloosa. AL on 4/20/06.
“The Past. Present. and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials.” Presented by R. D.
Rogers at the 71h Annual Science Symposium The Science ofSustainability, A Balancefor the Future. St. Olaf College.
Northfield. MN on 5/5/06. (Invited Keynote Lecture)
“The Past. Present. and Future of Ionic Liquids: Frorri Designer Solvents to Advanced New Materials.” Presented by R. D.
Rogers at the University of Cologne. Cologne. Germany on 5/16/06.
“The Past. Present. and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials." Presented by R. D.
Rogers at IReS Chimie Nucleaire Strasbourg. France on 6/ 14/06.
“Green Chemistry. Ionic Liquids. Advanced Materials. and Everything in Between.” Presented by R. D. Rogers at the Institute
Le Bel. Université Louis Pasteur. Strasbourg. France on 6/15/06 (Visiting Professor Lecture).
“Strategies Toward the Design of Energetic Materials.” Presented by R. D. Rogers at the Institute Le Bel. Universite Louis
Pasteur. Strasbourg. France on 6/16/06 (Visiting Professor Lecture),
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“The Past, Present, and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials,” Presented by R. D.
Rogers at the Stamford Seminar Series, Cytec Industries, Inc., Stamford, CT on 10/18/06.
“The Past. Present. and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials,” Presented by R. D.
Rogers at the University of Texas San Antonio. San Antonio, TX on 10/20/06.
“Green Chemistry and Applications of Ionic Liquids as Solvents: Enabling Sustainable Technologies For New Advanced
Materials,” Presented by R. D. Rogers at the University of Texas Arlington, Arlington, TX on 11/10/06.
“The Past, Present, and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials,” Presented by R. D.
Rogers at the University of Toledo, Toledo, OH on 1/17/07.
“The Past, Present, and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials,” Presented by R. D.
Rogers to Lyondell Chemical Co., Newton Square, PA on 2/13/07 .
“The Past, Present, and Future of Ionic Liquids: From Designer Solvents to Advanced New Materials,” Presented by R. D.
Rogers to Colgate-Palmolive, Piscataway, NJ on 9/10/07.
“Applications and The Third Evolution of Ionic Liquids: Physical to Chemical to Biological Properties,” Presented by R. D.
Rogers to Colgate-Palmolive, Piscataway, NJ on 9/10/07.
“The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to Technische Universiteit Eindhoven, Eindhoven. The Netherlands on
9/24/07.

“Ionic Liquids as Transformational Technologies,” Presented by R. D. Rogers to Nippon Chemical Industrial Company, Tokyo,
Japan, on 4/21/08.
“The Evolution of Ionic Liquids 7 From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers at the Danish Technical University (2008), Copenhagen, Denmark, on
6/16/08.

“The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to Brookhaven National Laboratory, Upton, NY on 7/14/08.
“The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to Abbott, Waukegan. IL 011 8/14/08.
“The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from

the Ionic Liquid Cookbook,” Presented by R. D. Rogers to the University of Alabama at Birmingham, Birmingham, AL on
9/8/08.

“The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to AMGEN, South San Francisco, CA on 9/10/08.

. “The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples for the
Fragrance Industries,” Presented by R. D. Rogers to Givaudan, Ashford, United Kingdom on 10/01/08.

. “Green Chemistry and the Industrial Revolution,” Presented by R. D. Rogers to the Royal Institution of Great Britain as an
invited Friday Evening Discourse, London, United Kingdom on 11/14/08. (Invited)

. “The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to The US. Army Research Office/U .S. Anny Research Laboratory
Ionic Liquids in Eletroactive Devices MURI Annual Review, Philadelphia, PA on 12/ 16/08. (Invited Guest Speaker)

. “The Evolution of Ionic Liquids - Frorn Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to Rutgers University, New Brunswick, NJ on 1/20/09. (Invited
Colloquium Speaker)

. “The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to Abbott, Waukegan. IL on 2/20/09. (Invited Abbott Seminar Series)
“Ionic Liquids and the Green Industrial Revolution.” Presented by R. D. Rogers to The Queen’s University of Belfast, Belfast.
United Kingdom on 3/2/09. (Inaugural Lecture)
“The ‘Ionic Liquid Talk’,” Webinar presented by R. D. Rogers to the American Chemical Society Publications Division from
Belfast, Northern Ireland to Washington, DC on 4/24/09.
“Ionic Liquid Cracking of Biomass: Beyond Cellulose to Biorefineries,” Presented by R. D. Rogers to the Institute of Process
Engineering, Chinese Academy of Sciences, Beijing, China on 8/22/09.
“From Green Chemistry to a ‘Green’ Industrial Revolution: Are Ionic Liquids Pointing the Way?” Presented by R. D. Rogers to
the Foster Colloquium University of Buffalo, Buffalo, NY on 10/30/09. (Invited Colloquium Speaker)
“Ionic Liquid Cracking of Biomass: Beyond Cellulose to Biorefineries,” Presented by R. D. Rogers to Tuskegee Institute,
Tuskegee, AL, on 11/30/09.
“Ionic Liquid Cracking of Biomass: Beyond Cellulose to Biorefineries,” Presented by R. D. Rogers to The Westerveld
Company, Tuscaloosa, AL, on 12/16/09.
“Ionic Liquid Cracking of Biomass: Beyond Cellulose to Biorefineries,” Presented by R. D. Rogers to The University of
Colorado, Boulder, CO, on 1/12/10.
“Ionic Liquid Advances and Retreats as Solvents and Materials,” Presented by R. D. Rogers to Colgate-Palmolive, Piscataway,
NJ on 1/27/10.

“Ionic Liquids with or Without Biological Activity for use in Personal Care Products,” Presented by R. D. Rogers to Colgate-
Palmolive, Piscataway, NJ on 1/27/10.

107
|PR2016-00006

SteadyMed - Exhibit 1023 - Page 107

|PR2020-00770

United Therapeutics EX2007

Page 3657 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3658 of 7335

184.
185.

186.

187.

188.

189.

190.

191.

192.

193.

I94.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.
208.

209.

210.

211.

“Crystallization Process in Ionic Liquids,” Presented by R. D. Rogers to Nippon Chemical Industrial, Tokyo, Japan on 2/8/10.
“Ionic Liquids Laboratory to Commercialization,” Presented by R. D. Rogers to the Institute of Process Engineering. Chinese
Academy of Sciences. Beijing, China on 04/28/10.
“Ionic Liquids: Introduction, Brief History, Evolution, and Potential Applicability to Your Projects,” Presented by R. D. Rogers
to the Massachusetts Institute of Technology, Cambridge, MA on 06/10/10.
“Ionic Liquids: Introduction, Brief History, Evolution, and Potential Applicability to Your Projects,” Presented by R. D. Rogers
to the Arch Chemicals Inc., Innovation Committee, Atlanta, GA on 09/15/10.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to the Joint Bioenergy Research Institute, Lawrence Berkeley National Laboratory,
Emerwille, CA on 10/05/10.
“Ionic Liquids: Laboratory to Commercialization Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and
Separation of Lignin, Cellulose, and I—Iemicellulose,” Presented by R. D. Rogers to Lanzhou University, Lanzhou, China on
10/28/10.

“Ionic Liquids: Laboratory to Commercialization,” Presented by R. D. Rogers to The Chinese Academy of Sciences Institute of
Chemical Physics, Lanzhou, China on 10/29/10.
“Ionic Liquids: Laboratory to Commercialization Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and
Separation of Lignin, Cellulose, and Hemicellulose,“ Presented by R. D. Rogers to Jiaotong University, Xi‘an, China on
1 1/01/10.

“Ionic Liquids: Laboratory to Commercialization Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and
Separation of Lignin, Cellulose, and Hemicellulose,” Presented by R. D. Rogers to Northwest University, Xi’an, China on
1 1/01/10.

“Ionic Liquids: Introduction, Brief History, Evolution, and Potential Applicability to Your Projects,” Presented by R. D. Rogers
to Monsanto, St. Louis, M0 on 11/11/10.
“Ionic Liquids: Introduction, Brief History, Evolution, and Potential Applicability to Your Projects,” Presented by R. D. Rogers
to Frontier Scientific and Echelon, Logan, UT on 12/09/10.
“Vignettes of Ionic Liquids Strategies in the Rogers Group,” Presented by R. D. Rogers to Tokyo University of Agricultural and
Technology, Tokyo, Japan on 1/13/11.
“Vignettes of Ionic Liquids Strategies in the Rogers Group,” Presented by R. D. Rogers to Nippon Chemical Industrial
Company, Tokyo, Japan, on 1/14/ 11.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to University of Guelph on 1/24/11.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to Tennessee Technological University, Cookeville, TN on 2/8/11.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to Oak Ridge National Laboratory, Oak Ridge, TN on 2/9/11.
“An Editor‘s Perspective on Contentious Issues Arising During the Peer Review Process," Presented by R. D. Rogers to the
National Chemical Laboratory, Pune, India, on 6/24/11.
“An Editor’s Perspective on Contentious Issues Arising During the Peer Review Process,” Presented by R. D. Rogers to the
Indian Institute of Science, Bangalore, India, 0116/27/11.
“Ionic Liquids: Unique Environments for f-Element Chemistry,” Presented by R. D. Rogers to the Cha ngchung Institute of
Applied Chemistry, Chinese Academy of Sciences, Changchung, China on 07/26/11.
“The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to Merck, Summit, NJ on 09/09/11.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Herniccllulose,“ Presented by R. D. Rogers to Loyola University, New Orleans, LA on 11/21/11.
“The Evolution of Ionic Liquids - From Solvents and Separations to Advanced Materials and Pharmaceuticals: Examples from
the Ionic Liquid Cookbook,” Presented by R. D. Rogers to Ruhr Universitat Bochum, Bochum, Germany on 12/01/11.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hernieellulose,“ Presented by R. D. Rogers to the Fraunhofer Institute for Wood Research Wilhelm Klauditz Institute,
Braunschweig, Germany 011 12/05/11.
“Ionic Liquids: Solvents and Materials,” Presented by R. D. Rogers to Reliance Industries Limited, Murnbai, India on 03/09/12.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to the Central Salt & Marine Chemicals Research Institute, Bhavnagar, Gujarat,
India 011 03/15/12.

“Ionic Liquids in Support of the Pharmaceutical Industries,” Presented by R. D. Rogers to Novartis, Basel, Switzerland on
05/07/12.

“Green Chemistry, Technology, & Innovation (on the road to ‘Shrimp Bandages’),” Presented by R. D. Rogers to the Mobile
Kiwanis Club, Mobile, AL on 6/27/12.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to the University of Mississippi, Oxford, MS on 11/01/12.
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“Unique Roles for Ionic Liquids in a Biorefinery: Extraction, Separation, and Processing of Lignin, Cellulose, Hemicellulose,
and Chitin” Presented by R. D. Rogers to the U.S. Army ERDC Environmental Laboratory, Vicksburg, MS on 11/02/12.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,“ Presented by R. D. Rogers to McGill University, Montreal, Quebec, Canada on 11/06/12.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to The University of Tennessee at Martin, Martin, TN on 02/18/ 13.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Ligilin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to The University of Aveiro, Averio, Portugal on 04/29/13.
“A study of Ionic Liquids in the pharmaceutical sector - How can the liquid state help us master the solid state?” Presented by R.
D. Rogers to Instituto de Technologia Quimica e Biologica (ITQB), Lisbon, Portugal on 04/30/13.
“Ionic Liquid Solvents for the Grand Challenge Inherent in a Biorefinery: Extraction and Separation of Lignin, Cellulose, and
Hemicellulose,” Presented by R. D. Rogers to the Sugar Milling Research Institute, Council for Scientific and Industrial
Research Forestry and Forest Products Research Centre, University of KwaZulu-Natal Clrerrrical Engineering Department, and
Durban University of Technology, Durban, South Africa on 07/03/13.
“A study of Ionic Liquids in the pharmaceutical sector - How can the liquid state help us master the solid state?” Presented by R.
D. Rogers to McGill University, Montreal, Quebec, Canada on 08/21/13.
“Finc Tuning Double Salt Ionic Liquids and Their Applications in the Pharmaceutical Industry,” Presented by R. D. Rogers at
Novartis, Basel, Switzerland on 09/1 1/ 13.
“A study of Ionic Liquids in the pharmaceutical sector“ Presented by R. D. Rogers to Nova University, Ft. Lauderdale, FL on
10/1 1/13.

R. D. Rogers, “Liquid Engineering to Crystal Engineering: How Ionic Liquids Can Help Us Master the Pharmaceutical Solid
State,” Presented by R. D. Rogers to the University of Cologne, Cologne, Germany, 11/28/13.
R. D. Rogers, “Liquid Engineering to Crystal Engineering: How Ionic Liquids Can Help Us Master the Pharmaceutical Solid
State,” Presented by R. D. Rogers to the University of Boclruin, Bochum, Germany, 11/29/13.
“Unique Roles for Ionic Liquids in a Biorefinery: Extraction, Separation, and Processing of Lignin, Cellulose, Henricellulose,
and Chitin” Presented by R. D. Rogers to Mississippi State University, Starkville, MS 011 02/14/14.
R. D. Rogers, “Liquid Engineering to Crystal Engineering: I-Iow Ionic Liquids Can Help Us Master the Pharmaceutical Solid
State,” Presented by R. D. Rogers to the University of Rostock, Rostock, Germany, 04/07/14.
R. D. Rogers, “Liquid Engineering: Ionic Liquids for the Pharmaceutical Sector in Dnrg Development, Drug Delivery, and as
Drugs,” Presented by R. D. Rogers to Takeda Millennium, Cambridge, MA, 05/09/14.
R. D. Rogers, “Ideality vs. Reality of Green Chemistry in the Development of Advanced Materials from Renewable Polymers.”
Presented by R. D. Rogers before the North Alabama Section of the American Chemical Society, Huntsville, AL, 09/08/14.
R. D. Rogers, “Green Chemistry and Advanced Materials from Renewable Polymers: Education, Research, and
Entrepreneurship to Motivate the Next Generation of Scientists,“ Presented by R. D. Rogers to Iowa State University, Ames, IA
on 11/03/14.

R. D. Rogers, “Green Chemistry and Advanced Materials from Renewable Polymers: Education, Research, and
Entrepreneurship to Motivate the Next Generation of Scientists,” Presented by R. D. Rogers to McGill University Macdonald
Campus, Montreal, QC Canada on 04/16/15.
R. D. Rogers, “Green Chemistry and Advanced Materials from Renewable Poly mers: Education, Research, and
Entrepreneurship to Motivate the Next Generation of Scientists,” Presented by R. D. Rogers to Institut fur Technische und
Makromolekulare Chemie, RWTH Aachen, Aachen, Germany 011 04/30/15.

. R. D. Rogers, “Sustainability, from Ideas to Implementation: Can Ionic Liquids I-Ielp?” Presented by R. D. Rogers to L’Oreal,
Aulnay sous Bois, France on 05/11/15.

. R. D. Rogers, “Green Chemistry and Advanced Materials from Renewable Polymers: Education, Research, and
Entrepreneurship to Motivate the Next Generation of Scientists,“ Presented by R. D. Rogers to the University of Calgary
(Department of Chemistry), Calgary, AB, Canada on 07/07/15.
R. D. Rogers, “ls “Sustainability” a new paradigm for the future chemical industry? Cross border perspectives and what we need
to train the next generation to face,” Presented by R. D. Rogers to Alberta Innovates Technology Futures, Calgary. AB, Canada
on 07/09/15.

“Utilization of Ionic Liquids in Support of Continuous Pharmaceutical Manufacturing: Fine Tunability of Double Salt Ionic
Liquids,” Presented by R. D. Rogers at Novartis, Basel, Switzerland on 09/14/ 15.
R. D. Rogers, “Liquid Engineering: Ionic Liquids for the Pharmaceutical Sector in Drug Development, Drug Delivery, and as
Drugs,” Presented by R. D. Rogers to the Department of Pharmacology and Therapeutics, McGill University, Montreal, QC,
Canada 011 11/09/15.

R. D. Rogers, “Innovation is the Gateway to the Biomass Biorefinery and Ultimately A sustainable Bio-based Economy,”
Presented by R. D. Rogers to Concordia University, Montreal, QC, Canada on 11/13/ 15.
R. D. Rogers, “Innovation is the Gateway to the Biomass Biorefinery and Ultimately A sustainable Bio-based Economy,”
Presented by R. D. Rogers as a Waterloo Institute for Nanotechnology (WIN) Distinguished Lecture to the University of
Waterloo. Waterloo. ON. Canada on 11/19/ 15.
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237. R. D. Rogers, “Green Chemistry and Advanced Materials from Renewable Polymers: Education, Research, and
Entrepreneurship to Motivate the Next Generation of Scientists," Presented by R. D. Rogers to West Virginia University
(Department of Chemical Engineering). Morgantown. WV on 12/04/15.

238. “Before Applications You Need Understanding: Does the Nature of the Bonding in Double Salt Ionic Liquids ‘Prove‘ a
Difference Between Ionic Liquids and Molecular Liquids?.” Presented by R. D. Rogers to Reliance Industries Limited. Murnbai,
India on 01/19/16.

239. “Millions of New Ionic Liquids are Hiding in Plain Sight: Understanding the Nature of the Bonding in Double Salt Ionic Liquids
(aka Ionic Liquid Mixtures),” Presented by R. D. Rogers to the PATH Workshop, University of Aveiro, Aveiro, Portugal on
05/09/16.
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Theses and Dissertations Directed:

M. M. Benning, "Actinide/Crown Ether Chemistry," Ph.D., Northern Illinois University, 1988.
L. Nufiez. "Structural, Magnetic. and Superconducting Properties of YBa2C113_xFexO-/_s Single Crystals." Ph.D., Northern Illinois
University, 1990.
R. F. Henry, "Synthesis and Characterization of Novel Macrocycles and Their Complexes," M. 8.. Northern Illinois University,
1990.

A. N. Rollins, "Controlling the Primary Coordination Sphere: Cornplexation of the 4-f Elements by Crown Ethers as Models for
Potential Extraction Systems," Ph.D., Northern Illinois University, 1993.
A. H. Bond, "Heavy Main Group Metal Ions: Structural Chemistry of Polyether Complexes and Aqueous Biphasic Separations,"
Ph.D., Northern Illinois University, I995.
C. B. Bauer, "Polyether Cornplexation Chemistry of Hard Metal Ions: Structural Investigation and Partitioning Behavior in
Aqueous Biphasic Systems,“ Ph.D., Northern Illinois University, 1995.
J. Zhang, "Polyethylene Glycol (PEG) Chemistry: Partitioning of Chaotropic Ions in PEG-Based Aqueous Biphasic Sy stems
and Structural Investigation of Lanthanide Isothiocyanate/PEG Complexes," Ph.D., Northern Illinois University, 1997,
K. S. Granger. non-thesis option, MS, The University of Alabama, 2000.
H. D. Willauer, “Fundamentals of Phase Behavior and Solute Partitioning in ABS and Applications to the Paper Industry.”
Ph.D., The University of Alabama, 2002.
A. E. Visser, “Metal Ion Separations in Aqueous Biphasic Systems and Room Temperature Ionic Liquids,” Ph.D., The
University of Alabama, 2002. (Recipient of The University of Alabama Award for Excellence in Research by a Doctoral
Student)
G. A. Broker, non-thesis option, MS, The University of Alabama, 2003.
S. T. Griffin, “The Development and Applications of ABEC Resins,” Ph.D., The University of Alabama, 2004.
M. Dilip, non-thesis option, MS, The University of Alabama, 2004.
M. A. Klingshirn, “Relating Ionic Liquids and Polyethylene Glycols to Green Chemistry, Organometallic Catalysis. and
Materials Science,” Ph.D., The University of Alabama, 2005.
M. B. Turner, “Ionic Liquids in the Life Sciences: Are Ionic Liquids Useful in the Manipulation of Biornolecules?,” Ph.D., The
University of Alabama, 2005.
W. M. Reichert, “The Effects of Cation-Anion Interactions 011 the Properties of Ionic Liquids,” Ph.D., The University of
Alabama, 2005,

R. P. Swatloski, “Ionic Liquids as Green Solvents: Enabling New Materials and Technologies,” Ph.D., The University of
Alabama, 2005,
G. A. Broker, “Crystal Engineering Studies of some Nitrogen Containing Multifunctional Ligands.“ Ph.D., The University of
Alabama, 2006.
V. A. Cocalia, “Separations, Solvation, and Coordination of Actinides in Ionic Liquids,“ Ph.D., The University of Alabama,
2006.

K. E. Gutowski, “Computational Thermodynamic Studies of the Forrnation and Stability of Ionic Liquids and Actinide-Ligand
Complexes,” Ph.D., The University of Alabama, 2006. (Recipient of The University of Alabama Award for Excellence in
Research by a Doctoral Student)
N. J. Bridges, Ph.D., “Ionic Liquids and Water: An Investigation of Solvation,” The University of Alabama, 2007.
C. C. Hines, “Ionic Liquids for Crystallization: Echoes of Solvation in the Solid State,” MS, The University of Alabama, 2007
(Recipient of The University of Alabama’s Award for Excellence in Research by a Masters Student)
M. L. Moody, “A Study of the Influence of Water on Polyethylene Glycol Solutions,” Ph.D., The University of Alabama, 2007
M. Smiglak, “A Modular “Ionic Liquid" Platform for the Custom Design of Energetic Materials,” Ph.D., The University of
Alabama, 2007, (Recipient of The University of Alabama Award for Excellence in Research by a Doctoral Student)
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Polymorphs

s discussed in Chapter 1. polymorphs exist when two crystals have the same
chemical composition but different internal structure. including different unit
cell dimensions and different crystal packing. Compounds that crystallize as
polymorphs can show a wide range of different physical and chemical

properties, including different melting points and spectral properties. Polymorphs can
also differ in their solubility. density, hardness, and crystal shape. While some com-
pounds may exist in only two polymorphs, others may exist in many polymorphs
(e.g,, progesterone has five polyniorphs and water has nine polymorphs). Control of
polymorphism is particularly important for pharmaceuticals where changing the poly—
morph can alter the bulk properties, dissolution rate, bioavailability, chemical stability,
or physical stability of a drug, The clearest indication of the extstence of polymorphs
comes from the X—ray crystallographic examination of single crystals of the various
samples that are known to have the same composition. Often, however. X—ray powder
diffraction is sufficient to establish the existence ofpolymorphs.

There is. unfortunately, no standard numbering system for polymorphs. In the lit»
crature. the various polymorphs have been designated by Roman numerals (preceded
by the word “Form.“ (1.57.. Form 1). Greek letters (with the suffix “-form,” e.g.t a»
form) or in some cases, capital letters (similar to the Roman numeral system). To add
to the confusion, some of numbering schemes of polymorphs also include solvates
(e.g.. the a— and )I—tornis of indomethacin are anhydrates, yet the B—form is the benzene
solvate), Furthermore, some polymorphs have been identified only by their crystallo-
graphic classification (eg., the two polymorphs of (fl—fl—promedol are designated the
monoclinic form and the rhombohedral form). It has been suggested that polyniorphs
be numbered consecutively in the order of their stability at room temperature or by their
melting point. This of course would lead to confusion upon the discovery of a new
pnlymor‘ph having intermediate stability or melting point and thus requiring renumber-
ing of the existing polymorph system. It has also been suggested that polyinorphs be
numbered consecutively in the order of discovery, but this requires knowledge of their
history and a timely access to that information \Vhatever the numbering system. it is
imperative that it be consistent. Thus, when a new polymorph is discovered and
characterized, the designation of the new polymorph should be the next increment in the

143
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144 Chapter 10 Polymorphs
  

  
previous system. However. this is not always practical when more than one laboratory
is involved in the development process at the same time
 
 

 
10.1 CLASSIC EXAMPLES OF POLYMORPHISM

  ‘ This section summarizes several classic examples of polymorphism which have ap-
t peared in the chemical literature.  

  
 

A. 4-CHLOROPH ENOL

, I.

I CIQ—0H 4-chlnruphenol
I The crystal structure of both the thermodynamically stable (at) and unstable (B) forms

‘~ of 4'chlorophenol have been determined (Perrin and Michel, 1973a—b). Both forms
; belong to the same space group (PEI/c): they both have the same number of molecules

’ “ per unitcell (Z = S) and nearly identical densities, yet they have different cell pm‘ame-

 

  
  
  ters (see Table 10.1). The crystal structure of the [lform projected on the (100) plane

'15“ is shown in Figure 10.1. The packing consists of tetramcrs of molecules connected byhydrogen bonding. The crystal packing of the a-form (shown in Figure 10.2) also
consists of tetramers connected by hydrogen bonds, but the arrangement of the rings is
slightly different than that of the B—form. Although the B-form converts to the affonn,
no detailed studies of this transformation have been reported.

  
  

  

 
 

 
 Figure 10.] Projection of the crystal structure of the fi-form of 4—chlorophenol (. chlorine atom,

® hydl’oxyl group) (Perrin and Michel, 1973b).

 

 

 
 
 

 

 
Table 10.1 Crys' lograp
W 4—C4lorophen

Parameter 

Space Group
a (A)
b (A)
r.- (A)
i3
Z

Peale (g cm")

a—]
I
 

W“) E
X

a Perri“ and Michel, 19731

@ hydrgxyl

§FDUPS (Table 102);
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Table 10.1 Crystallographic Parameters for Two
4-Chloruphenol Polymorphs 

Parameter a-Form" fi-Forrn”
Space Group P2l/c P2,!c
gall) 8.84 4.14

lave a? j MA) 15726 12.85. ; c1111 8.790 23.20
,3 921m 93.00‘1
2 8 8

page (g cm") 1.40 1.38
V (P) 1220.7 1232.5

a Paula and lvficllel. 19733. b Perri!) and Michel. 1973b.
 

1) forms
h forms
iolecules
parame-
0) plane
acted by
1.2) also
rings is
a—form,

Figure 10.2 Projection of the crystal structure of the a—form of 4-chtorophenol (. chlorine atom.
@ hydroxyl group) (Perrin and Michel. 19733).

B. DIBENZ[E,}I}ANTHRACENE

dibenzLaJl lanlhracerte
(12:5.6-dibenzanlhracene)

In an early study of polymorphism, the crystal structures of Forms I and 11 of dibenz—
[a.h]anthracene (l,2:5,6—dibenzanthracene) were determined (Robertson and White,
1947; 1956). Although the forms have the same density, they belong to different space
groups (Table 10.2) and have quite different packing. The crystal packing of Form I
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  146 Chapter 10 Polymorphs

  (orthorhombic form) is shown in Figure 10.3 and the crystal packing of Form H Table 10.2 Crystallographic]

 
 
 
 
 
 
 

 
 

 
 

 

 
 

(monoclinic form) is shown in Figure 10.4) DibenllafilflflthmParameter Fr

Space group F
11(A)
b (A) 1
c (A) 1
fi 9
Z

Pcalc (S Gin—3)
v (N) 141
V/molecule 35

Robertson and Whiter l947; R

C. ACRIDINB 

Acridlne crystallizes in ii
Schmidt, 1955). The cry:
and are shown in Figures
forms appear to be quite sii

  I‘ Figure 10.3 Crystal packing of Form I (orthorhombic form) of dibenz[a.h]anlhmcene (Robertson and" \‘Vhite. I947).
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 

 

Table 10.3 Crystai Parameter
Parameter a—For

Space group 1721/:
12(3) 16.18
b (A) 1333
c (A) 6 08
,3 95.67"
2 8

Pen): (3 “11—3) 1 ‘27
v (A3) 1348.:
v72 ()6) 2311
Habit Needle
Herbstein and SchmidL i955

 
 

Figure 10.4 Crystal packing drawing of Furm [I (monoclinic fonu) of dibenz[u,h]anthmecne (Robert-son and White, 1956)
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 Table 10.2 Crystallographic Parameters for Two
Dibenziafllamhracene Polymoth

Fom II

P21

 
 

 
  

 

 
Form I

Pcrtb
Parameter
  
 

 

 
Space group 

  
  

 
  
  

  

null) 822 6.59
b (A) 11.39 7.34
11.3.) 15.14 14.17
a 900° 1o3.5°
z 4 2

Pcalc (g cm’J) 1.29 1.29
VW) 1417.5 711.9

 
 
 

354.4 355.9
Robertson and White. 1947; Robertson and White, 19561

W111olecule
   
 

 

  

 
C. ACRIDINE   

  \
acridine

N

Acridine crystallizes in five polymorphs as shown in Table 10.3 (Herbstein and
Schmidt, 1955). The crystal structures of the a. and yfm‘ms have been determined
and are shown in Figures 10.5 and 10.6, respectively. The crystal packing of these
forms appear to be quite similar although the cell parameters are obviously different.

  
  
  

 
 

Table [0.3 Crystal Parameters of the Various Polymorphs of Acridine
  
 

  
 

 

 
  

   
  
  

  
  

  
  

Parameter or-Form ,B-Form thorm Ei-Form F—F‘nrm
Space group P211a Au Pnub P2,2,21 1321/"
(HA) 16.l8 16.37 17.45 15.61 11.37
b (A) 18.88 5.95 8.89 6.22 5.98
c (A) 6.08 30.01 26.37 29.34 13.64
[1’ 95.67“ 141.33“ 00.00= 90 00° 98.67“
Z 8 8 16 12 4

pca1c[g cm-iij 1.27 1.29 1.15 1.24 1.29
V0113) 1848.2 1326.3 4090.8 28487! 918.2
VIZ (A‘) 231.0 228 3 255.7 237' 4 229.5
Habit Needles Plates La1h1< Laths Prisms   
Herbstein and Schmidt, 1955
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148 Chapter 10 Polymorphs

Figure 10.5 Crystal packing of acridine a—form with o represeming the nitrogen atom of theaetidine ting (Phillips, 1956).

Figure 10.6 Crystal packing of acrit’iine y-form with® representing the nitrogen atom of the aeiidine
ring (Phillips 81 al., [960).

10.2 CONFORMATIONAL AND CONFIGURATIONAL POLYMORPHISM 

In this section, two special types of polymorphism will be discussed. Confonnational
polymorphism occurs when a molecule adopts a significantly different conformation in
different crystal polymorphs (Bemstein, l987). (The term “significantly different is
open to interpretation.) This term does not adequately describe cases where different
types of isomers crystallize in different forms. Thus an additional term—configura-
tional polymorphism—is defined. Configurafional polymorphism ex1sts when different
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configurations (112., cis,1rans isomers or tautomers) crystallize in separate crystalline
forms.

Crystallization of cis,trans isomers in different crystalline forms is well known and
occurs whenever the pure isomer is crystallized. Crystallization of pure tautomerie

7 Z forms in separate crystals leads to what may be called tautamerizationa! polymorphism.The crystallization of equilibrating isomers in eonfigurational polymorphs is of signifi-
cantly more interests When this occurs‘ the phenomenon of configurational polymorr
phism can be used to isolate and study the individual isomers provided they exist in
crystalline form.

A. TRl-a-NAPHTHYLBORONAMINE 

§ 0 —»Mffl
m of the

tri-a—naphthylboronamine triJI-naphthylburonamine
Form A Form B

Brown and Sujishi (1948) reported an early example of conformational polymorphism
with the following observations:

1 . Two crystalline forms of tri~a—naphthylboronamine are found.
2. The metastable Form A is converted to the stable Form B slowly at

room temperature and rapidly above lOO 0C.
l The dissociation pressure of the metastable form is higher than the

> stable form,

3% , ' . Removal of NH: from either form gives identical samples of triiai
. ' naphthylboron.

Based on these results, the two forms were suggested to have structures depicted
, above. In these forms, the conformation of the tri—a—naphthylboron is the same except

he midi“: , i that the NIL is connected to the boron on the more hindered side for the unstable form
I and the less hindered side for the stable form. Thus these structures explain the differ—

ence in dissociation pressures of the two forms and the fact that removal of NH3 gives
the same conformer of tri—ot—naphthylboron. They also explain why the unstable form,
being the most sterically hindered, can be convened to the stable form.

Unfortunately, while tri—a—naphthylboron was one of the first suggestions of con-
formational polymorphism, it was never eonfinned by X-ray crystallographic analysis.

mational 7, The example, nevertheless, points out some of the molecular factors that influence
mum in 3 polymorph formation.
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B. ETHYL 2-[(pHENYLMETHYL)AMtNo] -1-BUT ENOATE 

H
 

CHEPh

 
 

ethyl E-Z-[(phenylmethyl)-
nmino]»2—butentmte

ethyl Z-Z-flphenylmethyD-
nmino]—2—hutenoatc

Infrared studies (Dabrowski. 1963) and NMR studies (Dudek and Volpp. 1963)
indicate that the Sehiff base ethyl 2-[(phenylmethyl)aminol—2«butenoate (ethyl B—
benzylaminucrotonate) exists in configurational polymomhs; the low-melting form (mp
23 DC) has the cis— or Z—conformation and the high—melting form (mp 75—80 DC) has the
trans— or E—conformation. These conformers equilibrate in solution, but upon crystalli-
zation, the configurations shown are “frozen" out in their respective polymorphic
structures.

The crystal structure of the E—isomer has been determined in our laboratory (Shieh
er alt. 1983). Crystals of the E—isomer belong to space group P21212i with a =
19.655 A, b = 5.773 Ar, and c = [0.632 A. Figure 10.7 shows the Structure of this
isomer, and indeed it has the structure of the E—isomer suggested by spectroseopic
evidence (Dudek and Volpp, 1963).

The NMR and IR spectra of ethyl 2—[(phenylmethyl)amino]—2—butenoate are com.
plctcly consistent with this assignment. A solutionrNMR spectrum of the low-melting
form (prepared by dissolving crystals at low temperature) indicates that it is indeed the
Z—isomer (Dudek and Volpp. 1963). In this experiment the isomer present in the solid
state predominates in solution because of the low temperature. In our laboratory we
have studied the isomcrization rate of the Zisomer to the Eeisomer at ambient tempera—
ture in DMSO where it is relatively rapid Measurement of the rate of this reaction at
various temperatures gives an activation energy of 56.9 kJ/mol.

H or C D, N @, O . (Shiehetuii. 1983').

 

  
 

 
  

  
  
  
  

  
  

  
  
 

 
  

Figure I0.7 Stereoview of ethyl 27[(phenylniethyl):uiiinu]727butenoate in the high—melting EAiSUlllEI’I
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The energies in kJ/mol for a number of rotamers of the E— and Z—isomers have
been calculated using the CAMSEQ program (VVeintraub and Hopfinger, 1975) which
employs semiempirical potential and electrostatic functions to calculate the energies of
each rotamer. These calculations indicate that the conformation of the E—isomer as

determined by X—ray crystallography is one of the lowest energy conformations,
although the E— and Z—isomers have nearly the same energy in a vacuum.

C. 4—(N-CHL0ROBENeriDENE)~4-CHLOROANILINE

4—(N-chlorobenzyIiflene)-4-chlnrnaniline

The Schiff base 4~(N-chlorobenzylidene)-4-chloroanilinc crystallizes in two poly-
morphs (Bernstein and Hagler. 1978). Although the structures of both polymorphs are
disordered. it can be seen that the conformation of the molecule is strikingly different in
the two polymorphs. Hence. these forms are termed conformational polymorphs.
Confomtational polymorphism of drugs is discussed in more detail later in Section
10.11. In the stable (triclinic) form. the molecules are planar, whereas in the unstable
(orthorhombic) form the phenyl rings are rotated by equal but opposite amounts (24.8")
with respect to the H—C:N least—squares plane of the imine. The crystal packings of
these two forms is shown in Figures 10.8 and 10.9.

Molecular orbital and lattice energy calculations were used to analyze the reasons
for conformational polymorphism of 47(Nechlorobenzylidene)—4—chloroaniline (Bern-
stein and Hagler, 1978). Quantum-mechanical calculations for a single molecule

Figure 10.8 Stereoview of 4{N-chlorobenzylideneM—chloruaniline triclinic polymorph (Bernstein
and Hagler, 1978).
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1

fr)
_C__i”

Fist-"E 10.10 The crystal p5
(Gouguutas and

am
Qidene)«4-ehloroaniline orthorhombic

 Crystal packing stereovicw of 4-(N—chlorobenLyliFigure 10.9
form, (Bernstein and Hagler. [978).

Sig 

 showed that the nonplanar conformation was energetically favored by perhapsusing scmiempirical potential
2.09—6.28 kJ/mol but the lattice-energy calculations,
functions, showed that the planar structure (trielinic form) gave a lower lattice energy
by about 4.19 kllmol. These calculations explain why the triclinic polymorph is the
stable crystalline polymorph even though it contains the less stable (planar) conformer.

Programs that calculate the packing ‘lable, for example, Ceriumzenergy are now avai

(Molecular Simulations, Inc., 1997). These programs alone or in combinati
structure elucidations based on powder diffraction data will provide new approaches to
the structure analysis of materials when suitable single crystals are not available.

Flgmlo.“ The crystal I
(Gougoutas anr

on With Tobie 10.4 Crystallographic
2.1-benzuxiodol-i

Parameter

Space Group
a (A)
b (A)
c (A)
I3
2

PM (g cm")
v (A‘)

Gougoulas and Lessinger. 19'.

D. 3-0x0-3H—2,1—BENZOXIODOL-l—YL 3-CH Lonoaanzoare
o

0/ / 3-oxo-3H-2,l-henznxiodol-l-yl3-ehlorobenzoate

c1

As part of their extensive study of the crystal chemistry of iodoperoxides, Gougoutas
and Lessinger (1974) determined the crystal structure of two polymorphs of 3-oxo-3H—
2,1-benzoxiodol—lryl 3-chlorobenmate. This compound crystallizes in a— and [iforms
that both belong to the monoclinic crystal system (Table 10.4).
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Figure 10.10 The crystal packing of 370x0-3H~2.1-benwxiodol-l>yl 3-chlorobcnzoale (reform
(Gougoulas and Lessinger, 1914),

orthorhombic

iy perhaps
a] potential

[lice energy :1 Figure 10.1] The crystal packing of 3-ux03H-2J-benzox10dol-l-yl Sichlnmbenzuale [lfunn
Iorph ‘5 the ; {Gougoutas and Lessinger. l974).
:onformer. ‘

ple, Ceriu:2 _
ination With ~ ; Tnble 10.4 Crystallographic Unit Cell Parameters for 3-Oxu»3H-
iproaches t0 . I 2.17benzoxiodolJ—yl 3«Chlombenznale

able‘ ‘_ Parameter a-Form fi-Fom
Space Group P2,/n Pc-
aiA) 6.376 5057
MA) 10.547 13.035
all) 20.066 10.339
0 920° 99.5“
2 4 2

pm (g cm ") 1.984 2.009
WM 1348.6 672.2

Gougoums and Lessinger, |974.

L, Gougoutas
)f 3-0x0—3H- ' ‘ The a—form is essentially planar in the crystal while in the ,B-form the two phenyl
and B—forms ‘ L.. rings make an angle of approximately 55° with each other. The crystal packing of the

two forms is also quite different as shown in Figures 1010 and 10,11. These two
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  farms have different solid—state infrared spectra (see Figure 10.12), as expected since
the molecule is in different conformation in the two crystal forms.
 
 
 
  

  
  
 
 
 
    
 
 

8 9 m 11
Wavele nglh (mmrons)

Schulenberg
  
 
  

  

 
 

3000 2500 urn-1 1000 900  

consistent

phenyl)a.min

  a—form (KB! pellet)

 
 
 
 

Transmmancfi) hom

containing an
phism (cf. p.   

 

  

  
  

  
 

B 9 10
Waveieng‘m (microns)
 4000 urn-1 1000

 

  
Transmillanca("/a)
  

B—lonn (KBr pellet)

fli5005cm4
 

 [he Eeisomcr
there are num
isomer or taut
(1972).

8 D 1 D
W avelength (micro n5)

 
 Flgure 10.12. lnfmmd spectm of l-cxo—3H-2,l—henmxiodcl—l—yl 3-chlorobenzonte (Gougomas and

Lessinger. 1974),  

SteadyMed - Exhibit 1024 - Page 13

 
 
  E. TAUTOEERIZATIO)

O
H

4000 3000 2500

H

EE
5
§ chloroform solution (with baseline)F kelo For

g 3-(4vchlorop1600.6 cm-‘ 2-[2—(2-(meumxyca)
anfino}phenle-3-oxo

(1968) hm
phenyl)amino)pheny1]—3
form has a melting point

with the
)phenyll-3

 
110—122 °C and upon Lli
(4—chlorophenyl)-3—hydr
acid. Addition of Lrieth)
ing 70% of [he keto forn

Although [he crysta
mined, this study illustr:

individual
143).

E—ennformer of t!
1,3-diphenylprop;

Several ther case:

enol of 1,3—d%rl‘xenylpr(d the ot
mus 6X31
mer Ulll. (

 
 

|PR2020-00770

United Therapeutics EX2007

Page 3674 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3675 of 7335

10.2 Conformational and Configurational Polymorphism I55

. E. TAUTOMERIZATIONAL POLYMORPHISMacted Since

cognic

kcto form enol form
3-(4-chlorophenyl)- 3-(4-chlorophenyl)-3-hydroxy-

2-[2-(Z-(melhoxycarhoxyphenyi} 2-[2-(2-(methoxycarboxyphenyl)-
amino)phcnyl]-3—oxopmpanoic acid amino)phcnyl]propenoic acid

Schulenberg (1968) has reported that 3—(4-chlor0phenyl)-2—[2-(2—(methoxycarboxy—
phenyl)amino)phenylj«3—ox0propanoic acid crystallizes in two luutomeric forms. One

700 1

ine)

14 i5

700 ‘
form has a melting point of 93—99 c’C that upon dissolulion in CDCl3 gave NMR spectra

: > . consistent with the keto form, 3—(44chlorophenyl-2—[2—(2‘(methoxyca.rboxy—
phenyl)amino)phcnyl]—3—oxopropanoic acid. The other form had a melting point of
110—122 °C and upon dissolution gave NMR spectra consistent with the enol form, 3—

. (4-chlor0phcnyl)—3-hydroxy—Z—[2-(2—(methoxycarboxyphenyl)amin0)phenyl]propenoic

‘4 15 ‘

700 t

14 15

Gougoutas and

acid. Addition of triethylamine to either solution gave an equilibrium mixture contain—
ing 70% of the kcto form and 30% of the cool form.

Although the Crystal structures of the keto and enol forms have not been deter-
mined, this study illustrates a case in which two different crystalline forms exist, each
containing an individual tautomer. This situation is termed tautomerizational polymorv
phism (cf. p. l43).

E-eonformer ol' the ennlatc of Z—canfurrner uflhe enolate of
1,J-diphenylprupane-lfi-dinne lJ-diphcnylpropane-lJ-dione

Several other cases of tautomerizational polymorphism exist, For example. the
enol of 1,3-diphenylpropanc-l,3—di0nc cryslallims in two forms. One form contains
the E-isomer and the. other contains the Z—isomer (Eistert at at. 1952). In addition,
there are numerous examples of the crystallization process freezing one configurational
isomer or tautomer out of solution. These cases are reviewed by Curtin and Engclmann
(1972).
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F. Po LYCH ROM] SM

 One of the most striking differences in physical properties among polymorphs is
polychromism (£12., different colors). Polychromism has been reported for only a
limited number of cases. Dimethyl 3,6—dichlor0-2,5-dihydr0xyterephthalate, for

‘ example, crystallizes in yellow. light-yellow, and white polymorphs (Bym er 01.,
i

  
 

1972; Fletton et (11., 1986: Yang et al., 1989; Richardson et (21., 1990). The colors of
these three polymorphs are attributed to differences in orientation of the carboxylate

' group with respect to the aromatic ring (see also Sections 10.7E and 20.1A).  
 

 
  

5-methyI-2-l(2-nitrophenyl)aminol-
3-thiophenecarhonitrile

(ROY)  
Figure 10.13 Conformat ons

crystalline iorn  
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  5-Methyl—2-[(2-nitrophenyl)amino]-3—thiophenecarbonitrile is a dramatic example
of polychromism. Crystallization of this compound from ethanol yields a mixture of
yellow and red prisms, whereas crystallization from methanol yields orange needles;
hence the alias ROY for the red, orange, and yellow forms (Borchardt, 1997). Crystals
of the red form also appear to be pleochroic. displaying both red and orange colors
under polarized illumination.

The three polymorphs are free of solvent and stable at room temperature. The red.
orange, and yellow forms are similar in energy with melting points of 106.2, 114.8,
and 109.8 “C, respectively (Yu, 1998). The red and orange forms undergo solution-
mcdiated transformation to the yellow form at room temperature. indicating the latter is
the most stable at room temperature. The yellow and orange forms are related enantio—
tropically, with yellow being more stable at low temperature. Between room temper
ature and the melting point, the red form is always less stable than the yellow form.
The heats of melting, as measured by DSC, confirmed these stability relationships.
Solid—state phase transitions from red to yellow and from red to orange have been
observed between 70—90 °C in a solvent free environment. The transition from red to

yellow (at temperattues greater than 90 cC) results in a dramatic change in color but no
apparent change in crystal morphology. whereas the transition from red to orange leads
to the growth of orange needles from the initial red crystals.

The crystal structures of red, orange, and yellow forms have been determined by
single—crystal X—ray diffraction and show that the molecule adopts a dramatically
different conformation in each of the forms. Subsequent studies show that these
different conformations are the reasons for the different colors. Hydrogen bonding in
the polymorphs is exclusively intramolecular——between the adjacent amine and nitro
substituents. The heleroatom-to—heteroalom distances of the hydrogen bond in red.
orange. and yellow are 2.636(2). 2.607(3). and 2.625(3) A. respectively. The con—
formations of the molecule in the three polymorphs are significantly different (Figure
1013). In the yellow and orange forms, the nitro group is essentially co-planar with
the phenyl ring, whereas in the red form it is twisted out-of-plane by 18°. The color of
the polymorphs may be related to the degree of electron delocalization, which is related
to the angle between the planes of the phenyl and the thiophene moieties (red 46°,
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thurelDJ3 Conformations of 5—methyl-2—[tZ-nitrophenyl)arrtino]-3-thiophenecarbonitrile in three
crystalline forms. 

 
    

 

orange 54°, and yellow 106°). The order of these angles appears to correlate with the
order of the expected wavelengths of absorption by the colored polymorphs (see
Section 8.1). Studies have shown that the different colors of the polymorphs are a
direct result of the difference in molecular conformation (Borchardt, 1997 1 Smith e: (11.,
1998; Yu, 1998). The observed XRPD patterns of the three polymorphs agree with
those calculated from the single-crystal structures.

uC CP/lVlAS solid—state NMR, solid-state FT—IR, and XRPD can be used to dis-
tinguish the polymorphs. The observed spectral differences are among the largest
reported for polymorphic organic compounds. For example, the ”C NMR chemical
shifts of C3 (the carbon in the thiophene ring to which the nitrile group is attached) are
97.9, 105.2, and 109.3 ppm for the red, orange, and yellow forms, respectively,
covering a range of 11.4 ppm. (For comparison, the chemical shift of C3 is
104.41 ppm in solution.) This indicates an increase in the electron density of C3 in the
red form with respect to the yellow and orange forms, possibly a result of an increased
conjugation effect. Smith and coworkers (1998) have used a two—dimensional TOSS
(total suppression of spinning sidebands) pulse sequence to investigate the chemicaL
shifi anisotropy (CSA) of C3. These studies show that the extent of the CSA for C3
increases in magnitude by 30 ppm and the line shape appears to become more asymmet—
ric as the coplanar angle increases. This was taken to reflect a greater transfer of n"
electrons between the two ring systems and hence a greater election density at the C3
Slte.

This parallels the results from IR spectroscopy in which the nitrile stretching fre-
quency are 2211, 2223, and 2231 cm", for the red, orange, and yellow forms, respec-
tively (see Section 8.1). This shift is indicative of the decreased nitrile bond strength in
thered form from ahigher degree of conjugation with the aromatic ring. These obser—
vations confirm the significant changes in the electronic structure, as demonstrated by
pronounced color changes among different polymorphs.

A number of derivatives of S—methyl—Z—[(2-nitrophcnyi)amino]-3-thiophenecarbo—
nitrile were synthesized in order to determine the extent of the color polymorphism of
nilmphenylaminothiophenes. 2—[(2—Nitrophenyl)aminol—3-thiophenecarbonitrile (Nor-
Me) crystallized in three forms: red, orange, and gold. Numerous attempts to obtain
the gold form were unsuccessful thus placing the gold from in the “disappearing
polymorph" class. However, crystallization of a newly synthesized lot of NorMe gave

 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
    

  

  
|PR2016-00006

SteadyMed - Exhibit 1024 - Page 16

|PR2020-00770

United Therapeutics EX2007

Page 3677 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3678 of 7335

 

 
 158
 
 

Chapter I I) Pnlymorphs

 
  

the gold form once again only to disappear when the material was subjected to further
crystallization and handling. As with other disappearing polymorphs, this behavior is
due to the presence of impurities and the fact that the gold polymorph is unstable in the
presence of seeds of the other forms (Dunitz and Bernstein, 1995).  

  
  

 
 

‘i 2-[(2-nitrophenyl)aminoi-
I / \ 3—thiophenecarbonitrile(NorMe)

The XRPD patterns of the three forms of NorMe are different from the parent

I compound. The crystal structure of the red form NorMe was determined (Borchardt,1997). The red form is nearly coplanar further substantiating the concept that the red
‘. color is associated with planarity. The IR spectra of the NorMe polymorphs are quite

similar to ROY. The red form has a riiu-ile stretching absorption at 2210 cm“. thel

1“ orange is a 2222 cm", and the yellow at 2230 cm‘ ,
; it” s It sy Me le M

@713 (aphid (My, a" Me Me

{ N02 H N02 H NO; H

 
  

  

  
I. 4-methyl- 4,5-dimethyl- S-Inethyl-Z-[H-methyl-2-[(2-nitmphenyl)aminol- 2-[(2-nitrophenyl)arninol- 2-nitrophenyl)amino]-

3-thiophenccnrbonitrile 3-thiophenecnrbonilrile S-miophenecarbonitrile
(47Mel (4.5-DiMe) (4'7Me)

  

  

 

   

 The conformation of the red form of 4—methy[~2—[(Z—nitrophenyl)aminn]-3-thio—
phenecarbonitrile (4-Me) is the most coplanar of the structures determined (see Figure
10.14). 4.5—Dimethyl—2-[(Z’nitrophenylktmino]—3-thiophenecarbonitn'le (4.5-DiMe)
crystallized in two polymorphs: red and orange. As with the previous derivatives, the
conformation of the red form as determined by single—crystal X—ray methods is rather
coplanar (see Figure 10.14). 5-Methyl-‘2—[4-methyl—2—nitrophenyl)amino]-3-thiophene-
carbonitrile (4'-Me) was crystallized in red, dark red, light red, and orange forms.
Only the red form gave crystals suitable for structure determination. As with the
previous derivatives, this red form has a nearly coplanar conformation. Figure 10.14
compares the conformation of the various red forms in this nitrophenylaminothiophene
series, In all cases, the red form has the most coplanar conformation of the poly-
morphs. This further supports the conclusion that [he conformation of the nitrophenyl—
aminothiophene determines the color of the polymorph.

Griesser and He (1998) have carried out a preliminary study of the solubilities and
interconversions of the four forms of 4‘—Me and found that ali four forms are within
4 kJ/rnol or less of each other in energy. These studies allowed the development of the
energyetemperature diagram (see Section 5.2) shown in Figure 1015. Such diagrams
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  10.2 Conformational and Configurations] Polymorphism

are extremeiy useful in visualizing the energy—temperature relationships between
polymorphs,
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Figure 10.14 Stereuview showing a Comparison (both stacked and nverlayed) of the conformations of

the thiophcnc and phenyi rings in the nilrophenyiaminothiophene series red forms.
Hydrogens were omitted for clarity.
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Figure 10.15 Energy—temperature diagram for the [our forms of 5-1ncthyi-‘l-[47methyl-2-nitm»

phenyi):lrnin0i~3-thiuphenec€ubonitriic (Griesser and He, 1998).
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 160 Chapter 10 Pnlymorphs

10.3 SULFONAMIDES

The polymorphism of sulfonamides has been investigated and reviewed by Kuhnert-
Brandst‘attter (1971). These studies were carried out using microscopy on a Kohfler hot
stage (see Section 4.4). Sulfonamides exhibited behavior expected of poiymorphs.
including successive melting points as the temperature is raised and changes in color
under crossed Nicol gratings (crossed polarizers). Table 10.5 summarizes the results

lb! of Kuhnert—Brandstiitter’s (1971) studies on these compounds.
' Although all of these studies have not been continued by crystallographic data. the

crystal structures of several polymorphs of sulfonamides have been determined and will

 

Table 10.5 Polymorphism of Sulfonamides and Related Compo unds”

I Melting Point of Fonn (°C)
Compound I [I III IV V VI VII

" Acetazolamide 258460 248—250

  

  
  
  
  
  

Acetyl Sulfisoxazole 190-195 176-177 173-174
Chlorthalidone 2 3 2—224 188-189
Clofcnamide 210-215 2037207 183-185 1687170
Diphenylmethane- 1857187 172» l 744.4'7disu1fonamide

Mafenide HCl 2507260 235240 22051-5 210—212
I: 4‘-(Methylsu1famoy1)~ 143-151 144-146" sulfaniianilide

Phthalylsulfuthiazole 160-274 230

I. Snlfachlmpyridazine 196497 178-181Sulfudicramide [7&180 174-176
Sulfadimethuxine 194-198 176477 156-158
Sulfaethidole 188 181 149
Sulfaguanidine 187-191 174-176 143-145
Sulfurneline 2107212 197-199 181-183 179-181 176 177 155
Sulfamerazine 235-238 228

“ Sulfamelhazine 206-208 199 178 -175
Sulfnmethizoie 209 193
Sultamelhomzole 169 168 166
Sulfamelhoxy pyrid azine 1807182 153—159 153—154
Sulfamidochrysoidine 224-228 217219 212
Sulfamnxole 200404 188-195 177- 180
Sulfzmilamide 165 156 153

N~Sulfani1y1-3,4-xy1amidc 2157218 208 203 196
Sulfapyridinc 192 185 179 176 174 167 149
Sulfalhiazole 202 175. 162 15 8
Sulfuthiourea 1713480 168—171
Sullatriazine 158-166 132-135
Sulfazamet 182-185 176-178
Sulfisuxazole 1907195 131433
Tolbulamide 127 1 17 106 

d Kuhnert-Brandstiilter (1971).

he discussed next. In gen
polymorphs. Thus, in th
ble for polymorphism.

A. SULFANILAMIDE 

NH;
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phenyl rings. in each sta
mamino~ - -sulf0namide--
substituent in each stack.

The crystal packing
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Table 1046 Crystanogmphi: 

Paramemr

Space group
a (A)
b (A)
c (A)
13
Z

Peak (g cm‘3)
v (A3)
O'Conner and Mnslen. 1965
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[0.3 Sulfnrmrnides 161

he discussed next. In general, the conformations of the drug are similar in the different
polymorphs. Thus, in these cases, differences in crystal packing are mainly responsir
ble for polymorphism

A. SULFANII AMIDE

NHQSOZQNII; sulfanilamide
Sulfanilamide exists in three crystalline forms which have the crystallographic parame—
ters shown in Table 10.6. The ot-form has the crystal packing shown in Figure 10.16
(O’Conner and Maslen, 1965). The crystal packing of this fonn contains layers of
phenyl rings. In each stack) the order of the substituent groups on successive rings is
»--amino»--sulfonamide-”sulfonamide--~aminn-~-, ale. resulting in Hitemating pairs of
substituent in each stack.

The crystal packing of the B—form shown in Figure 10.17 is quite different from
the a—[orin (Alleaurne and Decap, 1965), There are, again, columns of phenyl rings
but the order of the suhstituent groups on successive rings is msulfonnmideu-
---amino---sulfonamide<~-amino~‘, etc, resulting in alternating substituents in the
stack.

The crystal packing of the ‘y—form (Alleaume and Decap. 1966) shown in Figure
10.18 appears, in general, to be similar to the a~form with layers of phenyl rings and
suifonamide amino groups. in these columns, the order of substituent groups on
successive rings in a stack is ---amin0---sulf0namide~-Aaminon-sulfonamideu., etc.,
which resembles that of the l3—fom1.

The density of the [Horm (the most thermodynamically stable form) is greatest
(see Table 10.6). The polymorphic interconversions and thermodynamic properties of
sulfanilamide have been investigated by Burger (1973a—b) and an energy-temperature
diagram constructed. It is interesting to note that the conformation of the sulfanilamide
group is similar in all forms, with the nitrogen atom being the atom furthest out of the
plane of the phenyl ring. A comparison of the 017, [3 . 11nd yforms showing the
relationships between the arrangement of the substituents in successive molecules
depicted in Figures 10.16, 10.17, and 10.18 is illustrated in a stereoview in Figure
10.19.

Tahte 10.6 Crystallographic Data for thc Polymorphs ofSulfnnilnmide

Parameter Form a Form (1 Form y 

Space group Pbca P21”. P2 ,fr
it (A) 5.65 8.98 7.95
17 (A) 18.31 9.01 1295
cull) 1479 1004 779
{3 90.00“ 1 1 1.43" 106.50“
2 s 4 4

pm: (g cm‘3) 1.47 1.51 1.49
vrA‘) 1547.1 755.2 768.7
O’Conncr and Maxim. :965
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B. SULFATHIAZOLE

NHZ

 
Table 10.7 indicates
(1983) have studied
the four polymorphs,
dynamically stable at
of all three polymorp
mide group is the an
This is in marked si
molecule in all fluefi
between these forms

Figure [0.17 The cwsmI packing of the fi-fonn of sulfanilamide (Alleaume and Decap, N365),
 

 
Table [0.7 Crystallogr

Parameter 

Space Group
a (A)
b (A)
c (A)
Hz
Pm; (g cm‘3')
V (M)
Habit
Melting point
Transition point

‘ sulfanilumide (Allcaume and Decap, 1966).

a Krugcr and Gafncr, 19
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   a—fo rm fl-fo rm y—forn; reform ,B-fn rm 7» fr: [Tn

Figure 10.") Stereoview showing the molecular arrangement of sulfanilamide cnlumns in the
{I . ,3 t and y forms.
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1‘1965)- Table 10.7 indicates that sulfathiazole exists in four pulymorphs. Burger and Dialer
(1983) have studied this system and have produced an energy—temperature diagram of
the four polymorphs. Form I is the least stable of the four forms; Form 111 is thermo-
dynamically stable at room temperature. Figures 102040.22 show packing drawings

/ of all three polymorphs ofsulfathiazole. It is obvious that the nitrogen of the sulfona—
mide group is the atom that is the greatest distance from the plane of the phenyl ring.
This is in marked similarity to sult‘anilamide. In addition, the conformation of the
molecule in all three forms is very similar. The major crystallographic dill‘erence
between these forms is the nature and type of hydrogen bonds.\

Table 10.7 Crystallographic Parameters for the Polymurphx of Sulfnthiamle
Parameler Form 1“ Form 11" Form Ill“

Space Grnup Film: P’l‘h' P’Z‘lt

41(3) 10554 3.235 17,570b(A) 13220 8.550 8,574
((151) 17050 15.558 5.583
[3 $08.06° 9167‘ 112.93“
2 B 4 E

966). pm; tg cm‘3) 1.50 1.55 1,57INA“) 22617 l093.2 2162.0
Habit Rods Hexagonal prisms Hexagonal plates
Melting point 2007202 2000.02 ”3475 (or 2007202)
Transition point I734175 173-175

 

 

 

a Kruger and Garner. 1971a. b Kruger and Gafner, 1971b.
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 164 Chapter 10 Polymorphs Table 10.8 Dissolution Rate

Temperature For"
(”0 (mg ,m-z
59.] 0 18‘
48. 8 [L 10:
394 0.05‘
29 .6 0.03
24. l 0.02
20.4 0.02

Miliisovich. 1964‘

The crystallographic
morphs of sulfathiazole; l
polymorphism of this dru
Kuhnert—Brandstiitter rep
stage microscopy. In th:
lory (1967). and nguchi
Shenouda (1970) also if
Mesley (197l) using IR,
of three polymorphs. H:
with mixtures of the threc
these findings and charac
microscopy. solubility, a

To avoid prolonged
involve separation of hai
each habit. X-ray pow:
crystal X—ray data and «
approach would make su

The physical proper!
and Eisen, 1971; Miloso
the dissolution rate under
results in Table 10.8 shr

solubility than Form 1. T
II should have a slower c

 
 and Gainer, 197 lb).

 
 
 
 

   

 

 
 

 

Figure [0.11 Crystal packing of sulfathiazole Form [1 (Kruger

C. SUCCINYLSULFATHL 

In early studies of succi
and Higuchi, [963) a lar

Figure 10.2.2 Crystal packing of sulfathiazole Form 11! (Kruger and Garner. 1971a).
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Table 10.8 Dissolution Rate and Solubility of Forms land II of Sulfathinzole 

Dissolution Rate Solubility
Temperature Form l Form II Form I Form [1

(DC) (mg cm-z sec-l) (mg em‘z sec-l) (gliono gm) (gIIODO gm)
59.1 0.185 0,239 31.5 40.?
48.8 0.102 0.145 19.1l 2&1
39.4 0.0598 0,0913 14.0 21.4
29.6 0.0355 00597 9.93 16.7
24.1 0.0237 00413 $1.15 14].
20.4 0.0201 0.0371 7.10 13.1

Milosevicht 1964,

 

 

The crystallographic data clearly established the existence of at least four poly-
morphs of sulfathiazole; however‘ at this point, it is worthwhile to review studies of the
polymorphism of this drug using other techniques. As reported earlier in this section,
Kuhnett-Brandstéitter reported that sulfathiazole has four polymorphs based on hot
stage microscopy. In the 1960's, three groups of workers [Milosovich (1964), Guil-
lory (1967), and Higuchi er al. (1967)] reported only two poly/morphs. DSC work by
Shenouda (1970) also indicated the existence of only two polymorphs. Studies by
Mesley (1971) using IR, DSC. and X-ray powder diffractometry showed the existence
of three polymorphs. He suggested that most of the earlier workers had been dealing
with mixtures of the three polymorphic forms. Burger and Dialer (1983) reinvestigated
these findings and characterized four poly morphs by IR—spectroscopy, DSC, thermoi
microscopy, solubility, and density.

To avoid prolonged confusion of this sort. studies of unfamiliar systems should
involve separation of habits under El microscope and then crystallographic studies of
each habit. Xeruy powder diffraction patterns should be calculated from the single
crystal X—ray data and compared with the experimentally observed XRPDs. This
approach would make sure that mixtures of polymorphs are not involved.

The physical properties of sulfathiazolc Forms 1 and II have been studied (Sunwoo
and Eisen, 1971; Milosevich, 1964). These studies, which used a flow cell. measured
the dissolution rate under conditions where Form 11 did not transform to Form 1. The

results in Table 108 show that Form 11 has a significantly higher dissolution rate and
solubility than Form 1. This is not consistent with the densities which predict that Form
H should have a slower dissolution rate and be less soluble than Form 1.

C. SUCCINYI,SUI,FA’I'1{]All)Ll;

succinylsulfathiazole

O H

In early studies of succinylsulfathiazolc (Armour Research Foundation. 1949; Shefter
and Higuchi, 1963) a large number of different crystal forms were found. The studies
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Figure [0.23 IR spectra (KBr pellets) of the unsolvated crystal forms of succinylsnlfathiazoie (Burger

and Griesser, 1989}. 

 

 
 

 by Burger and Griesser (1989; 1991) provide the most complete summary of the solid-
state behavior of this compound. As summarized in Table 10.9, they found that
succinylsulfathiazole crystallized in six anhydrous crystal forms, three polymorphic
monohydrates. as well as an acetone soivate and an n-butanol solvate. These different
crystal forms were prepared by a variety of methods involving crystallization from
different solvents and by drying the different solvates. For example, Form IV was
prepared by drying the acetone solvate at 150 °C. Form VI was prepared by dehydra-
tion of one of the monohydrates in vacuum at 100 °C. The three monohydrates are
termed “polymorphic" because they contain the same chemical composition (compound
and solvent) but exist in different crystal structures. The IR spectra of all eleven crystal
forms were measured in KBr pellets. The polymorphs and solvates were also charac-
terized by thermal microscopy and DSC. Figure 10.23 shows the IR spectra of the six
unsolvated crystal forms and Figure 10.24 shows the DSC thermograms of these
poly morphs. The IR spectra of the different crystal forms are different and indicate that
these are different polymorphs, The DSC thermograms of Forms 1 through V show
destinctive differences in melting points. The DSC thermogram of Form VI shows an
incongruent melting process. However, IR appears to be better than DSC for (listin—
guishing these forms. Figure 10.25 shows the X—ray powder diffraction patterns of the
six crystal forms which are all different and confirm the IR results.
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Table [0.9 Comparison of the Physical Properties of rhe Polymorphic Anhydrales and Monohydrates
of Succinylsulfathiazole 

lst Peak
. l

(Ting) (g Cm—
Stability MP” MP“ Densitjv Solubility") Ratio to H.

Form (20 ac) Preparation (.C) (°C) 

1 Stable“ Suspension of acetone 205 3361 1.592solvate in EtOAC
11 < 1 Evaporation of absolute 195 199 195 3360EtUH solution

111 <11 Dehydration nf HI at 100 189-194 1887191 3372“C

IV <111 Suspension of V or V1 in 187-191 189 3338EIOAC

V <1V Annealing of 1 ut 182-185 182-187 330I60 ”C

V] < V DehydraLion of 1-1“ 139-143 135-138
H1 Stable Suspension of any form in 123125 3480(01-1}water 3320 (NH:

H“ c H; Crystallization from water ~110 3500 (OH;3350 (NH:i

Hm < H“ Suspension of 111 in water 105 3450 101-1]for 15 min 3335 (NH] 

a in the absence of water. 1) by Lhermomicroscnpy. c by differential scanning calorimclry (DSC). r! 111
water 2:120 “C, (Burger and Griesser‘ 1991)

12016: [Burger

f the solid-
found that

alymorphic
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zuion from
m1 IV was

.y dehydra—
ydratcs are
(compound
:ven crystal
1150 Charac-
a of the six
15 of Lhesc
ndicate that

gh V show
"1 shows an
5 for distin— _

Kim-S 0f the , Hglle 10.24 DSC thermogmms ofthe unsolvatcd Crystal forms of succinylsulfalhiazole (Burger and‘ Griesser. 1989}.
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Figure 10.26 shows the IR spectra of the polymorphic monohydrates of succinyl-
sulfathiazole. The IR spectra of these materials are also different establishing that these
are different polymorphs. This conclusion is confirmed by the X—ray powder diffrac~
lion patterns shown in Figure 10.27.

The physical stability, water sorption, and solubility of the different crystal forms
of succinylsulfathiazole have also been studied and are summarized in Table 10.9 and
Figure 10.23. The most stable forms are Form 1 and hydrate Hr In addition. the
variety of methods used to prepare the different crystal foms are noted. The different
crystal forms have differences in hygroscopicity and interconvert in the presence of
high humidity. The solubilities of the different forms are also different. Most notable

Figure 10.27 X~my powder diffraction panems of the three monohydrates of succinylsulfalhiazole
(Burger and Griesser, 1989).

 

4% acetone salvala

 Wale!Bath!“(YMMV)
 
   
   
  

  

 

am. 70% 80V. 307..
nelsllvfi Mm (5“

figure "1.28 Water vapor sorption isotherms of the different crystal forms of succinylsulfathiazole
(Burger and Griesser, 1991).
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is that the differences in solubility among the anhydrate crystal forms is as large as a
factor of 4 and that differences in solubility between anhydrate and hydrate crystal
forms are as large as a factor of 12. This is one of many cases where anhydrate crystal
forms have significantly higher solubilities than the hydrate.

Figure 10.28 shows the water vapor sorption isotherms for the different succinyie
sulfathiazole crystal forms. It is clear that some of the anhydrate forms absorb water
relatively easily; furthermore, this data shows that the metastable forms are more
hygroscopic.

Figure 10.29 shows the dissolution behavior of the different crystal forms of suc-
cinylsulfathiazole in buffer solution at pH 1.20 at 20 DC. It is clear that at equilibrium
many of the anhydrates recrystallize and approach the solubility of the hydrates as
might be expected. Figure l0.30 shows a van’t Hoff plot for four of the crystal forms
of succinylsulfathiazole. These curves do not cross in the temperature ranges studied
and this indicates, in connection with the thermodynamic data. that all of the forms are
monotropically related. Recall that ntonotropic forms retain the order of stability at all
temperatures (see Section 5.2).

Figure l0.3l shows a scheme which illustrates the interconversion of the different
crystal forms and methods to prepare each form. This figure illustrates how compli-
cated interconversion of the different crystal forms can be. The van’t Hoff plot Clearly
shows that the transformation of the more soluble form into the less soluble hydrate
will occur at room temperature. This indicates the complications that can arise by
relying on just one study and shows that several different approaches should be used to
try to understand the interconversion of different crystal forms.

 

Figure 10.29 Dissolution behavior of the different crystal forms of succinylsulfathiazole in buffer
solution. pH 1.3 at 20 °C (Burger and Griesser, 199 l].
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Figure 1031 Diagram illustrating the most important transformation paths and production ways to
produce the different crystal form: nf succinylsulfathiazole. The thick, gray arrows
mark paths whereby the different crystal forms can be produced in gram quantities; The
most slable forms, Forms 1 and HI. are shaded (Burger and Griesscr, I991).
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“WWW

N

NHZQSOZ—NH—e 3—OCH3 sulfamelerN—

Sulfameter (sulfamcthoxydiazine) exists in at least six different forms (Moustafa er al..
1971). Form I (see Figure 10.32 and Table 1010) is obtained by crystallization from
boiling water or by heating any other form to 150 °C. Form II is prepared by rapid
Cooling of a saturated ethanol solution. Form HI (see Figure 1033 and Table 10.10) is
obtained from a number of solvents including methanol. isopropanol, and ethanol,
Forms IV and V are probably solvates and are obtained from dioxane and chloroform,
respectively. An amorphous form is also known.

These forms were characterized by their infrared spectra, which are all slightly dif—
ferent, particularly in the 800—875. 900—970, 1550716100, and 3000-3500 cm‘3 regions
of the spectrum. The powder diffraction patterns of these forms are also significantlydifferent

The forms can be interconverted by heating or grinding. Heating converts all
forms to Form 1, while grinding or suspension in water converts all forms to Form III.
This behavior is discussed in more detail in the interconversion section (see Section
13.213).

 

Figure 10.33 Crystal packing of sulfameter Form lll (Giuseppetti at £11., 1977).
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Table 10.10 Crystallographic Patutitelers l'ur Sull‘zuneler Forms [ and Ill

 

 
  

   
    

  
  

 
 

 
  
  

   
  

 

   

  

 
Form I Form Ill

Space Group P2,/L' (Tl/L-
MA) 8.358 13370

Parameter

 
MA) 26.333 11.735
((A1 1 1.964 15.923
p ”1.36" 972900
2 s 3

pm. (gm cm“) 1.490 1.504
HM 2499 2475
Ginseppeni r: 111', l977,

 The dissolution rates of these forms have been measured as a means of estimating
their relative bioavailabilities (Moustafa er al.. 1971). The results of these measure—
ments are shown in Figure 10.34. Obviously, Form 11 and the amorphous form
dissolve most rapidly. Form 111 has the slowest dissolution rate. about half that of
Form 11. It is also interesting to note that Form 11 has a faster dissolution rate than the
amorphous form, suggesting that the amorphous form may crystallize or that the
surface area of Form H maybe much larger than that of the amorphous form.

Commercial preparations were also studied and, in general, contained Form I or
mixtures of Forms I and 111. These forms are the most stable and the slowest dissolw

ing. The significance of any such differences with respect to bioavailability would have
to be determined in separate experiments,
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[fin-210.34 Dissolution rules of the different forms of sulfamctcr (Moustafa er a!“ 197 ll.
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E. OTHER SULFONAMIDES

H,@01Nflfi© sulfabeuzamide
“ Suifabenzamiu‘e. Sulfabenzamide exists in four polymorphs and three solvates

H. (Yang and Guillory, 1972). Form 111 can be transformed to Form I by trituration,
and Form IV can be transformed to Form III and then Form 1 by heating. Desolvation
of two of the solvates yielded Form 11 (see Figure 10.35).

‘1

HzN—QSOg—NH—Q sulfnpyn'dine

‘M Sulfapyridine. Sulfapyridine (see Figures 103540.39) exists in at least four
po1ymorphs and one amorphous form (Yang and Guillory, 1972). The infrared spectra
of two of these forms are identical, but their X-ray diffraction patterns are completely
different. In addition, holistage experiments indicated that sulfapyricline crystallized in
at least seven forms (Kuhnert—Brandstfitter, 1971).

 

"t_

Figure 1036 Ciyst:

Flgure 10.37 Cryst;

Figure [0.35 Crystal packing of suifabenwmide Form 11 (Rambaud m a! 1980).

Figure [0.38 Crysta
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figure 10.38 Clyflal packing oi suifapyl'idme Form IV (Bernstem. 1988),
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Figure [0.41 Clystal packing

ulfapyridine Form V (Bar and Bernstein. 1985).

  
 

 
 

 

 

Figure 10.39 Crystal packing of s

 

 
 Figure 10.4“ Crystal packing of sulfamcthoxypyridiazine Form I (Basak er alv, 1987).

HEN—©_SOTNH——<\'—>‘OCH3 sulfamelhuxypyridazineN—‘N
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diazine (see Figure 10.40) exists in at
Suifamerhoxypyridiuzine. Sulfamethoxypyri1972). Form II can be n‘ansformed to

least three crystalline forms (Yang and Guillory,
meI at 154 c'C.

NHz-©——SOQNH——©?CH3 sulfamethoxazole
Sulfizmelhoxazole. Sulfamethoxazole (see Figures 10.41—10.42) exists in three

polymorphs. and Form II can be converted to Form I at 164 °C (Yang and Guillory,
1972)‘ These studies are in agreement with Kuhnen—Brandstéitter (1971) who also 

|PR2016-00006

SteadyMed - Exhibit 1024 - Page 35

. |PR2020-00770
United Therapeutics EX2007

Page 3696 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3697 of 7335

 
 
 
  

  

  
  

10.4 Sulfonnmirles
 

i

figure 10.41 Crystal packing of sulfamethoxazolc Form l (Bettinet‘ti er EL, 1982).
 

 

 
1987).

figure 111.42 Crystal packing of sulfamethoxzuole Form 11 (Bcttinctti 81 all, 1982).

showed there were three polymorphs of sulfamethoxazole. The crystal structures of the
two forms of sulfamethnxazole were determined by Bcttinetti et al. (1982). Figures
1041 and 10.42 show the crystal packing in these two different forms. It appears that
the conformations of the molecule in the two crystal forms are similar.

0
i .

C14©~502NH—(Jl— NHCH2012043 Ch'OFPmPam'de
; Chlorpropamide. Chlorpropzunide (see Figure [0.43) exists in at least three poly,
3' morphs that have different diffraction patterns (Simmons er al., 1973). Form 1 is

3 obtained from aqueous ethanol, Form 11 from benzene, and Form In by heating Form I
’ (III at NO °C. The infrared spectra of all three forms are slightly different and the

typyridazine
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n be transformed to

thoxazole

L42) exists in three
:Yang and Guillory.
er (1971) who also  

|PR2016-00006

SteadyMed - Exhibit 1024 - Page 36

|PR2020-00770

United Therapeutics EX2007

Page 3697 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3698 of 7335

    
  
  
  
   
  
    
  

  
 

  
  
    
    
        
  
 
    
 

 
 

 
 

  

178 Chapter 10 Polymorphs

Figure 10.43 Crysral packing of chlorpropnmide Form I (Koo er EL, I980). in[Sotubtltv]trnoli'kg0|Solvent)
any powder patterns of all three forms are significantly different, whereas the DSC
thermograms obtained for the three forms are very similar.

The three forms of chlorpropamide have different dissolution rates. The dissolue
tion rates of Forms I and III in water are identical, while Form II dissolves about half
as fast. However. in beagle dogs, the serum levels following oral administration are
identical for all three forms (Simmons et at, 1973). Further single-crystal studies are
necessary to completely characterize these forms and explain these results.

0
ll

Cll3@SOZN H—C—NHCHQCHECHECH3
Talbutwnide. Early studies (Simmons et al., 1972) showed that tolbutamide crys—

tallizes in two forms. Form I (see Figure [0.44) is obtained from benzene—hexane. and
the crystals are prismatic with mp 127—128 “C. Form II is obtained from aqueous
ethanol and the crystals are plates with mp 126—128 0C. Both the infrared spectra and
the DTA thermograms of Forms 1 and II are slightly different. The UTA of Form II
shows an endotherm at 1 [3 °C that is not present in Form I. This endotherm apparently
corresponds to the conversion of Form II to Form I. The dissolution rates of Forms I
and 11 are the same in water at pH 5.5 and 7.3. The serum levels of these two forms
are also identical. One explanation of this data is that, upon exposure to liquid, Form II
is converted to Form 1 by a solutionvmediated phase transformation.

More recent studies showed that tolbutamide exists in four crystal forms (Burger,
1975). In addition, aqueous suspensions of tolbutamide were found to thicken to an
unpourable state upon occasional agitation. Analysis of the IR spectra and X—ray
diffraction patterns confirmed that Form III had crystallized (Rowe and Anderson,

tolbutamrde Figure 10.45 Vantrans

1984). This is St
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Figure 10.44 Crystal packing of totbutamide Form 1 (Donaldson or “L,l9Bl).
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figurel‘JAS Van’t Hoff plot of the solubilities of Forms 1 and III of tolbutamide showing the
transition temperature (Rowe and Anderson, 1984).

1984). This is surprising since the suspensions were prepared with Form I which was
thought to be the most stable polymorph. Solubility studies gave the van”: Hoff plot
shown in Figure 10.45. The aqueous solubilitics of Form I and Form III are very
close, Because of this, Form I may appear to be quite stable at low temperatures in
suspensions; however, given sufficient time, Form I will transfomi to the Form III, the
lower energy form. This interconversion was observed at room temperature in ten
other solvents.

These data suggests that Form III is more stable than Form 1 at room temperature
and that Form 1 is more stable than Form 111 at higher temperatures. This observation
was verified by microscopy (Rowe and Anderson, 1984) in which Form III crystals
were placed in mineral oil on a microscope hot stage. The sample was heated at 100 T:
for several hours with periodic agitation by pressing and rotating the cover slip Vt’hen
the temperature was reduced to 95 “C. prismatic crystals, typical of Form I, began to
grow throughout the oil mixture and the Form III crystals dissolved. Upon cooling to
room temperature, fine needles, typical of Form HI. grew and the Form I crystals
dissolved. These observations experimentally verify the result of the van't Hoff plot
shown in Figure 10.45. These studies show the power of van’t Hoff plots and also
themal microscopy in studying the interconversion of polymorphs.

F. CONCLUSION

This section shows the extent of polymorphism in the sulfonamides. The fact that
polymorphism of these drugs is widespread yet unpredictable is probably due to (a) the
availability of a variety of hydrogen-bonding schemes and (b') the occurrence of a
number of ring-ring stacking modes. Further study of the polymorphism of these
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compounds using single—crystal X—ray techniques should, no doubt, lead to a better
general understanding of polymorphism.  
  
 

10.5 STEROIDS
 
  Steroids exhibit widespread polymorphism that may affect their bioavailability. A few

examples of the polymorphism of steroids have been discussed in preceding sections.
‘1. Kuhnert—Brandst‘zitter (1971) has studied the polymorphism of steroids using a

Kofler hot stage, and the results of her studies are summarized in Table 10.11. This
table clearly shows the extent of polymorphism in this important class of compounds,
It should be noted that these studies are based mainly on hot-stage results. Other

li methods would be useful to verify the existence of these polymorphs and clarify the
possible involvement of solvates.

 

  
  
  
  
  
 

  
 

Table 10.11 Melting Point; of Polymorphic Steroids“
  

  
Compound I 1] 11] 1V v

Alloprcgn me-3fi20a—diol 21 5—2 19 1627168
Allopregnane-SZOIdione 202»206 191L203
Androstane-3fl,17,B-diol 168—169 163—164 158—161
Androstane-3J7-dione 132—134 128—130
Androstanolone 18 2‘. 168

A5I -An drostene-Eflfl 712»diol 202—205 1 804 95
AS-Andmstene-3fiJ7fl-diul 181—185 177—180 155—158
A4-Androslene-3, l 7-dione 171L174 142—145

  

 

 
  
 

146—147
 

  

  
  
  
  

  
  

  
  

Corticosterone 180—186 175—179 162-163 155— 160
Cortisone enanthmc 138—140 135437 1297132

Dehydroepiandrosteione 149—153 139441 137—140 130—136
Dehydmepiandrosterone acetate 170—172 132—135 94—96 65—69
Epiandrosterone 174—176 167-169

M. arEstradiol 225 223
fi—Estradiol 178 169

   Btradiolbenzoate 188-195 177.5 176
Estradiol dipropionate 107 97 82

 

  

  
  

Estradiol l7ipropionate 198—200 1%156
Estrone 260—263 256 254

Estrone methyl ether 172-174 123—126 88—92
Etiocholune-3a—oL17—one 150—152 141—143 133

  
  

141—143 103
1927198 184—190
225—233 208v212 205—208

Eliocholane- 1 713-01 ~3—one
Fluorocurtisone trimethylacetate
9a—l—‘1uorohydmcortisone acetate

  
  
  
  
  

  
 

Hydmcortisonc hemisuocinate 198—205 182—1813 [68472
Methandriol 205-208 202—205 196498
Methandrioi dipropionate 83—86 74—75
17 a—Methandrostane—Jfi. 1713-1111" 01 213 205  

 

 

a Data from Kuhnefl-Brandstfitter ( 1971)

 

Table 10.11 (continued) M 

Compound
1 ~Methylandrostenolone acet
17 at—Methylestradiol
6 a‘Methylprednisolone aocta
l 7»N0rethislerone
Prednisolone
Prednisolone acetate

 

Progesterone
Testosterone

Testosterone isoburyrate
Testosterone nicotinate

Testosterone propiunute 
a Data from KuhnerteBrundst‘a'x‘

A. ESTRONEWm

M‘
As indicated in Table 10.1
of all three polymorphs ha
of the estrone molecule is:
three forms is shown in
molecules, but not obviou
and stacks of estrone moi

molecules. The crystal p:
of 2.26 and 2.47 ix; the (

Table IO. 12 Crystallogiaphit 

 Form 1

Space group [12,212,
[11131) 12.188
b (A) 16.301
r051) 7.463
B 90.000
2 4
V (A‘) 1481

Source ‘ Sublimati
Busetta at (11,. 1973
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using a
11 This

pounds.
Other

arify the

l0.5 Steroids

Table 10.1] (continued) Melting Points of Polymorphic Steroids" 
Forms

Compound I II III
l—Methylandrostenolone acetate [43 106
7oz-Mcthylcstradiol 190—194 188

6mMethylprednisolone acetate 2257229 208v212 205—2 1 0
l7-Norethislerone ZWEO'I 199
Prednisolone 2187234 215
Prednisolone acetate 232—241 225—228 217—220
Progesterone 131 123 l 1 1
Testosteione I 55 I45 I44
Testosterone isobutyrale 131—133 88-90
Testosterone nicotinate 194—196 185—188
Testosterone propionate 122 74

 

 
12 Data from Kuhneneflmndstfitter (1971)

A. ESTRONE

H

As indicated in Table 10.12 estrone exists in three polymorphs. The crystal structures
of all three polymorphs have been determined (Busetta et at. 1973). The conformation
of the estrone molecule is similar in all three polymorphs. The crystal packing of these
three forms is shown in Figures 10.46—10.48. Form I contains layers of estrone
molecules, but not Obvious stacks of eslmne molecules. Form III contains both layers
and stacks of estrone molecules. Form 11 has a herringbone arrangement of cstmne
molecules. The crystal packing of Form 1 appears to be controlled by H~-H contacts
of 2.26 and 2.47 151; the crystal packing of Form 11 appears to be controlled by CmC

Table 10.12 Crystallographic Parameters of Three Estrone Polymorphs 
Funn 1 Form 11 Form III 

Space group P212121 P212,21 P21
41 (A) 12.188 10.043 9.271
HA) 16.301 18.424 22.2115
col) 7.463 7.787 7.610
11 90.00“ 90100 ‘ 1 I 1.45"
z 4 4 4

1101‘) 1481 1440 1461
Source Subl1mation Acetone Suhlimzitinn 

Busetta e! 111.. 1973
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 132. Chapter 10 Polymorphs

contacts of 3.35
reported; howew

B. PREDNISOLO 

Three crystal Eon
Parameters and 0
10.13 The Cryst;
ture of Form III K

prednisolone in ti

of estrone Form I (Busctm e! u! , 1973).

  

 

Figure “L46 Crystal packing

Table 10.13 Gym 

 

Space Group
a (A)

c (/31)
fl
2

Pm: (g cm“)
v ()9)
R

Sutton. 1984

 
Figure 10.47 Crvslai packing of estrune Form H (Busetm e: 111., 1973)  

i In our laboratory

‘ MA)

i

l

i  

ti... 10.49 Stereo(Sutto 
 
Figure 10.48 Crystal packing of estrune Form In (Busena et ai., 1973}. 
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l 0.5 Steroids 183

contacts of 3.35 A. No transformations or intercunversions of these forms have been
reported; however, it is likely that the densest form. Form 11, is the most stable.

B. PREDNISOLONE

prednisolone

In our laboratory we have investigated lhe polymorphs of prednisolone (Sutton, 1984).
Three crystal forms were obtained by crystallization from various solvents. The cell
parameters and other crystallographic data for these three forms are shown in Table
10.13. The crystal structures of Forms I and H were determined but the crystal struc-
mre of Form III could not be refined to an acceptable R value. The conformation of
prednisolone in the two crystal forms (Forms I and II) is shown in Figure 1049 and

Table 10.13 Crystallographic Data for the Polymorphs of Prednisolone

Space Group
a (A)
11A)
c (A)
i3
2

Put (g our?)
v (A3)
R

Form l

P2,
6.350 (3)

12.985 (8)
10.971 (9)
9|.24"

’7

1.32
904.4

7 0.672

Form 11

mpgl
11.808 (7)
6.009 (2)

25.643 (12)
90.00"
4
1.32

1819.5
0.672

Form [[1

132,212,
245612)
24.77 (4)
6.415 (3)

00 00°
8
1.29

3903.5
> 0.10 

Suttont 1984

Me 10.49 Stereoview of predniselone Fonm l (upper) and 11 (lower) cunlnrmalions in the crystal
(Sutton, 1984),
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 184 Chapter 10 Polymorphs Especially important for pu
the resonances assigned to
respectively.

The solid~state CP/MI

(labeled amount of 5 mg)
10.53 and required long 5
comprises only about 5%
spectra shows that product:
Further analysis showed th

 

g stereoview of ptednisolone Form 1 (Sutton, l984). 20°

  
 
 

 
 

 
 
 
 
 

 
 

Figure 10.50 Crystal pnekin

r—v—l—l—I—_I—r
200

- figure 10.52 Solid-stale CW.
(Saindon er al.,

2 Tlhle 10.14 13C NMR Chem
Atom Form l Fm-m ll

C20 2095 2| LR
C3 t88.1 187.3
C5 175.1 171.0

. €13 159.8 1573

 
  
    
    
  

 

- - ‘ tt , 1984). 125.9 1302
Figure 10.51 Crystal paclung stereovtew of predmsolone Form ll (Su on 121.8 123.891-4 90.2

V . I 69.9 70 4' ' shown 111 F1 ures 10.50—10.51. _ . ‘
[he Cfghstalrgzgilggcfiing shows thit the arrangements of the predmsolone moleculles In 1 67-1 67.7e C i ‘ ' ‘ ‘ H wever the soli stale . 55 4 54 x

' C] II are Similar but not idenucal. o . . . ‘ .
the uml cells Of me8 I an ne are different as Illustrated by the 52.2 52.81 and II of prednisolo

hifts in Figure 10.52 and Table 1014 (Saindon e: a!., 1993).-NMR spectra of Forms
speCtra and the chemical s ‘ 11' Imgnmem or [m Peak
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etal., 1993).

10.5 Steroids 185

Especially important for purposes of identification is the difference in chemical shifts of
the resonances assigned to carbons C2 and C4 which occur between 120 and 140 ppm,respectively.

The solid-state CPI‘MAS ”C NMR spectra of three generic prednisolone products
(labeled amount of 5 mg) were also determined. These spectra are shown in Figure
1053 and required long acquisition times since the active ingredient (prednisolone)
comprises only about 5% of the approximately 100 mg tablets. Inspection of these
spectra shows that products A and B contain Form I while product C contains Form 11.
Further analysis showed that all three products passed the USP dissolution test. Thus,

200 $50 100 50 0 ppm

Figure [0.52 Solidestme CP/MAS E"C NMR spectra of prednisutone Forms 1 (top) and 11 (bottom)(Saindon at (11., 1993).

Table [0.14 L‘C NMR Chemical Shifts of Prednisolone in the Solid-State and Solution

Atom Fonnl Formll Solution Atom Form] Form ll Solution
C20 209.5 211.8 211.5 C13 47.5 47.1 467
C3 188.] 181g 185tl C10 45.3 45.1 43.9
C5 1751 171.0 170.5 C12 421 43.1 39.0
C13 159.8 157.3 156 8 C8“ 35.3 34.7 34.1
C2 125.9 130.2 127 2 C16" 34.3 33.5 33.0
C4 1218 123.8 121.7 C15“ 33.5 32.7 32.7

91.4 90.2 88.5 C6“ 31.8 '11 5 31.6
69.9 70.4 68.6 C7" 24.6 25.4 31.2

C21 67.1 67.7 66.1 C18" 23.9 23.7 210
C9 55.4 54.8 555 C19“ 173 18.1 17.0
C14 522 52.8 51.2

a The assignment of this peak should be considered tentative (Saindun e! .21., 1993)
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Vendor X

Vendor Y

 
 
  
 
 
    
  

 
  

 
 

  

150 150 140 '20 ‘03 50 50 43 2D 0 ppm   
240 200

 
Figure [0.53 Solidestate (JP/MAS 33C NMR spectra of prcdnisolone tablets from three different

vendors. The most evident differences are noted within the shaded region and the ex,
cipient signals are labeled with a star. (Bym e! of, 1988).

these tablets represent a control problem because they contain different crystal forms
but hopefully do not represent a serious clinical problem since they all meet the USPdissolution test.

C. SPIRONOLACTONE

spironolactone

 

  
  
  
  
 

 

ctone has been carefully studied using X-ray crystallog-The polymorphism of spironola
The data for the different forms are described in Tableraphy (Agafonov er al., 1991).

NJ 5.
e is of interest because it shows variable solubility and dissolutionSpironolacton

rate as well as pharmaceutical performance as an oral drug. Recently, a number of
ed (see Table 1015). As is the case

crystal forms of this compouan have been discover
for many sleroids, both solvated and unsolvated crystal fon'ns have been obtained.
Figure 10.54 shows the TGA curves of the different crystal forms, clearly Forms III

Table "1.15 Spironolactc 

Solvent Methnd'

Acetone 1
Acetone 2
Dioxane 1
Dioxane 2
Chloroform 1
Chloro form 2
Acetouitrile il'
Ethanol LI;
Ethyl acetate —b

ML —b
 

a Method l—the sample is
I)5 C within a few hours; mt
turn and the solvent fillDWEl
the two methods of pteparz
fraction pattern (Agufono

through VI are solvates
crystal forms confirmin

Table 10.16 lists ti

spironolactone, clearly 5
10,17 tabulates the pow
that Forms I through I:
(Agafonov et (11., 1991:
Crystal forms of spiront
(Form 1) is shown in Fig
Figure 10.57. The conft
it is clear that the crystal

Mass(mg)

Figure I0-54 TGA curves (
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10.5 Steroids 187

Table 19.15 Spironoiuctone SinglerCn/stal Preparation Methods and Thermodynamic Data 

 Solvent Method" Form Obtained The, AHuec T, AH,
(°C) (Jig) (°C) (Jig)

Acetone 1 I 205 t 1 48 x if
Acetone 2 11 ~- 210+ 1 53:4

__ Dionne I Glass” - . - -
Dioxane 2 ll 210:1 53:4
chloroform 1 Glass‘ - ~ » -
chloroform 2 II -- 210 i 1 53 :r 4
Acetnnitrile vi” Soivate (2:1) (III) 137 I 2 38 z 2 210 1 I 52 z 4
Ethanol —" Solvatr: (2:1) 11V) 100 t 2 28 z 2 210 z i 54 z 4
Ethyl acetate —'” Solvate (4:1) (V) XOZ : 6 28 t i 210 :t l 54 z 4

M Methanol 59 Solvate (1:2) (V1) 25126 t 50 t 2 210 t 1 52 1 3 

rt Method l—the sample is dissolved in the solvent at close to its boiling point and cooled to
0°C within a few hours: method Z—thc sample is dissolved in the solvent at mom tempera-
tum and the solvent allowed to evaporate slowly during several weeks. b For these solvents,
the two methods of preparation give the same results. u GlasHike sniid without X~iay dil-
fraetion pattern. (Agafonov e! 31., i991)

 through V] are soivates. Figure 10.55 shows the DSC thermograrns of the different
crystal forms eonfimiing that Forms 111 through VI contain solvent of crystallization.

Table 10.16 lists the crystallographic parameters of the different crystal forms of
spironolactone, clearly showing that the different forms have distinct structures. Table
10.17 tabulates the powder patterns for Forms 1 through III. IL is clear from this table
that Forms I through III have different powder diffraction patterns. These workers
(Agafonov et at” 1991) were able to determine the crystal structures of three of the
crystal forms of spironolactone and the contents of the urtit cell for the needle form
(Form 1) is shown in Figure 10.56, the contents of the unit cell for Form II is shown in
Figure 10.57. The conformation of the steroid is the same in all three crystal forms but
it is clear that the crystal packing is different.

:

i

xForrr Iv
‘———L‘_— Form V

X“Form VI
—1—‘i—“—1—"1'——r‘—
0 50 15-0 150 200 250

T (”C)

n...
1__.|

U 90"“

three different
ion and the exr

crystal forms
neet the USP

 
Fotrr 111

Mass(mg)
ray crystallog-
:ribcd in Table

uid dissolution
', a number of
As is the case

been obtained.

‘arly Forms III

 
 Figure "LS4 TGA curves 0 'spironolactone crystal forms (Agafonov er (11.. 199])
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188 Chapter 10 Pnlymarphs
lele 10.17 (continued)

Fonnl

M6.13 w 011
5.93 vw 050
5.10 w 160

l.
h g , n 4.94 m 2 1 O

u g 4.68 vs 05 1u H! 4.599 s 2 3 0

“ W 4.528 s 1 7 0
4.351 m 2 4 0

V 3.870 m 2 O 1

m 3.699 m 1 9 011 vs—vcry strong intensil
intensity (Agafonov e! a

 
0 100 200T ("Cl

Figure 10.55 DSC thermograms of spironolactone crystal forms (Agafunuv at 111. 1991).

Table 10.16 Crystallographic Data for the Crystal Forms of Spironolnuone 

 

 

  
  
  
  
  

  
  

  
  

 

Parameter Form l Form ll Form [[1 Form IV Form V
Spaoegruup P212121 P212121 P2. 1321231 11212.2l
(ILA) 9.979 10.584 11.857 10.14 10.15
{7031) 35.573 13.996 19.655 36.21 36.22
c (A) 6.225 11.005 11.346 6.211 6.29
[:1 90.00 90.00 118.13 90.00 9000
Z 4 4 2 4 4Va?) 2209.3 2212.6 2318.7 2306 2315 fig." ”'56 comm“ 0

"1: Crystal System orthorhombic Onhorhombic Monoclinic Orthorhombic Orthorhomhic
Morphology dele-likc Prisms: Trigonal prisms Needle-like Needle-like
Solvatc - - - I/z acetonitrile 92 ethanol M ethyl acetate 
Agnfonnv at £11.. 1991.

ffraction Data for the Different Crysml Forms of Spironolacionc
 

 

 

Table 10." X-ray Powder Di
Farm 1 Form Il Form 1]] I

dmd) I" 1.111 amp!» 1“ mu 11mph I" 1.111 r
17.3 w 020 9.5 5 020 9.11 s 020

11.9 m 040 7.63 w 101 3.9 w 011
8.7 vs 12 0 7,00 m 120 8.8 w 1117.63 s 1 3 0 5.43 s 1 3 0 6.99 w 1 2 1 “3"" ”‘57 “men‘s 0’
664 m 140 5.29 s 012 5.55 s 130\‘W—vcry weak
a vsfvery strong intensixy. s—stmng intensity. m—medium intensily, w—wenk intensity,
mlensity (Agafonov ct 121.. 1991).
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111., 1991).

v Form V

1 P212121
4 10.15
1 36.22
g 6.29
0 90.00

4
2315

mbic Orthorhombic
|j_ke Needle—like
.01 1/; elhyl acetate

" Spironolactone,4—
ll

'11:!  
S
w 011
w 111
w 121
5 130

“cushy. vw—very weak

  

070’

   1 0.5 Steroids 139

  Table 10.17 (continued) X-ray Powder Diffmctiun Data for the Different Crystal Forms ofSpironolactone  

 
 

  
      
  

 

FormI Faun 11 Form IIl

11...,(A) I“ 11111 amp“ I" 11kt 11m (A) I" 1111 1
6.13 w 01 1 5.10 m 210 5.48 s 031
5.93 vw O 6 O 4.87 w l 0 2 5.46 s I 3 1
5.10 w 1 s o 4.73 w 1 1 2 5.09 5 1 2 1
4.94 m 2 1 0 4.333 m 1 4 o 3.05 w 2 1 0
4.53 vs 0 5 1 4.263 w 2 1 2 4.97 m 2 0—2
4599 s 2 3 o 4.032 m 141 4.91 s 0 4 o. 1 2 2
4.528 s 17 o 3.815 w 2 0 2 4.456 m o 2 2,1 4 o
4.351 m 2 4 o 3.741 w 212 4.287 m 1 32
3.870 m 2 0 1 3.576 w 15 0 3.931 w 2 01
3.699 m 19 a 3.540 , w 2 2 2 3.837 w 3 1 1. 3 0 2

  
 

  a vswery strong intensity, s-strong intensity, m~medium intensity, w—weak intensity, vw—very weakintcnsity (Agafonov yr 11]., 1991).  

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
  

. M! 10.57 Contents of [he unit cell of Form ll of spimnolactone {Agufonov at at. 1989).
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D. METHYLPREDNISOLONE
WW

methylprednisolone

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
 

‘9 Methylprednisolonc exists in two polymorphs. Form I can be prepared by recrystalli-
zation from acetone, and Form H by sublimation at 190 °C (Hamlin el al.. 1962). Dis-
solution rates of pellets of these two forms were studied under varying conditions of

‘H. agitation. Under all conditions, except the most rapid agitation, Form 11 has a faster
dissolution rate than Form 1. In vivo tests of the rate of dissolution of Forms I and 11
using pellet implants in rats showed that Form 11 has a faster dissolution rate thanForm 1.

Studies of the intrinsic dissolution rates (see Chapter 6) of Forms I and II also
showed that Form 11 has a faster dissolution rate than Form 1. At increased stirring
rates, Forms I and II had more similar dissolution rates. These studies also indicated
that low agitation rates give data that correlate with the pellet-implant in vivo data. while
higher agitation rates are required to give results that correlate with data from trials
involving tablets dissolving in the stomach (Levy and Procknal, 1964).

Infrared spectroscopy showed that the surfaces of pellets of Form 11 revert to Form
I in water. even after only a 2-minute exposure. This appears to be a water-mediated
phase transformation of the type discussed by Haleblian and McCrone (1969). This
observation explains some of the conflicting data obtained in measuring the dissolution
rates of Form 11 in water (Higuchi er (IL, 1969).

E. HYDROCORTISONE zl-TERT-BUTYLACETATE

it0 CM33

  

 
 
 
  
 

  
  
     

 

hydrocortisone 2l-len-hulylacetme

Biles (1963) reported that hydrocortisone 21—terrebutylacetate crystallims in three
forms. X—ray diffraction studies in our laboratory indicate that there are actually at least
four different forms, and elemental analysis shows that two of these forms contain
different amounts of ethanol, The results of these studies are shown in Table l0.18,
Several other forms (from other solvents or from desolvation of a solvate by heating)
are also known and have a melting point of 234~238 aC (Lin et al., 1982). 
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Table 10.18 Crystzt’

Crystal Form

I
E

III
IV

a The exact melting
at this temperature I
melt resolidified as ‘

During recry:
IH, often formed i
new fom't, design
l20 “C. Forms I
while Form III ch

HO,

hydrocortisoi

All crystal fC
light. Form I V
ultraviolet light it
°C. The formatio
NMR chemical st
by gas chromato;
21Atert-butylaceta

Table 10.19 Desoi
Butyl;

Days
1
2
3
6

10
14
21

Lin er UL. 1982.
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Talrle 10.!!! Crystal Forms ofI-[ydrocortisone Elererr-Butylaeetate  

  
  

  

  

Ethanol Content Oxidation ‘m a
“’5‘“ Fm“ (mole ratio) UV Light ”P "O

I 0.9 (variable) Reaction 170-180
11 1.0 No Reaction “0-120”

III 0 No Reaction 123»126C
IV 0 Nu Reaction 234-218   

a The exact melting temperature may vary from one crystal to another. b Opaque
at this temperature range with final melting at 234—238 “C. c After melting, the
melt i'esoltdificd as the temperature was increasing. (Lin .2! a!.. 1932}    
 

 
 

  

 
  

During recrystallization from ethanol, amixtnre of crystal forms. Forms 1. II. and
III. ofien formed but a pure single form could be obtained under certain conditions. A
new form, designated Form IV, was produced when Forms I, II, and HI were heated at
120 °C. Forms I and II underwent desolvation and phase transformation to Form IV,
while Form HI changed from one phase to another.

  
  
    
 
 

 
 
 
 
  0.9 - CQHSOH

 
  
 hydrocortisune Zl-tert-butylacetate cortisone Zl—rert-hutylacetate
 
  
 All crystal forms, except for Form 1, were stable upon irradiation with ultraviolet

light. Form I was oxidized to cortisone 21-tert—butylacetate upon irradiation with
ultraviolet light in air. A known weight of crystals was put in vials and irradiated at 30
“C. The fomiation of cortisone Zl—rert—butylacctate was determined by the change in the
NMRChemical shift of the C18 methyl signal, and the content of ethanol was measured
by gas chromatography. The percent of desolvation and oxidation of hydrocortisone
Zl-rerr—butylacetatc to cortisone Zl-rerr-bulylacetate is shown in Table 10.19. The loss

  
  
  
  
  

  
  
 

 
 

 
 Table "“9 Desolvation and Oxidation of Crystalline Hydrucortisone 21-rerr—

Butylacetute Form l (0.9 Ethanolate) upon Exposure to UV Light 

    

  
  

  
    
  
   

Days 'I. Oxidation Ethanol Lost
I 20.0 43.3%
2 38.9 75.6%
3 50.0 53.3%
6 52.9 38.9%

10 56.3 93.3%
14 66.7 95.6%
21 71.4 96.7%

  
 

 

 
Lin et at, 1932.
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192 Chopra! 10 Polymorplu

of ethanol is faster than oxidation but does not completely precede oxidation. In Table [0.20 (continued) Melting Paints
addition, ethanol loss does not occur from crystals stored in the dark, indicating that R

 
  
  

   

  
 
 

 
 

  
  

 
  
 

  
  
  
  

ondauon is reun for ethanol loss to begin. Further studies of this interesting final
reaction are in order. This behavior is different from that of dihydrophenylalanine j'flmfiggyi- 226 1
hydrate, in which water loss almost complewa preceded oxidation (Bym and Lin, A
1 976). Pentobarbital 129 1

Phenobarbital 176 1
F. CONCLUSION Pmpallylonat ”4 l

_ ‘ _ . ~ > . Secobutabarbital 166 7
The steroids exhibit a Wide range of polymorphic and solvate behawor which appears \ mialbnrbital
to affect both the bioavailability and stability of these compounds Of particular interest 1] Thiodi ‘46 l
are the cases where one form is chemically reactive in the solid state while the others are , 7 y1- ‘76 l
stable. , M 166 l

 

Kuhnert-Brandsttttter (1971).
10.6 BARBITURATES

Amos/man“.
Barbiturates are another class of drugs which generally exhibit polymorphism. As in
the discussions of the polymorphism of sulfonamides and steroids just presented, this
section begins with Table 10.20 describing the results of hot-stage experiments on
barbiturates (Kuhnert-Brandstfitter, 197 1). Me

Table 10.20 Melting Points of Polymorphs of Barbiluratesa B 
 
  

  

Compound I II 11] IV V v1 VII VIII IX x in

Allobarbital 173 -122 V an and Vizzini (1969) have det
. 5—mty1—542—chtupemeny1-1— I48 126 124 115 ! ~ 0f amobarbital (5—elhyl-5-isc

yl)barb1mnc acid eters Shown in Table 1021
5-Allyl-5-phenyl— 159 133 130 129 123 126 1- conformation of mamabarbituric acid

 
 
  
 
 

3 ; _ .fi packing is different (see F
15‘ . . . double-ribbon arrangement: ho

.. while in Form II an inter]

  Amobarbital 157

Aprobarbilal 141 [39 133 130 ~116 ~95
3211111121 190 184

Emallylonal 131 128
Buthalitone 149 117I ~95

5-Crotyl-5-cthyl- 1 I7 90bamimric acid

 

   

 
  

  
 

 
 
  

 
   
 

 

  

 

 
 

    

   

. Form 1

Cyclobarbital 173 161 (22/
Dipropylbarbital 148 146 126 120 ~110 105 85 21 433
Dormovit 171 l 1 .‘90
Ethallobmbital 160 10370
5-ELhyl-5—(l-piperidy1)— 217 2111 204 9707“

barbitnric acid 3
l-leptabarbital 174 150 145 143 141 137 127 100 25510
Hexobarbital 146 1 1 171

a KuhnemBrandstfiner (1971), ”a“: ‘1"de 0“154—156
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 10.6 Barbiturntes 193

  Table 10.20 (continued) Melting Points of Pnlymnrphs of Bnrhituratesa
Compound I [I II] [V V V1 VI] VII] IX X XI

S-Mcthyl-S-phenyl- 226 226 200barbituric acid
Pentobarbital l29 114 10R
Phenobarbital 176 174 167 163 160

Propallylonal 184 130 ~l79 ~127 423
Secobutahnrbilnl 166 ,
Thinlbarbital 146 125

Thiothyr 176 17 2
Vinbzubital 166 129 106

:de oxidation. In
trk, indicating that
of this interesting
tydrophenylalanine
rn (Bym and Lin,

 

  
 

 

 
       

      
 
 

 
126
 

157 153 141 112
 

133
  

 

  

 
 
 

  

  ,vior which appears
)1 particular interest
while the others are   
  
 

 

 

 

a Kuhnert-Brandsta’ucr (1971 )

  
 

A. AMOBAEBITAL

Me O ”\f0 amobarhital

Me N\ HEt
0

Craven and Vizzini (1969) have determined the crystal structures of the two polyv
morphs of amobarbital (5—ethyl—5—isopentylbarbituric acid). The two forms have the
cell parameters shown in Table 10.21.

The conformation of amobarbital is virtually identical in the two polymorphs but
the crystal packing is different (see Figures 10.58w10.59). Both forms Show the so—
called double»ribbon arrangement; however, in Form I there is no interaction between
the sheets, while in Form 11 an interlocking structure is present resulting in a slightly
higher density.

  

  
lymorphism. As in
; just presented, this
age experiments on

  VlfllX X X]   
 

   
  

   
 

 
Table 10,21 Crystallographic Parameters for the Two Forms of Amobarbital

  
 

  

 

 

 
 

   
  
  

  
  

 
 

 

Parameter Form l Farm 11

Space group Cale P2111:
ant) 21480 10.281
1- (A) t 1.590 22,061
col) 10.370 11.679
fl 9707" 109.10"
Z 8 B

100 HP) 255.20 2503.1paidgcm") l.l7l 1.178
Crystal habit Plates developed on 1 0 0 Needles elongated along b-axis
Mp (“C) 1547156 160—162  

 

 

 
Craven and Vizzini. 1969.
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194

Figll-c 10.58 The crystal structure of Form I of amnbar'hiral viewed down the c axis (Craven andVizzini, 1969).

Figure 10.59 The crystal structure of Form 11 of amobarbiral w'ewed down the a axis (Craven andVizzini. 1969).

B PIIENODARBITAL 

Ph—

Phcnobarbital (S-ethyl—S—pl
many as thirteen modificati
least four distinct anhydrou

The crystal structures <
have been determined (W
phenobarbital, including the
two forms. The crystal pac
somewhat different; howev
hydrogen~bonded pyrimidii

Kopp et al. (1988) rept
of polymorphic phenobarbi:
can easily lead to misunder:
to identify the different cry
obtained if different heating
also influenced the DSC re
DSC methodology outlined

A study by Szabterévs
ers Avicel® PH 101 or How:
(obtained by heating a comr
two commercial sources lat:
phenobarbital, The dissolut
were different as shown in
and other similar observat
dissolution rates,

Table 10.22 Crystallographic l
Parameter Form 1"

Space group PZ‘ln
11(A) 6.800
b (A) 47.174
c (A) 10.695
a mom

,6 9413[1
V 90.00“
2 I2

V (A3) 342117
pmc (gm cm") 1.352
a Williams. 1973. b Williams, 
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c axis [Craven and

e a axis (Craven and

 

 

10.6 Barbiturntes 195

PHENOBARBITAL 

phenobarbital

Phenobarbital (S-ethyl—5—phenylbarbituric acid) has been reported to crystallize in as
many as thirteen modifications. Single-crystal studies of these polymorphs revealed at
least four distinct anhydrous forms and one hydrate (see Table 10.22).

The crystal structures of the hydrate (Form XIII) and of Forms I. II. III. and V
have been detemiined Williams, 1973; Williams. 1974). The conformations of
phenobarbital. including the angle between the two rings, are slightly different in these
two forms. The crystal packing of these two forms, shown in Figures 10.60—10.61, is
somewhat different; however, both forms contain layers of phenyl rings and layers of
hydrogenebonded pyrimidine n'ngs.

Kopp er al. (1988) reported a study of DSC and X-ray powder diffraction patterns
of polymorphic phenobarbital. Their work demonstrates that using one technique aione
can easily lead to misunderstandings. It was not possible to use the DSC thermograms
to identify the different crystal forms of phenobarbital because different results were
obtained if different heating rates were used. In addition. they found that particle size
also influenced the DSC results. These results are consistent with the discussion of
DSC methodology outlined in Chapter 5.

A study by Szabc’v—RéveSz e! at. (1987) used direct compression with the dry bind-
ers Avicel® PH 101 0r Heweten‘Ed 40 to evaluate manufactured tablets containing Form I
(obtained by heating a commercial product near 160 ”C for 3 h), Form 11 ifobtained from
two commercial sources labeled [II and Hg ), or Form HI (obtained by spray drying) of
phenobarbital. 'I'he dissolution rates of the tablets containing the various crystal forms
were different as shown in Figure 1062 but by only a few percent. This observation
and other similar observations suggest that different polymorphs may give similar
dissolution rates.

Table [0.12 Crysmliographic Parameters for the Crystal Forms of Phenobarbital. 

 Parameter Form 1" Form [1“ Form lll” Form V" Form XIII (hydrater'

Space gibixp P21/n PI P2,/c P2,rc Pbca
not) 6800 6.784 9.534 12.66 7.157
11031) 47.174 23.537 11.855 6.75 30.879
L' (151] 10.695 10.741 10.794 27.69 10.87
a 90.03" 91.139G 90.00c 90.00° 90.00D
,3 94.18” 94.430 1 l 1.56" 106.9“ 90.00”
7 9000" 89.030 90.00" 90.00“ 90.00c
Z 12 6 4 8 8
VGA“) 3421.7 1708.8 1134.6 2264.1 2402.3
,9.“ (gm Gin—3) 1.352 1.354 1.360 1.362 1.384 
a Wiiiiams. 1973. b Williams. 1974.
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 196 Chapter 10 Polymorphs

The effect of additives on the crystallization of phenobarbital has also been investi- m
gated (Karo er al.. 1984), Kato and co-workers prepared two forms of phenobarbital 7°
by adding barbital or cyclobarbital to the crystallization. In these studies rather large
quantities of additive (7.5% for barbital and 7% cyciobarbital) were required to achieve 50the effect.

30

wwiw

W WSW

I0

5

Flgure “1.62 Dissolution rate of
pressure of 20 kN,:
cial sources), and [I 

0%}
0&6

10.7 OTHER DRUGS 

Figure 10.60 Crystal packing of phenobarbital Form Xlll hydrate (9 water molecule) viewed downthe. z axis (\Niiiinms, [973).

me
[w

In this section the polymorph
this review is not exhaustive,

pharmaceuticals.

A. Pnomznor. ALCOHOL 

 QCH l
3— CH

DeCamp and Ahmed (1972
monoclinic and rhombohedr
methyl—4e—phenylpiperidinr4t
alcohol is the same in hot

Table [0.23 Crystallographic Pa
Parameter Manor 

Space Group
a (A)
b (A)
c (A)
13
2

v (A3) 1:
Pcalc (gm-GET?)
a DcCamp and Ahmed. 19723. b I

Figure [0.61 Crystal packing of phenobarbital Form lll viewed down the b axis (Williams. 1974).
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   5 30 t {Inn} GU ‘5

  Figure 10.62 Dissolution rate of phenobarbital tablets prepared using the binder Heweten‘“ 40, a
pressure of 20 kN, and the four different crystal forms. Fomis l, I] (from two commer-
cial sources). and II] (Szuho Réveéz (I! all, 1987)  

 
  10.7 OTHER DRUGS
  

 In this section the polymorphic properties of several other drugs are reviewed. While
this review is not exhaustive, it illustrates several important studies of polymorphism in
phannaeeuticals.

  
 

 
A. PROMEDOL ALCOHOL

 
 
 

(:)-B-prom edol alcohol
 

 
CH 3,-—
  CH3
 

 
 

 
 v DCCamp and Ahmed (1972214)) have detemiined the crystal structure of both the

monoclinic and rhombohedral forms of (t)-[3—promedol alcohol, (1-)—a—1,2a,5e-tri—
T melhyl-4e—phenylpiperidin-4a—ol, (see Table 10.23). The conformation of fi—promedol
1, alcohol is the same in both forms, but the crystal packing differs (see Figures
  
 

 'I'lllle 10.23 Crystallographic Parameters for the Two Forms of (fliflPmmedul Alcohol

  
 

  
 

  
  
  
    
 

Parameter Monoclinic Form" Rhombohederal Form”

Space Group P2 ./'n R3
am) 13.298 29.754
HA) 7.721 29.754
crA) 12.776 77,113
a 90.09‘3 6010”
z 4 111  
  

I31 [.3 59 l "l S

' peak (gm-cm-l) 1110797 7 1.1 l0
:1me and Ahmed. 1972a. I7 DeCamp and Ahmed l972b
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Chapter 10 Polymorphs

0% O%
%O

LO% 0%
%O %0

Figure [0.63 Crystal packing of tflqftpromedol alcuhul monoclinic form (DeCamp and Ahmed,“9723)

%O

O%
%O

0%
ems

 

:1

64 Crystal packing of (:)«5—promedol alcohol rhombohedral l'urm (DeCamp and Ahmed.l972b).
Figure 10.

10.63—10.64). In the
same chirality to ten
gen bonds; however,
Despite the differenc
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since the OH~~N dis
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10.7 Other Drugs
  

199

  

 

10.63—10.64). In the monoclinic form, 0H---N hydrogen bonds link molecules of the
same chirality to form chains. In the rhombohedral form, there are also OH---N hydro—
gen bonds; however, these link molecules of alternating chirality into hexameiic rings.
Despite the differences in crystal packing. the monoclinic and rhombohedral crystals
have almost the same density. The melting point of the rhombohedral form is
1045—105 °C, whereas the melting point of the monoclinic form is 90.5—91 °C. This
difference in melting point is probably not related to differences in hydrogen bonding
since the 0H-~N distances are approximately the same in the two forms. In addition.
the densities indicate that the two forms have nearly equal packing energies. Thus,
DeCamp and Ahmed (1972a) suggested that, since the rhombohedral form contains
rings of molecules of alternating ehirah'ty while the monoclinic form contains stacks of
molecules of the same chirality, the monoclinic form is more ordered. This increased
ordering results in an entropy difference that results in a lower melting point for the
monoelinie form. Similar arguments were also advanced by Krigbuum and Wildman
(1971).

 
  
  
  
  
  
  
  
  
  
  
  
  

 
 

B. ENALAPRIL MALEATE
 
  
   V :COQH

  
C0211

E ennlapril maleateC0211 
    

 

This example illustrates the need for using more than one method in looking for poly-
morphs. Enalapxii maleate (Ip e! 111., 1986) exists in two crystal fonns which give
different solid-state I1C NMR spectra. (Figures 10.65 and 10.66). The signals of the
ethyl ester methyl and maleate carbon signals are at 11—13 ppm and 137—138 ppm,
respectively. The XRPD patterns also display a difference between the two crystal
forms as shown in Figures [0.67 and 10.68. However, the FT—IR and Raman spectra
of the two crystal forms are very similar. Under the experimental conditions used in
the DSC analysis, the thennogmms of both forms cannot be distinguished. Heat of
solution data, as shown in Table 10.24, indicate that there are differences in the heats of
dissolution for the two forms, although both crystal forms have virtually identical

«Mum
i_.__i_i_._ il—l—J—k—I— 1—.-

240 220 200 130 160 140 120 we
PPM

 
  
  
  
  
  
  
  
  

  
 
 

Figure 10.65 Solid-state "C NMR of enalapril maleate Penn 1 (1p 9! UL, 1986).
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 200 Chapter 10 Polymorphs in vitro dissolution rates (SI
number of methods on two
two crystal forms are veg
properties.

  
  

  
 
 

  
 
 
 

 
 

 
 
 
 

iVi Table 10.24 Heats of Solution 

 
 

 

 

240 220 200 130 160 140 120 100 BO so 40 20 o Solvent Form 1 APPM (kl/m0Methanol 36.5(

Figure 10.66 Solidvsmte “C NMR of enalapril maleme Form II (1p er al.. 1986), 35.6:35.9:
36.2i
364‘

Mean : S‘D. 36.33 2

Acetune m
5917
59 1
59.7

Mean 1: SD, 59.52 2___.__,__—_—

1p 2! aL. 1986.

Table 10.25 Dissolution Dal 

Emlapril Malente CrysFormulation

  

 
 
 

pril maleare Form 1 (1p er at., 1986). Capsules
Emma 1067 Powder X-ray diffraction pattcrn of enala

 
Tablets

 

1|) er 111.. 1986.

  

 
Flgure 10.68 Powder X—ray diffraction pattern of enalapril mulcale Form ll (1p at 111., 1986)
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 in vitro dissolution rates (see Table 10.25). In summary. this represents a study by a
number of methods on two crystal forms of an important compound. It is clear that the
two crystal forms are very similar in structure and have very similar pharmaceutical
properties.  
 
   

Title 10.24 Heals of Solution and Transition of Enalaprii Maieate Polymorphs

 Solvent Form 1 AH..,. Form 11 AH“. All-r...
(id/moi) (kJImol) (idlmoi)

36.50 38.47
35.64 33.2!
35.95 38.54
36.20 38.62
36.46

Mean 1 8D. 36.33 2 0.25 38.46 t O.“ 2.05
Acetone 59.44 62.71

59.73 61.99
59.19 62.66
59.73 62.54

59.52 1 0.25 62.41 t 0.29

  

 
 

 

   
Methanol
 
  

 
  

 
 

 

 
 

 

 
   
 
 
  
  
 

a

 

 
 

Mean 1: SD.

in 2! EL. 1986.
 
 

 

 

  
; TIM: 10.25 Dissolution Data for Enalapril Maleate Capsules and Tablets 

Emlaprll Males": Crystal For-1 Potency (mg) Average Percent D'BsolvedFormulation at 3|) min  
Capsules 11 2. 89

I 100
  

  

 

 
 
  

 
 

96
82
99
95
92

i 00
99
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1p :r 111.. 1986.
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C. METOCLOPRAMIDE AND METOCLOPRAMIDE MONOHYDROCHLORIDE

O
+

C1 WNEIZ C N/VNHBlz C1-

H2 OMe Hz OMe

metoclopramide metoclopramide monohydroehloride

thermograms of the six dif
all forms are unique and w

 

Farm 1

Mitchell (1985) has studied me polymorphism of both metoelopramide and memelo-
, pramide monohydrochloride. Each exists in two crystal forms and metoclopramide Fm."

' ‘ monohydrochloride also forms a monohydrate. Metoclopramide exists in two enan- I itiotropie polyrnorphs with a transition temperature of 125 °C from Form I (stable at low
temperature) to Form [1 (stable at high temperature) having a melting point of 147 °C. £353
This process can also be reversed. Dehydration of metociopramide monohydrochloride
monohydrate, depending on the conditions, give rise to one of two anhydrous poly-
morphs; Form I (mp 187 °C) is formed from the melt under slow crystallization condi—
tions, whereas, Form II (mp 155 °C) is formed from fire melt under fast crystallization
conditions. All of these crystal forms were detected by DSC, thermal microscopy. X-
ray diffraction, and infrared spectroscopy.

D. FUROSEMIDE
Figure "169 X—my powder di

and Tatsumi, 19

furosernide

 
  

 
  

  
  
  
  
  
  
  
  
  
  
  

  
  

ngtso2 1

Cl

 Doherty and York (1988) described the two crystal forms of furosemide readily de»
tected by X-ray powder diffraction. In a more recent study, Matsuda and Tatsurni
(1990) discovered three additional polymorphs as well as two solvates and an amor-
phous form. Interestingly, it was found that the forms produced could be related to the
boiling point of the solvent. Thus, Form I was obtained from the lower boiling sol-
vents used [acetone (bp 57 :'C), methanol (bp 65 :'C), ethanol (bp 79 CC), and methyl
ethyl ketone (bp 80 °C)]. Form II was obtained from the higher boiling solvents used
[isobutyl alcohol (bp 108 °C). butanol (bp 118 °C). and pentanol (bp 138 °C)]‘ and
mixtures of both forms were obtained from solvents with intermediate boiling points
used [isopropyl alcohol (hp 83 °C) and propanol (hp 97 °C)] by slow crystallization
from a hot solution, To our knowledge this is the first such relationship which has
been reported. In addition, they reported that the rate of solvent evaporation affected
the crystal form obtained. Figure 10.69 shows the XRPDs of furosemide and Figure
1070 shows the IR spectra of the different crystal forms.

Doherty and York (1988) also showed that Forms I and II had different solid—state
NMR spectra as shown in Figure 10,71. Figure 10.72 shows the DSC and TG
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 thermograms of the six different forms of furosemide. It is clear from these studies that
all forms are unique and well characterized.

Farm l l

Form It |

Farm Ill 1 ‘

 
15

Diffraction angle 20, degree

Flam [0.69 X-ray powder diffraction patterns of the different crystal forms of furosemide (Marsuda
and Tatsumi, 1990).

Am

DMFseivate

dicxane[WV

morphous

2000 1500 won am can
Wavenumber (cm-1)

  
  

anon noon

 
.> I'Igll'elllflfl Infrared spectra of the different crystal forms of furosemide (Matsuda and Tatsumi,
2' 1990).
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30;»

figure 1071 Solid-state L1C CPIMAS NMR spectra for two firmscmide forms at ambient tempera-lure wuh peak assignments. The peaks marked wilha star are due to the Delrinfi’ rotor 20 *
(Dohcny and YDrk 1988)

10 —

. 7. ...77 77 , _, “‘1 0.70%

02C% /\/"J m 2“did 7 g ‘ "Fermi Form“ mem g 3’

1e 7 -- . 1.7.1.5273" 3
TW3% T2051° _

TIN I11:11: diuxana solvaw amorvhous 1 k
w m 7.0 we sq m w m g .

L._i_
au m ‘00 w) 2. 01

6Temperature (“(3)

72 DSC and TG thermograms of the (iii’i’ercm Crystal furms of furosemide (Malsuda andTatsumi, 1990).
Figure "L74 DoubleilogFigure l D. farms und:
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Amorphous
form

DMF Dioxane

 
“gm [0.73 Interconversion scheme of furusemide. crystal forms under various conditions (Matsudaand Tatsumi, 1990),

 
  
  

 

   
 
  
 
  
 

 

‘ Matsuda and Talsumi (1990) found a high temperature crystal form (Form IV)
: which could be obtained by heating Forms 1, II, or [II to 180 DC. In addition, they

: studied the interconversion of the crystal forms and these interconversions are summa-
, rizedin Figure 10.73, It is clear that all of the crystal forms can be converted into the
i most stable fun“. Form 1, at room temperature. The solvatcd forms also converted to

Form I upon heating (see Figure 10.73).
Matsuda and Tatsumi also studied the physical and chemical properties of the

DMF solvala (tablals)

Form In (tablets)
Form ll (powder)

dtmans sch/ate (tablets)

 
   

 

 

 
 

  
  

  

 

m r.— Form I (tablets)

Fo'm I (powder)Colordifference(AE)  
 
 

l
0,5 1 

Exposure time in]

10.74 Double~logarithmic plots for the coloration process of different furosemide crystal
forms under irradiation by a mercury vapor lamp (Matsuda and 'I‘atsumi. 1990).
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Figure “1.75 Dissolution profiles of the different crystal forms of l‘urosen‘ude in buffer solution at
various pll values at 37“ C (Matsuda and Tatsumi. 1990).

different crystal forms of furosemide. Figure 10.74 shows the studies on the photosta—
hility of the different crystal forms. It is apparent that the different crystal forms have a
different amount of coloration initially but that the rate of change in coloration is about
the same for all crystal forms. However. the relationship between coloration and
degradation remains unknown.

Figure 10.75 shows the dissolution profiles of furosemide at different pH (2.2.
3.2, 4.4, and 5.6). It is apparent that Form 11 reaches the highest solubility at all pH’s
and that Form 11 and the DMF solvate are the least soluble. Judging by these profiles.
some of the forms appear to interconvcrt in these experiments.

E. 14-HYDROXYMORPHINONE—COLOR DIMORPHISM
  
 
 

 
 
  
  
  
  

  
 

14-hydroxym orphinone

 
 

The phenolic (LB-unsaturated ketone l4—hydroxymorphilione exists in two crystalline
modifications (see Table 10.26), which are interconvertible by dissolution and recrys-
tallization (Chiang cl 0]., 1978), Recrystallization from polar solvents (ethanol) yields
yellow crystals. while crystallization from benzene gives colorless (white) crystals.
Both fomis are stable indefinitely in the solid state.

Infrared spectra show that the yellow form has a carbonyl absorption at
1685 cm‘I while the colorless form has a carbonyl absorption at 1660 cm”. Since
both forms have a carbonyl absorption, neither form contains an enol tautomer.

Crystallographic studies show that the conformation of 14—hydroxymorphinone in
the two forms is similar: however. the yellow form contains an intermolecular OH-~O

Table 10.26 Crystallogt
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Table 10.26 Crystallographic Parameters for the Two Forms of l4-Hydroxyrnorphinone 

  
 

Colorless Form Yellow Form

> Space group P2l212. P2‘2,2,
ado 12,9l8 13.150

Parameter 

 
  

   
  

  

  

b (A) 14.074 13 508
can 8.035 7.337
2 4 4

Peale (g Cm'J) l 36 [.428
V0“) 14608 . , 13921 

 
 

 
  

   
  
  
  
  

   
  

   
   
  
  
  
  

  
 

Chiang et (11., 1978.

 hydrogen bond. while the white form contains an intramolecular OH---O hydrogen
bond.

The color of the yellow form may, in part, result from the intermolecular OH~O
hydrogen bond, since a similar effect was found for dimethyl 3.6-dichloro-2,S-
dihydroxyterephthalate (Bym et £11.. 1972; see Section 8.1). An alternative explanation
is that there is a weak charge-transfer interaction between the C=O group and an
adjacent phenyl ring in the yellow form, but not in the colorless form. A clear distinc—
tion between these two explanations is not possible.

Numerous other reports of color dimorphism have been published for compounds
that are not drugs. These reports are briefly reviewed by (Desiraju er a!.. 1977; Chiang
z! (11.. 1978: Bym er a[.. 1972). Color dimorphism of at least one other biologically
important compound has been reported (Small and Meit'lner, l933); reduction of
thehajne gave metathebainone. Neutralization of a metathebainone solution with
sodium bicarbonate and recrystallization gave yellow crystals‘ while neutralization with
NaOH or NH3 and recrystallization gave colorless crystals. Both crystals had the same
melting point, and both gave a yellow solution in ethanol or water and a colorless
solution in benzene. Unfortunately, no structural explanations of these differences in
color and n0 investigation of differences in polymorphism of these compounds have
been reported.

Me

HO
metathcbainonc

‘ N’ Me0

F. MISCELLANEOUS S'ruouas BY KunNERT—BRANDSTKTTER AND C0»woni(i=.ns

 
  

   
  
  

Kuhnert-Brandstfitter and covworkers have canied out an extensive study on the
polymorphs of pharmaceuticals. Their studies generally use thermal microscopy, IR
spectroscopy, and in some cases powder diffraction. The results of these studies are
shown in Table 10.27, In many cases they were able to determine the relative stability
of the different polymorphs and whether they were monotrupic (one forms is most
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Table 10.27 Studies of Polymorphic Pharmaceuticals by Kuhnert-Brandstéitter’s Group 

No. of Forms Thermodynamics' Reference 

  
  

  
  
  

Amiperone
Anilamate

Banactyzme HCl
Bentiromide

Bromopride
Brotizolam
Bumclanidc

Bupicomide
Buspirone HCI
Clenbuterol HCI
Dimelhoxanate HCl

Diphenadione
Diphenidoi HCI
Dipyn'damole

Dohutamine HCI
Famotidine
Fenbufen
Flucobril

F1upirtine Malena:
Gallic Acid Ethyl Ester
Halofenate

Heplolmnide
lprindol HCI
Levobunolol HCI
Lorcainide HCl
Maprotihne HCl
Mexiletine HCI
Minoxidil

Mopidumul
Nafoxidine HCI
Naftifine HCI

()xypcndyl ZHCl
Paxamzlte
Penbulolol Sulfate
Piretanide

Pirprofene
Propenlofyllinc
Renytol‘me HCI
Termnnzole
Triclabendazole

2
3
2

3 + hydrates
2

w§“43%1‘74:-LABSbWUUNMWWWUJNNWNbNWNNNNWNP
N
2

Ila]
111—) 11, 11 —> 1

11—) I
11—» I.

11—)1
IV 6111.1“ —r I,

11—)!

Monotropic
Monolropic

I1 —)I
11 —>1
11—)1

111—) ll, Ill—)l
[l —)I

11—) I
111—) 11, Ill —>I

Il —) I
ll —) l

1l1—>ll,lIl—)l
Monotrupic

1114) II.

11 —>l
111—» [1.11 —> 1
HI —-) I, 11 —>1
111—) [1. 11—) 1

1V —) I. 11 —) 1,
(ll —) I. 11 —)l

Monolropic
11! —> E, 11 —> 1,

11—) 1
1V —) 111,111—)1l.

11—)1,
\rlonotropic
Monotropic

111—) 11,11 —>l
Monotropic
Monotmpic

Kuhnertiflrundstiitter and Porsche, 1989b
Kuhnert-Brandstfitter er ai, 1982:
Kuhnen-Brandsttiuer. and Wurian. I982a
Kuhnert-Brtmdstiilter and Porsehe, 1989b
Kuhnert~Brand5tiitler er (11.. l982b
Kuhnemandstlltter and Porsche, 1989b
Kuhncrt-andstfitlcr er (1]., 1982h
Kuhnert-Brandstfitter and Porsche, 1989a
Kuhnert-Brandst'a‘mer and Porsche, 1989a
Kuhnen-Brandsti'ltter. and Wurian. 19823
Kuhnen»Brandst2lner et (11., 1982c
Kuhnerthrandstmler 2! all, 1982c
Kuhnemandst'rirter and Wun'an, 1987;:
Kuhnert—Brandsmner. and Wurian. 19823
Kuhncrt-Brzindsrla‘tter and Porsche. 198%
Kuhnen-andstatter and Porsche. 1990
KuhnertrBr-andstiitter and Porsche, 1989b
Kuhncrt-Brandsriiucr 2101., 1982b
KuhnemBrandstfitter and Porsche, 1990
Kuhnert-Brandstatter. and Wurian. 1982a
KuhnerbB-mndstfiner and Vollenklee, 1936
Kuhnert—Brandsthtter and Porsche. 1989a
Kuhucrl—Brandslmler at (41., 1982h
Kuhnerterndsriitter and Porsche. 1989a
Kuhnert—andst’zmcr and Vollenklee. I986
Kuhnert~andstfitter at al., 1982c
Kuhnert-Brandetfiitler and vollenklee, 1937
Kuhnert-Brandstiitter and V611enklee, 1986
Kuhnen-Brdndsu’itter and Vfillenklee. 1986
Kuhnert»andstiitter et al., 1982c
Kuhnert»andstittter and Porsche, 1989a
Kuhnerthrandsttmer and vollcnkloe, 1987
Kuhncrt-Brandstfiner and Porsche. 1990
Kuhnen-andst'atter and vollenklee. 1987
Kuhnert-Brandstzitter and Porsche, 1989a
KuhnenAanrlslfitter and Vijllenkietz 1987
Kuhnen-Brandsttiner and Porsche. 1990
Kuhnert-andstiitter e: (11.. 19821:
Kuhnon-Brandstfiner and Porsche. 198%
Kuhnert-Brandstfincr and Porsche. 1990 

  

 
* Some forms undergo inhomogeneous melting rather than transformation.
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stable at all temperatures) or enantiotropic (different forms are stable at different tem-
peratures). Specifically, Kuhnert-Brandstatter defined enantiottopy for the purposes of
this table as cases where the most stable form at room temperature is not the form with
the highest melting point.

G. (2R,45)-6-FLU0R0-2-METHYLSPIRO [CHROMAN-4,4'—rMIDAZOLINt-:] >2',5—DIONE 

 
  

 

(2R,4S)-6-fluoro-z-methylspiro-
[chrom air—4.4 ‘-imidazoline]-2’.5-dione

This aldose reductase inhibitor exists in two crystal forms. aand [3, which were
studied by DSC. X-ray powder diffraction, and infrared spectroscopy (Ashizawa er (1].,
1988). Figure 10.76 shows the DSC behavior of the B—form. This thermogram
indicates that the B—form is converted to the ot—form at high temperature and is consis-
tent with the X—ray powder diffraction and infrared spectra which showed interconver-
sion of the [iform to the a—form. Figure 10.77 shows the X-ray powder patterns of
the a— and fl—forms as well as that of a 1:1 mixture and the product obtained upon
heating the B—form. indicating it is being transformed into the a—formi Addition of the
tit-form to the B—form appears to provide nuclei which allow the conversion to occur

2 B-tonn containing 011% mtormr:in
E0>4m

atom containing 10.0% arfo'm
10 K/min ——

Q2a:in

Eu:  
i__%_423 473 523

TEMPERATUREI'K
 

 Mel0J6 The DSC curve for (2R,4S)~6-tluoro—Z—methylspimichmman—4.4’—itnidazoline]v2’,5—
dione (Asliizawa at al., 1938).
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mformzfi-form (1:1)

 
Intensity

ENDO

  Figure 10.77 X-ray diffraction patterns of (2R,45)~6-fluom—Z—niethylspirotchroman-4.4-'<imidazoline]-2257dione (Ashizawa et [41,, 1988). 

  
 

 
120l

 before melting of the [Ii—form. This indicates the importance of nucleation in polymor—
phic interconversions.

The crystal structure of the ,B—form has been determined by single crystal X-ray
methods (Ashizawa, 1989). They suggested that the crystal structure of the ctr—form is
disordered and thus the structure could not be determined.

  Figure 10.78 DSC the
238 DC; :

  
 
  H. CYCLOPENTHIAZIDE

 
 

Loo 053

 
  

060

  

ji/O tyclnpenthiazide moCl N “nH 020

W The diuretic cyclopcnthiazide exists in three polymorphic forms which are obtained by “5°
crystallization from ethanolzheptanezrnethanol (Form 1), ethanol (Form 11), and etha- m
noltwatei' {Form III) (Gerber et (11., 1991). m use

0 04a

  These forms were characterized by DSC, thermomicroscopy, X—ray powder dif-
fraction, scanning electron micrographs, IR, solid-state NMR, solution calorimetry,
dissolution rates, and Solubility determinations

Figure 10.78 shows the DSC thermograms. Figure 10.79 shows the X-ray pow-
der diffraction patterns, and Figure l0.80 shows the solid-State CP/MAS spectra, The
DSC thermograms gave the following heats of fusion for the different polymorphs;
Form 1, 105.5 kJ/mol; Form 11. 98.4 kJ/mol and Form 111. 62.5 kJ/mol. The value for
Form 111 is too low to be the AH}. and most likely represents a transformation process
This was confirmed by thermomicrosuopy in which Form 111 melted at 181 cC and
recrystallized to Form 1.
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  “gt-11.318 DSC thermogrzuus of cyclopcnlalhiazide polymorphs with melting points:
238 cC; Form 11, 225 ‘1C; and Form 111. 181" and 235 DC (Gerber er al., 199])
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10.79 X—my powder diffraction patterns of cyclopemathiazidc polymorphs (Gerber e! 01,.
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 It is evident from all these data that these are truly different polymorphs. The heats
of solution of the different polymorphs in 95% ethanol were also determined and are:
Form I, 0.34 lemol; Form II, 0.35 kJ/mol; and Form III, 0.86 lemol. The errors in
these measurements range 0.03—0.06 ldlmol; thus Forms I and I] have the same heat of
solution within experimental error. The intrinsic dissolution rates of the three forms
were measured and are shown in Figure 10.8]. Forms I and HI have similar dissolu-
tion rates but Form H has a significantly higher dissolution rate. The solubilities of the
three forms were also determined in several solvents and in all cases the order of
solubility was Form H > Form I > Form 111. These data suggest that Form III is the

   

  

—.——r———

‘° 2° most stable polymorph.

I. TAMOXIFEN CITRATE

Me O “>ch_..—#—— ”02C CO H
‘0 N i 2 tamoxifen citrate

D O “I“N\
O/\/ Me

Tamoxifen citrate is well known as an antiestrogenic agent. Goldberg and Becker
(1987) have reported the crystal structure of the more stable of two polymorphic forms,
Form B. Figure 10.82 shows a stereoview of the crystal packing of the stable poly—

_ morph of tamoxifen citrate. Unfortunately they were not able to determine the structure
, v of Form A; however. they point out that there are several indications that it is a less

_ organized and less stable structure. For instance, they observed that at room———r—-r—‘— L'40 20

 

 
’hsth‘be‘ 21111,, 1991) I232 Stemmview of the crystal structure of Form B of tamoxifen citrate (Goldberg andBecker, 1987).

|PR2016-00006

SteadyMed - Exhibit 1024 - Page 72

|PR2020-00770

United Therapeutics EX2007

Page 3733 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3734 of 7335

 

  
 
 

 

 
 

 

 
 

Chapter 10 Polymorphs
  

214

#EXOTHERMALHEATFLOW
140T

1987).

Form B, dashed lines (Goldberg and Becker. 1987‘).

Intensity 

Figure 1'33 DSC thermograms ofthe two crystal forms of tamoxifen citrate (Goldberg and Becker,

Figure 10.84 lnfnued spectra of the two crystal forms of tamoxifen citrate: Form A. solid lines;

L _ —-:
 

a we W 20"5 2 5 
Figure “185 X»ray powder diffraction patterns of the two crystal forms 01' tan?berg and Becker, 1987)
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temperature in an ethanol suspension, Form A rearranges spontaneously to Form B.
They also reported the DSC lhermograms (Figure 10.83), the IR spectra (Figure
10.84). and the XRPDS (Figure 10.85) of the two polymorphs.  
 

  
i. ANTIULCER AGENT FR101853   =.......“WWW

  
8-(2-nlethoxycarbunyl-

Me

/ ' 0

Lf/C I H amino—(p-methyibenzyloxy)-H 2-methyl-3-(2 -pr0pynyl)-
imidalo[l.2-a]pyridiue

(FRI!) 1853)

ML.

lVfiyarnae and co-workers (1990) have carried out an extensive study of the polymor—
phism of an orally—active antiulcer compound 8~(2-methoxycarbonylamino-o—melhyL
benzy]oxy)»2—mcthyi-3—(2—propyny1)imidazo[1,2-a]pyridine (FR101853) which exists
in two crystal Forms A and B. Table 10.28 shows the crystallographic data for the two
crystal forms which exhibit significantly different crystal packing (see Figures
10.86—10.87). In addition, the different crystal forms have different X—ray powder
diffraction patterns and different DSC thermograms (Figure 10.88). Interestingly. the
IR spectra of the two crystal forms are very similar (Figure 10.89) perhaps because the
complicated absorptions of the moiecule obscure any differences in infrared spectra that
might be caused by different crystal packing.

idberg and Becker.   
  

  
  

 

 
 

 

 
 
 
 
 

Wm A, solid lines;

Form A
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Form B

KW_.__—
25“
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to.“ Stereoview of the crystal packing of FR101 853, Form A (Miyumae er ai'.. 1990).
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Table 10.28 Crystal Data for the Two Crystal Forms of FRI01853 

 

  
  
  

  
  
  

  

Parameter Form A Form B

Space Gruup C216 Plllc
a (A) 4293604) 4.367(1)
bub 4.356(1) 33.21413)
c (A) 21.53am 1 1.253(1)
1'3 109.9214)° 95mm
2 a 4
Deals (g cm”) 1.275 L292
V (A3) 3786.7(20) 1869 4(3) 

Miyamae er a! , 19901

3%? e
e 953:?

Figure 10.87 Stereoview of the crystal packing ofFR101853, Form B (Miyamac er alt, I990),

 
  
 

 

 
 
 

 
  

  

(——Endalhem‘uc
 160

Temperature (Dc:

Figure 10.88 DSC thermograms of the different my stal forms of FR101853 (Miyamac et al., 1990).

ii
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_,_mm

Figure [0.89 Infrared spec:
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use er 111,. 1990).

Carbohydrates 2.17

 

figure 10.89 infrared spectra of the different crystal forms ofFR101853 (Miyamae er (IL, 1990).

CARBOHYDRATES
  

10.8

 substantial interest since carbohydrates are often used as exeipicnts. Although numer-
ous carbohydrates exhibit polymorphism, relatively few studies of these compounds
have been reported.

Mannitoi exists in four forms (Debord er al., 1987) The (17 and [Norm have been
isolated in the pure state, the 6—form has been isolated containing the a-form as an
impurity. In addition, a fourth form was found but could not be characterized further.
The different compressibilities and particle shapes of these forms could have important
implications for their use as excipients. Figure 10.90 shows the Xeray powder diffrac—
tion patterns of the 0:- and flforms as well as the "unknown” form. Figure 10.91
shows the X—ray powder patterns of different commercial products of mannito]. It is
apparent that material from supplier 4 (S4) contains a crystal form different from the
other preparations. The water contents of the crystal forms and the different commer-
cial products were determined after two months storage. Compression studies were
also carried out and it was found that compression of the different samples produced
lflhlets of different hardness. The different products and crystal forms took up small
but different amounts of water. but the amount of water uptake did not seem to be
minted to the crystal form. The amounts of water uptake are so small that these meas-
urements may be subject to variations from the amount of amorphous material present
in the different crysml forms. Such studies have important implications for tablet

. paparation and demonstrate that it may be important to control the polymorphic form of
excipiems used in tablets.

' Several other carbohydrates also exist in polymorphs. For example. the carbohy—
(hate4—melhoxyphenyl—BD-glucopyranoside exists in two forms (Forms I and II).

, Emit form has a distinct powder pattern. and Form H can be converted to Form I at
161°C (Shafizadeh and Susott, 1973). Phenyl-Z—acetamidotri-O-acetyl-fi-D-gluco-
pyranoside also exists in two polytnorphs that have different powder patterns. Form [1

[an be converted to Form 1 at 185 0L". (Shafizadeh and Susott, 1973). 4—Methoxy—2—
j mmidotri—O—acetyl—flD—glucopyranoside exists in four forms which have different

In this section. polymorphism of carbohydrates is briefly discussed. This area is of
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2.18

  ' tt, 1973 . Form IV is converted to Form In at
powder patterns (Shafizadeh dnd Suso ) 0C, and Form 11 can be converted‘ II at 177
158 °C, Form III can be convened to Form
to the least stable form, Form 1, at 183 °C. Form] melts at 192 °C.
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  , [in and unknown forms of mannixol (Debord  Figure 10.9!) X-ray powder diffraction pattems of the a-ela[., l987).
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III 91 X-ray powder diffraction panems of the commercial mannitol products 5, through 5;
(Debord glut. I987),  Figure
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10.9 POLYMORPHS OF ANTIBIOTICS  

Antibiotics exhibit polymorphism which could affect their stability and biottvailability.
In addition, cephalosporin antibiotics crystallize in an extensive series of hydrates and
solvates as discussed in Chapter 1 I.

For the polyene antibiotics, mcpam-icin and nystatin. different conditions of crys-
tallization have resulted in products with different activity and acute toxicity. Thcsc
differences are not due to particle size effects (Ghielmetti et aL, 1976} Evaporation of
mepartn'ein in methylene chloride—methanol (9:!) at room temperature gave an oil
which crystallized upon standing to form a solid which had oneifourth the oral activity
and between one~sixth and one—tenth the LD50 (for mice) compared to the solid ob—
tained by cooling an acetone—water—ether solution.

Studies of nystatin showed that crystals obtained by crystallization of a wa—
ter—methyl ethyl ketone solution had approximately the same activity against microora
ganisms, but half the solubility and half to one-tenth the LD50 of crystals obtained from
chlorofonn—methanol—ammonia. While the existence of nystatin polymorphs has not
been proven by X—ray powder diffraction or other experimental techniques, it is likely
that the differences in activity of the crystals are due to differences in solubility and
solution rate. These solubility differences may, in turn. be due to polymorphic differ—names

A. Co NAIL POLYMORPHISM o 9 IPERONE

HQUN

    

   
 
 

s i eroneP P  
  
  
 
 
 

 
 

 

 
  

  

7 Azibi et a1. (1983) described the conformational polymorphism of spiperone. This
' compound exists in two crystal forms (the Structures and data are shown in Figures

= 10.92—10.93 and Table 10.29). Form 1 melted at 208.9 DC and Form H melted at 207
j I’C. The infrared spectra of the two crystal forms are different, and the crystal structure

I flgll'e 10.92 Stereoview ofthe molecular conformation of spiperune in Form I where: O C. O F,
’ O N, . O(Azibietal., 1993).
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Form ll W

f Form in m
Figure 10.93 Stereoview of the molecular conformation of spiperone in Form 11 where; O C. e F. F°"“ ‘V

O N, O O (Koch and Germain, 1972).

Table 10.29 Crystal Data of Spiperone Forms I and ll Fm" Va wParameter Penn 1“ Farm [1”

Space Group lefa 1321/1:
a (A) 12.722 13.571 Farm v1:
b (A) 7.510 6.072
c (A) 21.910 20.531
[3 95.08" l 18.69" Figure 10.94 Stereoview of the
Z 4 4 Bernstein, 1985: l
v (A3) 2035.1 2045.7

  
 

a Azibi El 513.. l983. b Koch and Germain, 1972.
  

 

Table 10.30 Crystal Data for Su 

    

  
  

 
 
 

   
 

 

  
 

NH (h 00 H\ NH O\\//0
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__ H _
“inlrde” “amide”

 
  Bar and Bernstein (1985) described the conformational polymorphism of 4—amino—N—2»

pyridinylbenzenesulfonamide. sulfapyridine. The crystal structures of four forms of
sulfapyridinc were determined and are summarized in Table 10.30. The bond lengths
and bond angles among the four structures are virtually identical, and are consistent
with the imide structure. However, the conformations of the molecules are different in
the different crystal structures, producing the phenomenon termed “conformational
polymorphism." The conformations of the four different crystal forms are shown in
Figure 10.94. It is clear that there is a different conformation about the —802— bond
in different molecules with some of the sulfapyridine rings pointing to the left in some
forms and to the right in other forms.

       
    

  

  
  

  
   
 

 
Parameter Form 11“

showed that the conformation of the two forms are significantly different (see Figures space group made
10.92-10.93). The authors analyzed the crystal packing and determined that hydrogen “(‘11) .722
bonding was responsible for the polymorphism. b (A) 21,593

r (A) .505
B. SULFAPYRIDINE p 10 '14:,Z 1

10mc (g cm“) .43
vtA’) 115 . ,1

a Bar and Bernstein. 1985. b Ba
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Form ll

 
1 [l where: O C. 9 F,

Flgll'e 10.94 Stereoview of the molecular conformations in the four forms of sulfapyridine (Bar indBernstein. 1985; Basal; et 01.. 1984; Bernstein. 1988).  
  
 Table 10.30 Crystal Data for Sulfapyridine 

    

 

 
 

  

  
  
 

 

 
     
  
  

Parameter Form II" Form In’ Form IVr Form V"

lifferent (see Figures Space group P2‘lr: (32/6 192'“; pm,
mined that hydrogen "(131) 6.722 12.830 13.560 24.722

MA) 20.593 11.714 6.480 15.710
C(A) 8.505 15.400 14.120 12.147
,6 101.140 94.12° 113.70 ..
z 4 8 4 l6

0V0 pm. (g cm") 1.43 1.44 1,46 1.41
—\s\/ v (A!) -. 1155.1 23015.5 1 [36.1 4717.7

[N‘Q a Bar and Bernstein, 1985. h Basak nt 111., [934 L' Bernstein. 1988.H 7

“wide"
 

 Bar and Bernstein (1985) also investigated Ihe molecular energetics of sulfapyii-
dine in the different crystal forms using extended Hiickel calculations. These calcula-
tions showed that all four forms are within about 2.l lemol in energy.

Finally, the authors compared their data to research from other laboratories. The
single crystal structures obtained allowed calculation of the X—ray powder patterns of

f the different crystal forms. The calculated Xeray powder pattern of Form I compared
, well with the published diffractogram. However, the calculated X»ray powder patterns
. ofForm II and III did not agree with any previously reported patterns, This suggests
, Elm there are additional crystal forms. This study illustrates that the best way to prove

5‘ lhtl a given powder pattern is that of a pure polymorph is by comparing it with a
3 mlculated pattern from a single crystal structure, The powder pattern may be calculated

either from observed single crystal diffraction intensity data or from the atomic coordi-
nates using a program such as Cerius2 (see Section 3.5).

 
  

ism of 4—amin0—N—2—
rcs of four forms of
U. The bond lengths
11. and are consistent
:cules are different in
med “conformational
forms are shown in

ut the —502— bond
rig to the left in some

  
  
  
   
   
  
  

  
 

  
|PR2016-00006

SteadyMed - Exhibit 1024 - Page 80

|PR2020-00770

United Therapeutics EX2007

Page 3741 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3742 of 7335

 

 
122 Chapter 10 Polymorphs

 

 

IOJO POLYMORPHISM AND CHEMICAL STABILITY

 
 Because polymorphs have different properties, including different melting points,

densities, and crystal structures, it is not surprising that polymorphs have different
chemical stabilities.

Perhaps the most striking effect of polymorphism on chemical reactivity is seen in
the polymorphs of trans—Z-ethnxycinnamic acid (see Figure 10.95). Irradiation of this
compound in solution produces trans- to cis-isomerization, but no dimerization (Cohen
and Green. 1973). Crystallization of this cinnamic acid yields three polymorphs, a, B,
and y. The a—form is obtained from ethyl acetate, ether. or acetone; the B—form is
obtained from benzene or petroleum ether; and the )Lform is obtained from aqueous
ethanol. Irradiation of the a—form gives the centrosymmetric dimer, irradiation of the

‘i ,B—form gives the mirror symmetric dimer, and irradiation of the y-form produces noreaction. These reactions are summarized in Figure 1095. Numerous examples of
similar behavior have been found in other cimtamic acid derivatives and in anthmcene
dimerizations.

A number of pharmaceutical examples of different stabilities of polymoth are
also known, For example. methylprednisolone crystallizes in two forms. One form is
stable while the other is reactive when exposed to heat, ultraviolet light, or high humid-
ity (Munshi, 1973).

Et Et
CO

\ 2H hv \—.>*—
solution C02H

in:n: -2-ethoxycinnamit: ad6 ti: -2-ethoxycin namic acid
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mt
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“Op—C” “cozn">9 ‘9

Et 0 - QB

00

no reaction

  

  
 

 
 

 

   
transv2-ethoxycinnamie acid

 

 
  
 )Lform

  
Figure 10.95 Summary of the reactivities of the 11—, fi-, and y-crystalline forms of trim-2-

ethoxycinnamic acid upon exposure to ultraviolet light [Cohen and Green. 1973). ‘  
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10.11 Polymorphism and Bioavailability 223

In closely related studies, different stabilities of polymorphs and solvates have
been reported. In our laboratory, we have reinvestigated the behavior of the various
polymorphs of hydrocortisone 21-tert—butylacelate. This steroid crystallizes from
ethanol in three crystalline forms. one anhydrous and two solvates. When exposed to
light, one of the solvates is reactive while the other two forms are stable. In addition,
there are numerous cases where amorphous forms are much more reactive than the
crystalline form. Macek (1965) has reported that the amorphous forms of sodium and
potassium penicillin G are significantly less stable than the crystalline forms. Crystals
of the potassium salt can withstand heating for several hours, while identical treatment
of the amorphous form results in a significant loss of activity. Pfeiffer er al. (1976)
have found similar differences between amorphous and crystalline cephalosporins
applied to sensitivity discs. The reactivity of amorphous drugs is discussed in more
detail in Chapter 12 (see Sections 12.1C7D).

This discussion Clearly shows that in cases where chemical stability is a problem,
there is a need for careful control of the polymorph or sol vate.

10.11 POLYMORPHISM AND BIOAVAILABILITY
  

The rate of absorption of a drug is sometimes dependent upon the dissolution rate. The
dissolution rate is affected by the polymorph present, with the most stable form having
the lowest solubility and, iii most cases, the slowest dissolution rate. Odier less stable
polymorphs will usually have higher dissolution rates. Thus, if polymorphism is
ignored, significant dose-to-dosc variations can occur (Haleblian and McCrone. 1969)‘

In a particular striking example, a suspension of ehlommphenieol pulrnitate con—
taining various ratios of Form A and B showed significant variations in binavailahility
(i.e., blood levels) (Aguiar er al., 1967). Figure 10.96 shows a comparison of mean

Chloramnhmtod(ML)
9

Time Aha“ Dosing {M

[0.96 Comparison oi the mean serum tevels obtained with chloramphenicol palrnitate
suspensions eontmning varying ratios of the A and B polymorphs followmg a single
oral dose equivalent to 1.5 gm of chloramphenieol patmirarc. As the blood level in—
creases, the percent of polymorph B increases. The lowest curve corresponds to 0% B.
the next 25% B, the next 50% B, then 75% B, and the highest 100% B (Halehlian and
McCrone, 1969).
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The examples dis
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blood serum levels of suspensions containing varying ratios of Form A and B.
Clearly, the maximum blood levels are quite different. ranging from 3 to 22 pgij or
by approximately a factor of seven. (Interestingly, a plot of peak blood levels versus
percent Form B gave a straight line, as shown in Figure 1097.) These data show that
bioavailahility is influenced by the type and concentration of the polymorph present.
Obviously, if products are manufactured containing Form A, they will be largely
inactive. while products containing Form B will show activity.

h In another study, serum levels of the amorphous form and Form A of chloram—ht phenicol palmitate have been compared in both children and Rhesus monkeys. Table
10.31 lists the results of these studies (Banerjee er al., 1971) which show that the
amorphous form has greater bioavailability than Form A.

“ Fluprednisolone crystallizes in three polymorphs and two solvates. These formst
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Figure 10.97 Plot of the peak chloramphemcol palmilate blood levels versus the percent of poly«

morph B (Haleblian and McCrone, l969).
 
 
   

 

Table 10.3] Blood Levels (pg/WU ml.) for Various Suspensions of
Chloramphenicol Pnlmitate”

 

  
 

     
 

   
  
 
   

  
 

. “0““ 3“" Fee-fine (1972) showed that t
SUSPeIISIDII “50d 1 4 6 3 causes powder brill:

. In Children A, which is not plates
Amorphous 102 60 42 26 The behavior of

Polymorph A 34 35 57 23 wrong polymorph of
In Rhesus Monkeys occur producing 21 ch

Amorphous 58 39 is is often undesirable a
Pntymorph A 22 17 17 syringeability of the  
 

  
a Bancrjee er al., 1971

 
 

SteadyMed - Exhibit 1024 - Page 83
 

|PR2020-00770

United Therapeutics EX2007

Page 3744 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3745 of 7335

Perm A and B.
. to 22 uglmL or
)Od levels versus
:e data show that

,ymorph present.
will be largely

n A of ehloram-

monkeys. Table
h show that the

es. These forms
dissolution rates

the percent of poly-

 
 
 

 

10.l2 Polymorphism and Its Pharmaceutical Application 225

were measured (Halcblian and McCrone, I969). The dissolution rates showed the

following order and value: Form I (0.237 mg cm‘2 M") > Form H] (0.209 mg cnfZ
M") > Form II (0186 mg cm‘z M") > B—monohydrate (0.162 mg cm‘2 114“) > a—
monohydrate (0.147 mg cm’z M ')_ Thus, the variation in dissolution rate is approxi-
mately 3 factor of 1.6 when comparing Form 1 to the a—monohydrate.

The examples discussed in this section show that the polymorph present can dra—
matically affect the bioavailability of a drug.

10.12 POLYMORPHISM AND ITS PHARMACEUTICAL APPLICATION  

Because polymorphs have different physical properties, it is often advantageous to
choose the proper polymorph for the desired pharmaceutical application (see Section
22.10). In general, the pharmaceutical applications of polymorphism depends on the
answers to the following questions:

1 . What are the solubilities of each form?

2. Can pure, stable crystals of each form be prepared?
3. Will the form survive processing, micronizing, and tableting?

Furthermore, several more basic questions about polymorphs also need to be answered:
1. How many polymorphs exist?

2, What is the chemical and physical stability of each of these poly—morphs?
3t Can the metastable states be stabilized?

These basic questions can he answered as follows: The number of polymorphs can
be determined by microscopic examination and by subsequent analytical studies using
DSC, IR, solid-state NMR, X—tay powder diffraction, and single-crystal X—ray studies
(see Section 22.3), The physical stability of each form can be determined using the
solution phase transformation method. This method involves placing two polymorphs

~ in a drop of saturated solution under die microscope. Under these conditions, the
, crystals of less stable form will dissolve and crystals of the more stable form will grow

until only the most stable form remains. Comparison of the relative stabilities of pairs
., offomts in succession gives the order of stability of the various forms. This method
‘ can also be used to prepare metastable forms In this case. the temperature is increased

_ or decreased to the temperature where the metastable form is most stable and then the
_ experiment repeated. 

There are numerous activities in the pharmaceutical industry that require considera-
rlltm of polymorphism; these have been reviewed by Ilaleblian and Mchne (1969).
leleting behavior depends upon the polymorph present. For example. Simmons er {11.
$1972) showed that toibutamide exists in Forms A and B. Form B is plate-iike and
- --... powder bridging in the hopper and capping problems during tableting. Form

which is not plate-like. showed no problems during tableting.
The behavior of suspensions also depends upon the polymorph present. If the

-- g polymorph of a drug is used, a phase transformation to a more stable form may
wt. producing a change in crystal size and possiny caking. A change in particle size

: ohm undesirable as it may cause serious caking problems. as well as changes in the
K m nility of the suspension. In addition, the new poiymorph may have altered
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Chapter 10 Polymorphs

dissolution properties and, thus. bioavailability. Caking is a particularly serious
problem since a caked suspension cannot be resuspended upon shaking. For example.
oxyclozanide, upon standing in quiescent (undisturbed) suspensions. undergoes an
increase in particle size (Pearson and Vamey, 1969). This is due to a solvent-mediated
phase transformation between two polymorphs. As discussed earlier, under these
conditions, crystals of the more stable form grow and those of the less stable form
dissolve. This produces cakes that cannot be resuspended by shaking.
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Introduction and Definition of Polymorphism

Polymorphism”7 in the chemical sense of the word* is a
phenomenon of the solid state, associated with the structure of
the solid. It has proved difficult to define precisely although the
basic concept is readily understood. The definitions which have
been offered vary in breadth but the implication of all of them
is that polymorphs involve different packings of the same
molecules in the solid.4 The question of how similar the same
molecules must be and of how dissimilar the different packing
arrangements must be in order to qualify as polymorphs is more
than a matter of semantics but goes to the root of our
understanding of the organic molecular solid state.

McCrone has defined a polymorph as ‘a solid crystalline
phase of a given compound resulting from the possibility of at
least two crystalline arrangements of the molecules of that
compound in the solid state’ and has listed those types of solid
phenomena which are excluded from this defmition.1 Later
writers who have accepted this definition have tended to
substitute their own list of exclusions,5 if they have addressed
the matter at all. Buerger's tentative definition3 ‘ideally. two
polymorphs are different forms of the same chemical compound
which have distinctive properties’ is broader and appears not to 

‘ An on-line search of Chemical Abstracts will reveal more than 47000 entries under
‘polymorphism'. Over 90% of these relate to genetic polymorphism, which at least in
its origins can claim the true etymology of the word. Some selectivity between
biological and chemical uses can be achieved, but there is no certain searching slrategy.
Searching under ‘phase transi|ion’ and related concepts will generate a further 44000
entries, most of which refer to inorganic systems. and cannot be easily disentangled‘
Nevertheless, these represent only aproportion of the papers containing information on
polymorphs and polymorphism. Hence it is not possible to state how many
publications relate to those aspects of polymorphism described here.

accept the need for separate phases and to include amorphous
forms. The nature of the amorphous states-9 will be discussed
later.

Polytypismm is one—dimensional polymorphism. referring to
different stacking of the same layers. It is most familiar in
inorganic systems, particularly silicon carbide, but has been
recognized in organic crystals, both as orderedll—13 and as
disordered stacking.14 There is no special term for two—
dimensional polymorphism, although some liquid crystal
systems display it. Liquid crystals are notorious for their ability
to exist in different phases both in the mesomorphic and in the
solid state‘S-l7 and this has led to the suggestion that the term
polymorphism should apply to liquids as well as solids,18 but it
is only the solid dimensions of liquid crystals which can adopt
distinct packing arrangements. Liquid-crystal polymorphism
will not be dealt with specifically in this review except where it
is related to the polymorphism of solids. The long standing
question19 of whether allotropy and polymorphism are dis-
tinthU is not an issue in the case of organic compounds.
Inorganic polymorphs have been excluded because the ex-
tended structures of which most inorganic crystals are com—
posed raise concepts not discussed here.”22 Protein polymor-
phism usually refers to minor molecular sequence changes”24
rather than to packing, but different crystal packing of protein
molecules is also known.” Polymorphism of thin filmsm27 and
polymers, both of biologicalZS-Z‘? and of synthetic30 origin.
although of the same nature as the concept of polymorphism
considered here, will not be discussed.

There is a profusion of words in the English language for the
phenomena discussed in this review, yet not enough because of
the overlapping usage ‘Polymorph’ (dimorph, trimorph) ‘fomi’
and ‘modification’ are all used to describe polymorphic phases,
but ‘form’ and ‘modification' are also used in reference to
crystal habit. ‘Polymorph’ and ‘form’ have been used to
describe solvates, whilst ‘pseudopolymorph’ doubles for both
solvates and for those solids which are otherwise not considered

true polymorphic forms. The term ‘pseudopolymorphic solvate’
applied to crystals losing solvent molecules without change of
crystalline form offers yet another source of confusion in
terminology. Genetic polymorphism which is now the major use
of the term is often described as ‘polymorphisrns’ but this is
occasionally seen also in chemical senses. In View of the almost
universal use of ‘polymorphic’ as the appropriate adjective, the
word ‘polymorphous’ seems superfluous despite dictionary
support. There is an urgent need for consistent usages so as to be
able to delineate the phenomena under consideration.

There is no clear choice as to the best method of designating
polymorphs. Arbitrary systems are to be discouraged, but
numbering based either on order of melting point or of room
temperature stability have been recommended. Both are
susceptible to change as a result of later identification of new
polymorphic forms. Numbering based on order of discovery is
unchangeable, but requires a knowledge of the history of the
compound. The addition of the crystal class, as has been
suggested for minerals“ is not very practicable, since crystalr
lographie classes are rarely determined from optical micro-
scopic or X-ray powder diffraction studies for organic com—
pounds. The assignment of a space group is even less realistic.
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in any case the distribution of organic molecules amongst
crystal classes and space groups is extremely limited, as is
discussed laterfiz-33 The addition of a melting or upper transition
point to a Roman numeral is probably the best compromise.‘
although care must be taken to distinguish the melting point of
the polymorph and that of the transformed product.

Significance of Polymorphism

The continuing investigation of polymorphism by the Innsbruck
school (Kofler. Kuhnert—Brandstatter, Burger) over more than
half a century has shown that around one-third of organic
substances show crystalline polymorphism under normal pres—
sure conditiotis.34»35 A further third are capable of forming
hydrates and other solvates.

Much of the literature on the polymorphism of organic
compounds relates to pharmaceutical productsmtt—40 The
incentive for this interest in polymorphism began with the need
to satisfy regulatory authorities in various countries as to the
bioavailability of formulations of new chemical entities.”37 Of
the several contributory factors to the bioavailability of finished
products, the inherent solubility and rate of dissolution of the
drug substance itself are of major importance. The solubility is
dependent on the polymorphic state, as different polymorphs
have different energies and therefore different solubilities.40 It
has been pointed out. particularly by Burger,36 that the
difference in solubility between polymorphs is likely to result in
significant bioavailability differences. in practice. only in
exceptional cases. Although some may think that this represents
an extreme View. the consequences of polymorphism on
bioavailability are commonly overstated. Chloramphenicol
palmitate, over which the original concerns were voiced}1 is
unique in that the solubility is related to the rate of enzymic
attack on the solid.42 This and novobiocin,43 which involves
consideration of the amorphous state, are among the handful of
examples of marketed products showing major bioavailability
differences as a result of polymorphism.

As formulations have become more sophisticated and as the
tolerances on products have become tighter, the need to identify
polymorphic behaviour at an early stage of development has
become important in the pharmaceutical industry as a means of
ensuring reliable and robust processes“ and conformity with
good manufacturing practice. The aim is to avoid, inter alia.
tabletting problems and subsequent tablet failure,”46 crystal
growth in suspensions47v4“ and resultant caking, precipitation
from solutions and problems with suppositories,49 as well as
chemical production problems such as filtrabilityl and to ensure
analytical reproducibility. By extension such considerations
relate to the control of quality in manufacture and product
reliability in any industry by ensuring that the processes are well
understood and under control so that unpleasant surprises do not
occur.” This point is most dramatically illustrated in the
explosives industry, where the wrong polymorph can have
greatly increased sensitivity to detonation.51-52 Pigment colour
and solubility are polymorph dependent,53r59 as are photo-
graphic and photolithographic sensitizers."0 The performance of
industrial products, particularly those based on natural fats and
waxes“62 and derived soaps,63 and on petroleum productsM'“
is in many cases related to polymorphic composition and degree
of crystallinity. The same is true of the processing, acceptability
and deterioration of foods and confectionery containing
fats,66“’7 sugars,63 72 polysaccharides73 and other constitu—
ents.74—75 A comprehensive summary of the solid<slate proper—
ties of lipids has recently appeared.76

It is also worth establishing the polymorphic behaviour of a
compound for the sake of good order in documentation so that
reference works, for example. pharmacopoeias, do not contain
conflicting data”77 such as a spectrum of one polymorph, but
the melting point of another.

View Article Onlin-z

A major incentive to the study of polymorphism in the
pharmaceutical industry during development has become
strikingly apparent recently in the use of subsidiary patents on
desirable polymorphic forms78 to prolong the patent life of
major products. Much recent pharmaceutical patent litigation
has concemed polymorphs and patticular interest has been
taken in Glaxo’s patent on the polymorph of ranitidinem
(Zantac) which if held valid will extend the patent protection
from 1995 to 2002 in many countries.“0 For a compound with
annual sales of over 2 400 million pounds sterling,m the
financial incentives to investigate polymorphs are obvious.

Finally, the very existence of polymorphism tells us some
thing about the solid—state. Investigation of polymorphic
systems, especially those with a large number of forms can help
in understanding solid-state and molecular behaviour and
intermolecular interactions82 and the relationship between
crystal structure, crystal growth and crystal habits3 and their
influence on bulk properties. Apart from knowledge for its own
sake, this is of clear application in the development of organic
electronic“85 and other specialty products“-88 and in under,
standing the function of biological membranes.89

Distinction From Related Phenomena

At one time polymorphism was regarded only as different
arrangements of rigid molecules in the solid state.9(’-91" A clear
dichotomy existed between this and arrangements of molecules
in different forms. such as could be imagined would occur with
isomeric. tautomeric, zwitterionic and chiral structures and later
with different conformers.92 The early crystallographic studies
on rigid aromatic molecules tended to reinforce the distinction.
This simple division could only be maintained whilst details of
the rich variety of solidvstate structures were inaccessible. The
early examples of dynamic isomerism and tautomerism were
few?”4 and the proposition that they could not be part of
polymorphism was copied by reviewers until even the examples
were forgotten.gs A quoted example of a tautomeric solidAslate
structure. that of 3,5-dichloro—2,6—dihydroxy dimethyl tere-
phthalic acid was shown in 1972 not to be tautomeric, but to
involve conformational change with hydrogen bonding differ-
ences.96 One would have expected examples of tautomerically
related solid structures to be exceedingly numerous, since the
molecular energetic requirements can easily be fulfilled as is
shown by the widespread occurrence of tautomerism in
solution.97 Tautomeric polymorphism is surprisingly rare, but a
well investigated example is now known. that of Z—amino—
3—hydrOxy-o—phenylazopyridine."8

There are a few papers in the literature either where
tautomeric polymorphism is invoked”L105 or Where examina—
tion of the IR spectra is suggestive of forms whose difference
resides in transfer of hydrogen between one part of the molecule
and another”)6 The instances of 1,3—cyclohexadienone and
squaric acid (3,4—dihydroxy-3-cyclobutene—l.2~dione are more
difficult to place unambiguously in the category of tautomeric
polymorphism. Proton transfer between donor and acceptor
oxygen sites results in little change in over—all structurelo"

Both tautomeric equilibrium and the neutral <—> zwitterionic
equilibrium formally involve such an intramolecular hydrogen
transfer. The nominal difference is that a charge separation is
produced in zwitterions which cannot be extinguished infra,
molecularly by a double—bond rearrangement cascade. The
difference may be even smaller in practice because charge
stabilization of zwitten'ons can occur intermolecularly, for
example, in solution through solvation, whilst tautomeric
structures can retain a substantial part of their charge as shown
by dipole moment and IR spectroscopic studies.108-1“9 Anthra-

‘ Earlier literature can be accesscd t‘tu references 1. l and 10.
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nilic acid exists as two metastable forms containing only
uncharged molecules and a form stable at room temperature,
half the molecules of which have been shown from crystallo—
graphic studies to be zwitterionic and half uncharged.110 A
related phenomenon is the changing of allegiance of hydrogen-
bonded hydrogens between electron donor atoms, which is a
prolific source of polymorphism.“1 The role of hydrogen-
bonding networks in determining crystal structtire has been
discussed extensively.“2 Conformational differences between
molecules of different structures have been admitted, perhaps
reluctantly, and distinguished by the title conformational
polymorphism”? The original examples form one extremity
where molecules in distinctive conformations pack similarly,"2
but it is now obvious from the plethora of crystal structures, as
could always have been deduced from elementary considera—
tions of energy minimization, that any change of packing will
cause geometrical change in molecules and conversely that any
change in geometry will invite different packing of the
molecules.’32 The extent will depend on the rigidity of the
molecules. Although some floppy ring systems maintain their
shape in different forms1 l“ '5 even nominally rigid structures
such as the ring systems of steroids“6 can show substantially
different conformations iit different polymorphs. Heteroaroe
maticm’m” and benzoquinone122 planes are frequently bent
and even benzene rings123 may be. Thus it seems pragmatic to
accept conformational polymorphism as a normal sub-set of
polymorphism and the term will only be used here when it is
necessary to distinguish cases of substantial conformational
change.

The distinction between polymorphism and chirality is made
in most accounts of polymorphism; yet it has recently been
pointed out that if conformational polymorphism is accepted,
then racemates and conglomerates of rapidly interconverting
chiral systems are in fact polymorphs.S Such systems are
generally ones with an easy conformational change where the
trivial distinguishing feature from other conformational polye
morphism is that the result of such a change is a reflection of an
asymmetrical structure across a mirror plane. Although this
seems difficult to accept, the dextrorotatory and laevorotatory
forms of such systems are then equally polymorphsm The
narrow line of demarkation between polymorphism, conformer
tional polymorphism and chirality first seems to have been
recognized by Eistert et LIL.l25 Examples of rapidly inter-
changing enantiomers in solution capable of independent
existence in the solid state are known‘m127 but uncommon.

A further extension of the concept of conformational
polymorphism is to be found where there is rapid interconver—
sion between isomersflz’1 As in the chiral examples. one
molecular species or the other becomes exclusively incorpor—
ated in the crystal because the mechanism of crystal growth acts
as such an exquisitely discriminatory process.129

Since a hydrate and an anhydrous form are constitutionally
distinct. they cannot bear a strictly polymorphic relationship on
the basis of any definition. However, the observation ofmaterial
of different melting point or other properties during re-
crystallization may be due (apart from cherrtical reaction with
solvent or decomposition) to solvation or polymorphism and the
methods of examination are similar in either case. Hence the
term ’pseudopolymorphism’ has become common110 particu—
larly in the phamtaceutical industry. The term seems un-
necessary and could lead to confusion'31 with its use to describe
all other phenomena related to polymorphism1 and so will not
be used here. It must be emphasized, however, that the
distinction between solvates and polyrrtorphs is not as clear—cut
as might be imagined, either conceptually or practically. 

‘ in the case of phenothrazmes 1' the point of interest is not that the ring system is bent.
but that the heteroatoms are out of the plane of the aromatic rings and in the opposite
sense to expectation,

View Article Online

Analyst, October 1995, Vol. 120 2437

The traditional narrow view of polymorphism, rigidly
excluding chirality and isomerism, has caused considerable
difficulty128 to the investigators of the systems described above
and it is suggested that the way to avoid these problems is to
adopt the gloss originally proposed by McCrone and co—
workerle'l' on his definition of polymorphism, namely that the
criterion is that the component molecules must have the same
structure in solution irrespective of the polymorph from which
they were derived; but, as has been suggested by Dunitz,‘
without excluding tautomerism, isomerism or conformers per
56. Thus, rapidly interconverting species would be accepted,
whilst slowly intereonverting species would be excluded, as
was surely within the original contemplation. Despite appear—
ances, this proposal is likely to multiply examples of poly—
morphism very little and it avoids what otherwise must be
artificial situations of accepting phases as polymorphs based on
impeccable polymorph behaviour until their crystal structure
reveals excluded molecular forms.‘93""”‘32 If, as asserted, the
transition between polymorph I and polymorph ll of 1,3—cyclo—
hexadiene occurs by transfer of hydrogen from one oxygen to
another, then this is nominally an example of tautomeric
polymorphism.107 If, on the other hand, the same change occurs
or can be made to occur by a movement of the whole molecule
then it is an example of regular polymorphism. The boundaries
between the various alternative solid structural concepts are too
subtle and too vague to be used to define polymorphism.

Although the requirement of the same structure in solution
has been canvassed above, one-component phase diagrams are
constructed on the basis of equilibrium with vapour, rather than
liquid. It is just in the instance of conformational, configura-
tional or hydrogen mobility that molecular differences between
vapour,‘33>‘34 melt, solutionlz‘i135 and solid are found. The
mobilities are inevitably of different magnitudes in different
states We shall be increasingly obliged to decide where to draw
the boundaries of polymorphism as more comparative studies
involving polymorphs and molecular structure in different
states are undertaken.

One negative consequence of accepting the wider view of
polymorphism should be noted, namely that the thermodynamic
relationships discussed later are likely to be less certain for the
wider polymorphic family.90

Stability of Polymorphs

Polymorphs. or strictly dimorphs where only two forms are
under consideration, may be in art enantiotropic or monotropic
relationshipflgv”6 An enantiotropic relationship implies that
each form has a range of temperature over which it is stable with
respect to the other and a transition point at which the forms are
equistable and in principle interconvertible.”7 Above that
temperature the thermodynamic tendency is to the formation
exclusively of the form stable at the higher temperature. Below
the transition temperature the low- temperature form is the only
stable one with respect to the other, although there is usually a
greater tendency for the high temperature form to become
frozen—in than for a low— temperature form to persist beyond its
stability range.“ Forms outside their range of stability are
described here as metastable”? In the case of a monotropic
relationship one l‘onn is metastable with respect to another at all
temperatures. There is no observable transition point, although
the thermodynamic description implies a theoretical transition
point above the melting point which is therefore unattainable.139
The use of the terms enantiotropic or monotropic in reference to
a phase, as opposed to a transition, is ambiguous and likely to
lead to confusion, since a polymorph can have a monotropic
relationship to a second polymorph. but be enantiotropic in
relation to a third polymorph. Flufenamic acid provides such an
example.140 The distinction between thermodynamic and
kinetic transition points also needs to be drawn.”1
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Polymorphs only exist in the solid state: melting or
dissolution destroys any distinctions. It is therefore important in
examining polymorphs analytically not to submit them to
conditions under which they melt, dissolve or are rendered more
likely to interconvert. Heating and grinding‘“-144 are obviously
potentially hazardous operations in this context, but often
cannot be avoided. The presence of solvent, even one in which
the substance appears insoluble. will speed up the inter»
conversion.145 Trace moisture. acid or alkali on vessels can be
similarly effective in interconverting polymorphs or in catalys-
ing competing and confusing phenomena such as ring—opening
reactions, for example, in 3,S-dihydroxy-3-methylvaleric acid
derivatives,l4", or group transfer reactions.147

It might be supposed that a transition during grinding would
always be from less stable polymorph to the polymorph more
stable at that temperature, but in our experience, as well as from
the literature,”5 this is not always true, presumably because the
transformation takes place at a local temperature generated by
the grinding and the unstable form becomes frozen—in by rapid
cooling outside the immediate area of grinding.148 This can only
occur in cases in which the transition temperature does not lie
too far above ambient. There may be alternative explanations,
namely interconversion via amorphization or mat a less stable
polymorph may become the more stable one when in the form
of small crystallites, as a result of surface effects. The latter
phenomenon has been observed and investigated theoretically
in the case of phthaloeyanine pigments.“lg The possibility of
growing unstable forms in microdrop conditions has been
known for some time,34 but recently the value of emulsions for
this purpose has been suggested.”0 Although it would be
desirable to have more compelling evidence than that obtained
by differential scanning calorimetry (DSC) alone to establish
the relationship between forms grown in this way. it does appear
that new forms can be produced as well as metastable ones
which are otherwise only accessible via the melt. The product of
a polymorphic transition can also depend on particle
SiZC.JSl’l52

Mnyukh and Petropavlov, in extensive studies of the
transformation of individual crystals, observed that strict
orientation of axes between mother and daughter phases was not
preserved upon transformation.153 They have concluded that
only reconstructive transitions. 11)., those involving the growth
of new crystals in place of the old, take place for organic
compounds. Even rapid transitions. described as atypical, were
observed to follow the same patterns. No displacive (maneu-
sitic, co-operative) mechanism involving concerted structural
change is therefore possible for organic compounds in
Mnyukh’s scheme. Whilst it would now appear that the
reconstructive mechanism is the usual one, there are many
examples involving preservation of axial orientation at phase
transitions4 some of which appear to be topotactic rather than
only epitaxial. 154—157.

Irrespective of the mechanism and the rate of conversion at
the point of transition, the stability in practice of a metastable
polymorph at room temperature varies enormously,”Fl from
examples where the transformation is so rapid that the only
evidence of the transient existence of a polymorph is its
pseudomorphic outline,1 to those which can be kept indefinitely
and indeed refuse to transform in the absence of heat, high
humidity or solvents.“2 The majority of systems are in fact
quite robust to handling. It may therefore be thought that some
of the present work presents overAconcern with the possibility of
transforming polymorphs during analytical examination. How-
ever, the modifications of some compounds show extraordinary
sensitivity to handling in so many different ways. For example,
with octakisphenylthionaphthalene, pressure on a cover-slip
causes the yellow form to change to red;'59 with ethylenedia-
mine hydrochloride, mere contact with KBr is stated to cause
transformation:160 with o,l-pantolactone 2,4-dihydroxy—3,3-di—

methylbutyric acid yilactone, absorption of IR radiation in the
spectrometer is sufficient for transformation; “51 and with
meprobamate, high humidity may rapidly transform an other-
wise indefinitely stable polymorph.162 The problem is that this
sensitivity may not be apparent until after the measurements
have been made and then only if the analyst is alert, so that it is
not possible to be too careful at the outset. Three of the
commonest methods, IR spectroscopy, X—ray powder diffrac-
tion and differential scanning microscopy are unreliable for
comparison of identity unless the sample is examined as a fine
powder, but grinding can mislead into belief of identity if it
induces transformation. This is why optical microscopy is so
valuable for the initial examination. On the other hand, where
transformation is sluggish, solubility determinations will be of
more value than instrumental measurements for establishing the
stability relationships.34

The existence of enantiotropically related polymorphs is
indicative of the fact that the relative stabilities and therefore the
Gibbs energies of the forms are very similar.153-164 For this
reason the empirical forecasting of polymorphism of a given
compound is unlikely to be reliable.”165 Despite this, groups of
compounds such as sulfonamides, barbiturates and steroids are
known to be extraordinarily susceptible to polymorph forma-
tion.39 Around 70% of these are now known to be polymorphic.
Other examples include theophylline derivatives,35 coumar—
ins,87 alkanes,64v65 fatty acids and their derivatives“,62 mol-
ecules which form liquid crystals,‘5'l7 and molecules which
pack badly.166 With die advent of molecular modelling
techniques for crystal growth prediction, interest has been
generated in the computer prediction of polymorphism."7 The
task is difficult because of the lacunae in our understanding of
polymorph structure.

Methods for the Examination of Polymorphs

Polymorphs can be sought deliberately by cooling or quenching
of melts, by condensation of vapour, or by crystallization under
different conditions, although they are often encountered by
chance. In the process of crystallization from solution, the
expected effect of crystallization temperature may be overshad—
owed by other factors, particularly deliberate or adventitious
seeds.'57 The importance of crystallization control during
process development and the attitudes when unexpected
polymorphic forms are encountered has been described by
Bavin:42 ‘the process of crystallization is taken for granted by
most chemists and it takes a reaction vessel clogged with an
unstinable mass to provoke serious thoughl’.

All the solid—state properties of the different polymorphic
modifications of a compound will be different, but often only
marginally so, to the point of instrumental indistinguishability.
For this reason, it is important to look at potentially poly-
morphic systems by a variety of techniques to avoid erroneous
conclusions. Failure to recognize a polymorph is the more
obvious situation but it is also possible to identify polymorphs
where none exist, if reliance is placed on too few techniques. ‘58
Substances with multiple forms can require substantial effort for
their complete elucidation, especially when previous studies
have characterized the forms inadequately]42'1”151.163170

The techniques which have been available for a long time for
the examination of polymorphs include those listed in Table 1.
Which are die commonest methods depends to some extent on
the area of interest, but in industrial practice, microscopy, IR
spectroscopy, DSC, X-ray powder diffraction. solubility and
density measurements have been the most widely used
techniques. Within the past decade several new techniques and
instrumental accessories have become widely available. These
ease the manipulation of polymorphs and so lessen the danger of
interconversion, or enable new properties to be investigated and
allow measurements to be made which would have formerly
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been impossible on the specimen under examination because of
its size or microcrystallinity, for example, These developments
are listed in Table 2. In general, the application of these newer
techniques to polymorphism has not been adequately reviewed.
Much of this article will therefore be devoted to a description of
these methods in relation to examples taken from the literature
on polymorphism. Some attention will also be devoted to
aspects of the traditional techniques which have been given
surprisingly little coverage in the reviews. Apart fom the
techniques discussed below, there have of course been many
other methods applied to particular aspects of polymorphism
and solid—solid phase transitions. Examples include scanning
tunnelling microscopy,64 electron diffraction?3 atomic force
microscopy,171 crystal etching,”2 electron microscopy“ ‘73
and thermobarometric measurements.174

The analytical strategy in approaching a polymorphism study
will be dictated by the availability of instrumentation, time and
material. At the beginning of a study, the fact that minimal
quantities of a compound are required by IR spectroscopy, DSC
and, particularly microscopy can be a significant consideration.
Since thousands of compounds are put into preidevelopment in
the pharmaceutical industry for each successful marketed
product‘75* the cost of extensive investigation of polymorphism
also needs to be borne in mind.

Microscopy

Although a theme of this review is that no one technique should
be used in isolation, hot-stage microscopy has been often so
used and remains the outstanding method for the examination
and generation of polymorphs.1 In the hands of experts,
 

Table 1 Techniques which have been available for many years for the
examination of polymorphs

Hotistage microscopy
Thermal methods—

DTA
DSC
Thermogravimetric analysis

Solution calorimetry
Infrared spectroscopy
Solubility measurements
Density measurementsi

Flotation
Pyknumetry
Dilatometry

X-ray powder diffraction
X»ray single»crystal diffraction

 

Table 2 Techniques of particular value for the examination of polymorphs
which have become readily or more widely available within the past
decade

Solid-state NMR
Diffuse-reflectance IR spectroscopy
Near-IR spectroscopy
Raman spectroscopy
Area detectors on diffraetometers

Combined techniques including—
Hot-stage IR spectroscopy
IR microscopy
Video recording on the microscope

“ According to Lunlley and Walker”2 ‘5000—10000 candidate substances have to be
synthesized and screened for every one new medicine that reaches the market‘.
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surprisingly comprehensive accounts of polymeric behaviour
have been generated from microscopy alone,37t39’140v176 but it is
a technique which requires experience for rapid study and the
drawing of confident conclusions. A preliminary examination
under a binocular microscope will enable the overall character-
istics of the sample to be ascertained Temperature cycling and
melt and solvent recrystallization experiments with a polarizing
microscope equipped with a hot—slagel77’179 will allow the
identification of transition points, the distinguishing of mono-
tropic and enantiotropic relationships, estimation of the ten-
dency of melts and individual phases to supercool, the
generation of stable and unstable polymorphs and the recording
of their optical properties.140~130-131 The identification of
solvates and the observation of sublimatcs and of any tendency
to decompose are added information.175 This can be carried out
with minute amounts of material. The field has been excellently
and comprehensively reviewed in the past,1v37r39v173»17" and for
that reason only the developments since then will be considered
in detail here. The basic hot—stage methods have changed little
in the intervening years, although there have been considerable
improvements in the design of microscopes in terms of greater
stability, versatility, ease of use and optical excellence. The
availability of phase132~183 and differential interference contrast
(Nomarski) methods'84 and of interference microscopy has
enabled precise refractive indices to be more readily deter—
mined.185

Several designs of hot-stage have been developed and are
commercially available. Unfortunately, convenience is often
sacrificed to temperature precision and many are unsatisfactory
in maintaining temperature control whilst allowing for the
manipulation of the specimen since the housings restrict access
to the specimen. In fact in some designs, access cannot be
gained at all whilst the stage is in position on the microscope.
Recourse to a more open design, such as the Kofler stage, a
graduated hot-stagc1‘3"-188 or a purpose-built heated microscope
slidelli“9 will be necessary for such a requirement, The simplest
rotating needle stagesl77-l85 are similarly more useful in
practice than four»axis or five-axis Federov stages, because of
the open access.

Although the determination of refractive indices and optic
axis angles on birefringent specimens is time—consuming!90
these optical measurements are critically distinctive of
phases140 especially when variation methods can be justi-
fied,177y19lv192 and such measurements ought to be more widely
considered when doubt remains as to whether different

specimens represent different phases. Such doubt is of more
frequent occurrence than is ever suggested in the literature. This
is owing, at least partly. to our inadequate understanding of the
molecular solid state, and the relationship of that state to its
properties. X-ray crystallographic studies have shown that hot-
stage microscopic investigations have tended to overestimate
the number of polymorphs,193 presumably because crystal
habits have been judged as modifications and because samples
of different melting or transition points have been assumed
necessarily to represent distinct forms. In fairness to the early
investigators it is by no means clear how samples of the same
polymorph, for example, can have the same unit cell yet melt 19
CC apart where purity considerations can be excluded.I46
Crystal strain which has been invoked in other,179 less extreme
cases, seems to be a rationalization rather than an explana
tion.

A major advance in microscopy for the analyst confronted
with potential polymorphism has been the avm‘lability of video
recording.5 A change in a specimen or perhaps only in a few
crystals of the specimen under examination is often only noticed
after it has occurred. The ability to replay the video and re—
observe the changes, perhaps in slow motion and to compare the
timing of the changes in different crystals of the specimen can
be exceedingly useful in making judgements of whether sample
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homogeneity is in question, in determining transition tem-
peratures or temperature ranges. in recording events in systems
displaying irreproducible, erratic behaviour and in soning out
sequential but nearly concurrent events that sometimes occur.
For example, a melting followed by resolidification of the low-
temperature form will often accompany the transition without
melting,1°4, individual crystals or crystal domains within the
field of view behaving independentlyflmv122 A particularly
valuable use is in distinguishing the movement of boundaries
between domains or phasesm-l95 and so distinguishing poly—
morphic changes from related behaviour such as crystal strain
effects.179

A more elaborate arrangement has been described“ in
which a differential scanning calorimeter and a hot—stage
microscope are linked through video recording. Commercial
hot-stages with associated thermal sensors are also available
which enable the optical changes and the associated changes in
thermal properties to be examined simultaneously. There is a
compromise197 between optical and thermal excellence, ver-
satility and convenience so that it is best regarded as a
supplement for a microscope plus a calorimeter rather than a
substitute. Close transitions or meltings are better resolved by
microscopy than by DSC.198 There are transitions which are
seen by microscopy and not by DSCWGJ99 and vice versa. The
different behaviour of ethyl morpholine HCI‘ZI-IZO under the
microscope and in DSC is particularly striking.200 Thermo-
microphotometry has been recommended and shown to be
effective in detecting phase transitions that were not detected
either by microscopy or DSC.2m

A triple system of DSC~microscopyimicropholometry has
also been described.202 The combination of microscopes with
other instruments is discussed in the following sections.

Infrared Spectroscopy

The first intimation of polymorphism not previously noticed as
a melting point discrepancy or sought deliberately by hot—stage
microscopy is often from inconsistencies in solid—state IR
spectra. Infrared spectroscopy has had, of course, enormous
exposure in the literature through books,203 reviews204 and
papers but there are surprisingly few descriptions of the
precautions to be taken when recording or interpreting the IR
spectra of polymorphs. For example, in the case of non-
matching spectra. a wide variety of causes might be suspected,
including nus—labelling of a homologuefioy sample purity.
crystal si7.e.,20‘5"207 crystal habit and orientationfit’sazw instability
to comminution.210 formation or partial decomposition of a
salt?“ solubility in the mulling medium, hydration,212 dehy—
dration213 or other solvent loss under vacuum, level of
impurities in the mulling or disk medium and instrumental
variables214 including the inadequate elimination of back-
ground peaks. The latter can be more of a problem with the
Fourier transform instruments now in almost universal use,
because of the high (often unnecessarily high) resolution which
can be achieved in routine use. Experience of the expected
levels of instrument and sample reproducibility is the best
prophylactic against the discovery of non~existent polymorphs
or the disregard of actual polymorphs.

The choice of routine sample presentation methods now
includes mulls215 217, diskszl5’219. diffuse reflectionzm221 and
attenuated total reflection (A1"R).321223 All present hazards
particularly for amorphous forms and for crystals of limited
stability. The running of solution spectra is. of course, excluded
for distinguishing between polymorphs. but can be used to
check the molecular identity and purity of the specimens and so
distinguish polymorphism from solvation, isomerism and other 

" The fact that a homologue and a polymorph can produce similar degrees of difference
was first noted by Jones as quoted by Rosenkrantz and Zablow?“

phenomena. The key factor in determining the sample proce-
dure is simply the stability of the polymorph to the chosen
conditions. Disks or mulls are usually most appropriate for
routine use, but diffuse reflectance spectra are particularly
suited for preliminary examination because the preparation
technique will minimize polymorphic interconversion in most
cases. For particularly sensitive compounds, the choice between
ATR, photoacoustic spectroscopy or microspectroscopy will
probably be determined by the availability of the appropriate
accessories. Interconversion depends on the nature of the
compound as well as the vigour of the preparatory stages of the
examination. It is desirable to establish the sensitivity of the
forrns to grinding at an early stage of the investigation. but it is
rarely indicated in the literature that this is ever considered.

In general the preparation of a mull is less likely to produce
polymorphic changes than that of a diskfll‘h225 presumably
because the heat of grinding is carried away more efficiently by
a liquid thmr by a solid. However, Nujol itself can cause
polymorphic changeflli143 There is also the belief that the
pressure itself during disk formation can bring about poly—
morphic transitions.32‘5=227 KCl and K1 have been recommended
in place of KBr for various reasons?“-211 but KBr is now most
commonly used. It is softer than K0223 and so safer for this
reason. On the other hand, it is less neutral and so can cause salt
formation. lithylenediamine dihydrochloride is so sensitive to
KBr that merely placing a Nujol mull in contact with a KBr disk
causes transformation, as previously noted, although a KC] disk
is inert in the same circumstances“) Different alkali halides

have different refractive indicesfio‘bz28 Although not often a
problem with organic materials, mismatch of refractive index of
medium and sample can cause distoned spectra due to the
Christiansen filter effect,229 which in extreme cases also
produces an apparent band shift to lower frequencies. Some—
times. with strong bands. substantial shifts in the opposite
direction result204 a phenomenon which has never been
satisfactorily explained. This reinforces the importance of
always comparing spectra run under the same conditions.

The use Ufa grinding or dispersion promoter such as acetone
for disk making is excluded, as polymorphic changes are
catalysed by solvents.145 This raises the caveat that non»polar
polymorphic systems should not be examined as paraffin
mullsmv143 In an extreme case, there is the possibility of
observing the solution spectrum of the compound being mulled.
The further problem with mulls is that they are less quantita-
tively reproducible and parts of the spectra are obscured owing
to the bands of the mulling agent which makes comparison of
spectral identity or differences more difficult.230 For this reason,
the use of alternative mulling agents such as hexaclrloro—
butadiene or Fluorolube98 may be attractive if only the high—
frequency region of the spectrum is of interest. This is only
likely to be the case for hydrogen-bonded molecules. The most
pronounced band shifts are, however, often to be found below
800 cm" and into the far IR (FIR) region?“-232

In the diffuse reflectance (DRIFTS)233~234 technique the
substance to be examined is dispersed in a matrix of a powdered
alkali halide and placed in a sample cup in the diffuse
reflectance accessory. The sample is illuminated by a wide cone
of radiation and the reflected radiation collected over a wide
angle. The effects of multiple scatter and multiple reflection
within the sample over a wide range of permutations of angles
of incidence and reflection tend to reduce orientation effects

accompanying insufficient grinding of needle or platey crystals.
The observed spectrum results primarily from the transmission
of radiation through crystals rather than from reflection from
individual faces. Acceptable spectra of polymorphs can gen—
erally be obtained by this technique, with much gentler grinding
than either for disks or for mulls. For this reason it is to be
regarded as the presentation method of choiceltfhnf"234 for the
initial examination of the IR spectra of polymorphs. KC] has
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been recommended as the best diluent.226 For quantitative
work, it may be necessary to grind the sample thoroughly, but
this may be avoidable for an initial examination. Care must be
taken to ensure reproducible dispersion and packing of the
sample in the sample cup.335r237 The use of diffuse reflection is
now becoming more commonly reported for the examination of
polymorphic systems and the reader is referred to the lit-
eraturezzsr234 for details of the preparation of samples.

In ATR spectroscopy, also called frustrated total reflection or
internal reflection spectroscopy, the evanescant wave that
penetrates the low refractive index medium under total internal
reflectance conditions at a high refractive index/low refractive
index boundary is minutely absorbed. This is because the depth
of penetration is only of the order of magnitude of the
wavelength of the radiation or less. In practice IR radiation is
directed through a thallium bromide iodide crystal which
represents the high refractive index medium against which the
sample is pressed. ATR spectroscopy is widely used for the
examination of materials which present problems when exam-
ined by other methods It is particularly valuable for samples
which are strongly absorbing or which must be examined in situ
or at least neat. ATR would thus appear at first sight to be the
ideal way of obtaining the IR spectra of polymorph?”-240
which is possibly why it has been preferred by some of the
pharmacopoeias and authorities, for example. in Australia. In
principle neither grinding nor any preparation other than
possibly sprinkling the sample on to transparent sticky tape is
required. However, ATR spectra are particularly susceptible to
packing and crystal orientation problems. This, combined with
the difficulty in obtaining sufficiently strong and acceptably
reproducible spectra, without finely grinding the sample and
pressing it to the face of the ATR crystal. makes the technique
less attractive and it is rarely used in polymorphism studies. The
potential presence of a dispersion component superimposed on
the absorption component can also make the comparison of
subtle differences less certain.241 Nevertheless, if a sample
proves susceptible to grinding, as in the case of phenyl-
butazonenl’ or sulfathialolef‘12 ATR spectroscopy may be a
valuable resort.

Sulfathiazole is one of the few substances in the literature for
which spectra run as KBr disks.243 Nujol mulls169 and ATR242
are displayed. The differences in scale make comparisons
difficult. Therefore, in Fig. 1 a set of spectra of sulfathiazole
polymorph III is displayed, to highlight typical differences.
These are mostly in the background and in intensity variation;
the position of bands, except those associated with hydrogen
bonding, remain at the same wavelengths. Diffuse reflectance
spectra of sulfathiazole forms are illustrated in Fig. 2 to give an
idea of typical spectral differences between polymorphs.
Comparison with spectra in the literature‘69‘242-243 reveal
differences due, apart from the variation in sample presentation
technique. to the possibility of interconversion during prepara-
tion for spectral examination and to the difficulty in producing
pure polymorphs or even reproducible specimens. The spectra
of Ill and IV show only minute differences. This is a
consequence of the inherent similarity of the crystal structures
and is reflected in the ease of conversion of IV to III. The largest
spectral differences between polymorphs I and III are in the NH
stretching region. reflecting the substantially different hydrogen
bonding networks. Despite the curious appearance of the
spectrum of polymorph II above 1700 cm’ 1, all the features are
genuine, but have become exaggerated because of the crystal-
linity of the sample. This illustrates the dilemma in examining
polymorphs. Grinding would improve the appearance of the
spectrum but at the risk of promoting a transition. The IR
spectra of polymorph III shownz‘” or impliedlfig in the two most
carefully conducted studies in the literature are those of an
approximately (l + 1) mixture of polymorphs III and IV, as are
some samples of the commercial material. By near IR difference
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measurements (see below) the specimen of polymorph III used
here was estimated to contain 8% of IV and the specimen of IV
to contain 9% of III. The polymorphs of sulfathiazole must be
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Fig. 1 The IR spectrum of polymorph III of sulfathiazole A, by attenuated
total reflection: B, as a Nujol mull; and C, as a KBr disk, for comparison
with the diffuse reflection spectrum, Fig. 2. Polymorph III is believed to be
stable to grinding, hence any differences are due to orientation effects or to
the optical differences inherent in the sample presentations. The intensity
differences along the wavelength scale are due to the change in depth of
radiation penetration.
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Fig. 2 Diffuse IR spectra of forms of sulfathiazolc. admixed into a KBr
matrix using minimal grinding. A, polymorph IV prepared inadvertantly; B,
polymorph III, commercial sample; C, polymorph II by boiling an aqueous
saturated solution to dryness; D. polymorph I by heating polymorph III
above 175 °C; E. melt: and F, amorphous form produced by quenching the
melt in liquid nitrogen. The spectrum of the melt (in a KBr matrix) is shown
for comparison with the amorphous form.
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regarded as amongst the most difficult to make and keep as pure
specimens, as the number of papers on this topic reflect.243

Photoacoustic spectroscopy (PAS) relies on the detection of
the acoustic signals generated by the absorption of modulated
radiationl‘Vl-Z“5 and is therefore not subject to the blacking out
effect that occurs when IR spectra of too strongly absorbing
samples are recorded by any other technique. Hence spectra can
be obtained from neat samples and as such it might be expected
to have been more widely explored for polymorphic systems.246
Control of particle size is, however, important in ensuring
reproducibility.247 PAS has been used to obtain IR spectra of
2R,4S—6-fluoro—2—methylspiro(chroman-4,4’-imidazoline)-2’,5-
dione because the forms were too sensitive to grind?“
Comparisons of DRIFTS and PAS have been made.249—251.
There is a difference in the over-all intensity relationship with
wavelength between these techniques and transmission meth—
ods related to the variation of depth of penetration with
wavelength and this needs to be taken into account in comparing
spectra obtained by the different methods.

Spectra at low temperatures are more highly resolved and so
more characteristic than those at room temperature, owing to
suppression of the thermal motion. Low temperature spectra
have been recommended for the examination of antibiotics.252
The relative ease of obtaining spectra at —196 °C has been
stressed and the technique has been applied to polymorphic
steroids to achieve greater resolution and distinguishability.116

The absorption of polarized radiation is dependent on
molecular orientation and therefore potentially of value in
examining packing modes of molecules,253 but appears to have
been little explored for enhancing the distinguishability of
polymorphs. The transformation of polymorphs of fatty acids
has, however, been recently investigated. Monoclinic phases of
fatty acids pack in layers with oblique orientation of the
hydrocarbon chains within a layer. An orthorhombic polytypic
phase of both the B and the E forms is known, in which alternate
layers have the contrary orientation.”4 Polarized IR spectro-
scopic studies have been used in establishing the relationship
between the orientation of crystal axes in crystals undergoingtransformation.255

Recording the IR spectra on thin films made by rapid cooling
of melts between salt plates or pressed KBr disks is a valuable
way of investigating polymorphic propensities.255v257 Ostwald’s
principle257 predicts that the form involving the least loss of
Gibbs energy, that is, the modification least stable at low
temperatures will be first formed on cooling and if it can be
trapped by rapid cooling, it may be possible to follow a whole
series of polymorphic changes with time and temperature by IR
spectroscopic examination of the film. This can be achieved by
warming the centre of the disk with a hot rod,258 although it is
more elegantly carried out on a hot»stage. This technique of
making thin films can only be used for substances stable at
moderate melting temperatures because of the possibility of
fracture of the salt plates from thermal shock.230

Commercial heated stages for IR spectrometers have been
available for some time, but have not always had sufficient
temperature control or insulation to enable differential scanning
calorimetric or hot—stage microscopic observations, for exam»
ple, to be matched with the spectral changes. An alternative is to
adapt a hot—stage to fit the IR cell compartment. The expectation
of sharp changes in the spectrum at the transition points is not
always borne out in practice,259 because the degradation of the
resolution and signal-toanoise ratio at high temperatures may
obscure the small changes being sought. Thermal emissivity,
convection currents and change in focus may be the main causes
of the problem. Detailed studies have established generally the
decrease in intensity of IR bands of condensed phases with
temperature260 and a sudden decrease at transition points for
alkanesfi‘“ It is important to make allowances for these
variations when comparing spectra taken at different tem-

peratures, as may be necessary when the polymorphs interr
convert readily and so cannot be examined outside their range of
stability. To overcome these problems and render small changes
more visible, it was advantageous to record difference spec—
tra,”2 but now chemometric methods have been brought to
bear.263 Gu254 has used Malinowskj’s criteria of number of

components to determine the number of transitions and
temperature of transition points for glycerides. Two—dimen—
sional correlation plots applied to variable temperature DRIFTS
have also been used to pair-up bands in the spectra and so
identify the spectroscopic components of the different
phases?“ Partial least squares computation has also been used
in conjunction with variable temperature DRIF'I'S.234

The most exciting development in the application of IR
spectroscopy to the study of polymorphism has been that of the
IR microscope.203v255‘l265459 Normally a single crystal or
crystalline powder of sufficient area to fill the sample aperture
of an IR spectrometer cannot be examined by transmission
because of excessive absorption and can be examined only with
difficulty by reflectance because of the mixture of diffuse and
specular reflectance components. Although there are techniques
and computer programs for the transformation based on the
Kronig—Kramers relationship241 (Hilbert transformation270-271)
the residual uncertainties make the technique unsatisfactory for
comparing subtly differing spectra. With an IR microscope,
however, individual small crystals can be examined directly in
transmission. The pigment naphthazarin (5,8—dihydroxy
1,4-naphthoquinone) has been examined in this way.225 Thicker
crystals can be examined by seeking thinner areas of acceptable
absorptivity near the edges.272 Apart from the Virtue of
minimizing polymorphic transformation and of allowing meas-
urements to be made on minimum sample quantities, the
difference in the spectra of individual crystals can be ascer-
tained, since it is not unknown for a crystallization to produce a
mixture of polymorphsfiil‘”,273 Microphases can also be
examined.274 Naturally a great deal more time and manipulation
is required for IR microscopy, so in the usual instance, in which
sufficient sample is available, an IR macro spectrum would
normally be taken first under standard conditions.

Despite all the potential problems, many of which have been
discussed above, in most cases IR spectroscopy provides a
simple and reliable tool for the investigation of polymorphism.
The distinction between spectra of different phases is rarely
large, although there are exceptions.16°-275-277 Small changes in
peak positions, peak shapes, and absence or presence of a few
bands may be all that can be distinguished. This may be enough
to characterize a whole series of polymorphs, for example all
nine polymorphs and solvates of phenobarbitone prepared by
Mesley et a]. were clearly distinguishable by IR spectros—
copy.15‘ On the other hand, IR spectra of polymorphs have been
frequently reported as virtually identicalllfivlwvzw-N‘ In some
instances such indistinguishability may be an artefact282 of
interconversion. Reports of identity or difference in IR spectra
and in X—ray diffraction patterns in many publications are not
borne out upon examination of the accompanying spectra or
diffractograms where these have been reproduced at sufficient
size to make an informed comparison.

A valuable application of IR spectra (and X—ray diffracte—
grams) of polymorphs is as the basis of a patent cla.im.78~3o The
use of the NH and OH stretching band positions in establishing
stability relationships in hydrogen bonded polymorphic systems
is discussed in the section on solubility and density measure-ment.

Near IR (NIR) spectra due to overtone and combination
band8233 are less resolved than spectra in the fundamental
region in the mid-IR. The multivariate methods which are
routinely used in this region234-235 minimize this disadvantage
and enable small differences between spectra to be distin-
guished. The spectra are also much less intense, but provided
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that sufficient sample is available, this is an advantage, because
saturation of the absorption will not occur and so neat samples
can be used. NIR microscopy has also been tried286 and should
show the same advantages for polymorph investigation as IR
microscopy. For the normal macro technique, the same
problems of reproducible packing and effects of crystal size and
orientation as discussed under diffuse reflection apply, but are
reduced because of the larger illuminated area. The absence of
diluent also removes three variables: the distribution of the
analyte, the particle size of the carrier; and the bands due to the
carrier or its impurities,287 particularly moisture. The question
of the particle size and reproducible packing discussed above
for the mid-IR region are equally important here, although
chemometric methods have been applied to try to minimize
their effectsmm39 Since the bands in the NIR region are due to
OH, NH and CH stretching vibrations, it would be expected that
the spectral changes would be most noticeable in hydrogen-
bonded systems”0 and in conformational polymorphism. The
published reports291 are too few to confirm this, although the
NIR spectra of many pharmaceutical polymorphs have been
recorded. Therefore Fig. 3 shows the NIR spectra of a typical set
of polymorphs of a substance. sulfathiazole, in which hydrogen-
bonding networks play a significant role. Note that the
differences in the spectra of polymorph III and polymorph IV,
for example, are greater in the NIR region than in the mid-IR
region, in line with the expectations expressed above. The
technique is nonvinvasive, these spectra being obtained by
placing a fibre optics probe on the outside of the glass tubes
containing the samples. A further advantage of NIR spectra is
the ease with which data manipulation, such as spectral
differences, can be performed without generating unrealistic
results.

Raman Spectroscopy

The Raman effect depends on the inelastic scattering, with loss
of vibrational energy, of radiation in the near—UV, visible or NIR
region of the spectrum.”er94 It is inherently very weak and
needs an intense, monochromatic excitation source and good
filters to remove the excitation line from the collected
radiation.295

Although commercial Raman spectrometers have been
available for a long time, visible excitation sources tend to

 

 
\F_,_'

Illllllllllllllllllllll1000 9500 9000 35003000 7500 70005500 5000 550050004500 4000
Wavenumber/crn’1

 

   
Fig. 3 Near IR spectra of sulfnthiazole forms. A, Polymorph IV; E,
polymorph III; C, polymorph II; D, polymorph I; and F, amorphous. The
spectral differences appear larger than in the mid-IR region because NIR
spectroscopy is insensitive to ring and chain modes and records only the XH
modes, in this case particularly the NH stretchings.
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produce swamping fluorescence from many compounds.395v297
Where this is due to impurities it may be possible to burn them
out,298 but otherwise the Raman spectrum is difficult or
impossible to record against the background. In this case also
there is a tendency to char the sample”? There have been
numerous mechanical293 and electronic devices299 proposed to
minimize these effects, but they all have disadvantages, It is
only since the advent of NIR Fourier transformation Raman
(NIR—Ff Raman) spectrometers using the Nd. YAG laser
source at 1064 nm with efficient cut-off filters to remove
Rayleigh scattering from the laser line,300 that routine Raman
spectra have become reliably available from most organic
solids.296 Although the spectra obtained are broadly similar to
IR spectra, the difference in selection rules makes the
information complementary.294a301 Polar groups such as car—
bonyl and hydrogen-bonded hydroxy groups which are strongly
apparent in the IR, are weak in Raman, whereas non-polar
symmetrical or nearly symmetrical bonds such as carbon—
carbon single and double bonds are strong in Raman.292
Furthermore, the Raman effect, being a polarizability, falls off
as the sixth power of the distance. whereas IR coupling, being
21 polarization, falls off only as the cube of the distance.302
Therefore Raman spectra of molecular organic solids in the
bond stretching and bending region would be expected to show
little influence from neighbouring molecules. The effect is
enhanced because the typical organic molecule consists of a
non—polar backbone with polar groups on the periphery, so
minimizing further the coupling of Raman active bands.

The effect of this is firstly that Raman spectra of solids tend
to have narrower bands than IR spectra. In one polymorphic set
that we examined, the typical bands in the 1R in the 700—1500
cmrl region had bandwidths at half height of about 15 cm",
whereas the equivalent Raman bandwidth was about 11 cmrl.
Secondly, IR spectra are influenced by neighbouring molecules
both directly by hydrogen bondingmi304 and indirectly by the
above spatial distance effect. One would therefore expect that
conformational polymorphism would show up more distinctly
in Raman spectroscopy and that packing effects especially of
hydrogen—bonded molecules would show up most clearly in the
IR spectra. There is little in the literature to test this, but we have
encountered examples which support this contention. For rigid,
non—hydrogen bonded molecules, the largest differences would
be expected to occur in the region of the low-frequency lattice
modes?“232 Comparison of coincidences in IR and Raman
bands of symmetrical molecules can lead directly to a decision
between alternative structures. The possible centrosymmetric
structures for polymorphs B and C of naphthazarin were
eliminated in this way.305 This study shows that the Raman
spectra of even deeply coloured solids can be obtained with
NTR~FT Raman spectroscopy.306

The chief advantage of Raman spectroscopy is that no sample
manipulation is required294 and therefore in the case of
polymorphs which are, or are suspected to be, susceptible to
transformation, the spectra can be obtained with complete
certainty of the identity of the sample under examination. The
multiple scattering taking place in powder samplest tends to
eliminate orientation effects in the same way as occurs in
DRIFTS. Because glass is transparent to the excitation and
emitted radiation and gives no interfering bands, spectra can
even be obtained without removal of the specimen from the
sample tube. Consequently, Raman spectra of polymorphs are
now actually easier to obtain than IR spectra and deserve to be
more widely recorded than the handful of papers]59333303»309 in
the literature would indicate.

A disadvantage of the NIR—FT Raman system is that
commercial instruments do not allow "oectra to be recorded to

very low frequencies, so that the re;ion where the greatest
difference between polymorphs might be expected to be
seen,231v232-310’3ll is inaccessible. As this region is also outside
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the range of most IR instruments, recourse must be made to
conventional Raman spectrometers. As a result. there are few
examples in the literature of the examination of organic
polymorphs in this low—frequency region.“2"‘l4 reflecting the
difficulty of measurement.

Raman microscopy offers in principle even greater advan~
tagcs than IR microscopy because the theoretical limit of
resolution. related to the wavelength of the incident radiation,
allows samples of an area less than 1 pm2 to be exam—
ined.2"6‘2973'5 The limit for IR is in the region of 50 pm2
dependent on the wavelength range of interest.316 However, in
practice, the optical throughput due to the instrumental aperture
characteristics. render it difficult to reach the theoretical limit of
resolution .witli FT—NIR systenis.2%~3"‘7 Conventional instru—
mentation with argon-ion laser sources at 488 nm. which can be
used to examine smaller areas. produce the problems for organic
compounds mentioned earlier of fluorescence and chairing. The
latter is particularly troublesome because of the high intensity at
the focus of the beam. Even when charring is not observed, the
possiblity of phase transition due to local heating needs to be
taken into account.

Ultraviolet and Fluorescence Spectroscopy

Although electronic reflection spectroscopy has been rarely
invoked for the examination of polymorphs, it has long been
known that different polymorphs of coloured compounds3‘7r319
including certain dyes and pigments,5S-5" in particular, phthalo-
cyanines.'4"v32‘m“ display different hues. Bandshifts of up to
170 nm in the solid state as a result ofpacking differences of the
molecules have been reportedflz‘b-‘ZG Furthermore, it is remark
able how many organic crystals deepen in colour on transforma»
tion to a higher melting polymorph,93"33v155~159 so it must be
presumed that many, probably most, uninvestigated colourless
polymorphs would also show a spectral change in the UV region
on transformation. The information that can be extracted from

UV reflection is less than from the techniques whose spectral
characteristics are more readily related to structure, and the
measurements are more difficult. The electronic spectrum may,
however. be recording more subtle solid—state changes. It has
been recently ascertained that the yellow to red transformation
of pyridinium picrate which has been known since 1929 does
not occur at the temperature of the only transition point recorded
by variable temperature X—ray diffraction studies.327 The use of
polarized near-normal UV spectral reflectance from different
faces of single crystals has been applied to the conformational
polymorphism of dichlorobenzylidene anilines to relate solu-
tion and crystal properties and to elucidate the relationship
between molecular conformation and electronic properties.4
The origin of these colour differences has been discussed only
briefly. but must be presumed to be due to intermolecular
chargevtrtuisfer effects.

Ultraviolet spectra of solids can also be obtained by
transmission from the mull or KCl disk technique323 (KCI is
transparent to shorter wavelengths than KBr), provided that a
thinner matrix is used and account is taken of the vast difference
in molar absorption coefficients in the IR and UV regions. The
UV spectra of polymorphs of 2(2-methyl-3-chloroanilino)nico-
tinic acid have been investigated by diffuse reflectance from
Nujol mulls.‘ 33. A detailed comparison of the relative merits of
photoacoustic spectroscopy and diffuse reflectance in the UV,
visible and NIR regions has been marten"

The colour of cyanine dyes is related to the aggregated state
in solution, concentrated solutions yielding the more deeply
coloured solidvstale forms containing the more extensive
molecular aggregates.“0 The absorption spectra, the fluores-
cence spectra and the electronic properties of solid cyanines-l31
display marked differences between the polymorphs. The

fluorescence spectral differences in this and other cases}32 have
been ascribed to a type of exeimer formation. Fluorescence
spectra have otherwise been little reported although they have
been investigated for possible quantitative analysis of poly—
morph content.333 Polymorphs may also differ in their thermo-
luminescent cliaracter‘istics.334~335

Solid-state Nuclear Magnetic Resonance and Nuclear
Quadrupole Resonance Spectroscopy

An NMR spectrum on a solid run under similar conditions to
those used for solutions will result only in a broad hump of
extremely low signal intensity. For the investigation of melting
phenomena or of order—disorder transitions representing the
onset of molecular rotation or libration this is advantageous: the
phase yielding signals of moderate width as a result of
orientational, positional or configurational freedom can be
measured with little interference frotn the signals generated
from the rigid solid phase.33"v337 For detailed observation and
interpretation of the molecular structure, however, it is neces-
sary to narrow the signals.“8339

The breadth and low sensitivity of the solid state signals in
13C NMR spectroscopy is due to three separate effects, each of
which must be minimized.3“’“h342 The lines are broadened firstly
by anisotropic dipole—dipole coupling and the quadrupole field
gradient. Secondly, the chemical field anisotropy which is
normally averaged to zero in liquids cannot be averaged out by
molecular tumbling in solids, Finally, the extremely long spin—
lattice relaxation times require long pulse repetition times to
build up the signal. The chemical field anisotropy can be
averaged by magiciangle spinning (MAS) in which the sample
is rotated at speeds of 445 kHz.340—342 The dipolar and
quadrupolar field effects can be removed by high—power
heteronuclear decoupling. Finally, the spirklattice relaxation
time is reduced by cross-polarization involving pulse sequences
which transfer energy between nuclei, thus involving the 1H
nucleus in the mechanism of relaxation. The net result is that
NMR spectra of solids are now routinely available of acceptable
signalrtornoise ratio which show adequate resolution for
structural interpretationfiflr345 although longer acquisition
times than for solution spectra are necessary. The detail and
information content of NMR spectra should be particularly
valuable in distinguishing polymorphs and in understanding the
sources of their differencesfi‘“1334}345 The use of NMR

spectra for examination of dosage forms has been can-
vassed.345-34fi In practice, relatively few descriptions of the
NMR spectra of polymorphs are available in the literature and
in several cases where phases which have proved to be very
similar by other techniques have been examined, they have also
proved to show few differences by NMR spectros—
copy.5v”‘9-3"“~347 This illustrates that very small packing differ—
ences are sometimes characteristic of phases or polymorphs.
The interpretation of the spectra in terms of molecular structure
is normally by comparison with the solution spectrum, but the
assignment of carbon type can be made in the solid state with
the use of appropriate pulse—sequence techniques.348 A promis—
ing use of solid—state NMR spectra is in investigating amor—
phous formsfibmqim’ The amorphous form of testosterone was
assumed to have ordered packing but disordered molecular
orientation from examination of the features in the NMR

spectrum associated with the different portions of the mole-
cules.116 Conclusions could therefore be drawn as to the

probable mechanism of solidification. It is not clear why a solid
with positional order but rotational freedom behaves as an
amorphous phase rather than a disordered one. Solid-state N MR
signals can sometimes be observed to be doubled as a result of
non»equivalent crystallographic molecules in the unit
cel]_llb,34fl,35]
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Nuclear quadrupole resonance spectroscopy352 (NQR) is not
troubled by the broadening effects encountered by NMR
spectroscopy and has been widely used particularly for the
examination of inorganic systems. It relies on the detection of
the electric quadrupolar effects and is confined to those nuclei
with suitable spins. For organic compounds these are princi-
pally 2H, ”N, '70, '9F, 35C], 37Cl. 7:’Br and E”Eur, It is relatively
insensitive so large quantities of material are required. Chlorine
and bromine can be detected by conventional radiofrequency
spectroscopy but ”N, which is probably the most generally
useful nucleus for organic compounds,353 requires sensitivity
enhancement. Cross—relaxation experiments, similar to the
cross-polarization experiments discussed above. are appro-
priate, 2H and 170 studies require isotopic enrichment. All these
nuclei have been used to study phase transitions, particularly in
relation to mechanism and molecular dynamics.354-355 The use
of 170 to study orderajisorder phenomena is discussed later.
Phase transitions are detected by changes in relaxation times.
couplings or multiplicity with temperature. Malononitrile356v357
is particularly interesting, because the change in multiplicity of
the 14N NQR signals at — 132 and 22 °C heralds a new phase in
between those temperatures, although the phase below the
lower temperature appears to be the same as that above the
higher one. It can be seen from Fig. 4 that the Gibbs energy
values for the two polymorphs are constrained to follow very
similar paths. As might be expected from this, the intermediate
phase has a structure which is only marginally different from the
surrounding phase.

X-ruy Crystallography

X—rays are reflected from crystals only when the angle between
the ray and the planes in the crystal fulfil the Bragg condition It)»
: lasinO, where 0 is the angle between the ray and the plane,
l. is the wavelength of the radiation. 0 is the interplanar spacing
and n is an integer. There is an infinite number of possible
planes through the crystal, but only a limited number which give
reflections within the accessible range 2 < B/degrees < 180.
With a single—crystal brought into all orientations with respect to
the beam, a series of spots is generated on the surface of a sphere
centred on the crystal. In the case of a powder sample a set of
concentric cones is generated which can be recorded as a series
of arcs on a photographic strip or as a diffraction trace via a

Frequencyof“NNQRlines Gibbsenergy 
Temperature —>

Fig. 4 Interpretation of the phase transitions of malononitrilc in terms of
Gibbs energy. The upper part of the diagram is a schematic representation
of the variation ofthe l4N NQR spectrum ofmalononitrilc with temperature
T] and T; are the transition points at —132 and 22 “C, respectively. The
lower part of the diagram represents the Gibbs energy situation. instead of
crossing once as in the enantiotropic system in Fig. 7, the Gibbs energy
curves GA and GB {for polymorphs I and II. respectively) must cut twice
(see text).

detector.358 Every molecular repetition will give a unique set of
reflections and so generate a unique pattern. Any change in
crystal packing will lead to changes in the form of the molecular
repetition. In principle, then, any polymorph will give a
distinctive X-ray powder pattern. X-ray powder crystallography
is therefore of great value for distinguishing and identifying
polymorphs.359

X-ray single—crystal diffraction is, of course, even more
descriptive and in principle can lead to unique definition ofthe
packing of the molecule, the molecular interconnectivity and
the three—dimensional conformation of the molecule in the

crystal. However, it often proves difficult in practice to grow
crystals of sufficient size and perfection for an X-ray structural
analysis to be carried out whereas a powder pattern can nearly
always be obtained.73 The difficulties which may be encoun—
tered in growing crystals of the polymorph stable at room
temperature are much magnified when unstable polymorphs
and enantiomeric polymorphs are required and particularly
when crystals of unstable polymorphs of enantiomcrs are
involved.24“-""‘H’” The evidence for this packing prejudice
against optically active molecules has been undermined by a
detailed comparison of the density measurements recorded in
the literature for racematcs and enantiomers and a consideration
of the statistical bias,124 but it remains a matter of common
observation during crystallization experiments that optical
isomers are difficult to produce as good crystals.364 The
problems with metastable fotms are easy to understand as
owing to the presence of crystal strain and defects. Some
crystals show such a large change in volume on transition that
they generate enough strain to shatter or move violenlly and are
therefore sometitnes cliaracterized275~3l3347365’3‘” as ‘jumping
crystals’. Variable—temperature Xiray diffractometers368-369 are
helpful and, of course, essential for the examination of
polymorphs which have no existence at room temperature but
the required apparatus is infrequently available in laboratories
where polymorphs are encountered. It is good practice to look at
a sample under the polarizing microscope for homogeneity and
for appearance of individual crystals as single and perfect, free
from twinning or unusual features, before submission for single
crystal Xeray examination. Occasionally, even the most beautie
ful and transparent crystals may be twisted, too thin to produce
an adequate signal, multiply twinned, polycrystalline or other-
wise defective and hence fail to give an interpretable diffraction
pattern.”0 Even if the diffraction pattern is too poor for a
complete structural analysis, the unit cell dimensions are a
criterion for the existence of distinctive phases and the derived
density a further critical reference value for the polymorph.
Regrettably, crystallographers often fail to record minimum
physical characteristics of specimens of polymorphs such as
melting point, range of stability or relative stability37'373 or
even origin-‘73P174 thus limiting the usefulness of their results.
For this reason it proved impossible. by examination of the
Cambridge Structural Database (Cambridge Crystallographic
Data Centre). to check the reliability of the rule that the
polymorph stable at higher temperature has the more symmet-
rical structure. The structure of over a thousand pairs of organic
polymorphs has been recorded, but only a small portion have
adequate accompanying physical information. The theoretical
basis of the rule has bcen described by Kitaigorodski375 and
Desiraju.376 The total energy of a crystal is the sum of the lattice
energy and the vibrational energy, Close packing minimizes the
lattice energy but interferes with vibrational motion increas—
ingly at higher temperatures. The loss of lattice energy
stabilization in a more open lattice can be compensated by the
entropy gain resulting from the more symmetrical structure, The
close packing requirement means that the majority of organic
crystal structures reside in very few space groups (P21/c. PT,
CZ/rt, P2] , P2312091” The combined effect of the vibrational
and close packing requirements on organic polymorphs is that

|PR2016-00006

SteadyMed — Exhibit 1025 - Page 11

|PR2020-00770

United Therapeutics EX2007

Page 3762 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3763 of 7335

  
u
,n,..r
2%

 
1.tree: 

 

‘33‘3?‘3Patch
 ;:

Publishedon{it

g.._r
”:1

2446 Analyst, October 1995, Vol. 120

one of the commonest patterns for a dimorphic system on
transition is monoclinic at low temperature to orthorhombic
(P212121) at higher temperatures. Higher symmetry space
groups are adopted by disordered states“? Plastic crystals
generally adopt cubic space groups in the disordered phase},377
reflecting the requirements for the molecular motions.

The development of area detectors for diffractometers for
small molecule work means that crystals previously too small to
examine can be successfully tackled, or areas of otherwise
unsatisfactory crystals can be chosen.378 This can be very
effective in conjunction with the use of synchroton radia—
tion.312v37'9-3*‘2 Although there are occasional reports of incor-
rect conclusions being drawn from X-ray data5-327~383i384 the
most likely source of error in studying polymorphs is picking
the wrong crystals.”5 As mentioned above. metastable forms
often crystallize badly and in a sample of such a product it is not
uncommon for the only satisfactory crystals to be interlopers of
the stable polymorph. Computation of the correlation of X—ray
single—crystal diffraction patterns with powder patterns is now
possible and should capture such error at an early
stagefl‘Q'wg-386 The contrary process, converting powder pat-
terns of complex molecular crystals to structural information,”7
although an exciting prospect, is not yet applicable to
sufficiently large molecules to be of general interest for
studying polymorphs of commercially interesting compounds.

However, for the ordinary laboratory environment an X—ray
powder diffractorneter is of more general value. It will
sometimes identify differences between samples which are too
subtle to be detected up by thermal arialysisi313 microscopy or
IR spectroscopy-“‘3, although a few contrary examples are
known.312 One such general instance is where water or other
small339'390 molecules fill voids in a structure in a random

fashion without altering the crystal packing itself as in the
examples of antibiotics such as cefaloglycin and cefalexin.391 A
mixture of crystalline mid amorphous material will be indis—
tinguishable from a pure sample of the crystalline material
except in absolute intensity which is rarely measured in normal
use. There are other cases which are not so easy to explain.282
For example, the X—ray patterns of the forms of D,1—norleucine
are virtually identical, although the IR spectra are easily
distinguishable.1°0-392 Examination of the IR spectra excludes
the possibility that a neutral 4—) zwitterionic transformation is
involved.

A more common problem with X-ray powder diffraction is in
the examination of samples consisting of larger crystals. These
may produce a spotty pattern which is difficult to reduce to a
series of line intensity measurements and is impossible to
compare satisfactorily with diffraclograms from other sam-
ples.358 If the crystals are not roughly isometric, particularly if
they are needles or platey, the pattern may show distinctive
features from crystal orientation effects169 as is shown in Fig. 5.
Grinding is appropriate providing that the polymorph is stable.
For soft crystals an inert powder may be mixed in,393 in order to
facilitate grinding. An alternative approach is the use of the
Gandolfi camera which can be made to generate a simulated
powder pattern from a single crystal. The orientational bias for
platey crystals of polymorphs III and IV of sulfathiazole was
eliminated in this way.169 The calculation of powder patterns
from single-crystal data mentioned above has been recom»
mended by several groups as a means of obtaining the best
reference X-ruy powder pattern. ‘42-'69’337394

Neutron diffraction, although of less general value than X-ray
diffraction, has the advantage that the scattering factors for
atoms vary little with atomic number.395»3% Light atoms can
therefore be detected and located accurately in the presence of
heavy atoms, in contrast to Xiray studies. As such, it is of
potential value in examining polymorphic systems for their
hydrogen bonded networkslizxfi‘ul“22397 and in investigating
tautomeric or zwitterionic polymorphism. The naphthazarin C

View Article Onlin-z

polymorphs have been examined by neutron diffraction to
establish their hydrogen-bonding characteristics and the orderi
disorder transition.398 The deduced centrosymmetric structure,
in contrast to the Raman results mentioned earlier, is the result
of the averaging of the structure over a substantial time—scale
This factor also applies to X-ray structures399 and needs to be
borne in mind when comparing these with NMR and vibrational
data. The comparative rarity of sources and the need for
relatively large crystals means that neutron diffraction is likely
to be infrequently used for investigation of polymorphs.

X-ray crystallography is well supported by texts at all levels,
both for single-crystal work“00—404 and powder methr
Ods_358,395,405,406

Thermal Analysis

Although the term thermal analysis is sometimes considered to
include hot-stage microscopy, it is convenient to deal with these
methods separately. Microscopy is concemed with qualitative
visual observations whilst instrumental thermal analysis is
capable of giving quantitative measurements. but without
necessarily identifying the nature of the processes responsible.
Thus the techniques are complementary and best used in
conjunction.407 The main thermal techniques considered will be
therrnogravimelric analysis (TGA) and differential thermal
analysis (DTA)/ DSC.408 TGA measures the change in mass of
a sample with temperature and is therefore particularly valuable
in examining solvent loss from crystals and in identifying
sublimation and decomposition processes. As it is recording
dynamic processes, not only the temperature at which changes
occur will vary with procedure but the very occurrence of those
processes may depend on sample environment and heating
conditions. The subtleties of thermal analysis are often
overlooked. In the vivid words of Gar-n,“0g ‘The apparent
simplicity of the technique leads the uninformed to assume that
satisfactory data may be obtained, for example, by sticking a
pair of thermocouples into a sample and reference and lighting
a fire under them.’

DSC and DTA are alternative ways of measuring heat
capacity changes in a sample.19"-410 Although they may
occasionally give significantly different thermal traces,“' the
term DSC will be used here without implying the method of
acquisition of the data. Any compound will absorb heat in
acquiring a higher temperature. During a transition, heat will be
absorbed or emitted in effecting a change of phase. The remarks
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Fig. 5 Crystal orientation effects in X-ray powder diffraction. Traces due
to A, the platey and B, acicular habits of the same polymorph of RP 54275
are shown. At high values of 20, the traces are similar, but at low values they
are different. Reproduced with permission of Rhéne-Poulenc Rorer Ltd.
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made above regarding the dynamic nature ofTGA apply equally
to DSC. In most cases where the forms are stable to grinding and
the transitions are rapid the resulting curves will be sensibly
reproducible. In other cases, the thermograms obtained may
depend on the heating rate“?!413 sample packing,“4 crystal
size,415~416 the ambient atmosphere417 and encapsula—
tion239v357y407i413 and interpretation needs appropriate care. In
particular, it is often overlooked that the history of a
polymorphic crystal may be critical, for example, a later run
may differ because of tempering on standing with loss or gain of
seed nuclei of other f0rms.200v313-367>419_421 Many instruments
now run TGA and DSC simultaneously. This is valuable in that
it enables a clear distinction to be made between processes
involving solvent loss, sublimation and decomposition on one
hand and pure phase changes on the other. The principles of
thermal analysis have been set out recently in a book422 and in
an introductory video.423

The features to be seen in a DSC trace (Fig. 6) are
endotherms, representing absorption of heat, exotherms repre—
senting the emission of heat and the so-called second-order
transitions representing a change in the heat capacity without
either absorption or emission of heat. A sloping baseline could
represent a continually changing heat capacity, but is often due
to imbalance between sample and reference, or slow loss of
mass from the sample during heating. During a heating cycle
endothermic processes are the most common ones. Melting and
sublimation are always endothermic as are lrzuisitions involving
enantiomorphs at or above transition points. Desolvation is
usually endothermic and chemical reactions can be. especially
at lower temperatures. Monotropic transitions, crystallization
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and most decomposition reactions are exothermic. On cooling,
crystallization and enantiotropic transitions are exothermic, so
cooling cycles normally contain only exotherms. Despite this
there is often value in running the sample under both heating
and cooling modes.414 Although this has long been recom—
mended, it is rarely indicated in the thermal analysis literature
on small molecules that this has been considered.208 By contrast
it is common in lipid and polymer work to run both heating and
cooling curves)?" If it is intended to identify the material at room
temperature after a phase transition, it is imperative to check on
the cooling cycle that no reverse change has occurred. Heats of
transformation and melting can be evaluated from the area
under a DSC curve,424-425 although not, of course, as satisfacto—
rily as from a precision adiabatic calorimeter.“26 Conditions
need to be chosen carefully in order to obtain reliable results.
The greatest difficulty is in determining the most suitable base
line.427

It is common for a polymorph to show a transition to a higher
melting polymorph at the appropriate transition temperature
when heated slowly, but to overshoot and melt at its own
melting point under more rapid heating conditions.194 This is
often followed immediately by re-solidification to the higher
melting polymorph giving a characteristic curve shape (Fig. 6,
c). The polymorph thus produced may or may not be the same
as that resulting from the transition at the proper transition point
and in other instances the re-solidification may be delayed.224
Dependent on the complexity of the polymorphic set, a whole
series of such events may take place. Finally. the form with the
highest melting point will melt if it has not previously
decomposed. Several meltings may take place in the case of a
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Fig. 6 Typical features in the DSC of a polymorphic system, A, Quenching the melt of sulfalhiazole gives an amorphous solid, which on heating undergoes
a secondiorder transition (glass transition) to a supercooled liquid (see refs. 422, 5427544). In a second order transition no heat is evolved or absorbed and
only the heat capacity alters. This is seen as a drop in the base line. A supercooled liquid always represents an unstable phase and on heating spontaneous
crystallization of this can occur. In this case it happens suddenly, causing the rapid movement away from this new base line. Irreversible processes are
exothermic. but the complex exotherm which follows is unusual and probably represents several overlapping transitions. As described by Ostwald’s Principle
(see refs. 258 and 436) this is a cascade of transitions to successively more stable forms at that temperature. The resulting phase must be polymorph 1. since
it melts at 201 “C without further thermal events occurring, B, a specimen of polymorph III shows an cndolherm due to the transition from polymorph III
to polymorph I, followed by melting. The fact that it is endothermic indicates that polymorph I and polymorph III are enantiotropic. This endotherm always
occurs around 15(LI7S "C although it is known that the true transition point lies many degrees below this; and C, a specimen of polymorph III which is free
from seeds of polymorph I (see refs. 194 and 242% may overshoot the transition point and melt at its own melting point. This is olten followed immediately
by recrystallization. which is an exothermic process. of the higher melting polymorph [ giving the Characteristic trace shown.
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compound with liquid crystal phases. but finally a clear melt
will form.

The literature on the investigation of the behaviour of
phenylbutazone‘BMlR—432 provides an instructive example of
the role of thermal analysis in polymorphism. Early work
produced the not untypical situation of conflicting data on the
number and properties of polymorphs?”423 Subsequent appli-
cation of thermogravimetric analysis showed that two of the
reported polymorphs were in fact solvatesflz‘) In a substantial ref
investigation. five polytnorphs were identified and charac-
terized.“0 The IR spectra were not very useful for differ—
entiating between the crystal forms because of their
similarity.430 The X»ray diffractograms were also reported as
somewhat similar, although the earlier work429 had relied on
these to distinguish forms. The published patterns look
distinguishably different339'429-43‘ but it is reported that phenyl—
butazone shows orientation effects and is sensitive to grind-
ing?” which is undoubtedly the reason for the reported
similarity of the TR spectra. Dissolution rate data were also
acquired, but in the absence of surface area information (see
later) they cannot be regarded as definitive evidence for
polymorphism. Distinction between the polymorphs relies then
in this study‘i-‘O on thermal analysis. The temperatures of peak
maxima are quoted for all polymorphs as well as onset
temperatures of melting, the latter agreeing closely with the
melting point as determined on a hot-stage microscope. The two
highest melting polymorphs, A and B, show only a single peak
due to melting at all heating rates, with onset temperatures of
105 and 103 0C, respectively. The remaining three polymorphs,
C, D and E. each show a single melting endotherm at 96, 94 and
92.5 0C under rapid heating rate conditions of 32 °C min”l. At
lower heating rates they all display a melting endotherm
adjacent to a recrystallization exotherm (similar to that shown in
Fig. 6, c) followed by a melting endotherm at 105 cC. This was
interpreted as the formation of polymorph A from the melt.
Grinding or compressing the polymorphs C, D and E caused an
increase in the area under this higher melting peak and a small
reduction in the observed temperature of all the endotherms. In
view of this and the closeness of the melting points it is difficult
to he sure that A and B do not represent only one polymorph and
C, D and E another, although there is some evidence of a third
endotherm in some of the thermograms and evidence from the
other papers of at least four forms. Subsequent studies have
identified other forms“ and confirmed the sensitivity of the
results to the thermal history of the sample“?-

By contrast, the melting points of the three polymorphs of
gepirone hydrochloride433 are substantially different and the
conclusions from thermal analysis about the relationship
between them unambiguous. Under slow heating conditions.
samples of the low melting polymorph (mp 180 °C) showed an
endotherm due to the transformation to the higher melting
polymorph. At faster heating rates, a melting endotherm
followed immediately by an exotherm representing re-solidifi-
cation of the higher melting polymorph was observed. The
higher melting polymorph then melted at 220 ”C. This
interpretation of the DSC measurements was confirmed by hot-
stage microscopy. By prolonged heating of the lower melting
polymorph it could be converted entirely to the higher melting
form. The sample then showed a single endotherm at 220 °C.
The endothen‘ns of mixtures showed the disproportionate effect
of small quantities of the higher melting form. The third
polymorph could only be produced by crystallization as a minor
component of a mixture. From DSC supported by thermomicroe
scopy the melting endotherm could be identified at 212 DC.
Consideration of the relative thermal stabilities allowed small
samples of the pure polymorph to he produced by heat treating
mixtures in the calorimeter: the pure polymorph so produced
showed only a single endotherm at 212 cC whereas the mixture
had shown endotherms at all three melting points. From these

experiments it was possible to decide on the relative thermal
stabilities of the polymorphs and to calculate their heats of
fusion.

The most important advance in understanding of the
thermodynamic relationships between polymorphs and in
interpretation of DSC curves has been through the formulation
of Burger’s rules.13“v“34 Two of these will be discussed here and
the other two in Solubility and Density Measurement. Burger’s
heat of transition rule implies that (i) if an endothermic
transition is observed at a certain temperature on heating. then
there must be an enantionopic transition point at or below that
temperature; but (it) if an exothermic transition is observed,
then the transition point must lie above that temperature, or the
two forms are related monotropically.

Burger’s heat of fusion rule is of value when the heat of
transition cannot be observed, owing to the failure of the
polymorphs to transform readily. This states that the higher
melting polymorph will have the lower heat of fusion if the
polymorphs are in an enantiomorphic relationship, otherwise
they are monotropically related. Because of the misunder—
standing of these rules which is apparent from the literature. and
because of the insight into the stability relationships between
polymorphs which they yield. a simplified derivation will be
given here.

Fig. 7(a) and (b) are representations of the Gibbs—Helmholtz
equation for enantiotropic and monotropic cases, respectively.
The shape of the H (enthalpy) curves is determined by H = H()
+ JcpdT. Since the specific heat CP is always positive, they must
slope upwards at an increasing rate with temperature, as shown.
G, the Gibbs energy. is related to the negative summation of all
the entropies, S. The value of S is again dependent on Cp. The
value of S must be positive, therefore the G curves must slope
increasingly downwards, again as shown. At absolute zero, H =
G and the curves meet. The lowest energy crystalline structure
at absolute zero will have the strongest intermolecular bonds.
Strong bonds imply high lattice vibration frequencies (phonon
modes396‘435) which make the smaller contribution to CD.
Therefore, the angle of divergence of the G and H curves of the
polymorph most stable at low temperatures will be less than that
of the less stable polymorph. Hence the G curves will tend to
cross, but the H curves will not. The heat of transformation rule
can be ascertained by concentrating on the H curves and noting
the enthalpy consequences on going from Ha to Hb or vice versa,
remembering that this is only possible by lowering the Gibbs
energy, 12.9., AG must be positive. Hence processes which are
exothermic on raising the temperature are spontaneous ones and
are irreversible at or below that temperature. and vice versa for
endothermic processes. The heat of fusion rule depends 011 the
enthalpy curves for the polymorphs and the liquid phase being
approximately parallel over the relevant region. so that the
differences in CP do not obscure differences in the heats of
transition. These rules are extra~thermodynamic, in that they
involve structural considerations, so they are not 100% certain.
It is not clear whether there are any exceptions in practice as re-
evaluation of the literature data has eliminated many of the
apparent exceptions.42

These rules, as already implied. can be helpful in sorting out
DSC results. The concept of enantiotropism as reversibility
needs to be approached with caution. Mirror image curves
cannot be expected on heating and cooling. Apart from
Oslwald’s rule’57436 and hysteresis due to high energy bar-
riers,19“=434 leading to offset of heating and cooling events.
consider the energyitemperature diagram for a Lrirnorphic
enantiotropic system, Fig. 8(a). The heating cycle might
produce transformations at A, B and C whilst the cooling cycle
might proceed via any of the many paths on the diagram. A form
such as polymorph II in Fig. 8(b) which is metastable at any
temperature would be most unlikely to form on heating, but
could well be the product of cooling the melt.
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For investigation of melting by DSC, small samples are
usually appropriate and the temperature of melting is taken as
either the peak maximum, or more precisely as a peak maximum
corrected for heal flow,425 or as the extrapolation of the leading
edge back to the base line.437 Because solid—solid transforma-
tions are often sluggish157~438 and may reflect very small
enthalpy changes. the use of larger quantities of compacted
sample has been recommended, together with low heating rates
and the assignment of the first discernible movement away from
the base-line as the transition temperature!” The appropriate-
ness of this may depend on the thermal stablity of the material
under examination. Similar treatment of cooling curves then
yields a transition range dependent on the hysteresis of the
system. Organic compounds may be more appropriate cali-
brants than the almost universally used indium, as they are
likely to have conductivity characteristics similar to the
saniple.1‘37~439

It is often implied in accounts of the determination of purity
by DSC that the true melting endotherm ofapure substance will
be infinitely sharp,44” but of course this cannot be so for organic
powders. Apart from practical considerations of thermal
conductivity7 edges and surfaces are less stable than bulk and
will melt first and so small crystals will melt before larger
ones.441 Melting normally starts at crystal defect sites. The
observed melting will also be affected by a polymorphic
transition very near to the melting temperature or decomposf
tion at the melting point and, of course, impurities. Although it
was generally thought that the melting temperature could not be
exceeded without melting occurring, there are scattered reports
of slow melting‘ml443 and superheating444 and increasing
acceptance of the existence of this phenomenon.“MS In addition
there are instrumental factors. Different instruments (DSC.
DTA, melting point apparatus, hot stages, thermal photometers)
measure different manifestations of the melting process and so
will not necessarily give the same valiie_l9‘3-199 All these factors
apply also to solid-solid transformations. Even after the
elimination of the possible effects. there still remain un-
explained examples of anomalous melting behaviour. For
obvious reasons most of these never appear in the literature but
there are a few44‘c449 and further examples are known to the
author. Note that whilst examples of curious melting and
transition behaviour ought to be carefully checked. they are not
necessarily the result of inaccurate observation.

A large endothertn followed by a small melting endotherm is
characteristic of the formation of a disordered phase in which
the positional order of the crystal is retained. but the
orientational order is lost.t‘-375~“*3"-”‘3g This may be due to random
orientation of molecules. but is most often associated in organic
systems with the onset of ‘free’ rotation. Molecules of roughly
spherical shape are particularly likely to show an order—disorder
transition to a plastic crystal stateA’ZN-‘Wh‘ls‘mA At lower
temperatures. crystals of such molecules sometimes show a
glass transition in the crystalline state.452v453 OrderAlisorder
transitions have been regarded as second—order transi—
tions,154-”0~454 but organic examples are not characterized by
‘second-order’ DSC traces. Although second—order transitions
are widely discussed in the literature. the concept presents
certain difficulties as has been well addressed by West.“54 On
the whole the term is better avoided. except in reference to glass
transitions. in considering the inter-relationships of organic
polymorphs.

From a study involving a selection of appropriate techniques
it should be possible in iriost cases to acquire a reliable listing of
the polymorphs, their relative stabilities and their transition
points, which is as far as present day economics of industry may
allow. However, a study is incomplete without the drawing of a
semi-schematic energy—temperature or the equivalent pressure—
temperature diagrain.’I33 if all the relevant data have been
assembled such a figure takes, except in complicated cases, only

a few minutes to prepare. The discipline of setting out the results
in this form leads to a great confidence that the system is
understood and avoids the erroneous descriptions of poly—
morphic systems somelimes presented in the literature.35 Whilst
the unwelcome appearance of a further polymorph at a late stage
of investigation cannot thereby be excluded, it is rendered less
likely.

A development which offers greater sensitivity as well as
enabling overlapping spontaneous and reversible processes to
be separated is oscillating, alternating or modulated DSC.455
The superposition on the temperature ramp of a periodic
temperature function allows a computational separation via a
Fourier transform. Although the rate of modulation in commer-
cial instrumentation is too slow for many polymorphic transi—
tions, it is already being found useful in pharmaceutical
investigations.

Therrriosonimetry456 is a relatively unexplored technique
owing to the lack of convenient instrumentation and the dearth
of applicable theory. It is mentioned here because it would
appear to have considerable potential for the identification of
phase changes and possibly for the understanding of the crystal
structure changes accompanying these. The frequency spectra
of the sonic emission of solids on heating are very rich, although
it is only possible to use these at present as a signature.“57~458
Phase changes are accompanied by increased actiVity and a
change in the spectrum.

Solubility and Density Measurement

These are two of the measurements traditionally used to identify
polymorphic behaviour. They remain important today: solu—
bility because that is often the target property which is required
of the polymorph in practice: and density because of its
reliability and theoretical linkage with crystal structure and with
stability. A pigment which bleeds, a solution of an agrochem—
ical‘ which is liable to precipitate and block spray nozzles or a
suspension of any product which cakes4749~461 during storage is
probably unmarketable. The solubility also has an important
thermodynamic feature: it is inversely related to the stability of
the polymorph such that the most stable polymorph is always
the least soluble at a given temperatureflgél4 At a transition
point. the interconverting polyinorphs are equally soluble.
There is an implicit assumption behind these assertions that the
solutions prepared from either of the polyminhs are identical.
There is limited evidence against this in some cases. For
example. in the case of sulfonamides the polymorph crystalliz—
ing from solution is dependent on that dissolved.402 In principle
then, the determination of the solubility over a temperature
range for two or more forms of a substance will readily establish
the transition points and thermodynamic stabilitiesflm It is the
author's experience, however. that the measurement of soluA
bility gives rise to more difficulty and more erroneous data than
any other connected with polymorphism. The problem is three—
fold.

(i) The attainment of equilibrium is often slow. particularly
with poorly soluble or poorly wettable substances,464 for which
several days‘ agitation may be required to establish a consistent
value. Either through system instability, lack of awareness or
time constraints this is often not done and thc measured
solubility is then effectively a dissolution rate measurement.
This latter, whilst related to solubility via the Noyes-~Whitley
equation4f'5 and so roughly parallelling it in many cases, is also
a direct function of surface area and therefore of particle
size.3bv455 lf particle size is checked only iiistrumentally 

" Examples of polymorphs of agmchemicals in the open literature are few, tag,
Borkafl” Instability of formulations is more often related to supersaturation than to
polymorphism and problems are often solved pragmatically. However. the more
sophisticated formulations now being introduced demand attention to pn‘ymor-
phisinfu’”
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(Coulter counter, Malvern analyser) over-all aggregate size
rather than individual grain size may well be measured.“7 Any
differences in grain and aggregate size can then result in
erroneous solubility comparisons. A preliminary microscopic
examination will give forewarning of such a situation, but may
not indicate how to solve it. Intrinsic dissolution measure—

ments‘w‘t468 may provide a surrogate solution to the problem.
‘Surrogate’ because there are both practical and theoretical
reasons why the intrinsic dissolution rate ratio of polymorphs
will only approximate the relative solubilities. (For an example
see Table l in the study by Buxton, at (11.459). Wettability
differences can totally destroy any correlation-“047‘ Nor can
slow equilibrium be overcome by working at higher tem-
peratures followed by cooling, because the ternperaturei
solubility hysteresis usually determines an even longer equili-
bration time. The second factor is the susceptibility of the
polymorphs to transformation when examined outside their
stability ranges.“2 As indicated earlier, the presence of a solvent
can be particularly efficacious at promoting a polymorphic
transition. It is often possible to measure the solubility of a
polymorph below its lower transition point, but rarely many
degrees above its upper one.

(ii) The possibility of a transformation to a solvate,473 or
hydrolysis146 or other chemical reaction. Sometimes the shape
of a solubility—time curve will indicate whether a trans—
formation is occurring. but whether or not this is so depends on
the relative kinetics of the dissolution and transformation

processes. One solution is to measure the solubility of the
polymorphs in an inert solvent and then measure the partition
coefficient rapidly.474

(iii) There are the consequences of pH variation in the
measurement of the solubility of ionizable species.453-475 The
self—buffering capacity of organic acids and bases can often
make a dramatic difference to the observed solubility. The need
to match buffer capacity to the expected solubility is rarely
considered.”6 Trace ionic477 or other (oxygen. carbon dioxide)
contamination can occasionally present a source of error. If the
solubilities are being measured spectrophotometrically the
effect of pH or complexation on the absorption spectrum also
needs to be taken into accountfif’m8

When the solubilities cannot be determined in the region of
the supposed transition point, it is possible to extrapolate from
other temperatures using the van't Hoff isochore. This proce—
dure needs to be applied with caution as the experimental
inaccuracies and theoretical assumptions are often not appre—
Ciatcd_77.162.463.479

For molecular solids in which hydrogen bonding is not a
structural feature, the stability of a form is nearly always closely
related to the density. Although this relationship, as a con-
sequence of the rapid reduction of intermolecular attractive
forces with distance, has been understood for a long time, the
structural implications were first explored in detail by Kitaigor-
odski.480 Dipole—dipole interactions can contribute to the
structural stability (surprisingly, however. they do not appear to
contribute to the preferential formation of polyrnorphs431), but
the only common and significant attractive force other than van
der Waal’s forces is hydrogen bonding. This can produce more
open structures in which the loss of polarizability energy is
matched by favourable disposition of the strong hydrogen
bonds. This is the basis of the other two of Burger’s rules,136
namely the density rule ‘the more stable polymorph at absolute
zero will possess the highest density’ and the IR rule ‘the
highest frequency OH or .N H stretching band will be associated
with the form least stable at absolute zero’. The highest
frequency OH or NH stretching will be associated with the
weakest hydrogen bond. Juxtaposition with the heat of
transformation and heat of fusion rules will usually allow the
deductions to be generalized to working temperatures. Con-
sideration of the circumstances pertinent to these rules could

lead to the expectation of exceptions. It is found in practice that
whilst there is a small proportion of exceptions to each rule,
their complementarity makes the concurrent failure of both
rules less likely.42

Density can be measured by flotationfi“)483 by volume-
nometry, or by pyknometry.483 All are time consuming.
Alternatively the true density‘ can be calculated from the unit
cell dimensions.485 The latter must always be marginally greater
than the measured density, as the crystal voids and other defects
always lower the overall density of the crystals. Any discrep—
ancy is a warning of solvates or other incorrectly assumed
molecular structure. Generally, the measured density will
increase marginally on grinding as a result of cracking occurring
preferentially at crystal pores and defects, but on prolonged
grinding it may begin to decrease owing to increased surface
area and arnorphizationfll-486 An attempt to check Burger’s
density rule against the true densities by using the Cambridge
Crystallographic Data Centre data base for X-ray structures
failed for the reasons mentioned earlier,

The air comparison pyknometer represents an instrumental
method of measuring densities with enhanced sensitivity.
Flotation is best carried out with centrifugation and it may
detect the presence of intcrloper crystals of a different
polymorph in a specimen. The main problems with flotation are
in finding a liquid mixture of suitable density that does not
dissolve the sample and in maintaining that density through
adequate temperture control. The first requirement is particu—
larly critical for organic polymorphs.

Solvates

Hydrates or other solvates often produce a further level of
complexity in a polymorphic system.437~483 There is the
expectation of a monohydrate or monosolvate but, in fact, the
accommodation in a unit cell for a small molecule can produce
multiplefl‘Ws‘w0 fractional,232 irrational412 or variable‘w‘)‘491
molar ratios. Amongst the polymorphs of a molecule some can
be hygroscopic and others stable to water or water vapour.439
Different hydrates can be produced from different poly—
morphs.45 This is probably related to the ‘stuffing‘ effect of
impurities described by Buerger.3 Where there are two or more
hydrates of the same composition. these are in a polymorphic
relationship with each other.133 In practice it may be difficult to
interconvert polymorphic solvates, because of the likelihood of
preceding desolvation.38‘9=“69 The desolvation of a solvate can
sometimes produce a polymorph not obtainable in any other
wayflmv389 A detailed study of celiprolol hydrochloride has
shown that the hydrate is not a true one in the usual sense but
appears to be a solid solution of the drug in water.492 This leads
to speculation about the exact nature of the crystal structure
involved.

Thermomicroscopy in silicone oil will reveal desolvation on
heating by bubble forrnation.173 DSC will show features
corresponding to solvent loss, but such features are notoriously
sensitive to heating rate, crystal size. mass of sample, sample
packing, and to the use of open as against closed or sealed pans
or even pan shape.427 When the transitions are accompanied by
inhomogeneous melting (dissolution) or a mixture of in-
homogeneous and homogeneous melting282 or when the
desolvation overlaps the normal melting or a phase transition,
the DSC can become difficult on interpret. Another phenom—
enon which leads to confusion when the DSC trace is viewed in

isolation is stepwise loss of solvent, especially when this occurs
in irrational proportions.492 A simultaneous TGA is of unique 

’ The term ‘rrue density‘ is used by other authors in contrast with bulk density to
describe what is here called the ‘measured density’. For a discussion of different
measures of density. see Lowell and Shields."“‘
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value in these cases in pinpointing the temperature or tem-
peratures of solvent loss in the particular run. It cannot be
necessarily assumed that the form resulting from recrystalliza-
tion from an ‘anhydrous’ solvent will be the anhydrate.494 In
contrast, the anhydrous form III of conisone acetate is reported
as only obtainable in the presence of water, whilst the
hemihydrate is produced from wet solvents and the mono-
hydrate from dry solvents.488 Erythromycin dihydrate is said to
dehydrate when heated in water at lower temperatures than in
air_4l7,487

Whilst X-ray powder diffraction patterns will distinguish a
solvate except for the rare examples discussed earlier, they do
not display any characteristic features of the solvent as such. By
contrast, all of the common solvents have strong and distinct
bands in the IR spectrum which generally reappear at the same
or similar wavelengths in the solvate.495 Those bands sensitive
to hydrogen bonding will shift, but these shifts are again very
characteristic. It could be supposed that except for very low
molar ratios of solvent or high molecular mass compounds, IR
spectra would be a totally reliable reflection of the presence of
a solvate. The bands due to water are often difficult to
distinguish from those due to hydrogen-bonded hydroxy groups
in the host molecules and there are occasional reports of the
indistinguishability of IR spectra of hydrates and other
solvates.365-43°-496-497 There is the danger of pumping off the
solvent if the sample is prepared as a KBr disk, or of
rehydration.365 Some of the literature reports may well reflect
this. Hydrates have occasionally been mistaken for enolic
tautomers“98 and frequently for simple polymorphs. A mic-
roanalysis, Karl—Fischer or mass loss determination will avoid
such misinterpretation. Quantitative DSC has also been used to
determine the degree of hydration, based on assumptions of the
energy of binding of the water molecules.“99 Solid-state 13C
NMR spectra will show bands due to solvate guest molecules
but not, of course, to water. The presence of the latter will affect
the positions of other signals?”500 except presumably in those
cases where X-ray diffraction shows no change in packing. In
one such case of spectral indistinguishability, resort was made
to differences in spin—lattice relaxation timesfm

The solubility of a hydrate in water or a solvate in its own
solvent is always less than that of the unsolvated form, for
thermodynamic reasons. On the other hand, the solubility of the
hydrate in ethanol or of an ethanolate in water will be always
greater than that of the unsolvated fonn.453 The vacuum
microbalance which measures the mass of a sample under
different pressure and humidity conditions is a valuable way of
quantifying the stepwise loss and gain of solvent.501

Quantitative Aspects

The requirement of analytical control implies reliable methods
of detecting. distinguishing and quantifying polymorphs. All the
caveats in the examination ofpolymorphs referred to previously
apply with greater force when quantification is required. A
method needs to be selected in which the differences between
the polymorphs is maximal, yet unlikely to be interfered with by
the presence, in particular, of other potential polymorphs or
solvates. X-ray powder crystallogr'apy,359’393v502 IR?“469
NIR29l and Raman308 spectroscopy, DSC234 and DTA503 have
all been investigated for the determination. They have a
common feature, namely that the transfer of energy to and
through the powdered sample is one of the critical factors with
respect to the precision of the measurement. Whilst solution
transmission properties are capable of being dealt with
theoretically, powder absorption can only be tackled when
simplifying assumptions are made?”504 The critical features
are the particle size and shape of the sample and of the diluent,
if one is present, and the homogeneity.505 It is therefore

necessary to grind, and to grind reproducibly. The sample then
needs as a minimum requirement to be stable under the grinding
conditions. Again microscopy comes into play to check whether
the sample is dispersed. Care must be taken to ensure that the
sample is quantitatively transferred with the matrix powder,
rather than left coating the vessel.505 This applies particularly to
greasy, low melting or plastic crystals. Each compound will
present its own problems. It is unlikely that any one technique
will prove universally suitable. Because of the small differences
that are commonly encountered, realistic limits of quantifica—
tion even with the use of chemometric methods will probably be
1—10%, dependent on the individual problem. The few
examples in the literature on the determination of polymorphic
mixtures support most of these contentions. The precautions
needed to obtain reliable results in DRIFT spectra have been
explored in detail in the case of sulfamethoxazole234 and of a
new anti-inflammatory drug?” The potential of X-ray methods
have been explored on a model system.394 Although it has a long
history,359 quantitative X-ray analysis has often been used
without attention to possible sources of error. The oc—inosine
content of mixtures of (x— and fi—inosine has been investigated by
both X-ray powder diffraction and IR spectroscopy.393 The limit
of detection by the X»ray method was decidedly superior to that
by IR spectroscopy, but the IR spectra display some curious
features. X-ray diffraction has also been used for the detection
of m—prasosin in y—prasosin. Using a profile fitting analysis, a
detection limit of 0.5% was achieved.506 Possible interference
from other polymorphs was not considered. The polymorphic
composition of cortisone—acetate mixtures and of a candidate
hypolipidaemic drug have been determined by Raman spectros-
copy,309 as has chlorproparnide.507 DTA was found to be
superior to X-ray powder diffraction for the determination of
fatty acid polymorphs.503

If the enthalpy of solution of two polymorphs is sufficiently
different. then solution calorimetry can be used for their
determination in a mixturefi‘mv509 The solution obtained by
dissolution of one polymorph must be the same by definition, as
that obtained from another polymorph of the same sub-
stance)?“52 The difference in heat (enthalpy) of solution
therefore determines the relative enthalpies of the poly-
morphs.463 the polymorph stable at lower temperatures will
have the lower enthalpy (see Fig. 7). The determination can be
made indirectly from solubility measurements over a tem-
perature range with the application of the van’t Hoff isochore or
preferably, directly by measuring the heat of solution in an
adiabatic calorimeter.463 The enthalpy difference will be the
same whatever solvent is chosen: therefore it is possible to
select one in which adequate solubility is shown. The
occurrence of polymorphic change during dissolution will not
affect the calorimetric result, as the heat of transition will be
summed in the measured heat of dissolution.“63 X-ray powder
studies are most commonly used to determine the degree of
crystallinity.510 Solution calorimetry has also been applied to
the determination of degree of crystallinity of partly amorphous
antibiotics, proving more reliable than X-ray powder meth—
eds.512 The values of crystallinity determined by the two
methods were substantially different. The polymorphic compo—
sition of phenobarbitone“ll and phenylbutazone512 by X-ray
powder diffraction and by DSC have also been reported to be
different, but no explanation of either of these observations has
been offered.

Amorphous and Crystalline Solids

There are different schools of thought as to whether amorphous
states ought or ought not to be included in the definition of
polymorphism.513 Crystalline solids are distinguished by the
presence of periodic pattern repetition in three dimensions
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leading to long-range order‘: this can be defined as the
expectation of finding an identical pattern repeated at regular
intervals in any direction throughout the solid.514 Isotropic
liquids and amorphous solids, on the other hand, have no long-
range order so the most that can be said about the structure is
that the probability of finding a particle distant from any point
is given by the particle density.

The neatness of this distinction has been obscured firstly by
the existence of liquid crystals“5 with one— or twoidimensional
long-range order and incommensurate phases510 and more
recently by fire discovery of quasicrystalsSlT518 with long-range
non-periodic order,5'° often characterized by pseudo five-fold
crystallographic axes,520=521 some of which enjoy greater
stability than the equivalent crystalline state.522 The term non-
crystalline therefore does not imply total randomness and there
 

 

 

 
Energy—>    

0 Ti mm
Temperature/K

Fig. 7 Energy-temperature diagrams of dimorphic systems, Reproduced
from Burger, A., and Rambcrger, R., Mikrat‘him. Arm, 1979, II. 261 by
permission of Springer—Verlag, Vienna (a) Enantiorropic systems and (b)
monotropit: systems. (TD, transition point; Ti, fusion point; H, molar
enthalpy: G. molar free energy; 5, molar entropy; A, B: crystalline
modifications; 1. liquid phase). 

I More precisely. the definition of a crystalline array is given by,

lirnIx—x' l —)oo < p(x)p(xf) > =F(x-x’)
Where (p (I) p (3‘) > is the density-density correlation between two points x and 1'
related by a basis factor. Isotropic liquids and amorphous solids, on the other hand.
have no long—range order. so the probability of finding a particle distant from x is given
by

lilltlx—‘y‘l—im <p(J)P(.X:)>::pZ,
where E is the average particle density.

is an increasing awareness of the possibility of different
amorphous structures.523—524 For example, the amorphous and
liquid state are generally considered to represent the same
phase, yet there are substances which exist in two amorphous
forms separated by what appears to be a phase transition.131v524.
Different amorphous structures may arise from different
processes of production.515526 In practice many of the organic
materials usually described as amorphous are the ‘meringues’
produced by evaporation of solvent from solutions of sub—
stances which do not crystallize readily, or the powders
produced by precipitation, transition,487 freeze drying.527 spray
dryingZS'“28 or grinding“? although the terms microcrystalline
or colloidal might be more appropriate, dependent on the size of
the crystalline volume.

The concept of an amorphous solid as microcrystallite
clusters rather than as a continuous random network or dense
random packing has fallen into disfavour, but most of the work
has been done with semiconductor materials, and the conclusion
may not apply to organic molecular solids. Quasicrystal clusters
or ‘amorphons‘ may need to be considered for organic
states.8~9v529 However, there is limited possibility with the
analytical tools presently at our disposal of deciding the nature
of the detailed structure of amorphous materials. X-ray
crystallography has been the most used technique for establish-
ing structure both in terms of long— and short—range
order,9v353~53°, although calorimetric methods, vibrational spec-
troscopy, and increasingly NMR spectroscopy531v532 provide
structural information. Solid—state 13C NMR spectroscopy can
show, for example, conformational preferences of molecules
even when there is no discemable Xcray pattem.28-3'49 Despite
this, there has been an almost total neglect of the study of
organic amorphous materials. When they are reported they are
usually characterized inadequately, if at all. It is not always
possible even to ascertain if the reported lack of crystallinity is
derived from visual examination, polarized light microscopy or
X-ray examination. The significant advances in our under-
standing of the amorphous solid-state have come recently not in
the area of structure but in recognizing the entropic relation—
ships between liquids, crystals and the amorphous
state.533‘537

The most investigated amorphous materials are polymers364
and inorganic glasses formed by cooling silicate melts538
although amorphous metals and semiconductors have become
the subject of intense research activity in recent years”):539
The solids most typically and traditionally regarded as amor-
phous are those produced by cooling a liquid in the absence of
crystallization. During this process the material passes by
continual change from a liquid state though the glass transition
to a solid state. via a more viscous, possibly rubbery or
malleable state.540-541 The term ‘supercooled liquid’ gives rise
to some confusion.542 A solid is usually arbitrarily defined as a
material whose shear viscosity exceeds 10”-6 poise (1013‘6
N s m’z).5ls Amorphous materials have therefore been
described as having the rheological properties of a solid but the
structure of a liquid.“3 Given the limited knowledge of the
structure of either liquids or amorphous materials. it may be felt
that the latter half of that statement is ambitious. The glass
transition temperature is the point at which the melt sets,
accompanied by changes in many other properties. There are
several methods of investigating the glass transition, including
D8054“,545 In the idealized case, the DSC trace shows no peak,
but only a step representing a change in the heat capacity. This
occurs only when the heating rate is the same as the cooling rate
which has produced the glass. If the heating rate is faster man
the cooling rate, an exotherm is superimposed and if the cooling
rate is faster, the usual case, an endotherrn is superimposed.546
These effects are due to strain as a result of the structure failing
to reach equilibrium within the experimental time»scale.9v531»540
In either case the underlying heat capacity change can be
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obscured. The temperature of the glass transition is not fixed,
but is lower the slower the cooling and heating rates.422-546
Amorphous solids are always less stable than crystalline forms
and so on heating will normally show an exothermic transition
to a crystalline phase, although this may be preceded by a glass
tra.nsition.242-422 There are a few compounds which, as solids,
are only known in the amorphous state and these display only a
step corresponding to the glass transition.547

Many organic materials can be prepared as glasses by rapid
cooling.162 Molecules with myriad conformational possibilities,
particularly polysaccharides and synthetic polymers, tend to
occur as amorphous forms. Molecules whose shape precludes a
packing density, that is, the ratio of the volume occupied by the
molecules as such to the volume of the space in which they
reside, of at least 0.60 also solidify most easily as glasses.“548
Directed bonds favour the more open structure implied by these
low densities, so that multiply hydrogen-bonded molecules, for
example, carbohydrates, are notoriously difficult to crystal—1izc,73.549.54o

The industrial significance of amorphous organic materials
has increased enormously. Polymers are, of course, ubiquitous.
In the pharmaceutical industry there are compounds, partic-
ularly antibiotics, which have long been used in that form
because of the difficulty of crystallization and solubility
 

(a)

 

Vapourpressure   
 

 
Temperature —>

Fig. 8 Vapour pressure~temperature diagrams for trimorphic systems
showing that healing and cooling curves can follow different paths via.
different polymorphs. Dashed lines represent metastable eq uilibria and full
lines stable equilibria. The heating cycle in the system shown in (a) will
probably proceed via A. B and C (but see ref. 194 and the caption to Fig. 6
whilst any propensity to undercool might give routes to polymorph III via
CBF, CDB or CEA. In addition the paths may well end at the amorphous
form or polymorphs I or II. Similarly in (h) heating will probably proceed
via A and B, but cooling could follow several paths. In either case
spontaneous transitions (vertical drops) are also possible.

problems of the crystalline forms.43-512v551 More recently
attention has been paid to the deliberate use of amorphous forms
with a crystallization inhibitor as a means of more rapid drug
delivery.521 Interest in amorphous forms relates not only to
active ingredients but to excipients including sugars550552 and
polymers. In the food industry, carbohydrates often need to be
used in amorphous forms and many food constituents exist
naturally in an amorphous state.56-73‘553‘554

Amorphous material may result from grinding449y555, deliber—
ately or inadvertently. The effect of comminution of a crystal is
to reduce the long—range periodicity and broaden the signals in
X-ray diffraction patterns until in the limit the pattern is so
diffuse as to be indistinguishable from that of an amorphous
form produced from the melt.524 On this argument there is no
break between a crystalline and an amorphous form. If by
contrast, one cools a melt so as to produce a glass, then by this
process there is no break between the liquid state and the
amorphous form. There may be distinction between the
products of the two processes. It may be possible in principle, or
in practice in favourable cases, to distinguish between limit-
ingly small crystalline domains and large non-crystalline
domains, for example by analysis of the shapes of X—ray powder
diffraction 1ines,355‘-'”'05556 but it would be very artificial to draw
the boundaries of the coverage of this review between the two.
espeCially as their properties for all practical purposes are likely
to be identical. On balance then, the wider definition is adopted
here, intended to allow the reader to decide on the inclusion of
amorphous states or otherwise in the term polymorphism. On
this wider definition, McCrones‘ view1 that every system will
be discovered to be polymorphic if studied enough, comes muchnearer to verification.

The author thanks numerous colleagues for their help in
locating references. The IR spectra in Figs. 1 and 2 and DSC
measurement in Fig. 6 were provided by P. Elliott and S.
Taramer, University of York. I am grateful to G. Nichols of
Pfizer, Sandwich, and Dr. B. Slater of Rhone~Poulenc Rorer,
Dagenham, for suggestions about the manuscript and I am
particularly indebted to Professor M. Hursthouse, University of
Wales, Cardiff, for his comments on crystallographic aspects of
the manuscript and for help in so many ways over many
years.
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Guidance for Industry1

ANDAs: Pharmaceutical Solid Polymorphism

Chemistry, Manufacturing, and Controls Information

i This guidance, represents the Food andDrug Administration '5 (FDA's) current thinking on this topic. It
I does not create or confer any rightsfor or on any person and does not operate to bind FDA or the public.

You can use an alternative approach ifthe approach satisfies the requirements ofthe applicable statutes
and regulations. Ifyou want to discuss an alternate approach, contact the appropriate FDA stafif Ifyou
cannot identijj/ the appropriate FDA stafif call the appropriate number listed on the title page ofthis
document. 
 

I. INTRODUCTION;

Chemistry, manufacturing, and controls (CMC) information must be submitted to support the

approval of an abbreviated new drug application (ANDA).3 This guidance is intended to assist
applicants with the submission ofANDAs when a drug substance4 exists in polymorphic forms.5
Specifically, this guidance provides:

0 FDA recommendations on assessing sameness6 when the drug substance exists in
polymorphic forms.

0 Decision trees that provide recommendations on monitoring and controlling polymorphs

in drug substances and/or drug products.7

FDA’s guidance documents, including this guidance, do not establish legally enforceable

responsibilities. Instead, guidances describe the Agency“s current thinking on a topic and should
be viewed only as recommendations, unless specific regulatory or statutory requirements are
 

1 This guidance has been prepared by the Office of Generic Drugs (OGD) in the Office of Pharmaceutical Science
(OPS), Center for Drug Evaluation and Research (CDER) at the Food and Drug Administration (FDA).
2 Although issues relating to polymorphic forms may be relevant to new drug applications (NDAs), this guidance
only addresses polymorphic forms in the context of ANDA approvals.
3 See 21 CFR 314.94 (a)(9); see also section 505(j)(4)(A) of the Federal Food, Drug, and Cosmetic Act (the Act).
4 For the purposes of this guidance the terms drug substance and active ingredient are used interchangeably.
5 The terms polymorphic forms and polymorphs are synonymous and are used interchangeably in this guidance.
5 Refer to Section IV for more information.

7 This guidance is intended to help industry with the most common types of polymorphs. A drug substance may
exist in many polymorphic forms, but some forms may be rare and not likely to form. For example, in one approved
drug product, the drug substance can exist in at least twenty polymorphic forms, but in reality only a subset of
polymorphic forms has the potential to develop under the process conditions used to manufacture the drug substance
and drug product. Therefore, we recommend that you consider only those polymorphs that are likely to form during
manufacture of the drug substance, manufacture of the drug product, or while the drug substance or drug product is
in storage.
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cited. The use of the word should in Agency guidances means that something is suggested or
recommended, but not required.

II. DEFINITION OF TERMS: POLYMORPHIC FORMS AND POLYMORPHISM

We recommend that ANDA applicants investigate whether the drug substance in question 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, which are describedbelow.

0 Crystalline forms have different arrangements and/or conformations of the molecules in
the crystal lattice.

- Amorphous forms consist of disordered arrangements of molecules that do not possess a
distinguishable crystal lattice.

- Solvates are crystal forms containing either stoichiometric or nonstoichiometric amounts

of a solvent.9 If the incorporated solvent is water, the solvate is commonly known as a
hydrate.

When a drug substance exists in polymorphic forms, it is said to exhibit polymorphism.

III. GENERAL PRINCIPLES OF PHARMACEUTICAL SOLID POLYMORPHISM

A. Importance of Pharmaceutical Solid Polymorphism

Polymorphic forms of a drug substance can have different chemical and physical properties,

including melting point, chemical reactivity, apparent solubility, 10 dissolution rate, optical and
mechanical properties, vapor pressure, and density. These properties can have a direct effect on

the ability to process and/or manufacture the drug substance and the drug product, as well as on

drug product stability, dissolution, and bioavailability. Thus, polymorphism can affect the
quality, safety, and efficacy of the drug product.

B. Characterization of Polymorphs

There are a number of methods that can be used to characterize polymorphs of a drug
substance.” Demonstration of a nonequivalent structure by single crystal X—ray diffraction is

8 Guidance for industry, Q6A Specifications: Test Procedures and Acceptance Criteriafor New Drug Substances
and New Drug Products: Chemical Substances, International Conference on Harmonisation (ICH), December 2000.
9 SR Byrn, RR Pfeiffer, and JG Stowell. Solid—State Chemistry ofDrugs. 2"d Edition, SSCI, Inc., West Lafayette,
Indiana, 1999.

10 Apparent solubility refers to the concentration of material at apparent equilibrium (supersaturation). Apparent
solubility is distinct from true thermodynamic solubility, which is reached at infinite equilibrium time.
11 H Brittain. "Methods for the characterization of polymorphs and solvates." In HG Brittain (ed.) Polymorphism in
Pharmaceutical Solids. Marcel Dekker, Inc., New York, 1999, pp. 227-278.
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currently regarded as the definitive evidence of polymorphism. X-ray powder diffraction can

also be used to provide unequivocal proof of polymorphism. Other methods, including

microscopy, thermal analysis (e.g., differential scanning calorimetry, thermal gravimetric

analysis, and hot-stage microscopy), and spectroscopy (e.g., infrared [IR], Raman, solid-state

nuclear magnetic resonance [ssNMR]) are helpful to further characterize polymorphic forms.

C. Influence of Polymorphism 0n Drug Substance And Drug Product

1. Influence on Solubility, Dissolution, and Bioavailabilily (BA) and

Bioequivalence (BE)

The solid—state properties of a drug substance can have a significant influence on the apparent

solubility of the drug substance. Since polymorphic forms differ in [their internal solid-state

structure, a drug substance that exists in various polymorphic forms can have different aqueous

solubilities and dissolution rates.12 When there are differences in the apparent solubilities of the
various polymorphic forms, we recommend that you focus on the potential effect such

differences can have on drug product bioavailability (BA) and bioequivalence (BE). 13

Whether drug product BA/BE can be affected by the differences in apparent solubilities of the

various polymorphic forms depends on the various physiological factors that govern the rate and
extent of drug absorption including gastrointestinal motility, drug dissolution, and intestinal

permeability. In this context, the Biopharmaceutics Classification System (BCS)M’ 15 provides a
useful scientific framework for regulatory decisions regarding drug substance polymorphism.

For a drug whose absorption is only limited by its dissolution, large differences in the apparent

solubilities of the various polymorphic forms are likely to affect BA/BE. On the other hand, for

a drug whose absorption is only limited by its intestinal permeability, differences in the apparent

solubilities of the various polymorphic forms are less likely to affect BA/BE. Furthermore, when

the apparent solubilities of the polymorphic forms are sufficiently high and drug dissolution is

rapid in relation to gastric emptying, differences in the solubilities of the polymorphic forms are
unlikely to affect BA/BE.

 

12 HG Brittain and DJW Grant. "Effect of polymorphism and solid-state solvation on solubility and dissolution rate."
In HG Brittain (ed.) Polymorphism in Pharmaceutical Solids. Marcel Dekker, InC., New York, 1999,
pp. 279-330.
‘3 Bioavailability (BA) is defined in 21 CFR 320.] (a) as “the rate and extent to which the active ingredient or active
moiety is absorbed from a drug product and becomes available at the site of action." Bioequivalence (BB) is
defined in 21 CFR 320.1(6) as “the absence of a significant difference in the rate and extent to which the active
ingredient or active moiety in pharmaceutical equivalents or pharmaceutical alternatives becomes available at the
site of drug action when administered at the same molar dose under similar conditions in an appropriately designed
study.”

‘4 GL Amidon, H Lennernas, VP Shah, and JR Crison. "A theoretical basis for a biopharmaceutic drug
classification: the correlation of in vitro drug product dissolution and in vivo bioavailability," Pharm. Res. 12:413—
420, 1995.

15 LX Yu, GL Amidon, JE Polli, H Zhao, M Mehta, DP Conner, VP Shah, LJ Lesko, M—L Chen, VHL Lee, and AS
Hussain. "Biopharmaceutics Classification System: The scientific basis for biowaiver extension." Pharm, Res.
19:921—925, 2002.
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Upon demonstration of in—vivo bioequivalence between the generic drug product16 and the
reference listed drug (RLD),17 in-vitro dissolution testing is then used to assess the lot-to-lot
quality of the generic drug product. Drug product dissolution testing frequently provides a

suitable means to identify and control the quality of the product from both the bioavailability and

physical (stability) perspectives. In particular, inadvertent changes to the polymorphic form that

may affect drug product BA/BE can often be detected by drug product dissolution testing.

2. Influence on Manufacturing ofthe Drug Product

Drug substance polymorphic forms can also exhibit different physical and mechanical properties,

including hygroscopicity, particle shape, density, flowability, and compactibility, which in turn
may affect processing of the drug substance and/or manufacturing of the drug product. Since an

ANDA applicant should demonstrate that the generic drug product can be manufactured reliably
using a validated process, we recommend that you pay close attention to polymorphism as it
relates to pharmaceutical processing.18

The effect ofpolymorphism on pharmaceutical processing also depends on the formulation and

the manufacturing process.19 For a drug product manufactured by direct compression, the solid-

state properties of the active ingredient will likely be critical to the manufacture of the drug
product, particularly when it constitutes the bulk of the tablet mass. On the other hand, for a

drug product manufactured by wet granulation, the solid—state properties of the active ingredient

are often masked by the resultant granulation, and the solid-state properties of the active
ingredient are less likely to affect the manufacture of the drug product. In the context of the

effect of polymorphism on pharmaceutical processing, what is most relevant is the ability to

consistently manufacture a drug product that conforms to applicable in—process controls and
release specifications.

Polymorphic forms of the drug substance can undergo phase conversion when exposed to a range
of manufacturing processes, such as drying, milling, micronization, wet granulation, spray—

drying, and compaction. Exposure to environmental conditions such as humidity and

temperature can also induce polymorph conversion. The extent of conversion generally depends

on the relative stability of the polymorphs, kinetic barriers to phase conversion, and applied
stress.20 Nonetheless, phase conversion generally is not of serious concern, provided that the
conversion occurs consistently, as a part of a validated manufacturing process where critical

manufacturing process variables are well understood and controlled, and when drug product
BA/BE has been demonstrated.

16 The term generic drugproduct refers to a new drug product for which approval is sought in an ANDA submitted
under section 5050) of the Act.

17 See 21 CFR 314.3 (b) (providing that reference listed drug means the listed drug identified by FDA as the drug
product upon which an applicant relies in seeking approval of its abbreviated application),
18 Section 505(j)(4)(A) provides that FDA must approve an ANDA if, among other things, the methods used in, or
the facilities and controls used for, the manufacture, processing, and packing of the drug are adequate to assure and
preserve its identity, strength, quality, and purity.

19 DA Wadke, ATM Serajuddin, and H Jacobson. "Preformulation testing." In HA Lieberman, L Lachman, and JB
Schwartz (eds) Pharmaceutical Dosage Forms: Tablets (V01. 1). Marcel Dekker, Inc., New York, 1989,
pp. 1-73.

20 SR Vippagunta, HG Brittain, DIW Grant. "Crystalline solids,"/1dv, Drug Del. Rev. 4823-26, 2001.
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3. Influence on Stability

Polymorphs can have different physical and chemical (reactivity) properties. The most

thermodynamically stable polymorphic form of a drug substance is often chosen during

development based on the minimal potential for conversion to another polymorphic form and on
its greater chemical stability. However, a metastable form can be chosen for various reasons,

including bioavailability enhancement. Since an ANDA applicant must demonstrate that the

generic drug product exhibits adequate stability,21 we recommend that you focus on the potential
effect that a polymorphic form can have on drug product stability. Nonetheless, because drug

product stability is affected by a multitude of other factors, including formulation, manufacturing
process, and packaging, it is the stability of the drug product and not stability of the drug

substance polymorphic form that should be the most relevant measure of drug quality.

IV. POLYMORPHISM AND SAMENESS IN ANDAs

Section 5050)(2) of the Act specifies that an ANDA must contain, among other things,
information to show that the active ingredient in the generic drug product is the "same as" that of

the RLD. Under section 5050)(4) of the Act, FDA must approve an ANDA unless the agency
finds, among other things, that the AN DA contains insufficient information to show that the

active ingredient is the same as that in the RLD. FDA regulations implementing section 5050)

of the Act provide that an ANDA is suitable for consideration and approval if the generic drug
product is the "same as" the RLD. Specifically, 2] CFR 314.92(a)(1) provides that the term

"same as" means, among other things, "identical in active ingredient(s)." The drug substance in

a generic drug product is considered to be the same as the drug substance in the RID if it meets

the same standards for identity.22

When a United States Pharmacopeia (USP) monograph exists for a particular drug substance,

standards for identity generally refer to the definition (e.g. chemical name, empirical formula,

molecular structure, description) at the beginning of the monograph. However, FDA may

prescribe additional standards that are material to the sameness of a drug substance.23

Polymorphic forms of a drug substance differ in internal solid—state structure, but not in chemical

structure. In the context of sameness of active ingredient(s) in the preamble to the 1992 final

rule, FDA specifically rejected a proposal that wouid have required an ANDA applicant to show

that the active ingredient in its generic drug product and the active ingredient in the RLD

"exhibit the same physical and chemical characteristics, that no additional residues or impurities

can result from the different manufacture or synthesis process and that the stereochemistry
characteristics and solid state forms of the drug have not been altered."24 Therefore, differences

in drug substance polymorphic forms do not render drug substances different active ingredients
for the purposes of ANDA approvals Within the meaning of the Act and FDA regulations.

21 See footnote 18.

22 See preamble to the 1992 final rule (57 FR 17958; April 28, 1992).
23 See footnote 22.
24 See footnote 22.
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In addition to meeting the standards for identity, each ANDA applicant is required to

demonstrate that, among other things, the drug product exhibits sufficient stability and is

bioequivalent to the RLD.25 While the polymorphic form can affect drug product stability and
bioequivalence, these performance characteristics are also dependent on the formulation, the

manufacturing process, and other physicochemical properties (e.g., particle size, moisture) of

both the drug substance and formulation excipients. Using a drug substance polymorphic form

that is different from that of the RLD may not preclude an ANDA applicant from formulating a

generic drug product that exhibits bioequivalence and stability, and the drug substance in the
generic drug product need not have the same polymorphic form as the drug substance in the
RLD.

Over the years, FDA has approved a number of ANDAs in which the drug substance in the

generic drug product had a different polymorphic form from the drug substance in the respective

RLD (e.g., warfarin sodium, famotidine, and ranitidine). FDA also has approved some ANDAs

in which the drug substance in the generic drug product differed in solvate or hydrate forms from

the drug substance in the corresponding RLD (e.g., terazosin hydrochloride, ampicillin, and
cefadroxil).

V. CONSIDERATIONS FOR POLYMORPHISM IN ANDAs

The decision trees shown in Attachments 1 to 3 provide ANDA applicants with a suggested
process for evaluating the importance of and approaches to setting specifications for

polymorphic forms in solid oral drug products and oral suspensions. Although the conceptual

framework adopted by these decision trees is based primarily on the potential for polymorphic
forms to affect drug product BA/BE, we recommend that you still consider the influence

polymorphic forms may have on the ability to manufacture the drug product and on the stability
of the drug product.

The following sections describe each of the decision trees.

A. Investigating the Importance of Setting Specifications for Polymorphs

Decision Tree 1 provides recommendations on when specifications for polymorphic form(s)26
for the drug substance and/or the drug product may be appropriate. Polymorphs are unlikely to

have a significant effect on BA/BE when all forms have the same apparent solubilities or all
forms are highly soluble.

ANDA applicants are expected to have adequate knowledge about drug substance polymorphs.

Information on polymorphism can come from the scientific literature, patents, compendia, other
references, or in some cases, polymorph screening.

B. Setting Specifications for Polymorphs in Drug Substances

25 See 5050)(4) ofthe Act and 21 CFR 314.127,
26 See footnote 7.
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Decision Tree 2 provides an approach for setting specifications for polymorphs in the drug
substance when at least one form is known to have low solubility based on the BCS. If relevant

and adequate specifications for polymorphs are included in the USP, ANDA applicants may
adopt these specifications for the drug substance polymorphic form. Otherwise, we recommend

that a new specification for the drug substance polymorphic form be established.

C. Investigating the Importance of Setting Specifications for Polymorphs in
Drug Products

Decision Tree 3 provides an approach when considering whether to set specifications for

polymorphs in the drug product. Generally, specifications for polymorphs in drug products are
not necessary if the most thermodynamically stable polymorphic form is used or if the same

form is used in an approved product of the same dosage form. However, since manufacturing
processes can affect the polymorphic form, we recommend that you use caution if a metastable
form is used.

Drug product performance testing (e.g., dissolution testing) can also generally provide adequate
control of polymorph ratio changes that can influence drug product BA/BE for poorly soluble

drugs. In such instances, setting specifications for polymorphs in the drug product would
generally not be considered important for ensuring adequate product performance. Only in rare

cases would we recommend setting specifications for polymorphic forms in drug products.
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ATTACHMENT 1 - DECISION TREE 1 
Decision Tree 1 Investigating whether to set specifications for polymorphs for solid oral

and suspension dosage form products.

START

 
 
 

Are there knogvn
polymorphswith different

apparent
solubilities?

 
 

 

   

Polymorphic form specifications in both the drug
substance and the drug product are unnecessary

  
  

Are all polymorphs
highly soluble as
defined by BCS

criteria?

Decision Tree 2

*We recommend that you consider only those polymorphs that are likely to form during manufacture of the drug
substance, manufacture of the drug product, or while the drug substance or drug product is in storage. See footnote
7 in this guidance document.
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ATTACHMENT 2 — DECISION TREE 2
 

Decision Tree 2 Setting specifications for polymorphs in drug substances for solid oral and

suspension dosage form products.

START

 
 

 

 
Is there a

polymorph
specification in the
USP (e.g., melting

point)?

NO

 

 
 

  
 

 

Is the polymorph
specification in the
USP relevant and

adequate?

  
 

  

 
Set a new specification for the drug substance

polymorphic form.

Set the same specification for the
drug substance polymorphic form as . .  
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ATTACHMENT 3 — DECISION TREE 3 
Decision Tree 3 Investigating whether to set specifications for polymorphs in drug

products for solid oral and suspension dosage form products.

START

  
 

Is there sufficient
concern that a

polymorph
specification in the

drug product be
established?*

 

 
 

  

 

 
 
 

 
  

Does drug product
performance testing

(e_g., dissolution
testing) provide

adequate controls if
the polymorph ratio

changes?

A polymorph specification in
the drug product is unnecessary.

Set a specification for drug
product performance testing
(cg, dissolution testing) as a

surrogate for polymorph
control in the drug product.

 

 

 

      
  
  

  
  

 
 

 

Set a polymorph specification in the drug product
using other approaches, such as a solid-state characterization method.**

*In general, there may not be a concern if the most thermodynamically stable polymorphic form
is used or the same form is used in a previously approved product of the same dosage form.

“Drug product performance testing (e.g., dissolution testing) can generally provide adequate
control of polymorph ratio changes for poorly soluble drugs, which may influence drug product
BA/BE. Only in rare cases would polymorphic form characterization in the drug product be
recommended.

10
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Thermal Methods

of Analysis

and measuring the change in some physical property. The most important
thermal methods for the study of solid-state chemistry are thermogravimet-

rlc analysis (TGA), differential scanning calorimetry (DSC), and them-tal mi—
croscopy (discussed in Section 4.4). Thermogravimetric analysis measures the change
in the mass of sample as the temperature is changed. Differential scanning calorimetry
involves measuring the difference between the temperature of the sample and a refer-
ence compound as the temperature of the system is changed. thus providing informa-
tion on the enthalpy change of various solid-state processes. Thermal methods of
analysis are important analytical tools for characterizing pharmaceutical solids. The use
of TGA and DSC in conjunction with thermal microscopy (Section 4.4) can elucidate
many behaviors of solids.

‘ l hermal analysis generally refers to any method involving heating the sample

5.1 THERMOGRAVIMETRIC ANALYSIS (TGA) 

Basically, a thermogravimetric instrument consists of a microbalance connected to a
sample compartment situated in a small oven with computer-controlled temperature
programming. A dry nitrogen atmosphere is most commonly used, however. other
gases can be employed (the compostion and flow dynamics of the gas are important
perameters.) This method measures the change in mass with temperature and is often
used to study the loss of solvent of crystallizauon or other solid —> solid + gas reac-
tions. A typical TGA trace is shown in Figure 5.1. In studies of solid-state chemistry,
TGA is usually performed in one of three modes:

1. Isothermal mode—the temperature is kept constant.
2. Quasi-isothermal mode——the sample is heated to a constant mass

through a series of increasing temperatures
3. Dynamic mode—the temperature is raised at a known rate. typi-

cally linear.

81
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Figure 5.1 A

 

typical TGA trace for a Single-state mass loss with T, (the transition temperature)marked. The temperature correspondin ginal
baseline and to the slope of the tracing represents th

uses high heating rates in temperature regions where no weight
' here weight changes do occur, thus

peaks from overlapping

The last approach
changes are occurring and s
avoiding transition temperature overshoot and blurring of
transitions.

There are a number of factors or
heating rate, atmosphere, geometry 0

conditions that affect TGA curves including the
f the sample holder (pan), particle size of the

sample, nature of the reaction, treatment of the sample, thermal conductivity of the
sample, and sample weight. The effect of the heating rate has been extensively studied
(Wendlandt, 1974). In general. as the heating rate is increased, the apparent starting
temperature of the thermal event (Ti) increases. However, this condition can some-
times be corrected by decreasing the sample size.The atmosphere can have a dramatic effect on the TGA curve. For example, an
atmosphere already containing the product gas can increase T,- or stop the reaction
completely. In addition, the atmosphere can change the course of the reaction, particu-
larly if the atmospheric gas reacts with either the products or the reactant. Knowledge
of how the substance responds to changes in relative humidity (RH) is essential to
proper handling of the sample before the scan is started. For these reasons, it is a
prudent practice to use an atmosphere of dry nitrogen when performing a study.Although dependent on the reaction mechanism, the particle size of the sample has
a predictable effect on the TGA curve in general. The smaller the particle size, the
faster the reaction and the lower the value of T,. This is because the smaller particle
sizes allow more rapid escape of the product gas. Obviously, the nature of the reaction
affects T; which will be lower for more facile reactions.In addition, the treatment of the sample, and in particular the extent of compression
of the sample. will obviously affect the Ti. For example. increased compression will
increase T,- since the product gas will ha 'e less opportunity to escape.

Finally, the thermal conductivity of the sample will influence Ti. Anomalous ef-
fects may be obtained if the temperature of the sample is not unifomi because of poor
thermal conductivity.

The rates of reactions of the type shown in Equation 5.1 can be determined using
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33  5.2 Differentlnl Scanning Calorimetry (DSC)

an be used to determine the rate of the
TGA. Obviously, isothermal TGA traces c on by simply plotting weight loss versus
reaction and the rate law governing the reacti
time. These plots can then be analyzed as described in Chapter 3. Dynamic TGA has
also been used to determine the rates of such gas-evolving reactions. However, 1n
general, the kinetic data thus obtained should be substantiated by other data. Isothermal
therrnogravimetric analysis has been used extensively in our laboratory to study the
desolvation of crystal solvates (Chapter 16).

A —> B + C (51)solid solid gas

TRY (DSC) N ;
5.2 DIFFERENTIAL SCANNING CALORIME e difference in
Differential scanning calorimetry (DSC) is a method which measures th
energy (heat flux or heat flow) between a reference (R) and a sample (5). A typical i l
DSC sample compartment is shown in Figure 5.2.

The result of a DSC analysis is a thennogram, a plot of AT = TX — Tr (temperature
   

in net DSC
cell lld

thermoplle
junetlon

 
  
 
  
    
  

 

furnace
elements

to op amp

Cross section of a Cahna DSC 4000 cell. The sample pan (S) and the reference pan (R)Figure 5.2
are positioned in the sensor (Cahn Instruments, 1996).
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Figure 5.3 A hypothetical DSC thermogram showing the changes that might occur upon heating asample.
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84 Chapter 5 Drugs as Molecular Solids desolvation process
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1 ergics of polymorpii monotropic system

‘ temperature. In at

e 5.3 shows an idealized DSC trace. The endotherms
heat is absorbed, such as solvent loss. phase transitions.
represent processes such as crystallization or chemical

reactions where heat is evolved. In addition, the area under a peak is proportional to
the heat change involved. Thus this method, with proper calibration, can be used to
determine the enthalpies (AH)) of the various processes. The method can also be used

d purity of the sample. In fact, the
as an accurate measure of the melting point an
change of melting point is related to the mole fraction of impurities as given by Equa—

difference) versus T. Figur
represent processes in which
or melting. The exotherms

 tion 5.2: 2

T = T _ Tu RX i (5 2) (transition) tempera
1i 5 0 FAHf high temperature nM room temperature (where T, is the sample temperature, T0 is the melting point of the pure compound, R is i, cause confusion an
W the gas constant, X, is the mole fraction of the impurity, F is the fraction of the solid system is enantiotimelted, and AHf is the enthalpy of fusion of the pure compound. According to the temperature diagrht line whose slope is proportional reliable rules whiversus l/F should give a straig monotropic using t

equation, a plot of T5 pears to fail when purity is less1991). However. the equation apto Xi (Brittain er (11.,

fl than 97%. Application of this equation is illustrated by the DSC thermograms shown 1 The h. "tr,“ in Figure 5.4. ' dotherThere are a number of factors other than purity that can affect the DSC Curve in— peratu
eluding heating rate, atmosphere, sample holder, ptutiele size, and sample packing. In tiotr0|
general, a greater heating rate will cause a shift of the peaks to higher temperatures. A the fc
decreased heating rate also usually causes endotherms and cxotherms to become forms6 sharper. The shape of the sample holder and whether it is open, totally sealed, or 2 The ;Ji contains a pin prick to vent gases can also affect a DSC curve. When a DSC experi— ' meltii" ment is performed in a Closed pan, the resulting atmosphere within the sample holder relate

lting DSC curve. Obviously, a tightly sealed sample holder Based on this we
can greatly affect the resuwould not allow vapor to escape, thereby changing the behavior or mechanism of a of fusion rule

points but simila
forty energyrtem
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5.2 Differential Scanning Calorimetry (DSC) 85

desolvation processes. As with TGA, the particle size and packing of the sample has
an important influence on reactions especially those of desolvation type. Any changes
that affect the rate of heat transfer should also be taken into account. Thus a sample that
has sublimed or melted and then recrystallized may show somewhat different DSC
properties upon reheating.

Two definitions are often used to describe the relationship between the relative en—
ergies of polymorphs at different temperatures: monotropic and enantiotropic. In a
monotropic system, one form is the thermodynamically stable form regardless of the
temperature. In an enantiotropic system, one form is more stable below a certain
(transition) temperature but another form is more stable above that temperature. Thus,
high temperature recrystallization may lead to one form, whereas recrystallization at
room temperature could lead to the other form. Enantiotropic systems can sometimes
cause confusion and problems with crystallization. In general, to determine whether a
system is enantiotropic or monotropic it would be helpful to construct an energy-
termperature diagram. Burger and Ramberger (1979a—b) have constructeded two
reliable rules which assist in determining whether a system is enantiotropic or
monotropic using thermoanalytical results:

1 . The heat (or enthalpy) of transition rule states that (a) if an en-
dothermic transition is observed between the forms at some tem-

perature it may be assumed that the two forms are related enane
tiotropically and (b) if an exothermic transition is observed between
the forms at some temperature it may be assumed that the two
forms are related nionotropically.

2. The heat (or enthalpy) of fusion rule states that if the higher
melting form has the lower heat of fusion then the two forms are
related enantiotropically, otherwise they are related inonotropically,

Based on this work. Grunenberg et al. (1996) expanded these rules with the entropy
of fusion rule (particularly necessary for polymorplis with very different melting
points but similar ethalpies of fusion) and a heat capacity rule. Since only about
forty energy-temperature diagrams for pharmaceutical systems have been published.
much more work needs to be done. In related studies, Bchme and Brook (1991)
calculated the heat of fusion of the lower melting of an cnantiotropically related pair of
polymorphs( based on the heat of transition and the heat capacities) and demonstrated
the applicability of themiodynamic calculations.

DSC is also useful for studies of polymorphic mixtures. Figures 5.5 and 5.6
show the DSC scans of propyphenazone. Figure 5.5 shows the DSC scans of batches
containing mixtures of Forms 1 and 11 indicating that DSC can detect as little as 5% of
the higher melting form in the mixtures (GironiForest et al., 1989). Trace A in Figure
5.6 shows pure Form 1, trace B shows a mixture of Forms I and II, and trace C shows
this same mixture after heating at 100°C for two days indicating that the higher melting
form is converted to the lower melting form under these conditions. In a more extensive
study of mixtures, (Giron, 1986) showed that DSC could be used to quantitate mix»
tures of polymorphs as shown in Figure 5.7. The left panel in Figure 5.7 shows the
DSC therinograms of Forms 1 and II of a pharmaceutical; the right panel shows that
DSC can be used to analyze mixtures of these two fomts (Giron, 1986).
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Thermal methods have been successfully used to study drug-excipient compatibil—
ity (Giron. 1990). In this procedure. drug and excipicnt are intimately mixed in ratios
varying between 10:1 and 12l0 and each mixture is analyzed by DSC. HPLC analysis
of the heated samples is used to interpret any changes in the DSC profile of the mixture
and the results are compared with those of the pure components. The ratios analyzed
should reflect the actual proportions in the formulation; however, it is instructive to
determine incompatibilities at other concentrations as well. It is important to note that
the DSC thermograms of mixtures will show some changes simply from eutectic
formation; thus. a change in DSC melting point for a drug and excipient is not indica-
tive of a stability problem by itself.

One advantage of DSC is that the sample is subjected to different temperatures;
thus. a study over a wide temperature range can be rapidly carried. Most results.
however, will have to be confirmed by using other methods. Thermal methods are
useful in the study of solids but the power of these methods is greatly enhanced when
combined with other techniques such as X-ray powder diffraction, microscopy, and ‘ .
HPLC.

 
 

.3 MICROCALORIMETRY 
 

Microcalon'metry is a very sensitive calorimetric technique that determines the heat
given off or taken up by various processes. For pharmaceutical solids. microcalorime-
try is used. for example. to measure heats of solution and degradation rates. Since
every transformation. either chemical or physical. occurs with evolution or absorption
of heat. this method has significant potential for the study of transformations. Linden—
hlllm and McGraw (1985) have used microcalorirnetry to study drug forms. Because
fdifferent crystal forms have different structures, they have different heats of solution.
I owever, the difference between the heats of solution of two polymorphs in different
solvents should remain the same (Table 5.1) if there is no solvate formation. This
4 i' erence is the heat of transition between the forms at that temperature
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83 Chapter 5 Drugs as Molecular Solids

Table 5.1 Heats of Solution of Sodium Sulfuthiazole  

 

 

 

Solvent AH, Form 1 AHs Form ll Afllnm .(kJ/mol, 25 °C) (kl/moi, 25 °C) (kl/mol, 25 UC) _Acetone 11.94 5.144 6.798 E *DMF ”4.659 41.47 6.810 ‘ §' Lindenbnum and McGraw. 1985. ; :5?
-2

Studies by lp et al. (1986) on enalapril maleate give similar results showing that 4the heats of transition between the two forms determined by subtraction of the heats of ; o 1
solution in two different solvents are within the experimental error. With suitable
calibration of known mixtures, this phenomenon can sometimes be the basis for. . . . . E Figure 5.9 The effect of wanaly Zing mixtures of polymorphs or crystalline and amorphous iorms 01 a compound. iOf course these comparisons apply only to solids with the same composition 0.2., 5when the resulting solutions are identical). Also, a hydrate and an anhydrate cannot be conventional microcalor‘compared since the heat of the solution of water will be different in different solvents " #w) can be detected. Tiand thus the AHWS will be different. . determined afiel- only aIsothemal microcalorimetry has also been used to determine the crystallinity of ;‘ urement of degradationmixtures of amorphous and crystalline antibiotics as shown in Figure 5.8 (Thompson et temperature. The rate |(11., 1994). DSC could not be used since the samples decomposed prior to melting. In . calorimeters can also btcontrast to studies by Osawa and coworkers (1988) as well as Pikal and coworkers ~_ excipients and stabilizer(1978), it was found that the heat of solution was not dependent on water content. The .- rimetry to establish thatimp0rtance of initial water content is probably greatest when dealing with hydratable atmospheres only a snionic Species since sodium and quaternary ammonium salts have very high heats of ‘3 under oxygen atmospiatmospheres. Further

Several impoflant papers on the use of microcalorimeiry for stability determina— change was about .40tions have appeared. Hansen et al. (1989) studied the kinetics of decomposition of oxidation. Bond ener;lovastatin and other HMG-CoA reductase inhibitors using heat conduction calorime- » group would produce ztry (the response of the instrument is directly proportional to the rate of heat produced ' tion mierocalorimetry.in the sample cell). Heat conduction calorimetry has a substantial advantage over area of the sample hasexperiments, they Shi
produced under identi
oxygen than others.
that a single measuren
used to predict the tot:

5 =: conduction niicrocalot. cases and appears to l

hydration (see Figure 5.9).  
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Figure 5.8 Heat of solution of antibiotic B02669 in 0.02 M Nail-1P0. at 35 °C as a function of
percent crystallinity (Thompson et aL 1994).
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 Figure 5.9 The effect of water content on the heats of solution of antibiotics (E’ikul «1:41., I978).

conventional microcalorimctric methods in that extremely small outputs of heat ($0.1
,uW) can be detected. The heat of decomposition and the kinetics of the process can be
determined after only a very small percentage of reaction. This then allows the meas~
urement of degradation of the material in the early stages of the reaction even at room
temperature. The rate law and the activation energy can also be determined. These
calorimeters can also be used to study freshly formulated materials and the effects of
excipients and stabilizers on degradation. Hansen et er a]. (1989) also used microcalo-
rimetry to establish that oxygen was required for degradation of lovastatin since in inert
atmospheres only a small amount of heat was produced whereas the heat produced
under oxygen atmosphere was 20—90 times greater than that prodttced under inert
atmospheres. Furthermore. they used the heat produced to estimate the enthalpy
change was about —400 kJ mol'1 which is consistent with what one might expect for
oxidation. Bond energy calculations show that reaction of oxygen with a methylene
group would produce an enthalpy change of about 7600 kJ mol '. Using heat conduc—
tion microcalorimetry. Hansen and coworkers were also able to show that the surface
area oflhc sample has an effect on the rate of oxidation. as might be expected. In other
experiments, they showed that there was significant loteto lot variation in the heat
produced under identical conditions. Some lots showed much greater reactivity with
oxygen than others. One of the most significant results of this study was the finding
that asingle measurement of the heat produced per gram of drug for each lot could be
used to predict the total degradation of that lot under conventional stability testing. Heat
conduction microcalorimetry has been shown to have predictive capability in some
cases and appears to be an important addition to other stability studies.
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Office Action Summary Examiner Art Unit AIA (Firstlnventor to File)

YEVGENY VALENROD 1672 if?“  
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
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earned patent term adjustment. See 37 CFR 1.704(b).

Status

DIX Responsive to communication(s) filed on 8/11/16.

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2a)lZ This action is FINAL. 2b)|:l This action is non—final.

3)|:| An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)|:| Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Expan‘e Quay/e, 1935 CD. 11, 453 QC. 213.

Disposition of Claims*

SHE C|aim(s) 16 and 8—14is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6 IX Claim 5) 16 and 8—12 is/are allowed.
s)_13- 14 is/are rejected.

)_ is/are objected to.

9)|:I Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

or send an inquiry to PPl-lfeedback@usptocov.
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10)I:l The specification is objected to by the Examiner.

11)I:l The drawing(s) filed on is/are: a)l:I accepted or b)I:l objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12)|:| Acknowledgment is made of a claim for foreign priority under 35 U.S.C.§119(a)—(d) or (f).

Certified copies:

a)l:l All b)I:I Some” c)I:I None of the:

1.I:I Certified copies of the priority documents have been received.

2.|:I Certified copies of the priority documents have been received in Application No.

3.|:I Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.
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Art Unit: 1672

The present application is being examined under the pre-AIA first to invent

provisions.

DETAILED ACTION

Rejection of claims 1-3, 6, 8 and 9 under 35 USC102(b) as anticipated by Moriarty et al

is withdrawn in view applicants’ arguments, amendments and the accompanying

declarations.

Rejection of claims 10-12 under 35 USC 103(a) over Moriatry in view of Phares are

withdrawn in view of applicants’ arguments, amendments and the accompanying

declarations

Maintained Double Patenting

The nonstatutory double patenting rejection is based on a judicially created

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the

unjustified or improper timewise extension of the “right to exclude” granted by a patent

and to prevent possible harassment by multiple assignees. A nonstatutory double

patenting rejection is appropriate where the claims at issue are not identical, but at least

one examined application claim is not patentably distinct from the reference claim(s)

because the examined application claim is either anticipated by, or would have been

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d

1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.

1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
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Application/Control Number: 14/754,932 Page 3

Art Unit: 1672

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619

(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d)

may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the reference application or patent either is shown to

be commonly owned with this application, or claims an invention made as a result of

activities undertaken within the scope of a joint research agreement. See MPEP §

717.02 for applications subject to examination under the first inventor to file provisions

of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(l)(1) - 706.02(l)(3) for

applications not subject to examination under the first inventor to file provisions of the

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b).

The USPTO Internet website contains terminal disclaimer forms which may be

used. Please visit www.uspto.gov/forms/. The filing date of the application in which the

form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or

PTO/AIA/26) should be used. A web-based eTerminaI Disclaimer may be filled out

completely online using web-screens. An eTerminaI Disclaimer that meets all

requirements is auto-processed and approved immediately upon submission. For more

information about eTerminaI Disclaimers, refer to

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

Claims 13-14 are rejected on the ground of nonstatutory double patenting as

being unpatentable over claims 24 and 26 of U.S. Patent No. 8,242,305 (‘305). Although
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Art Unit: 1672

the claims at issue are not identical, they are not patentably distinct from each other

because:

Claim 24 of ‘305 is directed to a process for the preparation of compound IV

(treprostinil). Said method comprises alkylation od benzindene triol to prepare

compound (Vl) followed by hydrolyzing compound (VI) and contacting the hydrolysis

product with a base. In claim 26 the contacting base is diethanolamine.

Conclusion

Claims 1, 6, 8-14 are pending

Claims 1, 6, 8-12 are allowed

Claims 13-14 are rejected

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.
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Art Unit: 1672

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to YEVGENY VALENROD whose telephone number is

(571)272-9049. The examiner can normally be reached on mon-fri 8—4:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Fereydoun G. Sajjadi can be reached on 571 -572-331 1. The fax phone

number for the organization where this application or proceeding is assigned is 571 -

273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/YEVGENY VALENROD/

Primary Examiner, Art Unit 1672
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To: ipdocketing@foley.com,,
From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 22428

Oct 19, 2016 05:56:31 AM

Dear PAIR Customer:

Foley & Lardner LLP
3000 K STREET N.W.
SUITE 600

WASHINGTON, DC 20007-5109
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 22428 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL—90
accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
14754932 CTFR 10/19/2016 080618—1550

To view your correspondence online or update your email addresses, please visit us anytime at
https://sporta|.uspto.gov/secure/myportaI/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action‘ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 am. to 12:00 am.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

lPR2020-00770

United Therapeutics EX2007

Page 3818 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3819 of 7335

Atty. Dkt. No. 080618-1550

Appl. No. 14/754,932

IN THE UNITED STA TES PA TENTAND TRADEMARK OFFICE

First Inventor Name: Hitesh BATRA

Title: AN IMPROVED PROCESS

TO PREPARE

TREPROSTINIL, THE
ACTIVE INGREDIENT IN

REMODULIN®

Appl. No: 14/754,932

Filing Date: 6/30/2015

Examiner: Yevgeny Valenrod

Art Unit: 1672

Confirmation Number: 1865

AMENDIWENT & RE! QUEST FOR RECONSIDERATION

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This amendment is submitted in response to the outstanding, non-final Office Action

mailed on February 11, 2016.

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of

this docum ent.

Remarks begin on page 4 of this document.

4838-0212-5110.1
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Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the application:

Listing of Claims:

1. (Currently Amended) A pharmaceutical batch eempri—si-Hg consisting of treprostinil or a

salt thereof and impurities resulting from prepared—by (a) alkylating a benzindene triol, (b)

hydrolyzing the product of step (a) to form a solution comprising treprostinil, (c) contacting the

solution comprising treprostinil from step (b) with a base to form a salt of treprostinil, (d)

isolating the salt of treprostinil, and (e) optionally reacting the salt of treprostinil with an acid to

form treprostinil, and

,—wherein the pharmaceutical batch contains at least 2.9 g of treprostinil or its salt.

2-5, (Canceled)

6. (Currently Amended) The pharmaceutical batch of claim 1, which has been dried under

Vacuum.

7. (Canceled)

8. (Currently Amended) A pharmaceutical product comprising a therapeutically effective

amount of treprostinil from a pharmaceutical batch as claimed in claim I .

9. (Currently Amended) A pharmaceutical product comprising a therapeutically effective

amount of a salt of treprostinil from a pharmaceutical batch as claimed in claim 1.

10. (Currently Amended) The product of claim 91 wherein the salt is the diethanolamine salt

of treprostinil.

4838-0212-5110.1
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1 1. (Currently Amended) A method of preparing a pharmaceutical product from a high—purity

pharmaceutical batch as claimed in claim 1, comprising storing a pharmaceutical batch of a salt

of treprostinil as claimed in claim 1 at ambient temperature, and preparing a pharmaceutical

product from the pharmaceutical batch after storage.

12. (Previously Presented) A method as claimed in claim 11, wherein the salt of treprostinil

is a diethanolamine salt.

13, (Currently Amended) A method of preparing a high—purifiLpharmaceutical batch as

claimed in claim 1, comprising (a) alkylating a benzindene triol, (b) hydrolyzing the product of

step (a) to form a solution comprising treprostinil, (c) contacting the solution comprising

treprostinil from step (b) with a base to form a salt of treprostinil, (d) isolating the salt of

treprostinil, and (e) optionally reacting the salt of treprostinil with an acid to form treprostinil.

14. (Previously Presented) A method as claimed in claim 13, wherein the salt of treprostinil

is a diethanolamine salt.

4838-0212-5110.1
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Appl. No. 14/754,932

RElWARKS

Applicants respectfully request reconsideration and allowance of the present application.

W

Applicants have amended claim 1 to recite a “pharmaceutical” batch, “consisting of” as

the transitional phrase, and “impurities” resulting from the recited steps. Conforming

amendments are made to claim 13 and dependent claims. Support for these amendments can be

found in the Examples 4-6 ofthe specification. No new matter has been added. Claims 2 and 3

are canceled. Applicants reserve the right to file one or more continuing applications directed to

any subject matter omitted by the present amendment.

After the amendment, claims 1, 6, and 8-14 are pending.

Interview

Applicants thank the Examiner for the courtesy of the interview held on July 22, 2016,

during which the presently-presented amendments were discussed. Applicants have followed the

Examiner’s suggestions for amendments and additionally address the points discussed at the

Interview in the remarks below.

35 U.S.C. § 102

Claims 1-3, 6, 8, and 9 stand rejected under 35 U.S.C. § 102(b) as allegedly anticipated

by Moriarty (2004). Applicants respectfully request reconsideration of the rejection.

Applicants filed a notification of related proceedings to bring to the Examiner’s attention

documents from lPR2016—OOOO6, which involves parent US. Patent No. 8,497,393. Certain

information is redacted in those documents due to confidentiality. Documents provided in that

notification include the Patent Owner’s Response and expert declarations from Dr, Williams and

Ruffolo. These documents address the subject matter of the ’393 patent claims although certain

information is relevant to the present claims as explained herein.

Claim 1 recites steps (a)—(e), which read on a commercial process used by the assignee of

the present application, Prior to the current commercial process, the assignee used a process

-4-
4838-0212-5110.1
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based on Moriarty 2004. Because the assignee used both processes, the assignee had the

opportunity to analyze the resulting products as reflected in certificates of analysis. In the [PR,

Dr. Williams and Dr. Ruffolo used these certificates of analysis to explain that a pharmaceutical

batch produced according to steps (a)-(e) of claim 1 is different from the product produced by the

process described in Moriarty 2004. Williams Dec. at W94-99; Ruffolo Dec. at 111166-72.

Specifically, the processes result in products having different impurity profiles, and in fact, the

pharmaceutical batch of claim 1 has higher average purity. Patent Owner’s Response at Section

IIIC.

The differences are not merely academic, but critical to the successful manufacture of a

clinical product. FDA uses both overall purity and levels of individual impurities (“purity

specification”) as a basis to regulate the manufacturing of pharmaceuticals. Batches that fall

outside of the purity specification cannot be sold or used to treat patients. As noted in the Patent

Owner’s lPR Response, the differences between claim I ’s pharmaceutical batch and a product

produced according to the process of Moriarty were significant enough to result in FDA’s

acceptance of a new purity specification for the commercial product, thus proving that the

products are not the same in the eyes of the FDA. Patent Owner’s Response at Section 111C.

Furthermore, this change constitutes a “major” change according to the classification system for

manufacturing changes used by FDA. Ruffolo Dec. at W70- 72. Clearly, the pharmaceutical

batch of claim 1 differs from the product resulting from Moriarty’s synthesis.

Accordingly, withdrawal of the rejection under 35 U.S.C. § 102(b) is requested.

35 U.S.C. § 103

Claims 10—12 stand rejected under 35 U.S.C. § 103(a) as obvious over Moriarty (2004) in

view ofPhares (WO 2005/007081 A2). Applicants respectfully request reconsideration of the

rejection,

The rejection cites Phares for showing that it would have been obvious to form a

diethanolamine salt using Moriarty’ s treprostinil. However, the differences in the resulting

products, as explained above, would not have been expected based on the prior art. In particular,

it would not have been obvious to use the salt formation step of Phares to decrease amounts of

4838-0212-5110.1
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stereoisomer impurities of treprostinil, which are acidic rather than neutral or basic. Williams

Dec. at 11102. When subject to salt-forming conditions, one of ordinary skill in the art would

expect that any undesired stereoisomer of treprostinil would be included in the final salt product

because the stereoisomer would also be converted to the corresponding salt under such salt-

forming conditions. One of ordinary skill in the art would have had no reasonable expectation of

success in removing any undesired treprostinil stereoisomer impurities by salt formation and

subsequent regeneration of the free acid.

In addition, FDA’ s decision to adopt a new purity specification for the resulting product

further establishes unobviousness of the presently claimed invention. Indeed, as noted above, the

specification change is classified as a “major” change according to the FDA’s classification

system for manufacturing changes. See Knoll Pharm. Co., Inc. v. Teva. Pharm. USA, Inc, 367

F.3d 1381, 1385 (Fed. Cir. 2004) (explaining that while FDA approval is not determinative of

nonobviousness, it can be relevant in evaluating the objective indicia of nonobviousness). As

noted in Dr. Ruffolo’ s Declaration, even small changes in impurity are important to FDA:

“Regulatory agencies have also sought to increase levels of purity, and consequently decrease

levels of impurities, in order to provide to the maximum extent possible, the highest level of

safety to patients.” Ruffolo Dec. at 1136. This is due to the fact that even trace amounts of

impurities can sometime pose serious health concerns.

Accordingly, withdrawal of the rejection under 35 U.S.C. § 103(a) is requested.

Double Patentin

Claims 13-14 have been rejected for non-statutory double patenting as unpatentable over

claims 24 and 26 of US Patent No. 8,242,305. Applicants will address the rejection by filing a

terminal disclaimer if still necessary after the above amendments upon confirming that the

present claims are otherwise in condition for allowance.

4838-0212-5110.1
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Concluding Remarks

Applicants believe that the application is in condition for allowance. Favorable

reconsideration is respectfully requested. The Examiner is invited to contact the undersigned by

telephone if it is felt that a telephone interview would advance prosecution.

The Commissioner is hereby authorized to charge any additional fees that may be

required regarding this application under 37 CF.R. §§ 1.16-1 . 17, or credit any overpayment, to

Deposit Account No. 19—0741. Should no proper payment be enclosed herewith, as by a check

being in the wrong amount, unsigned, post-dated, otherwise improper or informal or even

entirely missing or a credit card payment form being unsigned, providing incorrect information

resulting in a rejected credit card transaction, or even entirely missing, the Commissioner is

authorized to charge the unpaid amount to Deposit Account No. 19-0741. If any extensions of

time are needed for timely acceptance of papers submitted herewith, Applicants hereby petition

for such extension under 37 C.F.R. § 1.136 and authorize payment of any such extension fees to

Deposit Account No. 19—0741.

Respectfully submitted,

Date Aug. 11 2016 By /Step_hen B. Maebius/

FOLEY & LARDNER LLP Stephen B. Maebius

Customer Number: 22428 Attorney for Applicant

Telephone: (202) 672-5569 Registration No. 35,264

Facsimile: (202) 672-5399

4838-0212-5110.1
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IN THE UNITED STA TES PA TENTAND TRADEMARK OFFICE

First Inventor Name: Hitesh BATRA

Title: AN IMPROVED PROCESS TO

PREPARE TREPROSTINIL,
THE ACTIVE INGREDIENT IN

REMODULIN®

Appl. No: 14/754,932

Filing Date: 6/30/2015

Examiner: Yevgeny Valenrod

Art Unit: 1672

Confirmation Number: 1865

PETITION FOR EXTENSION OF TIME

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313—1450

Commissioner:

Applicant hereby petitions the Commissioner under 37 CPR. §1.136(a) for a three-

month extension of time for response in the above-identified application for the period required

to make the attached response timely.

The extension fee for response Within the third month is $1,400.00.

The above-identified fees of $1,400.00 are being paid by credit card Via EFS-Web.

The Commissioner is hereby authorized to charge any additional fees which may be

required regarding this application under 37 CPR. §§ 116-1. 17, or credit any overpayment, to

Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by the credit

card payment instructions in EFS-Web being incorrect or absent, resulting in a rejected or

incorrect credit card transaction, the Commissioner is authorized to charge the unpaid amount to

4837—4261-8678.1
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Deposit Account No. 19—0741.

Respectfully submitted,

Date Aug. 11 2016 By /Stephen B. Maebius/

FOLEY & LARDNER LLP Stephen B. Maebius

Customer Number: 22428 Attorney for Applicant

Telephone: (202) 672-5569 Registration No. 35,264

Facsimile: (202) 672-5399
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P 0. Box 1450
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APPLICATION NO. FlLlNG DATE FIRST NAVJED NVENTOR ATTORVEY DOCKET NO. CONFIRMATION NO.
 

14/754,932 06/30/2015 Hitesh Batra

22428 7590

Foley & Lardner LLP
3000 K S'l'REE'l' N.W.
SUITE 600

WASHINGTON, DC 20007—5 109

07/27/2016

08061871550 1865

EXAMINER

VALENROD, YEVGENY

ART UNIT PAPER NUlWBER

1672

NOTIFICATION DATE DELIVERY MODE

07/27/2010 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e—mail address(es):

ipdocketing@foley.c0m
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Application No. Applicant(s)

. . . _ 14/754,932 BATRA ET AL.
Applicant-Initiated In terVIew Summary _ _Examiner Art UnIt

YEVGENY VALENROD 1672 
All participants (applicant, applicant’s representative, PTO personnel):

(1) YEVGENY VALENFIOD. (3) .

(2) Stephen Maebius. (4)_-

Date of Interview: 22 July 2016.

Type: IZI Telephonic I:l Video Conference
[I Personal [copy given to: El applicant |:I applicant’s representative]

Exhibit shown or demonstration conducted: [I Yes [I No.
If Yes, brief description:

Issues Discussed |:l101 I:I112 IZ102 D103 |:lOthers
(For each of the checked box(es) above. please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1.

Identification of prior art discussed: Moriarty et a/..

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification ofa
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

A proposed amendment to Claim 1, wherein the phrase ”batch comprising " would be replaced with the phrase
"pharmaceutical batch consisting of” was discussed. Examiner expressed concern with the "consisting of language ”
excluding the impurities that are present in the product as a result of the preparatory steps. It was agreed that along
with the reply Applicants will submit a declaration that would outline the difference in the impurities of the instant product
compared with the product of Moriarty. In addition an amendment to claim 1 that would also generically include the
process derived impurities into the "consisting of" grouping of product components. N0 agreement regarding
patentabilitig was reached. .

Applicant recordation instructions: The formal written reply to the last Office action must include the substance ofthe interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date. or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification ofthe
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

|:I Attachment
/YEVGENY VALENROD/
Primary Examiner, Art Unit 1672

  
 

US Patent and Trademark Office

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20160722
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to—face, video conference, or telephone inten/iew with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed bythe applicant An interview does not remove the necessity for replyto Office action as specified in §§ 1111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions orthe like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant‘s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly afterthe interview rather than with the next official communication.

The Form provides for recordation of the following information:
—Application Number (Series Code and Serial Number)
— Name of applicant
—Name of examiner
— Date of interview

—Type of interview (telephonic, video-conference, or personal)
—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
—An indication whether or not an exhibit was shown or a demonstration conducted
iAn identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation ofthe interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification ofthe claims discussed.
3) an identification ofthe specific prior art discussed,
4) an identification ofthe principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature orthrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.
Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and

accurate. the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner‘s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, ”Interview Record OK" on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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To: ipdocketing@foley.com,,
From: PAlR_eOfficeAction@uspto.gov
Cc: PAlR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 22428

Jul 27, 2016 05:33:58 AM

Dear PAIR Customer:

Foley & Lardner LLP
3000 K STREET N.W.
SUITE 600

WASHINGTON, DC 20007-5109
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 22428 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL—90
accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
14754932 INTV.SUM.APP 07/27/2016 080618—1550

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action‘ on the subject line or call 1-866-217—9197 during the following hours:

Monday - Friday 6:00 am. to 12:00 am.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Atty. Dkt. No. 0806l8—1550

IN THE UNITED STA TES PA TENTAND TRADEMARK OFFICE

First Inventor Name: Hitesh BATRA

Title: AN IMPROVED PROCESS

TO PREPARE

TREPROSTINIII, THE
ACTIVE INGREDIENT IN

REMODULIN®

Appl. No: 14/754932

Filing Date: 6/3 0/20 I 5

Examiner: Yevgeny Valenrod

Art Unit: 1672

Confirmation Number: I 865

NOTIFICATION OF RELATED PROCEEDINGS

Commissioner for Patents

PO. Box 1450

Alexandria, VA 223 I 3—1450

Commissioner:

Applicant hereby updates the Office concerning the status ofa related proceeding styled

Sleaa’ymed Ltd (Peririoner), v United Therapeutics Corporation (Patent Owner), Case IPR2016-

00006, US Patent 8,497,393, which involves the issued parent of the above-captioned patent

application Other documents from the above-identified Inter Partes Review (IPR) were

submitted in the present application with an Information Disclosure Statement filed on December

8, 2015, and 3 Notification of Related Proceedings filed on February 29, 2016, for the

Examiner‘s consideration. The purpose of this notice is to provide a copy of Patent Owner’s

Response to Petition and public exhibits filed on July 6 and 13, 2016, and the public Decision

4831—7034-7822.1
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Atty. Dkt. N0. 0806] 8-1550

Instituting the IPR from the lPR proceeding. Certain information is redacted and certain exhibits

are not provided due to their filing under seal in the IPR proceeding.

Respectfully submitted,

 Date By

FOLEY & LARDNER [ALP Stephen B. Maebius

Customer Number: 22428 Attorney for Applicant

Telephone: (202) 6725569 Registration No. 35,264

Facsimile: (202) 672—5399

4831-7034—7822}
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Tfietsziiiusfio. 0V Paper No. 28

571-272-7822 Entered: May 12, 2016

  

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

STEADYMED LTD,

Petitioner,

V.

UNITED THERAPEUTICS CORPORATION,
Patent Owner.

Case IPR2016-00006

Patent 8,497,393 B2

Before LORA M. GREEN, JONI Y. CHANG, and

JACQUELINE T. HARLOW, Administrative Patent Judges.

HARLOW, Administrative PatentJudge.

DECISION

Redacted Institution of Inter Partes Review

37 C.F.R. § 42.108
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IPR2016-00006

Patent 8,497,393 132

I. INTRODUCTION

Petitioner, SteadyMed LTD (“SteadyMed”), filed a Petition

requesting an inter partes review of claims 1—22 of US. Patent

No. 8,497,393 B2 (BX. 100], “the ’393 patent”). Paper 1 (“Pet”). Patent

Owner, United Therapeutics Corporation (“UTC”), filed a Preliminary

Response on January 14, 2016. Paper 101 (“Prelim Resp”). We have

jurisdiction under 35 U.S.C. § 314, which provides that an interpartes

review may not be instituted unless the information presented in the petition

“shows that there is a reasonable likelihood that the petitioner would prevail

with respect to at least 1 of the claims challenged in the petition.”

For the reasons set forth below, we institute an inter partes review of

claims 1722 of the ’393 patent.

A. RelatedMatters

The ’393 patent is asserted in: United Therapeutics Corp. v. Sandoz,

Inc, No. l4-cv-05499 (D.N.J.); United Therapeutics Corp. v. Teva

Pharmaceuticals USA, Inc, No. 14-cv-05498 (D.N.J.); and United

Therapeutics Corp. v. Watson Laboratories, Inc, No. 15-cv-05723 (D.N.J).

Pet. 1. SteadyMed is not party to the above identified litigations. Id.

1 Paper 10 is the Unredacted Preliminary Response. Paper 8, filed

concurrently with Paper 10, is a redacted version of the Preliminary

Response.
2
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B. The ’393 Parent

The ”393 patent, titled “Process to Prepare Treprostinil, the Active

Ingredient in Remodulin®,” issued July 30, 2013, from US. Patent

Application No. 13/548,446 (“the ’446 application”) (Ex. 1002), filed July

13, 2012. Ex. 1001, [54], [45], [21], [22]. The ”446 application is a

continuation of US. Patent Application No. 12/334,731 (“the

’731 application”) (Ex. 1002), filed on December 15, 2008, now issued as

US. Patent No. 8,242,305 (“the ’305 patent”). EX. 1001, [63]. The

’393 patent claims priority to US. Provisional Patent Application

No. 61/014,232 (EX. 2008), filed December 17, 2007. EX. 1001, [60].

The ’393 patent recites 22 product-by-process claims for prostacyclin

derivatives, including treprostinil.2 1d. at 17:51—21:16, Pet. 5; Prelim.

Resp. 3. The process disclosed by the ’393 patent takes advantage of carbon

treatment and salt formation steps to remove impurities, eliminating the need

for purification by column chromatography. Id. at 17:29—32; see also ia’.

at 524145 (“purification by column chromatography is eliminated . . . .

[T]he salt formation is a much easier operation than column

chromatography”).

2 The ’305 patent, which issued from the parent to the application for the

’393 patent, recites claims to a process for the preparation of prostacyclin

derivatives comprising steps similar to those set forth in the product-by-

process claims of the ’393 patent. Compare EX. 1001, 17251721216, with

EX.2007,17239—2423.
3
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The process for forming prostacyclin derivatives described in the

’393 patent includes four steps: (a) alkylating a prostacyclin derivative to

form an alkylated prostacyclin derivative; (b) hydrolyzing the alkylated

prostacyclin derivative with a base to form a prostacyclin acid;

(c) contacting the prostacyclin acid with a base to form a prostacyclin

carboxylate salt; and (d) optionally reacting the prostacyclin carboxylate salt

formed in (c) with an acid to form the desired compound, or

pharmaceutically acceptable salt thereof. Id. at l:65—3:l9.

C. Illustrative Claim

Each of the challenged claims is a product-by-process claim. Of the

challenged claims, claims 1 and 9 are independent. Claim 1, reproduced

below, is illustrative of the claim ed subject matter.

1. A product comprising a compound of formula I

_ . ‘41?
H- Yimfiwflmsk?

El 13
M5 1,.S
on

R

oic3.3.1.3100}:

or a pharmaceutically acceptable salt thereof, wherein said

product is prepared by a process comprising
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11. ANALYSIS

A. 35 US. C. § 325mg

UTC urges the exercise of our discretion under 35 U.S.C. § 325 (d) to

deny some or all of the grounds of unpatentability presented by SteadyMed

because the same, or substantially similar issues were addressed during

prosecution. Prelim. Resp. 25726. UTC states that the Patent Office

considered Moriarty alone, and in combination with Phares, during

prosecution of the ”393 patent. Id. at 8—10, 26. UTC also reports that Phares

was considered alone, and in combination with Moriarty, during prosecution

of US. Patent Application No. 13/910,583 (“the ’583 application”)

(EX. 2010) filed June 5, 2013, which is a continuation of the

’446 application. Id. at 11—14.

Regarding the patentability of claims 6, 15, 21, and 22, in particular,

UTC asserts that Ege “is nothing more than a first-year organic chemistry

textbook,” and that SteadyMed “relies on nothing more than conclusory

statements in three paragraphs of the [Declaration of Jeffery D. Winkler]” to

support its unpatentability arguments. Id. at 26. UTC therefore contends

that SteadyMed “has provided no evidence of probative value that is any

different than what was already before the Patent Office during

prosecution.” Id. at 26—27.

Although it is within our discretion to “reject the petition or request

because, the same or substantially the same prior art or arguments previously

were presented to the Office” pursuant to 35 U.S.C. § 325(d), we decline to

do so here.
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We note that during prosecution of the ’446 application, which issued

as the ’393 patent, the Examiner rejected the claims as anticipated by

Moriarty, but subsequently withdrew that rejection, without elaboration, in

response to a declaration filed by David A. Walsh (“Walsh Declaration”)

(Ex. 1002, 3467350), one of the named inventors of the ’393 patent, and the

Executive Vice President of Chemical Research and Development at UTC.

Ex. 1002, 344, 346—360. Although Phares is listed as a cited reference on

the face ofthe ”393 patent (Ex. 1001, [56]), we observe that the Examiner

neither relied on, nor otherwise discussed Phares during prosecution of the

’446 application (Ex. 1002, 295—296, 327—330, 359). In addition, neither

Ege nor Kawakami was considered during prosecution of the

’446 application. Id. at 2357359. The grounds of unpatentability asserted in

the instant Petition likewise differ from the rejections entered by the

Examiner during prosecution of the ’731 application, the parent to the ’446

application. See Ex. 1002, 122—124.

Moreover, as discussed in detail in Part II.B below, the Declaration of

Jeffrey D. Winkler (“Winkler Declaration”) (Ex. 1009), submitted in support

of SteadyMed’s Petition, calls into question Dr. Walsh’s conclusion that

treprostinil prepared according to the process claim ed in the ’393 patent is

“physically different from treprostinil prepared according to the process of

‘Moriarty’” (Ex. 1002, 347 (11 6)). Ex. 1009 1111 63—71. In addition, as set

forth in Part 11F, we disagree with UTC’s characterization of Dr. Winkler’s

testimony as conclusory. See, e.g., Ex. 1009 1111 80490.
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We, therefore, decline to exercise our discretion to deny the Petition

pursuant to 35 U.S.C. § 325(d). See Nestle USA, Inc. v. Steuben Foods, Inc.,

Case IPR2014-01235, slip op. at 7 (PTAB Dec. 22, 2014) (Paper 12) (“[W]e

conclude that Petitioner’s arguments regarding the unpatentability of claims

18720, which include arguments relating to Biewendt and a combination of

references previously not considered and supported by a declaration

previously not considered, are persuasive. . .”); Merial Ltd, v. Virbac, Case

lPR2014-01279, slip op. at 9 (PTAB Jan. 22, 2015) (Paper 13) (noting the

different burdens of proof and evidentiary standards applicable to ex parte

examination and inter partes review proceedings).

B. Claim Construction

In an tnterpartes review, claim terms in an unexpired patent are given

their broadest reasonable interpretation in light of the specification of the

patent in which they appear. 37 CPR. § 42.100(b); see also In re Cuozzo

Speed Techs, LLC, 793 F.3d 1268, 1278—79 (Fed. Cir. 2015) (“Congress

implicitly approved the broadest reasonable interpretation standard in

enacting the AIA,” and “the standard was properly adopted by PTO

regulation”), cert. granted sub nom. Cuozzo Speed Techs, LLC v. Lee, 136

S. Ct. 890 (2016) (mem.). Under this standard, we may take into account

definitions or other explanations provided in the written description of the

specification. In re Morris, 127 F.3d 1048, 1054 (Fed. Cir. 1997). Any

special definition for a claim term must be set forth in the specification with

reasonable clarity, deliberateness, and precision. In re Paulsen, 30 F.3d
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1475, 1480 (Fed. Cir. 1994). Only those terms that are in controversy need

be construed, and only to the extent necessary to resolve the controversy.

Vivid Techs, Inc. v. Am. Sci. & Eng ’g, Inc, 200 F.3d 795, 803 (Fed. Cir.

1999).

“Product” ”A product comprising a compound [ofi’naving]formula [I/IV]

. . . or a pharmaceutically acceptable salt thereof”

lndependent claims 1 and 9 recite the phrase “[a] product comprising

a compound [of/having] formula [l/lV] . . . or a pharmaceutically acceptable

salt thereof . . . .” Ex. 1001, 19:48—20:46. In addition, each challenged

dependent claim recites the term “product.” Id. at 17:51—21:16. Because the

parties advance similar arguments pertaining to the construction of these

terms, we address these terms together.

SteadyMed asserts that the phrase “[a] product comprising a

compound [of/having] formula [l/lV] . . . or a pharmaceutically acceptable

salt thereof’ should be interpreted to mean “a chemical composition that

includes, but is not limited to, a compound of Formula I, or a

pharmaceutically acceptable salt thereof, and that may also include other

non-mentioned substances (including impurities), additives, or carriers,

without limitation as to the types or relative amounts thereof.” Pet. 11.

SteadyMed contends that because independent claims 1 and 9 recite “[a]

product comprising,” the claim term “product” should be construed to

include “the treprostinil compound along with other substances (including

impurities),” i.e., a “chemical composition.” Id. at 11.

10
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UTC counters that “[a] product comprising a compound [of/having]

formula [I/IV] . . . or a pharmaceutically acceptable salt thereof’ should be

interpreted as “a substance resulting from a chemical reaction constituted

primarily of formula l/lV or a pharrnaceutically acceptable salt thereof.”

Prelim. Resp. 2 1. As an initial matter, UTC notes that SteadyMed’s

proposed construction refers only to Formula I, and asserts that SteadyMed

“inexplicably read[s] Formula lV out of the term entirely.” 1d. at 22.

UTC further argues that the claims and Specification of the ’393

patent use “product” to refer to a substance resulting from a chemical

reaction. Id. at 17. UTC also contends that the prosecution history for the

’393 patent supports its proposed construction because “during prosecution,

the Patent Owner and Examiner explicitly discussed the ‘product’ of the

claims as a real world substance that results from employing a specific

chemical process, as differentiated from the substance obtained from

employing a different chemical process.” Id. at 18—19. UTC points to

chemistry textbooks as buttressing its position that a skilled artisan would

understand the claim term “product” as referring to “a substance resulting

from a chemical reaction.” 1d. at 19. UTC further reasons that “the

‘product’ claimed in a product-by-process claim is necessarily a substance

that results from the process specified in that claim” (10'), and that

SteadyMed’s proposed construction “contradicts this inherent limitation of

the claims” (id. at 22).

On this record, and for purposes of this decision, we interpret the

phrase “[a] product comprising a compound [of/having] formula [I/IV] or a

ll
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pharrnaceutically acceptable salt thereof,” to mean “a product including, but

not limited to, a compound [of/having] formula [I/IV] or a pharmaceutically

acceptable salt thereof.”

The claim term “product,” as it is used in the ’393 patent, does not

require construction because the claimed “product” is defined by the

limitations recited in the challenged claims. This is evidenced by
77

independent claims 1 and 9, which recite “[a] product comprising . . . , and

go on to define the essential elements of the claimed product. The

transitional term “‘comprising’ is a term of art used in claim language which

means that the named elements are essential, but other elements may be

added and still form a construct within the scope of the claim.” Genentech,

Inc. v. Chiron Corp, 112 F.3d 495, 501 (Fed. Cir. 1997); see also EX. 1001,

4:23—25 (defining “comprising” as “including, but not limited to”). Thus,

the open-ended structure of the challenged claims forecloses limitation of

the term “product” beyond that achieved by the recited claim elements.

Indeed, neither UTC nor SteadyMed identifies any disclosure in the

’393 patent or its prosecution history that necessitates a contrary

understanding of the term “product.” For example, the portions of the

Specification to which UTC points comport with an understanding of

“product” as being defined only by the recited claim elements. See

Ex. 1001, 5:45—46, 7:16—20, 17:37—40. Furthermore, far from disavowing

or otherwise limiting claim scope, the portions of the prosecution history

identified by UTC are consistent with an understanding that the claimed

“product” is defined solely by the recited claim elements. See EX. 1002,

12
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315, 3287329, 3467350. We similarly are unpersuaded that the chemistry

textbook glossaries to which UTC points (Exs. 2011, 2012, 2014) provide a

basis for narrowly interpreting “product” to require that the product result

from a chemical reaction.

Regarding the larger claim phrase “[a] product comprising a

compound [of/having] formula [I/IV] . . . or a pharmaceutically acceptable

salt thereof,” as explained above, we determine that the embedded claim

term “comprising” means “including, but not limited to.” See Genentech,

112 F.3d at 501; see also EX. 1001, 4:23725. Accordingly, we reject UTC’s

proposal that claims 1 and 9 be read to require a product “constituted

primarily offormula 1/1V or a pharmaceutically acceptable salt thereof.”

Prelim. Resp. 21 (emphasis added).

“/A/the/ process comprismg ”

SteadyMed argues that the claim phrase “[a/the] process comprising,”

which appears in independent claims 1 and 9, should be interpreted as “a

process that includes, but is not limited to, the recited process steps, and may

include, without limitation, any other non-recited steps.” Pet. 12. UTC

counters that this claim phrase should be construed to mean “a/the process

including but not limited to.” Prelim. Resp. 23—24. For the reasons set forth

above, we agree with UTC that these claim phases should be interpreted to

mean “a/the process including, but not limited to.”

13
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Product-by-Process Claims

Each of the challenged claims is a product-by-process claim.

Ex. 1001, 17:51—21:16; Pet. 5, Prelim. Resp. 3. The general rule when

determining patentability of a product-by-process claim is to “focus . . . on

the product and not on the process of making it.” Amgen, Inc. v. qufinan-

La Roche Ltd, 580 F.3d 1340, 1369 (Fed. Cir. 2009). This general rule

embodies the long-standing principle that “an old product is not patentable

even if it is made by a new process.” Id. at 1370. An exception applies

when process steps recited in the claim impart “structural and functional

differences” to the claimed product. Greenliant Sys, Inc. v. Xicor LLC,

692 F.3d 1261, 126771268 (Fed. Cir. 20l2). lfthe exception applies, the

structural and functional differences conveyed by the recited process steps

“‘are relevant as evidence of no anticipation’ although they ‘are not

explicitly part of the claim.” Id. at 1268 (citing Amgen, 580 F.3d at 1370).

SteadyMed contends that the challenged claims do not yield a

treprostinil product having structural or functional differences as compared

to treprostinil products produced by prior art methods. Pet. 19—22.

Specifically, SteadyMed asserts that the Walsh Declaration, relied on by

UTC during prosecution as evidencing differences in the treprostinil

products of the ’393 patent and Moriarty, fails to demonstrate any functional

or structural differences between the instantly claimed and prior art

treprostinil products. Id. SteadyMed relies on the Winkler Declaration

(Ex. 1009) to support its position. Id.

14
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UTC acknowledges that “at the time of the ’393 patent, there existed

at least three prior art methods” for making treprostinil. Prelim. Resp. 33.

Relying on the Walsh Declaration, UTC asserts that the process steps recited

in independent claims 1 and 9 are entitled to patentable weight because they

yield a “physically different and improved final product with significantly

reduced overall impurities and a distinct and unexpected impurity profile” as

compared to treprostinil produced using prior art methods. 1d. at 3.

The Walsh Declaration compares the impurity profile of treprostinil

free acid “prepared according to the process of “Moriarty” to the impurity

profiles of treprostinil free acid and treprostinil diethanolamine “prepared

according to the process specified in claim 1 or [9]” of the ’393 patent.5

EX. 1002, 3477348 (1] 6). Dr. Walsh concludes that the treprostinil free acid

and treprostinil diethanolamine prepared according to the process of

claims 1 and 9 is physically different from the treprostinil diethanolamine

prepared according to the process of Moriarty “at least because neither of

[the ”393 patent products] contains a detectable amount of any of benzindene

triol, treprostinil methyl ester, lAU90 treprostinil stereoisomer and 2AU90

treprostinil stereoisomer, each of which were present in detectable amounts

in treprostinil produced according to the process of ‘Moriarty’.” Id. at 349

(11 8). In addition, Dr. Walsh provides “data obtained from representative

Certificates of Analysis” indicating that treprostinil free acid “prepared

5 Issued claim 9 of the ’393 patent is identified as claim 10 in the Walsh

Declaration, and other documents in the prosecution history in the

’393 patent.
15
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according to ‘Moriarty’” is 99.4% pure, while the treprostinil free acid and

treprostinil diethanolamine “prepared according to the process specified in

claim 1 or [9]” are 99.8% pure and 99.9% pure, respectively. Id. at 347—348

(ll 6)-

SteadyMed disputes Dr. Walsh’s contention that there are physical

differences between the treprostinil products of the ’393 patent and prior art.

Pet. 19—22; see also EX. 1009 W 63—71. As an initial matter, SteadyMed

points out that the 99.7% treprostinil purity reported by Moriarty (Ex. 1004,

13) is higher than the 99.5% purity recited in claims 2 and 10 of the

’393 patent, the only challenged claims that recite a purity level. Pet. 20; see

also EX. 1009 1] 65. In addition, Dr. Winkler testifies that the limited sample

set, consisting of “only two specific batches of treprostinil” (EX. 1009 ll 66),

and absence of any disclosure concerning the reaction conditions, reagents,

and solvents used in carrying out the process of claims 1 and 9 of the

’393 patent (id. 1] 67), undermine the veracity of Dr. Walsh’s conclusion

regarding the purity of these products. Id. 111] 66767. SteadyMed also

observes that the statement in the Specification of the ’393 patent that in one

embodiment the purity of treprostinil is “at least 90.0%, 95 0%, 99.0%,

99.5%” (EX. 1001, 8266467), supports the conclusion that the 99.8% purity

purportedly achieved by Dr. Walsh “is based on a particular set of process

steps that are not claimed and which must have been found after the filing

date.” Pet. 20.

Dr. Winkler additionally testifies that the alleged differences in purity

between the treprostinil batches described by Dr. Walsh are attributable to

16
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experimental error. Id. 1111 68770. Dr. Winkler testifies that “the literature

on [High Performance Liquid Chromatography’s (“HPLC’s”)] precision

indicates that the ‘RSD’ or “relative standard deviation’ for a typical

instrument is about 1%. (EX. 1017.).” 1d. 11 70. Dr. Winkler further

observes that “[i]n the present case, we can estimate the precision of the

equipment the inventors actually used, since the inventors found that

Example 4’s Batch 1 had an HPLC Assay of 100.4%, which is obviously

greater than the 100% value theoretically achievable. (EX. 1001 , col. 13,

lines 50-65).” Id. Dr. Winkler, thus, concludes that “[t]his deviation

between experimental and theoretical shows that the instrument can have

variations of at least 0.4%, which is greater than the differences in purity that

the inventors offered to support their contention regarding greater purity

over the prior art.” Id. On this record, we credit Dr. Winkler’s testimony, as

it is consistent with the disclosures of the prior art and the disclosure of the

’393 patent itself.

UTC does not challenge SteadyMed’s arguments concerning the

shortcomings of the Walsh Declaration. Rather, UTC points to

correspondence with, and reports submitted to, the Food and Drug

Administration (“FDA”) relating to the acceptance of a supplemental new

drug application for treprostinil. Prelim. Resp. 36—38. UTC contends that

these reports show that “the purity of the treprostinil improved close to

100%” for treprostinil prepared as described in claims 1 and 9 of the

”393 patent as opposed to the prior process implemented by UTC. Prelim.

Resp. 38; see also EX. 2006, 3—4.

17
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On the record before us, and for purposes of this decision, we

conclude that the process steps recited in the challenged claims do not

impart structural or functional differences to the claimed product.

As an initial matter, we observe that the challenged product-by-

process claims are drawn to “[a] product comprising a compound” of either

formula I or formula IV, or a pharmaceutically acceptable salt of the recited

formula. EX. 1001, 17:51—19:29, 19:48—20:46). “Comprising” is a term of

art used in claim language which means that the named elements are

essential, but other elements may be added and still form a construct within

the scope of the claim.” Genenlech, 112 F.3d at 501. Thus, a product

comprising a particular compound must contain that compound, but may

additionally include other substances, such as impurities. On this record,

therefore, it is unclear how claims 1, 3—9, and 11—22, which claim a product

comprising a particular compound, but do not recite limitations concerning

the purity profile of that product, could be restricted to a product including

the claimed compound, but also having a particular purity profile. In

addition, although claims 2 and 10 require a purity of at least 99.5%

(EX. 1001, 19:29—30, 20:47—48), these claims similarly are drawn to a

product comprising a compound, and do not specify the type of impurities

that may be present in the compound or restrict the amount of any particular

impurity that may be present, so long as the product remains at least 99.5%

pure.

Furthermore, the evidence presently before us, including UTCis own

testing results, suggests that inter-batch variability in impurity profiles,
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experimental error in impurity measuring equipment, and variations in

reagents, solvents, and reaction conditions, rather than the instantly recited

process steps, account for any purported improvements in purity reported by

UTC. We observe that UTC offers no explanation for the variation between

the 99.7% purity reported by Moriarty, and the 99.4% purity Dr. Walsh

obtained for treprostinil purportedly prepared according to the process

described by Moriarty. Neither does UTC offer reasoning for crediting

Dr. Walsh’s results over those reported by Moriarty himself. Similarly,

UTC neglects Dr. Winker’s assessment of the experimental error present,

but unaccounted for, in the impurity measurements reported in the Walsh

Declaration, and fails to account for the absence of any disclosure regarding

the experimental protocols followed by Dr. Walsh, such as the reaction

conditions, or the solvents or reagents used, in synthesizing treprostinil

according to Moriarty or the ’393 patent.

Moreover, the Process Optimization Report (Ex. 2005) proffered by

UTC supports the conclusion that the process steps recited in the ”393 patent

do not produce a treprostinil product that differs, either structurally or

functionally, from that produced using prior art methods.

The Process Optimization Report discloses the impurity analyses for

five batches of treprostinil identified by UTC as having been prepared using

the process recited in the ’393 patent. Ex. 2005, 4—6; see also Prelim.

Resp. 36 (“Ex 2005 is a Process Optimization Report that provides results
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which was perfanned an gpesific batches OfIh-e diethanelamme 531:

intemlediate pmduced by steps (a)-(c)_}

The PIOC-CSS Optimization Repmt staiefi {hm the pufity DE these batchegi 332;

datermfinted by HPLC analysig, ranged from,- {a-.'T EX. 200:3, 6.

Additionally, {ha Process. Gpfim‘ization Report indicates that each {if the

faflowing impurities; were detect-ed h}! HPLC anaiysfig in one at more of the

abmre referenced treprostmfl batches:—

—,m.

We :«fiso observe that aithough UTC SDthL and obtained from the

EDA, modification ofthe mecificaiien fur: the 'HPLC- assay fm‘ ’h‘epmgtinil to

—EX. 2.005, 34E 5; EX 2683‘ Natably, UTC“3

specificatian for trepmstinil produced accmfiing t0 the ”393 pamnt permits

5‘ We net-a that UTC likely intended in mference independent claim 9 0f the

“393 patem, rather than dependent claim 10:; hmvever {my analygis; is equail}!

appiicabie to claim 9 or ciaim M}.

? The repmted hatch purity M11165; wart:—
-,far 3:}: average purityuf- EX. 363351 6.

28

|PR2020-00770

United Therapeutics EX2007

Page 3859 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3860 of 7335

IPR2016-00006

Patent 8,497,393 132

each of the following impurities:—

—.Ex.2006,6, The

analysis of treprostinil purportedly prepared according to the process of

Moriarty, set forth in the Walsh Declaration, reveals that each of the

impurities detected in Moriarty treprostinil was present in an amount-

—.Compare

EX.1002, 347, with EX. 2006, 6.

Accordingly, on the record before us, and for purposes of this

decision, we conclude that the process steps recited in the challenged claims

of ’393 patent do not impart structural or functional differences to the

claimed product as compared to prior art processes, and therefore, that these

process steps do not patentably limit the claimed product. We note,

however, that the factual dispute between the parties concerning the

existence of any structural or functional differences between treprostinil

products produced according to the process recited in the ’393 patent and

prior art processes, as well as arguments addressing our concerns regarding

the relevance of the impurity profile of a product obtained by the recited

process to the patentability of claims drawn to a product comprising a

compound, are appropriate for further development at trial.
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C. Principles aflaw

To establish anticipation, each and every element in a claim, arranged

as recited in the claim, must be found in a single prior art reference. Net

MoneyIN, Inc. v. VerlSlgn, Inc., 545 F.3d 1359, 1369 (Fed. Cir. 2008).

“A reference anticipates a claim if it discloses the claimed invention ‘such

that a skilled artisan could take its teachings in combination with his own

knowledge of the particular art and be in possession of the invention.”

In re Graves, 69 F.3d 1147, 1152 (Fed. Cir. 1995) (emphasis omitted)

(quoting In re LeGrice, 301 F.2d 929, 936 (CCPA l962)).

A patent claim is unpatentable under 35 U.S.C. § 103(a) if the

differences between the claimed subject matter and the prior art are such that

the subject matter, as a whole, would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said

subject matter pertains. KSR Int 7 Co. v. Teleflex Inc, 550 US. 398, 406

(2007). The question of obviousness is resolved on the basis of underlying

factual determinations including: (I) the scope and content of the prior art;

(2) any differences between the claimed subject matter and the prior art;

(3) the level of ordinary skill in the art; and (4) objective evidence of

nonobviousness. Graham v. John Deere C0,, 383 US. 1, 17—18 (1966).

When a work is available in one field of endeavor, design

incentives and other market forces can prompt variations of it,

either in the same field or a different one. 1f a person of ordinary

skill can implement a predictable variation, § 103 likely bars its

patentability. For the same reason, if a technique has been used

to improve one device, and a person of ordinary skill in the art

would recognize that it would improve similar devices in the
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same way, using the technique is obvious unless its actual

application is beyond his or her skill. Sakraia’a [12. Ag Pro, Inc,

425 US. 273 (1976)] and Anderson ’siB/ack Rock [v. Pavement

Salvage Ca, 396 US. 57 (1969)] are illustrative—a court must

ask Whether the improvement is more than the predictable use of

prior art elements according to their established functions.

KSR, 550 us. at 417.

The level of ordinary skill in the art is reflected by the prior art of

record. See Okajima V. Bourdeau, 261 F.3d 1350, 1355 (Fed. Cir. 2001);

In re GPAC Inc., 57 F.3d 1573, 1579 (Fed. Cir. 1995), In re Oelrieh,

579 F.2d 86, 91 (CCPA 1978).

D. Anticipation Grounds of Unpatentability
Based on Phares

SteadyMed asserts that claims 15, 779, 11714, and 16720 are

unpatentable under § 102(b) as anticipated by Phares. Pet. 22—37.

Claims 2—5, 7, 8, and 19 depend directly from claim 1, and claims 11—14,

16718, and 20 depend, directly or indirectly, from claim 9. In support of its

assertion, SteadyMed provides detailed explanations as to how Phares

discloses each claim limitation (id), and relies upon the Winkler Declaration

(EX. 1009) to support its positions.

UTC counters that the treprostinil product of Phares is physically

different from that produced by the process disclosed in the ’393 patent, and,

therefore, that the process steps disclosed in the claims of the ”393 patent are

limiting for purposes of the patentability determination. Prelim. Resp. 33—

36. UTC also argues that SteadyMed improperly engages in picking and

choosing among distinct embodiments in Phares to piece together an
23
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anticipation argument as to the recited process steps. Id. at 2931. UTC

further asserts that explicit disclosure of certain claimed process steps is

absent from SteadyMed’s anticipation analysis, and that SteadyMed fails to

show that those limitations are inherently disclosed by Phares. Id. at 31—36.

Phares

Phares describes “compounds and methods for inducing prostacyclin-

like effects in a subject or patient,” including treprostinil and derivatives

thereof. Ex. 1005, 10. The chemical structure of treprostinil disclosed by

Phares, on page 10 of Exhibit 1005, is reproduced below:

AY/A\\/A\V/H ;

/\ f’“ ( *3-" “' OH

[ >uuzmm-s
,X"; '\2’ i

H
OCllgcC‘gH

Id. Phares explains that “[t]repr0stinil is a chemically stable analog of

prostacyclin, and as such is a potent vasodilator and inhibitor of platelet

aggregation.” Id.

Phares further discloses that “[a] preferred embodiment of the present

invention is the diethanolamine salt of treprostinil. . . . A particularly

preferred embodiment of the present invention is form B of treprostinil

diethanolamine.” Id. at 1 1. The structure of the diethanolamine salt of

treprostinil described by Phares, on page 99 of Exhibit 1005, is reproduced

below:
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m

Id. at 99 (claim 49). Phares reports that form B of the diethanolamine salt of

treprostinil “appears to be a crystalline material which melts at 107°C.” 1d.

at 91.

Phares describes the synthesis of (-)-trepr0stinil, the enantiomer of

treprostinil. Ex. 1005, 41—42. Phares explains that “[e]nanti0mers of these

compounds . . . can be synthesized using reagents and synthons of

enantiomeric chirality of the above reagents.” Id. at 41. In particular,

Phares teaches that “the enantiomer of the commercial drug (+)-Treprostinil

was synthesized using the stereoselective intramolecular Pauson Khand

reaction as a key step and Mitsunobu inversion of the side-chain hydroxyl

group.” Id. at 42. Phares discloses the following reaction procedure:

“1- C1CH2CN=K2COa ii, KOH, CH30H, reflux. 83 % (2 steps).” Id,
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A product comprisinga compound [of/having]formula [l/lV] . . . or a

pharmaceutically acceptable salt thereof

Claim 1 of the ’393 patent recites “[a] product comprising a

compound of formula I

n 1-',mt:-—-nc m it:
ll ll
M5 L5
OH

H

{){C‘HZ;,L=¢;)0H

or a pharmaceutically acceptable salt thereof,” and sets forth a series of

process steps for obtaining the claimed product. Claim 9 recites “[a] product

comprising a compound having formula IV
ilV:

 
'(rumil'

or a pharmaceutically acceptable salt thereof,” and includes the same process

steps for obtaining the claimed product as recited in claim 1. Claim 9 is

identical to claim 1, except that it is drawn to a product comprising the

specific treprostinil compound, a species of the genus of claim 1.

Accordingly, we address these claims together.

SteadyMed contends that “Phares discloses in its Claim 49 the

identical, pharmaceutically acceptable treprostinil diethanolamine salt”

claimed in the ’393 patent. Pet. 26; see also EX. 1005, 24, 85—93, 99
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(claim 49); EX. 1009 W 50753. In support of SteadyMed’s position,

Dr. Winkler testifies that “[o]ther than a change in formatting, the two

structures [for treprostinil diethanolamine salt] from Phares and the

’393 Patent are identical.” EX. 1009 11 53.

Paragraph 52 of the Winkler Declaration depicts a side-by-side

comparison of the chemical structures disclosed in claim 49 of Phares, and

column 8, lines 50—63 of the ’393 patent, reproduced below: 

   
.gfi

Id. 11 52. As shown in the figure from paragraph 52 of the Winkler

 

Declaration, the treprostinil diethanolamine salt disclosed by Phares is

structurally identical to that disclosed in the ”393 patent.

As set forth in Part H.B above, SteadyMed, relying on the Winkler

Declaration, further asserts that the process disclosed in claims 1 and 9 of

the ’393 patent does not result in a treprostinil product that is physically

different or unique from treprostinil produced by prior art methods. Pet. 197

22; see also EX. 1009 W 63771. In support of this position, Dr. Winkler

testifies that “[i]n both the ’393 Patent and Phares (Ex. 1005), treprostinil

diethanolamine salt Form B is made . . . . Phares further discloses a melting

point of 107° C (EX. 1005, p. 91 & Fig. 21) for the Form B salt.”
27

|PR2020-00770

United Therapeutics EX2007

Page 3866 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3867 of 7335

IPR2016-00006

Patent 8,497,393 132

EX. 1009 11 59; see also EX. 1005, 9093; Pet. 27. Dr. Winkler also testifies

that Phares discloses the same procedure as is claimed in the ’393 patent, but

describes this procedure in reference to the synthesis of the enantiomer of

treprostinil. EX. 1009 1111 55—57; EX. 1005, 41—42, Pet. 25—26. Dr. Winkler

thus concludes that in “making the most stable crystal form (Form B) and

preparing a product that melts at a higher temperature higher than that

described in the ’393 Patent, Phares necessarily discloses a salt of at least

equal purity to the salt in the ’393 Patent.” Ex. 1009 11 62; see also id. 11 60

(citing EX. 1018, 6); Pet. 27728.

SteadyMed also contends that Phares anticipates the process steps

recited in claim 1. Pet. 24—28, EX. 1005, 24, 41—42, 85—93, 99 (claim 49);

EX. 1009 1111 44771.

UTC does not dispute Phares’ disclosure of a treprostinil product;

rather, as previewed in relation to its claim construction arguments above,

UTC contends that the treprostinil product of Phares is “physically different”

from that claimed in the ”393 patent, and, therefore, not anticipatory.

Prelim. Resp. 33—36. UTC argues that as Phares does not disclose which

treprostinil starting material is used, it “cannot inherently anticipate the final

treprostinil product of the 5393 patent because each method would result in a

distinct impurity profile.” Prelim. Resp. 34. Referring to the Walsh

Declaration, UTC further asserts that “even if the Moriarty treprostinil was

used for Phares, Petitioner has failed to provide any evidence that the final

Phares treprostinil product would necessarily be the same as the products

claimed in the ’393 patent.” Id. UTC also asserts that SteadyMed’s reliance
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on the melting point of the treprostinil product of Phares as a proxy for

purity is misplaced because “melting point does not disclose any specific

impurity level and instead may demonstrate a different form, or polymorph,

of treprostinil diethanolamine altogether.” 1d. at 35.

UTC additionally argues that Phares does not disclose the same

process for generating treprostinil as recited in claims 1 and 9, and that

SteadyMed improperly “cobbles together disclosure from four disparate

portions of Phares covering multiple distinct embodiments” to arrive at the

claimed invention. Prelim. Resp. 27. Further, UTC asserts that even if

SteadyMed were permitted to pick and choose steps from various

embodiments of Phares, SteadyMed nevertheless must rely 011 inherency to

prove anticipation because “Phares lacks express disclosure of certain claim

elements.” Id. at 28.

The present record supports SteadyMed’s contention that the

treprostinil diethanolamine salt taught by Phares is identical in structure to

the pharmaceutically acceptable treprostinil diethanolamine salt recited in

claims 1 and 9. Pet. 24; see also EX. 1005, 24, 99 (claim 49); EX. 1009

W 52—53. Dr. Winkler testifies that the process for producing treprostinil

disclosed by Phares yields the same form (Form B) of treprostinil

diethanolamine salt as the process of the ’393 patent, and that the treprostinil

diethanolamine salt of Phares is at least equal in purity to the treprostinil

product of the ”393 patent. EX. 1009 W 59—62. Dr. Winkler further testifies

that Phares discloses the same process for synthesizing treprostinil as the
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’393 patent. Ex. 1009 W 55757, 62; Ex. 1005, 4142; Pet. 25726. On this

record, we credit Dr. Winkler’s testimony.

We are not persuaded by UTC’s arguments concerning the possibility

that treprostinil produced according to Phares might have a different

impurity profile than that produced according to the process disclosed in the

’393 patent. First, for the reasons set forth in Part H.B above, it is unclear on

this record how the use of the transitional phrase “comprising” excludes any

impurities that may possibly be produced by the process of Phares. In

addition, the present record supports a finding that the impurity profiles for

treprostinil diethanolamine salt prepared as described by Phares and that

prepared according to the ’393 patent are the same. As explained above,

Dr. Winkler”s testimony regarding the form and melting point of Phares”

treprostinil product, is consistent with the conclusion that the products of

Phares and the ’393 patent are the same.

Furthermore, we note that, as explained in Parts ILA and HB above,

the inter-batch variability in treprostinil impurity profiles, experimental error

inherent in impurity measurements, and the variety and extent of impurities

permitted in UTC’s specification for the manufacture of treprostinil

according to the process of the ’393 patent, which remained unchanged

when UTC migrated from a prior art process to the process of the

’393 patent, support the conclusion that the process steps recited in claims 1

and 9 of the ”393 patent do not impart any structural or functional

differences over prior art treprostinil products.

30

|PR2020-00770

United Therapeutics EX2007

Page 3869 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3870 of 7335

IPR2016-00006

Patent 8,497,393 132

Accordingly, given the evidence before us in this record, we conclude

that SteadyMed has established adequately for purposes of this decision that

Phares teaches the treprostinil diethanolamine salt product recited in

claims 1 and 9. Because we determine, on the record before us, and for

purposes of this decision, that the process steps recited in claims 1 and 9 do

not impart structural or functional differences to the claimed treprostinil

product and are therefore not limiting, we do not address the parties”

contentions concerning Phares’ anticipation of the recited process steps.

Conclusion

UTC has not raised any additional arguments with regard to the

dependent claims other than those addressed above. We have reviewed

SteadyMed’s evidence, arguments, and claim charts, and conclude that

SteadyMed has sufficiently demonstrated that the dependent claims are also

anticipated by Phares. Thus, for the foregoing reasons, we conclude that

SteadyMed has shown a reasonable likelihood of prevailing on its assertions

that claims 1—5, 7—9, 11—14, and 16—20 are anticipated by Phares.

E. Obviousness Grounds of Unpatentabl'lity

Based on Moriarty and Phares

SteadyMed asserts that claims 15, 779, l 1714, and [6720 are

unpatentable under § 103(a) as obvious in view of Moriarty and Phares.

Pet. 37—52. Claims 2—5, 7, 8, and 19 depend directly from claim 1, and

claims 11—14, 16—18, and 20 depend, directly or indirectly, from claim 9. In

support of its assertion, SteadyMed provides detailed explanations as to how
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the combination of Moriarty and Phares discloses each claim limitation (id),

and relies upon the Winkler Declaration (EX. 1009) to support its positions.

UTC counters that “Phares fails to disclose the synthetic route or

purity of the claimed treprostinil product. Moriarty adds nothing to cure

these deficiencies.” Prelim. Resp. 43. UTC asserts that the process

described in the ’393 patent “unexpectedly reduced the impurity level in the

claimed treprostinil product even more” than Moriarty, and reiterates its

position that treprostinil produced according to the process of the ’393 patent

has “a superior purity profile compared to the prior art.” Id. at 44.

Moriarty

Moriarty describes the synthesis of treprostinil “Via the stereoselective

intramolecular Pauson-Khand cyclization.” Ex. 1004, 1. Formula 7 of

Moriarty is reproduced below:

{3 f” 7

Ave—«Eff; A. \)s
. 2H4:

H0

4 4.; 3 $9

3&1". ‘19;
3‘ C 3 {Ha
‘ ”4“,"? vam-y J

{an (ail-LE

'?

1d. at 3. Formula 7 of Moriarty depicts the chemical structure of treprostinil.

Id.
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An excerpt of Scheme 4 of Moriarty is reproduced below:

1H1. nimi. :- :‘ 33%W K .e W cm.
{\‘r‘fthN‘xE’fk‘Aw’uh WEN” “7‘23" \J’Ix‘f -’

5H {3H 6H Va:
34 35

Id. at 6. The excerpted portion of Scheme 4 of Moriarty illustrates the

alkylation Formula 34 to yield Formula 35, and subsequent hydrolysis of

Formula 35 with a base (followed by acidification) to yield Formula 7,

treprostinil. Ex. 1004, 6, 13.

A product comprisinga compound [oflhavmg]formula [l/IW . . . or a

pharmaceutically acceptable salt thereof

SteadyMed contends that Moriarty and Phares respectively disclose

treprostinil acid and treprostinil diethanolamine salt, as recited in claims 1

and 9 of the ”393 patent. Pet. 22—23, 24, 33, 39, 48,1see also EX. 1004, 6,

13; EX. 1005, 24, 99 (claim 49); EX. 1009 1111 74, 76. Furthermore,

Dr. Winkler testifies that the combination of Moriarty and Phares “discloses

the same process steps and same product of the ’393 Patent. For the same

reasons discussed above regarding Phares, the purity of the combinations

would be of at least equal purity to that claimed in the ’393 Patent.”

Ex. 1009 11 76.

SteadyMed asserts that Moriarty discloses steps (a) and (b) of

claims 1 and 9, and that Phares discloses step (c) of these claims. Pet. 43;

see also EX. 1004, 6, 13; EX. 1005, 24; Ex. 1009 11 74. Dr. Winkler testifies
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that a relevant skilled artisan would have recognized that the treprostinil acid

produced in Moriarty could be purified by contacting it with a base as

described by Phares. Ex. 1009 11 74. In addition, as discussed in Part H.D

above, Dr. Winkler testifies that Phares “details the same Claim 1 and 9

steps (a) or (b) as were used to make treprostinil in the ’117 Patent and

Moriarty reference, but applies them to make (-)-treprostinil, the enantiomer

of (+)- treprostinil (EX. 1005, p. 42).” 1d. 1155. Dr. Winkler further testifies

that a relevant skilled artisan would have had “more than a reasonable

expectation of success that the reaction of treprostinil with diethanolamine

would be successful” because “Phares (Ex. 1005, p. 24, p. 99, Claim 49)

performed the same reaction and it was successful.” EX. 1009 11 80.

UTC reasserts the arguments described above concerning the purity of

treprostinil produced according to the process disclosed in the ’393 patent.

UTC acknowledges that Moriarty itself was an improvement over the prior

art, but contends that “the ’393 patent unexpectedly reduced the impurity

level in the claimed treprostinil product even more.” Prelim. Resp. 44.

Specifically, UTC contends that “performing step (c) on a product that

resulted from steps (a) and (b) provided a product with reduced impurities.”

Id. UTC also reiterates its arguments concerning the Walsh Declaration, and

highlights the purported differences in the impurity profile of treprostinil

produced according to Moriarty compared to that produced according to the

’393 patent.

The present record supports SteadyMed’s contention that the

treprostinil diethanolamine salt disclosed by the combination of Moriarty
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and Phares is identical in structure to the pharrnaceutically acceptable

treprostinil diethanolamine salt recited in claims 1 and 9. Pet. 41—42; see

also Ex. 1004, 6, 13; Ex. 1005, 24, 99 (claim 49); Ex. 1009 11 76.

First, as explained in Part 11B above, the present record does not

support the conclusion that claims drawn to “[a] product comprising a

compound . . .” can be distinguished from prior art products on the basis of

differences in the impurity profiles of those products.

Moreover, as explained in detail in Parts 11A, 11B, and 11D above,

we determine that the present record supports the contention that the

treprostinil product of Moriarty and Phares is the same as that produced

according to the steps recited in claims 1 and 9 of ”393 patent.

As discussed in Part 11B, the Walsh Declaration fails to disclose the

protocols followed in producing the Moriarty and ’393 patent treprostinil

samples analyzed, and fails to account for the experimental error in

Dr. Walsh’s impurity measurements. In addition, the inter-batch variability

in the types and amounts of impurities observed in treprostinil prepared

according to the ’393 patent, and the fact that the treprostinil Dr. Walsh

prepared according to Moriarty satisfies the FDA purity specification for

treprostinil prepared per the ’393 patent, lends further support to the

conclusion that no structural or functional differences exist between

treprostinil produced according to Moriarty, and that produced according to

the’393 patent.

Similarly, as discussed in Part H.D, the present record supports a

finding that the impurity profile of treprostinil diethanolamine salt prepared
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as described by Moriarty in combination with Phares is the same as that

prepared according to the ’393 patent. Dr. Winkler’s testimony regarding

the form and melting point of Phares’ treprostinil product (Ex. 1009 W 59—

60, 62), as well as his testimony regarding the disclosure by Phares of the

same synthesis process as described by Moriarty (EX. 1009 W 55757), is

consistent with the conclusion that treprostinil diethanolamine generated by

reacting Formula 7 of Moriarty with a base, as disclosed by Phares, to form

a salt of Formula 7 would result in a treprostinil diethanolamine salt of at

least equal purity to that disclosed in the ”393 patent.

Accordingly, given the evidence before us in this record, we conclude

that SteadyMed has established adequately for purposes of this decision that

the combination of Moriarty and Phares renders obvious the treprostinil

diethanolamine salt product recited in claims 1 and 9. Because we

determine, on the record before us, and for purposes of institution, that the

process steps recited in claims 1 and 9 do not impart structural or functional

differences to the claimed treprostinil product and are therefore not limiting,

we need not address the parties’ contentions concerning the obviousness of

the recited process steps.

Conclusion

UTC has not raised any additional arguments with regard to the

dependent claims other than those addressed above. We have reviewed

SteadyMed’s evidence, arguments, and claim charts, and conclude that

SteadyMed has sufficiently demonstrated that the dependent claims are also

rendered obvious by the combination of Moriarty and Phares. Thus, for the
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foregoing reasons, we conclude that SteadyMed has shown a reasonable

likelihood of prevailing on its assertions that claims 1—5, 7—9, 11—14, and

16—20 are obvious in view of Moriarty and Phares.

F. Obviousness Grounds of Unpatentability

Based on Moriarty, Phares, Kawakami, and Ege

SteadyMed asserts that claims 6, 10, 15, 21 , and 22 are unpatentable

under § 103(a) as obvious in View of Moriarty, Phares or Kawakami, and

Ege. Pet. 37—52. Although SteadyMed nominally identifies this ground of

unpatentability as being over “Moriarty (Ex. 1004) with Phares (Ex. 1005)

or Kawakami (Exs. 1006 & 1007) and in further combination with Ege

(Ex. 1008)” (Pet. 53 (emphasis omitted), as discussed below, SteadyMed

explicitly relies on Kawakami in arguing unpatentability in view of

Moriarty, Phares, and Ege. Accordingly, we understand SteadyMed’s stated

ground of unpatentability as relying on the combination of Moriarty, Phares,

Kawakami, and Ege. Claims 6, 21, and 22 depend, directly or indirectly,

from claim 1, and claims 10 and 15 depend directly from claim 9. In support

of its assertion, SteadyMed provides detailed explanations as to how the

combination of Moriarty, Ege, Phares, and Kawakami discloses each claim

limitation (1d,), and relies upon the Winkler Declaration (Ex. 1009) to

support its positions.

UTC contends that Kawakami should not be considered as evidence

of unpatentability because the declaration certifying the accuracy of the

translation is deficient. Prelim. Resp. 38—39. UTC also asserts that Ege is

merely a generic introductory chemistry text, and irrelevant to the
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’393 patent. Id. at 47. UTC further argues that SteadyMed has not

identified a rationale for, or expectation of success in, combining either

Moriarty, Phares, and Ege, or Moriarty, Kawakami, and Ege. Id. In

addition, UTC contends that SteadyMed improperly asserts that the cited

combination would inherently result in the claimed product. Id. at 54.

Kawakam i

Kawakami describes “a crystalline dicyclohexylamine salt of a

methanoprostacyclin derivative, a manufacturing method thereof, and a

purifying method thereof.” Ex. 1007, 3. Kawakami discloses obtaining a

dicyclohexylamine salt by “mixing a methanoprostacyclin derivative [I] . . .

with dicyclohexylamine in an appropriate solvent.” Ex. 1007 , 5—6.

Kawakami explains that “[t]he dicyclohexylamine salt of the

methanoprostacyclin derivative [1] thus obtained generally has fairly high

purity, and the purity can be further improved by recrystallization as needed

with the use of an appropriate solvent.” Id. at 6.

Kawakami further teaches that “[t]he dicyclohexylamine salt obtained

by the present invention can be easily reverted to a free methanoprostacyclin

derivative [1] by conventional methods, and the resulting

methanoprostacyclin derivative exhibits excellent crystallinity compared

with substances not purified according to the present invention.” 1d.

Ego)

Ege is an organic chemistry textbook. Ex. 1008, 1. Ege discloses:

Carboxylic acids that have low solubility in water, such as

benzoic acid, are converted to water-soluble salts by reaction
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with aqueous base. Protonation of the carboxylate anion by a

strong acid regenerates the water-insoluble acid. These

properties of carboxylic acids are useful in separating them from

reaction mixtures containing neutral and basic compounds.

Id. at 8 (reference omitted).

Compliance with 37 C.F.R. § 42.63(b)

Kawakami is a Japanese patent application. EX. 1006. SteadyMed

submitted an English translation of Kawakami (EX. 1007), as well as an

affidavit certifying that translation (Ex. 1011) with its Petition.

UTC nevertheless contends that Kawakami should not be considered

as evidence of unpatentability because the President of the translation

service, rather than the individual who prepared the translation, executed the

certification affidavit. Prelim. Resp. 38—39. UTC asserts that certification

affidavit is objectionable because the affiant lacks personal knowledge of the

relevant facts, the accuracy of the translation cannot be determined, and the

translator is shielded from cross-examination. Id. at 39.

In view of the record before us, and for purposes of this decision, we

decline UTC’s invitation to disregard Kawakami. No credible prejudice to

UTC has been called to our attention, and none is apparent. An English

translation of Kawakami was available to UTC in time to prepare its

Preliminary Response.8 Furthermore, UTC has not identified any error in

8 It does not appear that UTC has served objections on SteadyMed

concerning the adequacy of the English translation of Kawakami or the

certifying affidavit.
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the translation that would call into question its authenticity. Regarding

UTC’s contention that the accuracy of the translation cannot be determined

absent a certification affidavit from the translator himself, we note that the

commission of an independent translation would confirm the veracity of the

translation submitted by SteadyMed. We also observe that even if the

individual personally responsible for generating the English translation of

Kawakami had submitted a certification affidavit, UTC would not have had

the opportunity to cross-examine him prior to the submission of its

Preliminary Response.

Accordingly, on the record before us, and for purposes of this

decision, we decline UTC’s request that we disregard Kawakami. We

observe, however, that the adequacy of the Kawakami translation and

certification affidavit may be subject to further challenge during trial.9

Rationale to Combine Prior Art Teachings

Building on the rationale for combining Moriarty and Phares

discussed in Part H.E above, SteadyMed contends that a relevant skilled

9 Pursuant to 37 CPR § 42.64(b)(l), “[a]ny objection to evidence

submitted during a preliminary proceeding must be served within ten

business days of the institution of the trial. . . . The objection must identify

the grounds for the objection with sufficient particularity to allow correction

in the form of supplemental evidence.” “The party relying on evidence to

which an objection is timely served may respond to the objection by serving

supplemental evidence within ten business days of service of the objection.”

37 CPR. § 42.64(b)(2). Furthermore, “[a] motion to exclude evidence must

be filed to preserve any objection. . . . The motion may be filed without

prior authorization from the Board.” 37 C.F.R. § 42.64(c)
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artisan would add further purification steps from Kawakami and Ege

because Kawakami “discloses that the dicyclohexylamine salt of a

methanoprostacyclin derivative ‘can be easily reverted to the free

methanoprostacyclin derivative by conventional methods,” and that the

“fairly high purity” of the salt obtained “can be further improved by

recrystallization as needed with the use of an appropriate solvent.” Pet. 53;

see also EX. 1007, 6, EX. 1009 11 83. Dr. Winkler testifies that, as evidenced

by Ege, a relevant skilled artisan “would understand that one such

conventional method for converting the dicyclohexylamine salt of a

methanoprostacyclin derivative to the free methanoprostacyclin derivative,

or converting the treprostinil diethanolamine salt to treprostinil (1.26., the free

acid) is by treating the salt with a strong acid such as HCl or H2SO4.”

EX. 1009 11 84; see also Pet. 53—54.

Dr. Winkler elaborates on this rationale for combining the cited

references, testifying that a relevant skilled artisan

would want to form the treprostinil diethanolamine salt, purify it,

and then convert it back to its free form (i.e., treprostinil) in order

to obtain excellent crystallinity and increased purity. And Ege

(EX. 1008, p. 8) teaches that one such method for obtaining the

free form of treprostinil or any carboxylic acid would be by

treatment of the carboxylate salt with a strong acid.

EX. 1009 11 88; see also Ex. 1008, 8; Pet. 54.

UTC does not address the combination of Moriarty, Ege, Phares, and

Kawakami. Instead, UTC addresses Moriarty, Ege, and Phares as one

combination, and Moriarty, Ege, and Kawakami as an alternative

combination. Prelim. Resp. 46747.
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As an initial matter, UTC asserts that Ege is irrelevant to the

’393 patent because it does not discuss prostacyclin derivatives or

pharmaceutical synthesis. Id. at 47. UTC argues that Ege in fact “would

teach away or discourage the use of salt formation for purifying a mixture of

compounds that includes other carboxylic-acid containing compounds as

impurities.” Id. at 48.

Regarding the combination of Moriarty, Ege, and Phares, UTC

contends that “even though Phares discloses forming a salt from treprostinil

free acid, and Ege generally discusses that carboxylate salt formation was

known in the art, there would have been no motivation or expectation of

success in using these teachings on the already-formed free acid disclosed in

Moriarty.” Prelim. Resp. 50. Pertaining to the combination of Moriarty,

Ege, and Kawakami, UTC asserts that SteadyMed “fails to establish that a

[relevant skilled artisan] would reasonably expect the teachings of

Kawakami to extend to the products in Moriarty.” Id. at 5 2.

UTC also argues that Dr. Winkler’s testimony regarding the reasons a

relevant skilled artisan would want to form treprostinil diethanolamine salt,

and treat it with a strong acid to convert it back to its free form (treprostinil)

is improperly conclusory. Id. at 50, 52.

On the record before us, and for purposes of this decision, we agree

that SteadyMed has sufficiently demonstrated that a relevant skilled artisan

would have had reason to include the carboxylate salt formation and

regeneration of the neutral carboxylic acid with the syntheses of Moriarty

and Phares based on the teachings of Kawakami and Ege.
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We recognize, but do not find persuasive, UTC’s position that Ege is

irrelevant to the synthesis of prostacyclin derivatives, and that it teaches

away from the use of salt formation for purifying a mixture of compounds

that includes other carboxylic-acid containing compounds as impurities.

First, we observe that SteadyMed relies on Ege not for any teachings

specific to prostacyclin derivative synthesis, but rather, to support the

contention that the addition of a strong acid to a carboxylate salt to

regenerate the neutral carboxylic acid is a conventional purification

technique in organic chemistry. Pet. 5355; Ex. 1009 W 86, 88. In

particular, Dr. Winkler testifies that the “addition of a strong acid to a

carboxylate salt to regenerate the neutral carboxylic acid is a common

reaction in organic chemistry and this process is well within the skill of one

of ordinary skill in the art (indeed, a process that I teach to my organic

chemistry students)” (Ex. 1009 1] 85), and that Ege, an introductory organic

chemistry text, “discloses that sodium benzoate (i.e., a carboxylate salt) can

be converted back to benzoic acid (i.e., a carboxylic acid) by treatment with

the acid HCl” (id. 1] 86). On this record, we credit Dr. Winkler’s testimony,

as it is consistent with the prior art.

Second, we note that even crediting UTC’s position that the use of salt

formation would not be effective for purifying treprostinil from its

stereoisomers (Prelim. Resp. 47—48), the present record suggests that it

would be effective for removing other impurities (Pet. 53—55; Ex. 1009

W 86, 88). Moreover, as explained below, the present record, including

Kawakami, indicates that treprostinil diethanolamine salt formation followed
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by regeneration of treprostinil using a strong acid is an effective purification

step. Pet. 53—55; see also Ex. 1007, 6; Ex. 1008, 8; Ex. 1009 1111 82—90.

Additionally, we agree with SteadyMed that a relevant skilled artisan

would have had reason to combine Moriarty, Phares, Kawakami, and Ege.

Pet. 5375 5; Ex. 1009 1111 82790. For example, Dr. Winkler testifies that a

relevant skilled artisan would want to include a carboxylate salt formation

and regeneration of the neutral carboxylic acid as described by Ege with the

syntheses of Moriarty and Phares because Kawakami teaches that “‘the

dicyclohexylamine salt obtained by the present invention can be easily

reverted to a free methanoprostacyclin derivative [1] by conventional

methods, and the resulting methanoprostacyclin derivative exhibits excellent

crystallinity compared with substances not purified according to the present

invention.’” Ex. 1009 11 86; see also Ex. 1007, 6; Pet. 53—55. Dr. Winkler

additionally testifies that a skilled artisan would be motivated to form

treprostinil diethanolamine salt, and treat it with a strong acid to “obtain

excellent crystallinity and increased purity” of the final treprostinil product

(Ex. 1009 11 88), and that a skilled artisan would have a reasonable

expectation of success in performing such reaction because it is “a common

reaction in organic chemistry and this process is well within the skill of one

of ordinary skill in the art” (id. 11 90).

On this record, we credit Dr. Winkler’s testimony, as it is consistent

with the prior art. Moreover, we disagree with UTC that Dr. Winkler’s

testimony is improperly conclusory. Rather, as illustrated by the excerpts of

his testimony referenced above, Dr. Winkler supports his opinions with
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reference to the cited art, as well as his experience as a chemist and

chemistry professor.

Accordingly, on the record before us, we agree that SteadyMed has

sufficiently demonstrated that one of ordinary skill in the art would have

included the carboxylate salt formation and regeneration of the neutral

carboxylic acid of Ege with the syntheses of Moriarty and Phares based on

Kawakami’s disclosure that the conversion of salts of prostacyclin

derivatives to their free forms by conventional methods increases purity of

the final product. See KSR, 550 US. at 417 (“[I]f a technique has been used

to improve one device, and a person of ordinary skill in the art would

recognize that it would improve similar devices in the same way, using the

technique is obvious unless its actual application is beyond his or her

skill”).

Claims 6, I5, and 2]

Claims 6, 15, and 21 each recite the product of either claim 1 or

claim 9, subject to additional process steps. For example, claim 6 recites

“[t]he product of claim 1, wherein the acid in step (d) is HCl or H2804.”

Ex. 1001, 19:39—40. Claim 15 similarly recites “[t]he product of claim 9,

wherein the acid in step (d) is HCl.” Id. at 20:59—60. Claim 21 simply

recites “[t]he product of claim 1, wherein step (d) is performed.” 10’. at

2 1 : 13.

The present record supports SteadyMed’s contention that claims 6, 15 ,

and 21 would have been obvious in view of Moriarty, Ege, Phares, and
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Kawakami. Pet. 5356; Ex. 1009 W 82790. For example, Dr. Winkler

testifies that

the combination of Moriarty (Ex. 1004) and Phares (Ex. 1005)

(or Kawakami, Exs. 1006 & 1007) and Ege (Ex. 1008) would

disclose . . . treprostinil of at least equal purity to that claimed in

the ”393 Patent, since the combination of these references

discloses the same product and same process of Claims 1 and 9.

EX. 1009 11 89; see also Pet. 54. In addition, as explained above,

Dr. Winkler testifies that a skilled artisan would have made the cited

combination, with an expectation of success, in order to obtain a treprostinil

product of improved purity. EX. 1009 1111 88—90; Pet. 54—55. On this record,

we credit Dr. Winkler’s testimony.

UTC does not offer evidence or argument to suggest that the

additional process steps recited in claims 6, 15, and 21 impart structural or

functional differences to the claimed product beyond that discussed above in

Parts 11B, 11D, and HE. Rather, UTC contends that SteadyMed has not

asserted that the products of claims 6, 15, and 21 would have been obvious

in View of the cited art. Prelim. Resp. 54. UTC frames SteadyMed’s

position as an argument that the recited process steps would have been

obvious, and would have inherently resulted in the claimed product. Id.

We do not find UTC’s contentions persuasive. We observe that

claims 6, 15 , and 21 differ from their respective independent claims only in

that they require the performance of optional step (d) from claims 1 and 9,

and in the case of claims 6 and 15, specify the acid to be used in carrying out

that process step. EX. 1001, 19239740, 20259760. As set forth in detail in

Parts ILA, 11B, 11D, and HE, on the record before us, and for purposes of
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this decision, we conclude that the process steps recited in the challenged

claims, including step (d), do not impart structural or functional differences

over prior art treprostinil products.

Furthermore, we disagree with UTC’s characterization of

SteadyMed’s obviousness argument. We note, for example, that under the

general rule for the interpretation of product-by-process claims, which we

determine applies here, the products of claims 1, 6, and 21 are interpreted to

be the same, namely, the product of claim 1. Likewise, the same analysis

applies for the products of claims 9 and 15.

Accordingly, given the evidence before us in this record, we conclude

that SteadyMed has established adequately for purposes of this decision that

the combination of Ege, Phares, and Kawakami renders obvious the

treprostinil products of claims 6, 15 , and 21. Because we determine, on the

record before us, and for purposes of institution, that the process steps

recited in claims 6, 15, and 21 do not impart structural or functional

differences to the claimed treprostinil product, we do not address the parties:

contentions concerning the obviousness of the recited process steps.

Claim 10

Claim 10 recites “[t]he product of claim 9, wherein the purity of

product of step (d) is at least 99.5%.” EX. 1001, 20:47—48. The present

record supports SteadyMed’s contention that claim 10 is obvious in View of

Moriarty, Ege, Phares, and Kawakami. Pet. 55—56; see also EX. 1009 1111 82—

90. As detailed in Parts 11B, 11D, and HE, the present record supports

SteadyMed’s position that Moriarty discloses treprostinil free acid having a
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purity of 99.7% (Pet. 20; see also EX. 1004, 13, EX. 1009 11 65), and Phares

discloses treprostinil diethanolamine salt of the same form and at least the

same purity as that claimed in the ’393 patent (Pet. 27—28; Ex. 1005, 88—93,

Ex. 1009 W 59—62). The present record further supports SteadyMed’s

contention that even if Dr. Walsh’s impurity measurements are credited, the

0.1% difference between the purity of the sample prepared according to

Moriarty, and claim 10 is within the expected level experimental error for

impurity measurements, and the degree of inter-batch variability in impurity

content is such that Dr. Walsh’s results are insufficient to support a

conclusion of nonobviousness. Pet. 19—22, see also Ex. 1009 1111 63—71.

UTC does not offer evidence or argument to suggest that the

additional process step recited in claim 10 imparts structural or functional

differences to the claimed product beyond that discussed above in Parts ILA,

11B, 11D, and HE. Neither does UTC present any additional argument

regarding the recited purity requirement beyond those already addressed

above. UTC does reassert its position, discussed with regard to claims 6, 15,

and 21, that SteadyMed has not asserted that the product of claim 10 would

have been obvious in view of the cited art. Prelim. Resp. 54. For the

reasons set forth above, however, we do not find this contention persuasive.

Accordingly, given the evidence before us in this record, we conclude

that SteadyMed has established adequately for purposes of this decision that

the combination of Ege, Phares, and Kawakami renders obvious the

treprostinil product of claim 10. Because we determine, on the record before

us, and for purposes of institution, that the process steps recited in claim 10
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do not impart structural or functional differences to the claimed treprostinil

product, we do not address the parties” contentions concerning the

obviousness of the recited process steps at this time.

Claim 22

Claim 22 recites “[t]he product of claim 21, wherein the product

comprises a pharmaceutically acceptable salt formed from the product of

step (d).” EX. 1001, 21: 14716. The present record supports SteadyMed’s

contention that claim 22 is obvious in view of Moriarty, Ege, Phares, and

Kawakami. Pet. 56—57; see also Ex. 1009 1111 82—90. As discussed above in

Parts 11D and HE, the present record supports SteadyMed’s position that

the cited combination renders obvious a pharmaceutically acceptable

treprostinil salt.

UTC does not offer evidence or argument to suggest that the

additional process step recited in claim 22 imparts structural or functional

differences to the claimed product beyond that discussed above in Parts ILA,

H.B, 11D, and HE. Neither does UTC present any additional argument

regarding the recited purity requirement beyond those already addressed

above. UTC does reassert its position, discussed with regard to claims 6, 15,

and 21, that SteadyMed has not asserted that the product of claim 22 would

have been obvious in view of the cited art. Prelim. Resp. 54. For the

reasons set forth above, however, we do not find this contention persuasive

Accordingly, given the evidence before us in this record, we conclude

that SteadyMed has established adequately for purposes of this decision that

the combination of Ege, Phares, and Kawakami renders obvious the
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treprostinil products of claim 22. Because we determine, on the record

before us, and for purposes of institution, that the process steps recited in

claims 22 do not impart structural or functional differences to the claimed

treprostinil product, we do not address the parties’ contentions concerning

the obviousness of the recited process steps at this time.

Conclusion

For the foregoing reasons, we conclude that SteadyMed has shown a

reasonable likelihood of prevailing on its assertions that claims 6, 10, 15, 21,

and 22 are obvious in view of Moriarty, E {26, Phares, and Kawakami.

G. Secondary Considerations ofNon-Obviousness

UTC contends that objective indicia of non-obviousness, such as

purported evidence of long-felt but unmet need, unexpected results,

commercial success, and copying support the patentability of the challenged

claims ofthe ’393 patent. Prelim. Resp. 55—58.

We conclude that the evidence of secondary considerations currently

of record is not sufficient, at this point in the proceeding, to support UTC’s

contention. As an initial matter, we observe that “secondary considerations

are better considered in the context of a trial when the ultimate

determination of obviousness is made.” Crocs, Inc. v. Polllwalks, Inc, Case

IPR2014-00424, slip op. 16 (PTAB Aug. 20, 2014) (Paper 8). In addition,

we note that UTC’s contentions regarding long-felt need and unexpected

results are predicated on UTC’s claim that treprostinil made according to the

process described in the ’393 patent has fewer impurities than treprostinil

produced by other methods. However, as explained in Parts ll.B, 11D, and
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{liege other gmum‘le aseerted in {he Petitinn. See 3,7 {3.}?R § 4‘2. }{}S{a3 We

ebserve that SteedyMed presents the abeve ground (iiimpetentabfifiy and

the obvreusnees efciaims 1—5, 2219, 11—14, and 16420 in View DfMerierry

and Phares, a greund en which we inetitute review, inihe alternative.

‘31

|PR2020-00770

United Therapeutics EX2007

Page 3890 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3891 of 7335

WHOM—603306

Faient 334931393 32

Hi. CONCLUSION

Fm {ha fmegeing {6333113} we fietflnnine that the information

ptasented in the Patifion establishes that than is a reasonable Eikeiihmd that

SteadyMeé weuid prevail in challenging claims; 17732 fifths: ”393 pawn. At:

this junctureg wehawa not 11133.3 :1 firm} detamttination. with respect to the

patentahiiity of the cha’iimiged aiming, nor with respect to Claim

constructinn .

IV. ORDER

For the: fnregs-ing teaser}; it. is

{)REERED that pursuant In 35 USE“ § 314(a), an z‘nrer parres

{avian-V is h-E-‘i‘eby' institutaé .fGI the {01111ng gmumis; of meatemabiiity:

Refelrencefsfi

1—5? ?—9, 11—14mm} V ._ . , ‘ M __F L1 * __», , , > w

£6350 ),11 14’ Mid §103(a) Monarqrané Pia-ares
63, 10,, 15,, 21, and. 22 § 103(3) Marimyg Pharw, Kawakami} am} Ege
 

FURTHER ORDERED that 110 Ufiher gmund ofunpatentahfiity

assemed in the. Petitiml is authorized for ibis inim’pari'ex review; and

FUR'I’HER ORDERED that pursuant to 3‘5. USC. § 314(c} and

3? QER. § 41%, Defies is heraby given of this institution of a Elia}; the trial

wiil commence on the why dam (if this decisiun.

{J} In.)
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L ENTRGDBCTEGN

United 'l‘herapeutics Corporation (“UPC”) submits this Response in

accordance with 35 USC § 3l6(a)(8) and 37 CPR. § 42.120, responding to the

instituted grounds of the Petition for Inter Partes Review filed by SteadyMed Ltd,

(“SteadyMed”) challenging claims l~22 of US Patent No. 8,497,393 (“the ’393

patent”). The Declaration of Dr. Williams (“Ex 2020”) and of Dr. Ruffolo (“Ex

2022”) are filed herewith in support oftthe Response (Ex. 2020 and EX 2022,

respectively). The Board should conclude that SteadyMed has failed to prove by a

preponderance of the evidence that the instituted claims are unpatentable, as

required. under 35 U.S.C. § 316(e).

II. SUB/[MARY OF 'l'HE ARGUMENT

SteadyMed’s anticipation and. obviousness arguments are flawed, for two

fundamental reasons. First, Steadyl‘v’ied’s arguments rely on Moriarty (Moriarty et

51]., J Org. Chem. 2004, 1890—1902; Ex. 1004') and Phares (International

Publication No, WO 2005/007081; Ex, l005), but neither reference discloses the

same highly pure treprostinil or treprostinil diethanol amine product claimed by the

’393 patent when properly construed, let alone the same synthesis recited in the

instituted claims. In fact, the Office considered both references during prosecution

of the ”393 patent, and the Office construed the claims of the 393 patent in a way

that distinguished the product of the ”393 patent specifically from the Moriarty
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product. Moreover, a person of ordinary skill in the art (“1308A”) would not look

to either Ege (Seyhan N. Ege, Organic Chemistry 543—547 (2d ed. 1989) (EX.

l008) or Kawakarni (JP 56~122328A) (EX 1007) as neither reference is relevant to

further purification of the complex treprostinil carboxylic acid structure that is at

issue in the 393 patent, and a POSA would have no reasonable expectation of

success in combining these references with either Moriarty or Pharesi

Second, SteadyMed’s anticipation and obviousness arguments are fl awed

because they misunderstand, both the error associated with such measurements and

the difference between “assay purity” against a standard and measurements of

purity that directly measure the level of impurities. As explained in the Williams

and Ruffolo Declarations, this misunderstanding resulted in Petitionerls incorrect

assertion that there are inconsistencies between the purity values recited in the ”393

specificatiom the Walsh Declaration, and the Moriarty prior art. Ex. 202.0 at “ll‘fl88-

89; Ex. 2022 at @7344. Dr. Williams notes that the ’393 patent itself expressly

refers to assay purity values as “llPLC tassay)” values whenever it uses such

measurements, as opposed to other purity values based on measuring amount of

impurities. Ex. 2020 at fii89. Dr. Ruffolo further explains that FDA drug approval

system rests on precise measurements of individual impurities that make up a,

purity “specification” for a drug, which can be reliably determined within the

detecti on limits of l-lPLC measurements EX. 2022 at filfi32~35 and 4450. Dr.

is)
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Ruttelo also specifically notes that it is routine to have assay purity values above

10 ‘% because it is a relative value measurement. Ex. 2022 at fil'53.

SteadyMed’s purported expert, Dr. Winkler, confirmed this

misunderstanding. Dr. Winkler acknowledged at his deposition that FDA’S purity

specification of less than-9h for the impurity- indicates that: precise

measurements of impurities are possible: “I would think that the error in the

measurement for- would he, should. be less than. percent.” BX. 205 l at:

64:7—9, Dr. Winkler further acknowledged that he did not know how the

treprostinil purity specification adopted by FDA could change from .945 to .945

and stated that he Viewed purity levels above 1009/0 as errors: “I think the thing

that I am able to conclude from the data that is on page 6 of this. of this letter [E94,

2006] is that the error in the l—lPLC assay could be as high asl percent in the first

column and. by my analysis could, be as high asl percent in the second column.”

EX. 2051 at 86: l5~21; 24-«25; 87:2~9. As Dr. Williams explained. Dr. Winkler’s

conclusions on this point appear “to arise from Dr. Winkler’s fundamental

misunderstanding of how assay purity values are calculated.” Ex. 2020 at: flfi90-92;

see also Ex 2022 at “HY/'4. Moreover, Dr. Winkler admitted he (lid not know what

the actual error was associated with the measurements submitted in the Walsh

declaration. Ex. 2051 at 62zl6-25; 63:244. Because Dr. Winkler does not

understand the basic differences in types of purity measurements and. their related

Lt)
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errors that: are used in the 7393 patent, discussed in the Walsh Declaration, and

which form the basis for FDA’s regulation of drug product manufacturing, his

declaration should not be credited,

Moreover, the Williams Declaration establishes that there are measurable

structural differences between the average impurity profiles ofthe Moriarty

product and the claimed, product based on data obtained from 175 batches. Ex.

2020 fil‘fi'94-99, Appendices A-B; see also Ex. 2005, Ex, 2036, Ex. 2037, EX 2052,

Ex. 2053. The average impurity profiles show that Moriarty process and the ”393

process produce two physically distinct products that contain different total and

specific impurities. 1d. Specifically, the claimed product essentially lacks certain

impurities found in the Moriarty product, such as_and-.

Ex.2020 at W909? The claimed product also contains much smaller amounts of

other impurities that are found in the Moriarty product, such as_,

—.[a i962

Furthermore, based on the same 175 batches, the average purity of the ’393

 producti H greater than the average purity of the Moriarty product, thereby

corroborating that the Moriarty process and the 3% process produces two

physically distinct products that contain measurable and significant structural

differences. 1d. at $98.
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Finally. the initial claim construction of the preamble “a product...

comprising” urged by Steadyl‘vled and adopted by the Board would Violate the

canon that patent claims may not be construed to encompass material that was

clearly disavowed. in order to obtain allowance of claims. Even under the broadest

reasonable interpretation standard, the Board has found in its own cases that the

prosecution history may limit the plain meaning of a limitation in a claim, which

otherwise is presumed to apply. The ”393 claims were allowed after submission of

the Walsh Declaration, which established the differences between the ’393

products and the Moriarty product. This disavowal of the Moriarty subject matter

is further reinforced by additional intrinsic evidence. The ”393 patent includes a

side—by—side comparison in Example 6 to show the difference between the Moriarty

product and the ”393 product and repeatedly references higher purity and different

impurity profile compared to Moriarty. in the face of this disavowal, it is improper

to construe “a product ...cornprising’° to allow the impurities “without limitation,”

as such a construction would encompass the impurity profile of Moriarty.

In addition, the Williams Declaration explains why Phar‘es cannot anticipate the

claimed products because of the particular conditions used to prepare the Phares

product for polym orph screening and because of the uncertain provenance of

starting treprostinil used to make the diethanolamine salt.
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As to instituted grounds 2 and 3. Dr. Williams also explains why the references

in the instituted o‘bviousness grounds would not have been combined in the

asserted manner due to lack of motivation and the failure of the references to

provide an expectation of success for achieving the purity level and impurity

profile of the ”393 patent in the specific case oftreprostinil. Kawakami teaches

away from the selection of diethanolainine, the salt specifically claimed. in claims

l4 and 18. Lastly, secondary considerations oflong—felt need and unexpected

results would rebut any case of obviousness as to grounds 2 and 3

In View of the foregoing, SteadyMed has not met its burden of proving the

unpatentability of claims 1~22 by a preponderance of the evidence, as required

under 35 USC. § 3l6(e).

Ill], STRUCTURAL/EUNCTEONAL DIFFERENCES OF THE CEAIMED

PRGDUCTS OVER THE CETED ART

The combined Declarations of Dr. Williams and Dr. Rnffolo establish that:

the 2393 product has a different impurity profile than the Moriarty product, and in

fact, that the ’393 product has higher average purity. These differences matter.

FDA uses both overall purity and levels of individual impurities (“purity

specification”) as a basis to regulate the manufacturing of pharmaceuticals.

Batches that fall outside of the purity specification cannot be sold or used to treat
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patients. Thus, differences in purity and impurity profile are not: merely academic:

but critical to the successful manufacture of a clinical product.

A. The Escape rtance of Purity in Pharmaceuticals

As noted by the a393 patent itself, “beeau se 'l‘reprostinil, and other

prostacycliu derivatives are of great importance from a medicinal point of View, a

need exists for an efficient process to synthesize these compounds on a large scale

suitable for commercial production.” EX. 100] , col. l157—6l. The invention

therefore “provides for a process that is more economical, safer, faster, greener?

easier to operate, and provides higher purity.” 1d,, col. 5:47—50. As the treprostinil

product is a drug product subject to the rules of FDA, the reduction of impurities is

of great: importance in the drug. Drug purity is defined by FDA as “relative

freedom front extraneous matter in the finished product, whether or not harmful to

the recipient or deleterious to the product.” See: Ex 2022 at “$83; see also 21

CFR. §600 3 (r) (2015). The purity of a drug is of such importance to FDA that

the purity level of a drugr substance must: appear in the drug product specification,

which is a collection of data about the drug required by FDA. See, Ext 2022 at

‘ll‘ll32—34, “Regulatory agencies have also sought to increase levels ofpurity, and

consequently decrease levels of impurities, in order to provide to the maximum

extent possible, the highest level of safety to patients,” Id, at 1596. This is due to
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the fact that even trace amounts of impurities can sometime pose serious health

concerns.

For example, the drug penicillin is one of the best: known and extensively

studied examples of trace impurities that can cause serious, iife~threatening adverse

events. Id. at filo'l. While penicillin is safe and effective for most people, it can

cause serious allergic reactions resulting in anaphylaxis and. death. Id. Because the

amount of trace impurity of penicillin needed to cause an allergic reaction is so

low, FDA has mandated the production of penicillin active pharmaceutical

ingredient (AFl ) and finished product to be made in buildings entirely separate

from buildings that manufacture other APIs or finished drug product. Id, see also

FDA Guidance for industry; Non—Penicillin Beta—Lactam Drugs: A CGMP

Framework for Preventing CrossmContanimatron, (2013) (EX. 2047) at 1‘6. The

same is true for the drug cephalosporin. Fix, 2022 at filo}; see also Fx 2047 at lmo.

Additionally, human insulin is another example. For many years, human

insulin was derived from pig pancreases, but then it became possible to produce

human insulin in the bacteria F coli using large bioreactors. Ex. 2022 at “J64. Even

though the human insulin derived from E coli was highly pure, it contained very

small trace amounts of E. coli, a very dangerous bacteria causing reactions

(directly from the trace amounts of bacteria, and not due to infection) in some

people even in trace amounts. Id. As a, result, the product needed to be even more

3
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highly purified to further minimize or eliminate the trace bacterial contaminants.

1d. These examples highlight the importance of drug purity in pharmaceutical

formulations and the potential risks to patients between two products that differ in

their impurity profile and purity. By having a different impurity profile and overall

purity, two products are structurally and functionally different

8. The 9.393 Product Has A Different impurity Profile and a Higher

Purity Than Moriarty

As detailed in Dr. Williams’ Declaration and supporting exhibits, comparing

the average impurity profiles for the ’39} product and the Moriarty product using

data obtained from over 175 batches reveals measurable structural differences, as

the two processes produce physically different products which contain different

total and specific amounts of impurities. Ex. 2020 “@9409 and Appendices AwB;

see also Ex. 2005, Ex. 2036, Ex. 2037, Ex. 2052, Ex. 2053. The batch reports

show that the Moriarty product and the claimed product exhibit different impurity

profiles and, that the claimed product has a higher average purity than Moriartyjs

product. Id.

Moriarty Process impurities (Average Percent. Detected)
 

i i
1AU90 2AU90 3AU90

E Total

E ethyl methyl Related
750W93 751W93 I 97W86 ester ester Substance 

00473 E00407 E02545 
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9

(H646 01025 E00405 E00889 0.l028 0.9545
’393 patent Process impurities (Average Percent Detected)
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       - _-_-_I   

In total, the ”393 product has- times fewer impurities than the Moriarty

product.1 EX. 2020 llll94'95 Additionally, certain specific impurities found in the

prior art Moriarty product are essentially eliminated in the ’393 product, as the

’393 product does not contain detectable amounts of the impurity-, and

none of the commercial batches of the ’393 product contain detectable amounts of

-or-. EX. 2020 W94, 96-97. Other impurities, including_,

-,-,anc-, are also greatly reduced in the ’393 product as

compared to the Moriarty product, while the level of the-impurity is

slightly increased in the ’393 product. EX. 2020 196. These substantial differences

between the impurity profiles of the ’393 product and the Moriarty product

constitute structural differences between the claimed product and the prior art.

Furthermore, the average purity based on data from over 175 batches is

higher for the ’393 product than that of Moriarty. As shown above, the average

purity of a Moriarty batch was 99.05% while the average purity of a ’393 batch

 

1 Moriarty Total Related Substances: 0.9545 , ’393 patent Process Total Related

Substances:-

10
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 EX" 2020 $9439. This is a marked improvement in overall purity

Moreover, the purity analyzed in these batches the total related substances is

exactly the same type of analysis Dr. Walsh referred to in his declaration when

referring to purity of the “”393 patent process versus that of the Moriarty process.

Thus, this analysis is consistent: with how the inventor interpreted the purity of the

’393 patent. And this analysis also persuaded the Office to allow the claims“

The Institution Decision cited to the Walsh Declaration for revealing “that

each of the impurities detected in [the tested batch of] Moriarty treprostinil was

present in an amount below that identified as acceptable in UTCls own

specification for treprostinil produced according to the process disclosed in the

‘393 patent” Paper l2 at 20—2 1. First, the above data shows that the average

amount of each impurity and the average purity is different between Moriarty

treprostinil and the ’393 product“ Second, whether an isolated batch of Moriarty

treprostinil does or does not satisfy the new FDA purity specification is not

relevant to patentability, The question for patentability is whether or not a given

batch of starring Moriarty treprostinil (steps a and b of the 3393 independent

claims) will be physically changed when step (c) is performed on that bate/r The

above averages show that it does change, as do the large scale synthesis examples

limo in the ‘393 patent. While Moriarty treprostinil may show inter—batch variation

in overall purity and impurity profiles, the data of record establishes that:
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performing step (c) on a given starting batch of Moriarty treprostinil will lead to a

higher purity and a different impurity profile in the end product. Petitioner has not

established that any specific batch of Moriarty trept‘ostinil is not physically

changed by perfoiming step (c)? and, all the evidence suggests that it is.

C. The Differences in impurity Profile And Average Purity Between

The ’SQS Product And Moriarty Are Functionally important

The higher purity of the claimed product resulted in FDA approving a new

assay purity for the treprostinil drug as noted in the January 2009 letter submitted

to FDA by UTC. Ex. 2006 at «L6; Ex 2022 at fi'fil66w68; Ex. 2020 at “1‘39'1.

Furthermore, this change constitutes a “major” change according to the

classification system for manufacturing changes used by FDA. Ex, 2022 at filfii70—

72. FDA requires continuous testing of pharmaceutical batches to en sure that they

fall within the established purity specification. Ex. 2022 at $82—40. If a given

batch falls outside the established purity specification, then it will be rejected by

FDA and cannot be sold for patient use. 1d. at “332. FDA is so concerned about

purity of pharmaceuticals that it requires companies to test for very tiny amounts of

individual known impurities carried over into the final product based on the

manufacturing process. Id. at W324i). Thus, the change in the “393 product is

commercially important and, has realwworld value.
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IV. CLAih/i CQNSTRUCTION

In the Decision on institution (Paper 28), the preliminary claim construction

eonstrues “[a] product comprising a compound toil/haying] formula [l/lV} or a

pharmaceutically acceptable salt thereof" and “product” in, an unreasonably broad.

manner. The Board is not bound by that preliminary construction based on an

incomplete record. See rag Hie Scorn Co, LLC v. Encap, LLC, lPR20 13-00 llO,

Paper 79 (PTAB June 24“, 20M) (overturning preliminary claim construction in

final written opinion) (EX. 2024)“ On the fuller record now available to it, the

Board should adopt UTC’s construction of the disputed terms.

A. Intrinsic Evidence Can Gverride The Presumption That

“Comprising” Creates An “Unen” Claim Construction

The claims at issue in an lPR must be given their broadest reasonable

interpretation (BR?) in light of the specification, but, the Board must still interpret

claim terms according to established principles. The transition phrase

“comprising” is only presumed to be an “open” phrase. Crystal Semicondzrctor

Corp. V. irichh AficmelectrontarInf], Inc... 246 F.3d 1336, l348 (Fed. Cir. 200i)

(“In the parlance of patent law: the transition ‘eoinprising’ creates a presumption

that the recited elem ents are only a part of the device, that the claim does not

exclude additional, unrecited elements”). “While it is true that, as a general rule,

the words of a patent claim are to be given their plain; ordinary and accustomed

l3
4814-0612-43403

|PR2020-00770

United Therapeutics EX2007

Page 3910 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3911 of 7335

11912201600006 Patent Owner Response

Patent 8,497,593

meaning to one of ordinary skill in the relevant art, Tom Co. v. White Como].

Indus, 1mm, 199 F.3d 1295, 1299 (Fed. Cir. 1999), a court must nevertheless

examine the rern aining intrinsic evidence to determine whether the patentee has set:

forth an explicit definition of a term contrary to its ordinary meaning, has

diselainred suhject matter. or has otherwise limited the scope of the claims.” Day

Inter/7., inc. v. Reeves Brothers, Inc, 260 F.3d 1343, 1349 (Fed. Cir. 2001).

The intrinsic record, both the specification and the prosecution history, must

be reviewed to determine if there are limits to terms in the claims that would

otherwise be given their presumptive plain meanings. Prosecution history “limits

the interpretation of claims so as to exclude any interpretation that may have been

disclaimed or disavowed duringr prosecution in order to obtain claim allowance.”

Standard 01’! (1'0. 1). American (lyai'zamid (.70., 774 F.2d 448, 452 (Fed. Cir, 1985).

Similarly, the specification may contain repeated statements distinguishing the

prior art that limit the claims. SqféYCarc Mfg, Inc. villain—Adams Inc, 497 F.3d

1262, 1269—70 (Fed. Cir. 2007) (finding disclaimer where the specification

repeatedly indicated that the invention operated by “pushing (as opposed to

pulling) forces,” and then characterized the “pushing forces" as “an important

feature of the present: invention“).

Under the BRI standard, the Board should take into account both the

specification and the prosecution history because the patent examiner and the
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applicant: have already worked together to determine the scope of the claimed

invention. See In re Bartram: 504 F .3d 1364, 1366—67 (Fed. Cir. 2007) (“The

patent examiner and the applicant, in the give and take of rejection and response

work toward defining the metes and bounds of the invention to be patented”); In

re 2161‘; 893 F.2d 319. 321 (Fed. Cir. 1989,) (”When the applicant states the

meaning that the claim terms are intended. to have, the claims are examined with

that meaning in order to achieve a complete exploration of the applicant's

invention and its relation to the prior art”).

The Board has tbllowed these principles of claim construction in other IPR

proceedings. See, 8.277785602‘1‘SCO” LLC v. Encap, LLC,iPRZOl3—00110,Ex.

2024 at l4—-16. In Scott‘s, the Board changed its preliminary claim construction of

“being in a solid state at time of coating” because the Board found that the patent

owner had disavowed claim scope during prosecution in order to overcome a

specific prior art reference. Ex 2024 at l5. The Board relied on statements made

in Examiner interview Summaries which confirmed that claim amendments and

arguments presented overcame the prior art. lot; see also Prosecution History of

US. Patent No. 6,209,259 (Ex. 2025). As another example, the Board recently

construed a phrase to exclude trace amounts of a substance based on statements

made during prosecution distinguishing prior art containing trace amounts of the

substance. Daice! Corp. v. Celanese [m ‘1 Corn, 11312201500171, Paper 86 at 41
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(PTAB June 23, 2016). Thus, the BRI cannot be divorced from the intrinsic

evidence, including the prosecution history. Such a construction is not reasonable.

ii. The Distinct impurity i’rofile And Higher Pu rity 9f the ’393

Patent Product Were Clearly Considered P‘art of the Claimed

Product During Prosecution

As explained during prosecution,“[e]ach of treprostinil as the free acid and

treprostinil diethanolarnine prepared according to the process specified in claim 1

or 10 . . . is physically different from tr‘eprosti nil prepared according to the process

of ‘Moriarty‘ due to differences in their impurity profiles.” EX. l002 at 344. In

fact, the Examiner required UTC to provide evidence in declaration form showing

that the product of claims 1 and, 10 was different than Moriarty"s product. Id. at

328. In response, UTC filed the Walsh Declaration, which demonstrated that the

claim ed product had a different impurity profile and higher purity than Moriartyjs

product. 10/. at 347—349. it was upon these statements and evidence that Moriarty

was overcome, and shortly thereafter the Examiner issued a Notice of Allowance.

Id. at 354—360.

In addition, the ‘393 specification repeatedly refers to the differences of the

‘393 product compared to Moriarty. The entirety of Example 6 in the ‘393

specification is a large scale, sidemby~side comparison between Moriarty and the

‘393 product, which shows a purity of 99.0% for Moriarty and 99.9% for the “393

product. Ex. 1001, l7zstep 53. At the end of this example, the £393 specification
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further states that, “impurities carried over from intermediate steps tie, alkylation

of triol and hydrolysis ofbenzindene nitrile) are removed during the carbon

treatment: and salt formation step” (Ex. 1001, 17:29—32), which are the same

differences (higher purity and different impurity profile) that UTC relied upon in

the Walsh Declaration during prosecution as noted above.

These statements by UTC demonstrate that the claimed “product” must have

an impurity profile conferred by its process steps. See Purdue Phar‘ma LP. v. E17610

Pharms. Ins, 438 F.3d 1123, 1136 (Fed. Cir. 2006); see also Atofina v. Great

Lakes Chem, Corp? 441 F.3d 99l , 997 (Fed Cir” 2006) (statements made during

prosecution history that distinguished the claimed invention from the prior art

constituted a prosecution disclaimer); see also United Ill/tempeullcs Corp. v.

Sande; Inca, 2014 WL 4259153; ”til-~56 (DNJ. Aug 29, 2014) (finding

compounds made by different processes resulted in different impurity profiles

meaning they were structurally different).

ll. The Plain Meaning Of “Product” In The Context Of The ”393

Prod net—Bvarocess Claims Requires The Cha raeteristles

Conferred By The Process Steps lie Present

The term “product” in the context of the ’393 patent should be construed as

“a substance resulting from a chemical reaction.” This is consistent with the ’393

patent itself (EX. 1001 at col. 3, lines 3, 4; 65, and 66; col. 5, line 45; col. 6; lines

65’ and 66; and col“ 7, line 17), as well as the understanding of a POSA and the
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generally accepted definition in chemistry. EX. 2020 at weenie. Additionally; Dr.

Williams and Dr. Winkler both use the term product to refer to the result of a

chemical reaction in their own work. id. at @6365; see also EX 2031 at 15512—1]

(“the product of a chemical reaction would be essentially all of the substances that

result from the treatment of a particular reactant with a particular set of reagents”).

To construe the term “product” as “a chemical composition” is too broad and

improperly disregards a significant portion ofthe intrinsic record. As described

above, a product is the result of a chemical reaction and has its own impurity

profile depending upon how it is made. “A chemical composition” could be

anything and is in no way limiting to what the term “product” actually means. EX.

2020 at ‘ll‘ii66w68.

V. GRQUND l: PHARES FAILS Ti} EXPLECITLY GR iNE-iERENTIX

DESCLGSE EACH AND EVERY LERHTATEON OF CLAEMS L5, 73,

114.4 GR 16-»20

The Board instituted Ground 1 based on the conclusion that Phares teaches

the treprostinil diethanolamine salt product recited in claims I and, 93 and that the

recited process steps of the claims do not impart structural or functional differences

over Phares’ treprostinil diethanolarnine salt. As discussed below, SteadyMed has

failed to establish anticipation based on Phares.
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A. Steadyh’led Cannot Pick and Choose From tin related Portions of

l’hares to Establish Anticipation

In attempting to show anticipation, SteadyMed cites four different portions

of Phares, EX. 1005, as teaching the combined elements of claims 1 and 9.

However, Steadyl‘x/led selectively ignores other portions in the Phares disclosure

that suggest the four disparate portions of Phares should not be cobbled together to

a single allegedly anticipatory embodiment. Petition at 22 "'24 and 33—34.

The portions ot‘Phares cited by SteadyMed each relate to distinct subject

matter. and Phares provides no description that would lead to the combination of

these separate disclosures. EX. 2020 at filtl79~84l Phares" only disclosure of steps

(a) and (b) is directed. to the enantiomer («ill—treprostinil, which are not the same as

the synthesis for treprostinil. EX. 2020 at alW794i“. In fact, the intermediate

products disclosed in the enantiorner synthesis as well as several reagents are

different than the synthesis oftreprostinil. Id. at $81. in contrast. Phares’ separate

alleged disclosure of step (c) is silent as to how the starting treprostinil acid was

prepared. EX. lOOS at 85. Thus, there is no reason set forth in Phares to combine

the single teaching of steps (a) and (is) directed to one enantioiner with the other

teachings of step (c)? which are all directed to the other enantiom er. Ex 2020 at

tins—8r
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Despite the alleged disclosure in Phares’ that enantiomers of the disclosed

compounds can be prepared using the proper chiral reagents, Phares itself teaches

that treprostinil can he prepared in other ways that do not include steps (a) and (h)?

including the processes disclosed in US Patent Nos. 4306.075. (Ex. 2032) and

5,’l53,,222 (Ex. 2033). Ex 1005 at ll; Ex. 2020 at “E78. Thus, a. POSA would

reasonably conclude that the diethanolamine salts of Phares were prepared based

on other disclosed methods that do not require steps (a) and (b) Ext 2020 at $78.

If the dietlianolamine salts ofPhares were prepared differently than the recited

process steps? nothing in Phares establishes that the diethanolamine salts are

necessarily the claimed product.

3. The Proper Construction ot'a “product comprising a compound

[of/having} formula EVE/1V] or a pharrnaceuticaliy acceptable salt

thereof” Preeludes A Finding That ‘Phares Anticipates the Present
Claims

The Board’s institution of Ground 1 was partly based on its preliminary

finding that “comprising” does not exclude impurities that may possibly be

produced by the process of Phares and that the impurity profile ofPhares’

diethanolamine salt is identical to that of the claimed product. See Paper 12 at 30.

l’loweyer, such a finding does not take into consideration the reasonable

construction of “product comprising a compound [of/haying] formula [l/le or a
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pharmaceutically acceptable salt: thereof,” which is set forth in this Response and

supported by the record now before the Board.

As discussed above in Section IV, both the specification and the prosecution

history of the ’393 patent distinguish the claimed product front prior art treprostinil

products based on its higher purity and different impurity profile? which is

achieved through the recited process steps. Thus, to prevail on Ground. 1,

Steadyh/led must show that the Phares” diethanolamine salt necessarily possesses

an impurity profile that is distinct from that of the Moriarty product and with

higher purity.

Steadyrned simply assumes that the diethauolarnine salt discussed by Dr.

Winkler is prepared from Moriarty treprostinil and does not acknowledge that the

source of treprostinil would impact both the overall purity and impurity profile of

the resulting salt. As exemplified in the ’393 patenta the claimed process provides

an improved treprostinil product due to its superior purity. As evidenced by the

Williams Declaration and the batch record data, the claimed product has an

 average purity of nd a distinct impurity profile from Moriarty’s product,

Ex. 2020 at $94—99. impofiantly, SteadyMed has failed to show that, at a

minim uni: the Phares’ diethanolamine salt possesses an impurity profile that is

distinct from that of the Moriarty product and contains fewer overall impurities

than the Moriarty product. Nor has SteadyMed shown that the Phares’
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diethanolamine salt has a higher purity than the Moriarty product. indeed:

Steadyl‘vfled’s only argument regarding the purity ofPhares’ diethanolamine salt is

based on the theory that the higher melting point of Pha‘res’ diethanolamine salt

necessarily means that it must be at least equal in purity to that of the exemplified

hatches in the ”393 patent. See Petition at 2’7n28. l-lowever, for the reasons noted

below, that is an incorrect conclusion based, on the evidence now in the record.

C. The Higher Melting Point of Phares’ Diethanola mine Salt Does

Not Necessarily Mean That it is of Higher Purity Than the
Diethannlamine Salts of the 3% Patent

The Board relied on incorrect statements in the Winkler Declaration alleging

that Phares’ diethanolamine salt must be more or at least equally pure as the

claimed product, solely because the former has a higher melting point. Paper 12 at

28429 However, melting point is just one factor in assessing a compound’s purity

and is not necessarily a reliable metric ofpurity. This is especially applicable to

Phares because only one melting point value was obtained in a sample for a

polyrnorph screen. A POSA would not rely upon a single melting point value,

absent any other impurity inform ation, to determine the purity of a substance made

under unspecified conditions. Ex. 2020 $76, Indeed, the “higher” melting point of

Phares’ diethanolamine salt could be indicative of the inclusion ofinrpurities or the

result of the use of different solvent systems for the crystal forms Id. Accordingly;
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the purity of a compound cannot: be assessed based solely on its melting point

value.

Moreover, even if the melting point could be relied upon, the data cited by

Dr. Winkler does not indicate a product of hi gh purity. To the contrary, F ig. 2l of

Phares "“shows a broad melting peak with a. range of close to 10 degrees which is

indicative of a lower purity substance.” Ex. 2020 6£76, see also, Marti, E, Purity

determination by diziiarennai scanning calorimetry, Therniochimica .Acta, 5( '19'72)

173—220 at 214- (“The melting of diphenyl is extremely sharp because of the purity

level; on the other hand, the melting region, ofphenacetinmbenzamide is rather

broad”) (EX. 203]).

Additionally, Phares discloses several different conditions for preparing

Polymorph A of the diethanolamine salt and that Polymorpli A is required to make

Polyrnorph B. Ex. 2020 at $3. The ’393 patent does not indicate that making

Polymorph A first is required. Id. Phares also indicates many conditions used to

make Polyniorph A and Poly/morph B, but it is not clear What conditions were

specifically used for the sample analyzed in Figure 21 that Dr. Winkl er relies upon.

Id. at fil‘fii73u74. It is well known that the use of different solvent systems in forming

different crystal forms can have a significant effect on the melting point of a

substance, as well as other characteristics, including purity, and a higher melting

point does not always mean a higher purity. Id. at @7536; see also R. Adhiyam an,
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etal ., Crystal modification ofdtflyridamole using dflérenl solvents and

cmzslaffization conditions, lnt’l J. Phar1n.32l (2006) 2764 at 33 (“Adhiyanian”)

(“In conclusion, it can be said that the crystallization conditions and medium used

have major effect on dipyridamole crystals habit modification under ambient

conditions. The crystals showed significant changes in the shape, size, melting,

points, dissolution rate, XRD patterns and DSC curves”) (Ex. 2030)

Dr. Williams, therefore, has concluded that “tilt is known in the art that

sample size, rate of heating, the recrystallization solventts) used, and the

conditions under which the crystalline sample was obtained can significantly affect

the DSC data. Dr. Winkler’s conclusion based on this single vague and

incompletely described DSC data is not scientifically sound.” Id. at ti£76]

Thus, nothing in Phares establishes that the disclosed diethanolainine salt is

at least of equal purity to the diethanolaniine salts of the ’393 patent. With respect

to claim 2 of the ”393 patent specifically, nothing in Phares discloses a purity of at

least 995% Ex. 2020 at $382. For this additional reason, Phares cannot anticipate

claim 2.

D. Pliares Fails To Disclose the Claimed Process for Making

Treprostinil or Any Purity or Impurity Profile for Trepmstinil
Diethanolamine

SteadyMed has failed to establish that Phares’ diethanolamine salt (Fonn B)

is the claimed product.
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First, as Dr. Williams notes, the samples of treprostinil diethanolamine

disclosed in Phares were “made for a polymorph screen, not large scale batches.”

Ex 2020 itW3. Accordingly, “the samples of poly/“morph B described in Phares are

prepared in a completely different way under different conditions than those

described in the ’393 patent,” Ex. 2020 WS. Specifically, Pliares discloses first

preparing polymorph A by any one of a variety of methods and then preparing

polyrnorph B from some sample ofpolyrnorph A. In contrast, the ’393 patent

makes no mention of first forming polymorph A. EX. 2020 @7374. Additionally,

Phares describes reaction conditions for making the polyrnorph samples that are

not described anywhere in the ’393 patent. Id. In particular, the reaction conditions

disclosed for the sample of polymorph B characterized by Phares, heated slurries

of form A in l,4~dioxane and toluene, are not described anywhere in the ’393

patent, M. It is wellnknown that the use of different reaction conditions, including

different solvents, can significantly affect the characteristics of a given crystal

form, Ex. 2020 ‘fl75. As a result, the diethanolainine salt disclosed in Phares cannot

be directly compared to the diethanolarnine salt disclosed in the ’393 patent.

Second, the Williams Declaration clearly establishes that the claimed

product has an average purity of thus giving it a superior purity and distinct

impurity profile over that of the prior art treprostinil products. EX. 2020 filfil94w99.

The purity of the claimed product provides a. structural difference from the prior art

[\J m
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treprostinil, as evidenced by the differences in the average impurity profiles for the

Moriarty product and the ’393 product. [(1.3 Ex. 2036, EX. 2037. indeed; the higher

purity of the claimed product resulted in FDA approxr'ing anew purity specification

for the treprostinil drug as noted in the January 2009 letter submitted to FDA by

UTC. EX. 2006 at 44); Ex. 2022 at two—72; Ex 20:30 at pi.

The impurity profile of the starting treprostinil acid used. to prepare the

Phares diethanolamine salt is crucial to assess whether the diethanolamine salt: is

the same as the claimed product, ta, whether the impurity profile of the

diethanolarnine salt in Phares is identical to that of the claimed product. Ex. 2020

W7648. However, nowhere does Phares disclose the process of preparing the

treprostinil acid used to prepare the diethanolainine salt. As acknowledged in both

Phares and the ’393 patent, several different processes can produce treprostinil

acid. See, cg, Ex. 1005 at ll; see also, Ex. 2020 q£78. Each known process can

produce a treprostinil acid with a unique impurity profile. Ex. 2020 “E78. Because

Phares does not disclose the process of preparing the starting treprostinil acid for

the diethanolainine salt, the impurity profile of the diethanolainine salt cannot be

established. Without knowing the impurity profile and level of purity of Phares”

diethanolamine salt, Steadyh/led cannot: show that it is necessarily identical to the

claimed product or has equal purity to the claimed product.

Consequently, Steadylvled has not carried its burden on Ground la
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VI. GRQUND 2: h‘lQREARTY AND PHARES FAlL T0 REINDEER

QBVEQUS CEAlMS 1—5, 719, llnlél, 0R l6m20

lVloriarty does not: teach salt formation and regeneration of the free acid.

Steady/Med, attempts to cure this deficiency in Moriarty by citing Phares for

allegedly teaching step (c), Howeven Moriarty teaches three distinct methods of

preparing the treprostinil free acid. Nothing in Moriarty directs a POSA to select

one specific process over the three disclosed for purposes of further modification

by adding a salt formation step. Furthermore, SteadyMed fails to recognize that

the performance of step (c) after steps (a) and (b) unexpectedly results in a. product:

with an improved average purity over that of the prior art. indeed, the Williams

Declaration demonstrates that, out of122 samples, the claimed product has an

 average purity of greater than Ex. 2020 at fwd—95 and Appendices AmB.

As discussed above; the claimed product is structurally different from

Moriartyfi product because the claimed product has a distinct impurity profile,

including a marked reduction in several specific impurities, and, a higher average

purity relative to Moriarty’s product. Ex. 2020 at llll94“99 and Appendices A—B.

This evidence shows that, in the recited combination, performing step (c) in

conjunction with steps (a) and (h) of the present clairns produces a treprostinil

product that is significantly improved over that of the prior art“ EX. 2020 at filfil48~

4.95 '70
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Moreover; Mori arty’s product cannot render obvious the claimed product

because during prosecution of the ’393 patent, UTC overcame a rejection based

upon Moriarty by providing evidence of representative sample impurity profiles,

showing the physical difference between the product of the ’393 patent and the

Moriarty product. Ex 1002 at p. 347 . Phares does not cure this deficiency

because, as noted above, nothing in Phares establishes that the diethanolarnine salt

either I) has an impurity profile similar to the claimed product or 2) has an overall

purity at least equal to the claimed product.

In particular, it would not have been obvious to use the salt formation step of

which are stereoisomersPhares to decrease amounts of at least and  

of treprostiniL and accordingly, are acidic rather than neutral or basic. EX 2020 at

fill 02. Thusj when subject to salt~forining conditions, a PGSA would expect that

any undesired stereoi som er of treprostinil would be included in the final salt

product because the stereoisorner would also be converted to the corresponding salt

under such salt-forming conditions A POSA has no reasonable expectation of

success in removing any undesired treprostinil stereoisoiner impurities by salt

formation and subsequent regeneration of the free acid. Id. Instead a POSA would

expect the salt, formation and subsequent regeneration to produce a final product

with the same initial amount of stereoisorner impurities before the salt formation

step. Id. Yet these impurities are each detected in only a single optimization batch
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ofthe ”393 product, and in none of the commercial batches. Even taking these

optimization hatches into consideration, this represents a greater than lOwaold

reduction as compared to the Moriarty product. id. at $94—96.

Additionally, as described above, there is no basis for comparing the

”purity” in Moriarty with the purity described in the Walsh Declaration. 1d. at $38.

Walsh’s Declaration makes clear that purity in terms of the ’393 patent is assessed,

by looking to the total related substances of a batch. Id. at: aW88m89. The Moriarty

reference, While not specifying a reference standard, does refer to a comparison to

an, authentic sample. 111. As a result, it is not clear what method was used. to

determine the purity in Moriarty and therefore a direct comparison of the value

reported. in Moriarty cannot be made to the 33% patent.

Moreover, Dr. Winkler fundamentally misunderstands the error associated

with various purity measurements used in the Walsh Declaration, the ’393 patent,

the prior art, and FDA. Dr. Winkler states in his declaration that:

even a difference of 0.494.» as discussed below, between the claimed

processes ol’the ”393 Patent, and the prior art, such as Moriarty (Ex.

1004), would be attributable to experimental error, and. thus the

claimed degree of purity under the claimed processes ofthe ”393

Patent presents no distinction from the prior art.

EX. i009 at, «569.
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He goes on to state that “HPLC’s precision indicates that the ‘RSD” or Grelative

standard deviation’ for atypical instrument is about 19/6.” Id. at $70

This is wrong for several reasons. First, during his deposition, Dr. Winkler

admitted he did not know what the actual error in the measurement was for the data

submitted in the Walsh Declaration during prosecution of the ’393 patent. Ex 2051

at 62:16~25; 6342—1442 While he did not know the error associated with the

measurements made in the data submitted with the Walsh Declaration, he did

 admit that “the error in the measurement for the I treprostinil impurity}

would he, should be less than .1 percent)” and in general, “[tlhe error should be

less than the maximum number reported, that’s correct, for the measurement of the

materials described here” BX 205,! at, 63:25»64:4; 64:7»16. By his own admission,

the error associated with the measurement of impurities in treprostinil batch

records such as those submitted in Walsh’s Declaration are therefore far less than

the alleged error of l9?) or 0.40/2) he stated in his declaration.

2' lndeed, Dr ‘Winhler admitted he was not familiar with FDA guidelines regarding

impurity profiles for a drug, did not know What is required in order to change a

drug specification, and was not familiar with published gui dances from FDA

regarding changes to new drug applications or abbreviated new drug applications.

Ex.2051 at 19:3—24.
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ln contrast, EDA requires that impurity determinations must be measured at,

or below 0.05% for drugs such as treprostinil. See, Ex. 2022 at $47; EX 2020 at

t'gl92. As Dr. Ruttolo explains. impurities in drug substances such as treprostinil

that are administered in dosages less than 2 grams per day require that impurities

be reported it they are present at a level less than or equal to 0.05%. See, eg Ex.

2022 at W444i see also lCH Impurities in New Drug Substances Q3AtR2)

monograph at Smll (Ex 2038). “As a result of these thresholds, by definition, the

limit of detection for impurities (and therefore total related substances) must be at

least as low as 005%” EX 2022 at filSO.

Furthermore, the ”393 patent is directed to an improved and more pure

treprostinil product. See, (Lg EX lOOl, 17:27—40. Given that Moriarty discloses

the use of column chromatography for purification, a POSA would not be

motivated to create the salt form in Pharese as Phares does not disclose any benefit

or increased purity as a result ofusing the diethanolamine salt. EX. 2020 at “HI 01.

“In fact; Phares does not allege that the diethanolamine salt is superior in any way

to the treprostinil product, of Moriarty and instead identifies other earlier

treprostinil disclosures as a means to create the treprostinil used to form the

diethanolamine salt.” Id. A POSA would not have a reasonable expectation of

success by using salt formation as a purification step separate from or in addition

to the column chromatography of Moriarty, as Phares does not disclose any alleged

3]
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benefit to forming the salt and a POSA would have no expectation that only certain

acidic and neutral impurities would be reduced or completely eliminated While

others remained. Id. at: fil 02. Thus, the combination ofMoriarty and Phares cannot

render obvious claims 1—5., 7—9, ll~l4, or 16—20“

Similarly, as described above: there is no basis to compare the purity

disclosed in Moriarty to the measurements obtained in the ”393 patent or those

obtained by Dr, Walsh in his declaration, and therefore, claim 2 would also not be

rendered obvious by the combination of Phares and Moriarty for this additional

reason. [(1. at i{[103.

Claims 8 and lo also require the additional limitation that the formula (Vl)

compound of step (a) is not purified In facta the ‘393 patent: specifically

distinguishes this limitation over the prior art. EX. 1001, Example 6. Moriarty

expressly discloses that the compound of formula (VI) from step (a) is purified. Ex.

2020 at “$104. Phares does not disclose any synthesis for treprostinil and, even in

the abbreviated synthesis of the enantionier, no details of purification are disclosed.

Id. Thus, claims 8 and l6 are not; rendered obvious by the combination of Phares

and Moriarty for this additional reason. Process advantages should be considered

as secondary considerations to rebut obviousness, even if the process steps or

advantages are not considered in the initial determination of whether there is primer

'32
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faere obviousness (where the products are compared regardless of how they are

made).

Consequently, SteadyMed has not carried its burden on Ground 26

V11. G ROUND 3: hl’1ORIARTY, P1-1ARES, KA‘WAKA ME, AND ECE FAIL

1‘0 RENDER @BVEQUS CLAIR/ES 6, 111, 15, 21, AND 22

A. The Product of Ciaims h, 15, and 21 Are Bifferent Than the Prior

Art Treprostinil Products

The Board concluded that the process steps of claims 6, 15, and 21,

including step ((1), do not impart structural or functionat differences over prior art

treprostinil products. Paper 12 at 4-6—47.

Based on the evidentiary record now before the Board, and in View of the

reasons set forth in Section 111, above, the free acid substance formed by step (d) of

c1aiins 6, 10, 15, 21 and, 22 is structurally different from the prior art treprostinil

products in Phares and Moriarty. The evidentiary record shows that the free acid

substance ofclairns 6, 10, 15., 21 and 22 contains a distinct impurity profile and a

higher average purity over the treprostinil free acid of Moriarty, and thus is

structura11jy' different. Further, Phares’ diethanoiamine sa1t of treprostinil is

structurally and functionally distinct from the free acid substance formed by step

(d) of claims 6, 15 and 21.
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l. The ”3993 Patent Product is Structurally and Functionally

Distinct from Moriarty’s Product

As explained in the Williams Declaration and discussed above, the free acid

substances of claims 6, 10, 15 , 2i and 22 are structurally distinct from Moriarty’s

product: because the fonnation of the salt in step (c) leads to a product that has a

distinct and. improved, impurity profile. See Sections lll, Vlj supra. Additionally,

 the average purity of the product of claim 21 is about: greater than that of

Moriarty. Ex. 2020 “HQ-4‘99 and Appendices A~B. Indeed. as evidenced by Dr.

 Ruffolo’s Declaratiorn a difference in average purity for a highly potent drug,

such as treprostinil is a very significant difference. See, eg Ext 2022 at Wt).

3, There Is No Motivation For A PGSA To Combine Moriarty and

Phares with Elite and hiawakami

In the Institution Decision, the Board determined “on the record before us,

and for purposes of institution, that the process steps recited in claims 6, 15, and 21

do not impart structural or functional differences to the claimed treprostinil

product, we do not address the parties’ contentions concerning; the obviousness of

the recited process steps.” Paper 12 at 47“ However? the fuller record now

indicates that, the claimed treprostinil product is structurally and/or functionally

different from Moriarty’s treprostinil free acid and, Phares’ treprostinil

diethanolarnine salt“ Thus“, the recited process steps must, now be considered.
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Similarly, the board credited Dr. \Vinkler’s opinion regarding the

combination of Kawakami and Ege with Moriarty and Phares. Paper at 42. Dr.

Winkler. however, too easily dismisses the complexity and difficulty associated

with further purifying a drug substance as complex as treprostinil. Dr. Winkler

attempts to portray the chemistry involved in the ’393 patent as “nothing more than

basic organic chemistry techniques ----- in my View “organic chemistry 101’” in an

effort to minimize the significant: invention of the ”393 patent. Ex.l009 at “"3 Yet,

Dr. Winkler contradicts himself by defining a POSA as having “a master’s degree

or PhD. in medicinal or organic chemistry, or a closely related field. Alternatively

a person of ordinary skill would include a bachelor’s degree and at least five years

of practical experience in medicinal or organic chemistry.” Id. at lT314. Indeed, Dr.

Winlder goes on to testify that to understand the science and chemistry of the

patent, you would need that level of skill in the art. Ex. 2051 at 29zl2m16. As a

result, a P’GSA would not look to an undergraduate textbook like Ege, for example,

to figure out improved purification techniques for a complex drug substance such

as treprostinil.

1. There Is No Motivation to Follow the Carhoxyla’te Salt

Formation With Regeneration of the (Tarhoxylic Acid

The Board credited Dr. Winkier’s opinion regarding the combination of

Kawakami and Ege with Moriarty and Phares. Paper l2 at, 42. Dr. Winkler,
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however, too easily dismisses the complexity and difficulty associated with further

purifying a drug substance as complex as treprostinil. After first referencing

“organic chemistry lOl” to minimize the significance of the ’393 patent (Ex l009

at $3), Dr. Winkler contradicts himself by defining a POSA as having “a master: s

degree or PhD. in medicinal or organic chemistry, or a closely related field.

Alternatively a person of ordinary skill would include a bachelor’s degree and at

least five years of practical experience in medicinal or organic chemistry.” Id. at

fillzl. At his deposition, Dr. Winkler conceded that, to understand the science and

chemistry of the ”393 patent, you would need this higher level of skill in the art.

Ex. 2051 at 29: l2w16. As a result, a POSA would not look to an undergraduate

textbook like Ege, for example, to figure out improved purification techniques for

a complex drug substance such as treprosti nil.

As explained previously, the claimed freemacid compounds, including

treprostinil, produced by the processes of claims 6, 10, 15, and 2 l provide a new

product that induced FDA to adopt a new purity standard for treprostiuil free acid

due to the excellent purity of the final product. Furthermore, UTC demonstrated

that treprostinil free acid made by the claimed methods provides a compound that

lacks or reduces the levels of the impurities found in the free acid treprostinil of the

Moriarty process.
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Neither Phares nor Ege provide a reason that a POSA would include a

“carboxylate salt formation and regeneration of the neutral carboxylic acid” step.

Sec Petition, p. 54. Phares merely discloses forming a salt from treprostinil free

acid of undisclosed origin. See Section VE supra. There is no suggestion that

this salt should then be converted back to the free acid (cg, there is no suggestion

of using the salt formation as a purification method). “Given that the purification

techniques disclosed in Moriarty include chromatography and recrystallization

after many years of research to optimize the process of making treprostinil, a

POSA would not have been motivated to use a salt purification technique disclosed

in an undergraduate chemistry textbook. More importantly, a POSA would not

have had a reasonable expectation of success in further purifying the treprostinil

product of Moriarty by using such a technique. To the extent a POSA was

motivated to further purify treprostinil, a POSA would have focused on the known

impurities and investigated methods of removing those.” EX. 2020 at 'lllOG.

Indeed; stereoisomers were known impurities in treprostinil. 1d. Ege, however,

sim ply discloses that “carboxyiic acids that have low solubility in water, such as

benzoic acid, are converted. to water~soluble salts by reaction with aqueous base.

Protonation of the carboxylate anion by a strong acid regenerates the water“

insoluble acid. These properties of carboxylic acids are useful in separating them

from reaction mixtures containing neutral and basic compounds.” Id. at ‘1th‘7.
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Indeed, the only example given in Eg’e is ofhenzoic acid — a very simple aromatic

acid that is quite different from the structure of treprostinil, as it has no chiral

centers and therefore no stereoisorneric impurities. M. at fillOS. Given that Eric

only predicts the removal of neutral and, basic compounds by a salt purification

step followed by acidification and only describes a simple non-chiral carboxylic

acid, a POSA would have no motivation to look to Ege for purification and, no

reasonable expectation of success given that many of the impurities in treprostinil

are acidic stereoisomers~ Id. at fiflllOS—l 09.

As discussed above, the average impurities found in samples ofthe Moriarty

product include three different stereoisomers oftreprostinil free acid. Ege suggests

that a “carhoxyl ate salt formation and regeneration of the neutral carboxylic acid”

step would not remove these compounds from the product. Thus, a POSA would

have understood Moriarty, Phares, and Ege to suggest simply making the

treprostinil free acid product of Moriarty, and not undergoing the additional time

and expense of a “carhoxylate salt formation and regeneration of the neutral

carboxylic acid” step because Ego actually teaches away from the usefulness of

this step when impurities include acidic stereoisomers are present because a POSA

would have to ignore Ege’s teaching that these types of impurities could not he

removed by cai'boxylate salt formation. Sec Ex. 2020 filfillO7—109; see also United

States v. Adi/HMS, 383 US. 39, 4243 (1966).
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The Institution Decision cites KSR for the proposition that “a technique has

been used to improve one device, and a POSA would recognize that it would

improve similar devices in the same way, using; the technique is obvious unless its

actual application is beyond his or her skill.” Paper l2 at 45. However, the simple

application of this proposition regarding devices (a. predictable art) should not he

applied to an unpredictable field, such as the chemical alts, without truly

examining whether the technique would improve smular compounds in the same

way. See, cg.“ In re Fisher, 427 F.2d 833, 839 (C.C.P.A,, 1970)(contrastin g

”predictable factors, such as mechanical or electrical elements” from

“unpredictable factors, such as most chemical reactions”); see also, ()rthoxMcNelZ

Pharm, Inc. v. Mylar: Labs, Inc, 520 33d 1358, l364 (Fed, Cir. 2008).

For example, Kawakami teaches purification of a inethanoprostacyclin

derivative by forming the dicyclohexyl amine salt and then regenerating the free

acid to achieve a “fairly high” purity. Analogizing to the language cited from KSR,

a POSA must have recognized that the “technique” of salt formation followed by

regeneration of the free acid would improve similar compounds in the same way.

However, as can be seen by the below comparison, the structures of

treprostinil and the inethanoprostacyclin derivative of Kawakami are structurally

very different they are not similar compounds/dcvices,
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Trep rostinil methanoprostaeyelin compound in

Kawakami

First, the methanoprostocyclin compound in Kawakami is a—two fused—ring

structure, while treprosti nil is a three-fused~ring structure. Ex 2020 at ll] 12.

Second: Kawakami does not actually disclose a purification method, for separating

diastereom ers? but in stead one for separating E and Z isomers. EX“ 2020 “fill l 2m

1 13“

Indeed, Kawakami teaches that the starting material does not: vary at each

chiral center other than the alkene double bond~ Id. In other words, Kawakaini

discloses a mixture of two. compounds: (I) the Ernisorner of a stereoisomerically

pure compound and ('2) the Zmisonier of a stereoisonierically pure compound. Id. at

“ill l3. Tieprostiriil contains no mixture of E and Z isomers because it does not:

contain a carbou~earhon double bond that is capable of forming E and Z isomers.

Indeed, the use of a specific salt to isolate a specific E/Z isomer does not

reasonably suggest that salt: formation of a, much more complex compound with
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multiple chiral centers such as treprestinil could be isolated from entirely different

impurities and then converted back to the free acid form. 1d.

Thus, the purification el’treprostinil from its stereeisorn ers and related

impurities is quite different from the purification of the methanoprostacyclin

derivative frcm its structural iscmer — the cempesitious are net imprcved in the

same wary.

As a result of these differences, “a POSA weuld not have looked to

Kawakami (or Ege) if they were looking for additional purification techniques for

treprostinil because neither reference discloses how to retrieve stereeiseruerie

impurities.” Id at ‘ll] 12‘

2. Kawakami Weuld Have Metivaterl ()ne ef’ Ordinary Skill

In The Art 'l‘u Select A Bicyclehexyl Amine Salt, leaching

Away Frem The Diethttuelamine Salt 0f Claims 14 and 18

Net only are there structural differences between treprestinil and the

"methanoprestacyclin compound” in Kawakami, but the counteruien used to

prepare the salt is structurally different. Id. at #3114. Specifically, Kawakami

teaches preparing the dicyclehexyl amine salt, whereas particular claims of the

’393 patent require use of the diethanulamine salt.

H H
N

W” U U
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Diethanolamiue dicyclohexyi amine

Because Kawakami uses a different salt to remove a different sort of impurity from

a. different structure, a POSA would have no reason to combine the teachings of

Kawakami with Moriarty and Phares in the particular manner of the asserted

grounds in the Petition, or a reasonable expectation of success of achieving a more

pure treprostinil product by such a combination. EX. 2020 11114. For this reason,

claims 14 and 18 are separately patentable.

3. [{uwakami Does Not Provide A Reasonable Expectation Of

Success That Treprostinii Products Couid Be Further

Purified Because Different Impurities A re 'l'argeted

The purification of treprostinil from its stereoisomers and related impurities

is quite different from the purification of the inethanoprostacyclin derivative from

its structural isomer, and thus, Kawakami provides no reasonable expectation of

success. EX 2020 W1 l2~l 14

To illustrate this point further, Kawakarni is directed to purifying Em and Z.—

isomers ofinethanoprostacyclin compound from one another. In order for the E

and Z~isomers to exist, the “prostacycliu compound” must have an aikene. For

example, Kawakarni discusses separating a mixture of the :lollowing compounds:
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Treprostinil, on the other hand, contains no mixture ofE/Z isomers. In fact,

it cannot because it does not contain an allrene capable of E/Z isornerization.

SteadyMed has failed to provide a factual basis as to how or why the separation of

E/Z isomers of an alkene would provide a motivation to combine or reasonable

expectation of success in a compound not containing an alkene capable of E/Z

isomerization, such as treprostinil As explained in the Williams Declaration, the

use of a specific salt to isolate a specific E/Z isomer does not reasonably suggest:

that salt formation of an entirely different compound, such as treprostinil, could be

isolated from entirely different impuritiesva such as stereoisomers and related

impurities. Ex. 2020 WI 124 14.

Furthermore the Kawaltarni reference would. have provided no motivation

or rationale to attempt to remove the trace impurities of the Moriarty treprostinil

tree acid. through the process of salt formation followed by conversion back to the
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free acid. indeed, Kawakami was concern ed with isolating a particular isomer

from a 7:2 E/Z isomeric mixture. Ex. 1007 at 4. In other words the composition in

Kawakarni contained, at most, a purity of 77.8% prior to the salt: formation step.

Kawakaini provides a crude purification of the desired E-isomer through a

particular salt form atioin and suggests that not all impurities were removed by

formation of a salt and conversion back to the free acid. Id. at 5 (“purity can be

further improved by recrystallization“). Nothing in the reference suggests that a

substance as pure as the Moriarty treprosti nil free acid (a substance with about

99.4% assay purity) -—— a substance that had already been “further improved” by

recrystallization (see EX. 1004 at 13, right column) — would be improved by

formation of a salt and conversion back, to the free acid, Ex. 2020 ‘Qfill l3—l 14.

Thus, even if formation of a salt and conversion back to the free acid was

known in the art, it would not have rendered the present claims obvious without

some motivation and expectation of success in its use on the Moriarty treprostinil

free acid, To put it another way, there would have been no reason to incur

additional time and expense to form a salt of the valuable, relatively pure Moriarty

treprostinil free acid only to then convert it back to the free acid, even though the

addition would have been technologically possible. In re Omepmzoie Patent

Litigation, 536 F.3d 1361 (Fed. Cir. 2008).
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4. Any “Close” Structurai Simiiarity of the h’ioriartfy Free
Acid Does Not Render the Claims {)bvious

As explained above, the cl ai med substance is structurally different from

Moriarty’s treprostinil free acid because the claimed substance has an improved

and different: impurity profile. Even ifthe Board views an improvement in

impurity profile of, eg. as a, close relationship between the substances of the

present claims and of Moriarty, there is no obviousness because there was not a

known or obvious process for making the claimed free acid substance. See In re

Hoe/rscma, 399 F.2d 269, 274 (CCPA. l968)( “the absence of a known or

obvious process for making the claimed compounds. overcomes any presumption

that the compounds are obvious based on close relationships between their

structures and those of prior art compounds”). For the reasons set forth in the

previous sections, conducting a saltmfonnation purification step on the known

treprostinil free acid of Moriarty would not have been obvious, so the mere

existence of a “ciose relationship” in the products cannot be used to deny

patentability.

:3. Additional Claim Limitations Are Not Disciosed by the
Cited Prior A rt

In addition to the reasons above, certain dependent claims would also not

have been obvious in light of the combination of Phares, Moriarty, Ege, and

Kawakami. Claim 6 requires the acid in step (d) to be either HCI or H2804, and
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claim l5 requires the acid to be l-lCl. Similarly, claim 21 requires step (d) is

performed. Phares, Moriarty, and Kawakarni all do not disclose the use of either

HCl or HfiOi and do not disclose converting a carboxylic acid salt back to its salt

form using an acid. EX. 2020 at ‘fil 15. “Ege cites HCl as an example in the

conversion ofbenzoic acid? but as described above, a POSA would not have

looked to Ege to further purify a complex car‘boxylic acid such as treprostinil from

its stereoisomers and other impurities and would have no reasonable expectation of

success by using l—iCl based on this disclosure.” [(1. in addition to the reasons

above. claims 6. 15,“, and 2l would not be obvious in light of any combination of

the cited prior art.

Like claim 2, claim 10 requires that the product be 99.5% pure and that step

(d) be performed. The only purity limitation disclosed in any cited prior art

reference is in Moriarty and. as explained above? that purity cannot be directly

compared to the purity recited by the claims. Similarly, Moriarty does not perform

steps (0) or (d). [d at “ill 16. A POSA would have no motivation to look to Phares,

Kawakarni or Ege to improve the purity to at least 99.5% and. given that none of

these references disclose a purity amount, would have no reasonable expectation of

success in achieving that purity. id. Finally. claim 22 requires an extra step of

forming a pharniaceutically acceptable salt from the product of step (d).

Steadyh/led and Dr. Winkler cite no evidence whatsoever for this additional step.
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”in fact, none of the references cited even suggest converting a carboxylic acid to a

salt form, then regenerating the carboxylic acid. then forming a phannaceutically

acceptable salt from that.” Id. at “"1 17. For this additional reason, claim 2?. is not

obvious in light of the combination of Phares, Moriartyg Kawakaini, or Ege.

Consequently, SteadyMed has not carried its burden on Ground 3.

V11L SECGNDAR‘Y CGNSIDERATI()NS REBUT ANY PQSSIBLE CASE

OF @BVEGUSNESS

SteadyMed has not estah1ished a prl’mafacz‘e case of obviousness. Thus,

UTC is not obligated to provide evidence of objective indici a ofnonuobxr'iousness.

Nonetheless, objective indicia of non~obviousness confirm that the claims of the

’393 patent would not have been obvious and, in fact, represent a surprising

solution to the problem of minimizing impurities and providing a safer and purer

treprostinil product.

A. Lonngelt Unmet Need

At the time of the invention. there was a long—felt need to have a more

efficient synthesis. to produce treprostinil in a more pure form and in a costw

effective manner. See generally; Ex. 2022 at W31, 65. 'l'reprostinil has five chiral

centers resulting in 32, possible diastereorners, so the potential for diastereorneric

impurities is hi gh; only the treprostinil stereoisoiner has the desired pharmaceutical

effect. Ex. 2013, at pp. 11,11. 18m25, pp. 15,11 lupp. 16,11. 8, pp. 19,11. 14~25.
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Treprostinil is alsc a very potent drug so any diasterecrneric impurities would also

potentially be potent. Id; Ex. 2022 at “1154. Specifically, the FDA as a matter of

course seeks to minimize all impurities in drug substances and particularly in

highly potent drug substances such as treprostinil. EX“ 2022 at fi1fi1‘3l, 54. The

reduction and remcval of several types at impurities met the long—felt need

expressed by the FDA to minimize impurities as much as possible. 1d. at “1‘1 31, 75.

Additionally; because the ”393 patent product, was so successful, it resulted in a

change in the drug specification submitted to FDA. Id. at‘fi'1166—67. The change

indicated that the assay purity of the new drug substance made by the ’393 patent

 process increased in purity from an assay range at

a full rerease in assay purity. 1d. at ‘11 70. The range of assay values

 as well as the amount above 100% does not indicate an error associated with

the measurement, but just the acceptable value of this measurement approved. by

the FDA, Id. at V 69470. The fact that UTC submitted increase in assay

purity to FDA is considered a “major” change by FDA. 1d. at $1 72. See Knoll

Pharm. Ca, Inc. v. Teva~ Phat/rm. USA, Inc, 367 F.3d 138l, E385 (Fed‘Cir. 2004)

(while FDA approval is net determinative of nonobviousness, it can be relevant in

evaluating the cbjective inrlici a of noncbviousness). In fact, even a change as small

as 0.1% of impurities can have an impact on a drug substance. See, eg. 2d. at “H1

32, 45’. Given that: FDA consistently wants drug substances to have fewer
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impurities and in less amounts, the ’393 patent invention met that need by further

reducing and removing certain specific impurities and by increasing the overall

assay purity of the drug substance,

B. Unexpected Results

The results of the claimed inventions in the 393 were unexpected. The use

of a salt form of treprostinil to fuither purify the treprostinil acid in a cheaper and

better way than the previously used methods of purification was an unexpected

result. Moreoven it was unexpected that the salt purification step reduced not only

diastereorneric impurities? but also certain non—acidic impurities as well. See,

supra, Section XlBl; EX. 2020 TQM-~97, l02, l08~109. Indeed, Ege itself

predicted that a salt formation followed by regeneration using an acid would

remove only basic and neutral impurities. 1d, at $07“ The unpredictability of this

result is supported by the fact that the salt purification step did not reduce all non—

acidie impurities; in fact, the ’393 product: has slightly increased levels of one such

impurity,—Ex. 2020 ”5196, Thus, a person of skill in the art

would not have expected tli * results of the ’393 patent to he so successful at

reducing the levels of so many impurities.

IX. Conclusion

For the foregoing reasons, the Board should hold that SteadyMed has failed

to carry its burden attacking the patentability of the instituted claims because none
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efthe prior art cited by SteadyMed anticipates or renders Obvious any cEaim of the

”393 patent.

Respectfully submitted,

Date: July 6. 2016 /Ste‘ hen Ba Maebius/
 

Stephen B. Maebius
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l have been retained by the law firm of Wilson Sonsini Goodrich & Rosati (“WSGR”) as

an expert consultant to United 'I‘herapeutics Corporation (“UTC”) in connection with the above“

identified matter to provide expert testimony concerning U. S, Patent No. 8,497,393 (“the ’393

Patent”, EX 1001) by Batra e1 61]., entitled “Process to prepare Treprostinil, the active ingredient

in Remodulinf’ issued on July 30, 20l3i At the request ofCounsel for UTC, I hereby submit this

expert declaration.

I. Qualifications and Background

A. Education and Experience

I I am a tenured University Distinguished Professor of Chemistry at Colorado State

University (CSU). I currently serve as the Director for the Colorado Center for Drug Discovery.

I also served as co~Director (Experimental Therapeutics) for the infectious Diseases Supercluster

Initiative and also served as co-Director for the Cancer Supereluster Initiative at CSU. My

curriculum vitae is attached hereto as Exhibit A (Exi 2021)

2. I received a BA in Chemistry from Syracuse University in 1975, and did

laboratory research in the field of synthetic organic chemistry under the guidance of the recent

Nobel Laureate Professor Ei—ichi Negishi. In 1979, I received both a Master’s degree and PhD

degree in Organic Chemistry from the Massachusetts Institute of Technology (MIT) under the

direction of Professor William H, Rastetter. Upon graduating from MIT, I spent one year (l 979—

80) as a postdoctoral fellow at Harvard University in the laboratories ofthe Nobel Laureate, the

late Professor Robert B. Woodward, whose laboratory was subsequently managed by Professor

‘r’oshito Kishi,

3, Subsequent to my fellowship at Harvard, I served as an Assistant Professor at

Colorado State University from 198077784. 1 was tenured and promoted early, to the rank of

Lt)

4851237192201 P. 3 UT Ex 2020
SteadyMed v. United Therapeutics

iPRZOtovOOOOG

|PR2020-00770

United Therapeutics EX2007

Page 3952 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3953 of 7335

means-00006

patent 8,497,393

Associate Professor in 1985, and in 1988, l was promoted to the rank of Full Professor, in 2002.,

I was named a University Distinguished Professor, which is my current position. University

Distinguished Professor is the highest academic rank at Colorado State University, and there are

a maximum of twelve University Distinguished Professors at any given time out of a faculty of

1,200, This is a lifetime appointment until retirement, whereupon Emeritus status is granted, In

addition to my positions at Colorado State University, iwas a Visiting Professor of Chemistry at

Harvard University from l994—95, at which time i was sponsored by Professor Stuart L

Schreiber and taught a. sophomore organic chemistry course for pre~medical students, Chem 17,

1 was also a Visiting Professor of Chemistry at the University of California at Berkeley in 1990

and worked in the laboratory of Professor Peter G. Schultz,

4, I have extensive experience in the field of synthetic organic chemistry and

medicinal chemistry with an emphasis on biologically active compounds including an ti “tum or

agents, heterocycles, antibiotics, anti-fungal agents, anti—viral agents, immunomodula'tors. amino

acids, peptides and alkaloids, among many other classes of biologically active organic substances,

My organic chemistry research interests include the total synthesis ofnovel natural and synthetic

products, heterocyclic chemistry, asymmetric synthesis, synthetic methodology, process

chemistry, and reaction mechanisms, 1 have extensive experience in the synthesis, chemistry,

conformational analysis, biochemical activity, and biological activity of a range of organic

compounds.

5. My research laboratory at Colorado State University has worked extensively on

"the chemistry and biology of numerous drugs over my career, including Quinocarcin

(Quinocarmycin citrate), Tetrazomine, Bioxaloniycin, Ecteinascidin 743 (‘i’ondelis® or

trabectidin), Renieramycin, Cribrostatin—Il, Jorumycin, the Mitoinycins, FR900-482, FK973,
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FKfl l7, FliZZS (Romidepsin), Largazole, Stephacidins A and B, iLerainvillamide,

Spirotryprostatins, TMC-QSA/B, Rottlerin, and Antimycin, amongst many others.

a, l have been the Principal Investigator on numerous research grants from Federal

agencies, such as the National Institutes of Health (NIH) and the National Science Foundation

(NSF) as well as from van ous Foundations, and corporations to synthesize biologically active

compounds on both small laboratory scale as well as larger industrial scales.

7, I held. a funded research collaboration with the Infectious Diseases Research

Institute (IDRI), in Seattle, Washington, to develop several novel adj uvants for the treatment and

prevention of autoimmune diseases, infectious diseases and cancer (2010),

8, From 1991—1993, I held a research grant from Symphony Pharmaceuticals

located in Philadelphia, Pennsylvania, to prepare anti—HIV drugs based on inhibition of the HIV

protease. I supervised a graduate student who prepared several very potent peptide isosteres that

exhibited in vitro activity against HIV,

9. l have taught undergraduate and graduate courses in organic chemistry, organic

synthesis, biosynthesis, biological chemistry, drug design, and the synthesis of natural products.

I have also lectured at numerous professional conferences, universities, and in corporate R&D

laboratories in those areas.

10. I am a Scientific Founder, Acting President, and Chair of the Scientific Advisory

Board of Cetya Therapeutics, a company that is developing several drugs, including drugs for the

treatment of various cancers, multiple inyeloma, autoimmune diseases, and hemoglobinopathies

I also direct all of the process scale synthesis optimization and dmg formulation studies being

conducted on Cetya’s HDAC‘ inhibitors. This includes injectable formulations as well as oral

formulations. Specifically, I directed and supervised post—doctoral researchers in my laboratory
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(on behalf oi“ Cetya Therapeutics) to formulate the poorly water—soluble drug Largazole,

including a myriad of synthetic analogs of Largazole prepared in my laboratory, as a

polysorbate~80/ethanol (Jo-solvent excipient system This formulation has been used in animal

studies for obtaining critical dose—escal ati on and pharn'iacokinetic data. i have also specifically

directed and supervised the Formulation of Largazole and related analogs in various PEG—based

(polyethylene glycol) excipient systems This work is currently being conducted in collaboration

with oncologist Dr. Douglas Thamm of the Colorado State University Animal Cancer Center,

pharmacologist Dr. Dan Gustat‘son of the Colorado State University Animal Cancer Center, Dr.

Kimberly Steginaier of the Dana—Farber Cancer institute/Harvard Medical School and Dr. James

E. Bradner of the DanauFar‘her Cancer Institute/Harvard Medical School. The animal studies

commenced, in 2010, and the ding formulation studies are being conducted in my laboratory at

Colorado State University under my direction

l i. I was a. Scientific Founder, Member of the Scientific Advisory Board, and

Member of the Corporate Board of Directors for chte Therapies. a company devoted to

developing ex vivo T—celi therapies for treating cancer, autoimmune, and infectious diseases,

including HIV, As a Scientific Founder and Member of the Board ofDirectors of chte

Therapies, l was deeply involved in writing the patents and developing formulation strategies for

both topical and inj ectable drugs based on FK228 (Romidepsin).

12. As a Scientific Founder and Acting Vice—President of Discovery Chemistry of

HemaQuest Pharmaceuticals (Seattle, Washington), I have directed the pro—clinical and clinical

synthesis, scale—up and formulation studies of several of the companies dmgs, These include

both water-soluble drugs and hydrophobic, poorly water-soluble drugs for therapeutic

applications in both cancer and hemoglobinopathies, l directed both the medicinal chemistry
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efforts as well as the pre—process optimization work for potential industrial-scale syntheses of our

lead drug candidates.

13. In addition, 1 am a Scientific Founder and member of the Scientific Advisory

Board of Sapien tia Tl’icrapeuticss located in Philadelphia, Pennsylvania. I am the acting Director

of the Medicinal Chemistry, Process Chemistry and Drug Formulation efforts of this company to

develop novel small-molecule inhibitors of protein kinase C-delta for autoimmune diseases,

cancer and. scleroderma, My laboratory has synthesized the first lead. compounds, which are

protein kinase C—delta (PKC-A) inhibitors and are. water—insoluble substances, Under my

direction we have engaged in early scale~up and route optimization for our leading drug

candidates,

1-4. As a chemist with expertise in stmcture—activity studies and synthesis of

biologically active agents? 1 have been retained to consult for a number of pharmaceutical and

hiopharmaceutical companies for both drug discovery and process research applications over the

past thirty years. I consulted for iltijii‘iomoto Co, Japan from 2002w2014 in the general area of

process chemistry in the manufacture of amino acids, their derivatives, pharmaceutical

intermediates and peptide synthesis. 1 served as a consultant for Cubist Pharmaceutical

Company (2000-03) in the general field of antibacterial agents. l: consulted for NewBiotics., inc,

(20017702) in the general fields of antiwinfective agents and anti-cancer agents. I consulted for

HoffmanwLa Roche, Inc, (1989—92) in the field ofcephalosporin—fluoroquinolone dual—action

antibacterial agents as well, as on a project concerned with inhibitors of diaminopimelic acid

(BAP) biosynthesis as potential antibacterial agents. I consulted for W (R. Grace (1985777790) in

the area of specialty chemicals and pharmaceutical intermediates process manufacturing and

process development l was a Scientific Founder? Member of the Scientific Advisoiy Board,

\3
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Consultant and sub—contractor for Microcide Pharmaceutical Co, (h’licro-cide) in their drug

discovery and early process research efforts. Microcide was a biopharinaceutical company

devoted to developing antibacterial agents against a range of drug-resistant bacterial and fungal

infectious diseases. In addition, lhave consulted for EPlX Medical, Cr Di Sear‘le, Nutraswect?

and Boehringer—lngelheinn among others The consulting work I performed for Nutrasweet

(i 990—1991), was concerned with large—scale manufacturing process chemistry for Aspartame.

l 5. l was a coworganizer of a special Symposium on process Chemistry at The

International Chemical Congress ofPacitic Basin Societies PacifiChem 2015 (December 15-18.

Honolulu, Hawaii) entitled: ”New Horizon ofl’mccss Chemistry by Scalable Reactions and

chhnology, ”

16. l have directed the research activities of more than sixty PhD students and eighty

post—doctoral fellows; most of my former (to—workers have gone on to successful careers in the

pharmaceutical industry in both process research and medicinal chemistry

17‘ l have delivered numerous named and plenary lectures at Universities

corporations, and scientific societies on the synthesis, chemistry, biology, and mechanism of

action of numerous classes of therapeutic agents, as detailed in my curriculum vitae attached

hereto as Exhibit A,

18. I have published more than 315. scientific research articles, authored numerous

chapters in books, and have written a well—known textbook on the synthesis of optically active

amino acids l have particular expertise in the large~scale industrial synthesis of amino acids and

their derivatives. i am also a named inventor on seventeen issued U S patents and published

patent applications. My publications and patents are listed on my C V, provided in Exhibit 2021.

3
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l9. I currently serve on the Editorial board "For Chemistry (6 Biology. l have served as

Editor for the Organic Chemistry Series published by Pergamon Press and Elsevier (1 997—2013),

and Mini Reviews in Organic ('lzemisfl‘y (Bentham Science}. Ihave also served as an editor for

several other journ als in the past, including Yetmhedmn: .i4isymmeny, Yet/'(Jliedi‘()rz Publications;

A mine .4 cids, and the Journal qfthe American Chemical Society.

20. i am a member of the American Chemical Society, the Japan Antibiotics Research

Association the International Society of Heterocyclic Chemistry, and the American Association

for the Advancement of Science. i am, a Member of the University of Colorado Cancer Center,

located in Aurora, Colorado. i have served as organizer or co~organizer of numerous scientific

meetings and symposia and served as the Vice President of the International Society of

Heterocyclic Chemistry, Chairing the 2003 International Congress of Heterocyclic Chemistry.

21. I serve on the Sci entific Advisory Board of Arch Therapeutics, located in Boston,

Massachusetts, that is developing self-assembling peptides for wound healing and surgical

closure

22 Iliave. also served on the Scientific Advisory Boards for a number of other

companies. 1 cun‘ently serve on the External Advisory Committee for the Puerto Rico Alliance

for the Advancement of Biomedical Research liixcellence. l was a Scientific Founder, Director

ofCliemistrv, and member of the Scientific Advisory Board for HemaQuest Pharmaceuticals 1

was a Founding Scientist and Member of the Scientific Advisory Board of Microcide

Pharmaceuticals from 1993 to 1998.

23: I have expertise in drug formulation for injectable, topical and oral medications. l

have directed research programs, both through my academic laboratory at Colorado State

University as well as through my various consulting engagements and as a research director

9
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and/or consultant for companies developing medicines for numerous therapeutic indications. l

have consulted on many aspects of pharmaceutical drug discovery, development, formulation,

and manufacturing. This includes basic discovery and optimization, early process research,

large—scale n'iai'iutatttiiring, and drug formulation

24, I have served as a consultant for a number of companies for both drug discovery

and process research applications, including, for example, WR. Grace Company (1985-1990,

fine chemicals synthesis); Symphony Pharmaceuticals (1991m1993, anti—HIV drugs); GD. Searle

Co, (1988~1990, memory and learning enhancement agents based on NMDA receptor

antagonists); Nutrasweet Co. (19904991, artificial sweeteners); iESPiX Medical (19934997, MRI

imaging and contrast agents); Hoffman~La Roche, inc, (19891992, cephalosporinu

fluoroquinolone dual—action antibacterial agents); Boehringernlngelheim Pharmaceuticals (1991

1993, antiviral agents); Cubist Pharmaceutical Company (20002003, macrocyclic peptide

antibacterial agents); NewBiotics, inc. (2001—2002, anti—infective agents and anti—cancer agents);

Microcide Pharmaceutical Co. (19934998, analogs of macrocyclic antiufungal agents related to

echinocandin, cephalosporins, and quinolones); chte Therapies (1996—2006, T—cell activation);

Ajinomoto Co, Japan (2003—2014, amino acids, peptides, and other specialty chemicals);

HemaQuest Pharmaceuticals (2006-2014, short chain fatty acids for treating

hemoglobinopathies), Sapientia Therapeutics (2012—present, small—molecule inhibitors of protein

kinase C—delta); Arch Therapeutics (Rom-present, self~assemb1ing peptides for wound healing);

and most recently, Cetya Therapeutics (ZOIZ—prcsent, histone deacetylase inhibitors as

therapeutic agents for treating cancers, multiple myeioma, autoimmune diseases, and

hemoglobinopathies).

l0
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25. Under my direction, my laboratory developed the technology for the asymmetric

synthesis of amino acids in 1985 that was commercialized by Aldrich Chemical Co. in 1988. My

laboratory devised several large—scale (niulti~kilogram} process routes for the manufacture of the

so~called “Williams Lactone” that has been sold by Sigrna,~Aldr'ich Chemical Company since

1988. Early man ufacturing was conducted in China by several of my form er co—workers at the

Chengdu institute of Organic Chemistry.

'26. 1 have been awarded numerous prizes and awards including the \WH Research

Career Development Award (1984—89), the Eli Lilly Young Investigator Award (1986)” the

Merck, Sharp & Dohme Academic Development Award (1991), an award from "the Japanese

Society for the Promotion of Science Fellowship (1999), the Arthur C. Cope Scholar Award

sponsored by The American Chemical Society (2002), the Multiple Myeloma Research

Foundation Senior Award (2010), the ACS Ernest Guenther Award in the Chemistry of Natural

Products sponsored by Givoudan and The American Chemical Society (201 i)? an award from the

Japanese Society for the Promotion of Science Long—term Fellowship (201242013), and the

Organic Synthesis Award from the local Rocky Mountain section of the American Chemical

Society (2012)

27. 1 have testified numerous times as an expert witness in process chemistry patent

litigation in the following matters: Great Lakes Chemical versus Archimica SPA. Civil Action

No 99—728—JJF; Ranbaxy Laboratories versus Abbott Laboratories Case No 04 C 8078;

Lundbeck versus Infosint 06 Civi 2869 (LAK); United Therapeutics Corp. versus Sandoz, Inc

CA Nos; 12—1617 (PGSNtJ-iG) and 13—316 (PGS) (LI-1G); Gilead Sciences, inc. and Emory

University versus Cipla, Limited. Civil Action No: i : '12--cv--06350--RJS; United Therapeutics

11

4851237192201 P. 11 UT Ex 2020
SteadyMed v. United Therapeutics

iPRZOiovOOOOG

|PR2020-00770

United Therapeutics EX2007

Page 3960 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3961 of 7335

IPRZOlo-DOOOo

patent 8,497,393

Corp, versus Teva Pharmaceuticals, USA, l’nc. CA. No: 3. l4—cv*05498 (PGSXLE-IG); United

Therapeutics Corp. versus Sandoz, Inc. CA, No: 3:14ch‘—05499 (PGS)(LHG).

B. Materials Considered

28. In forming, my opinions in this report, Il’iave relied upon my professional

experience and personal knowledge. I have also reviewed a number ot‘documents in this case

including all documents cited by the Steadyh/led and UI‘C as well as the materials I have cited in

this declaration. In this report, I have provided representative citations to exemplary documents

that I have relied upon in reaching my opinions. IfI am provided addi ti onal information or

documents in this proceeding, 1 may offer further opinions regarding the additional information,

ll. Legal Standards Provided By Counsel

29. I have been informed by Counsel that, during an inter partes review (113R), 21

petitioner must prove invalidity by a preponderance of the evidence. Accordingly, l understand

that the burden is on a petitioner to prove invalidity, rather than a patent owner to prove validity,

I have been informed by Counsel that because each claim deli nes a separate invention, the

validity of each claim in a patent is addressed independently of the validity of the other claims in

that patent.

30. I have also been ll’lfOIUiied by Counsel that the claims of the ”393 patent are

"‘product—byprocess” claims. I have also been inform ed by Counsel that when evaluating the

validity of a patent claim, the “product” of product-byx-‘process claims must include structural

and/or functional differences over the prior art. even if they are not explicitly claimed.

A. The Person of Ordinary Skill in the Art

31. l have been informed by Counsel that a patent is to be interpreted from the

perspective of a hypothetical person referred to as the person of ordinaiy skill in the art (“POSA”)

l2
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to which the patent pertains, i am further informed that a determination of the level of ordinary

skill is based on, among other things, the type of problems encountered in the art, prior art

solutions to those problems, rapidity with which innovations are made, sophistication of the art,

and the educational level of active workers in the field, i i'iave been informed that in any

particular case, every factor may not be present, and one or more factors may predominate I

understand the person of ordinary skill in the art is presumed to know all prior art that is

reasonably relevant to the subject matter of the claimed invention

32, I understand from Counsel that the validity of a. patent claim must be assessed

from the perspective of a PQS‘A at the time of the invention.

33. Given the complexity of the chemistry involved in the ’393 patent, it is my

opinion that a POSA with respect to the patentminmsuit would have had, at the time of the claimed

invention, a doctorate degree in chemistry, pharmaceutics, pharmaceutical sciences, medicine, or

a related discipline, Alternatively, the POSA may have had a lesser degree in one of those fields,

with correspondingly more experience. To the extent necessary, a POSA may have collaborated

with others of skill in the art, such that the individual and/or team collectively would have had

experience in synthesizing and analyzing complex organic compounds. it is my understanding

that a patent is to be interpreted Front the perspective oi" a person of ordinary skill in the art at the

time of the patents priority date.

34. I understand that SteadyMed’ 5 expert Dr. Winkler has opined that a POSA would

have “a master’s degree or a PhD in medicinal or organic chemistry, or a closely related field,

Alternatively, a person of ordinary skill would include an individual with a bachelor’s degree

and at least five years of practical experience in medicinal or organic chemistry.” Ex 1009 at 1i14,

l3
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35. All of my opinions regarding validity contained in this report are expressed from

the View of a POSA at the time of the priority date of the ’393 patent, These opinions apply

equally Whether my definition ofa POSA or Dr. Winkier’s is applied.

B. Anticipation

36. I understand from Counsel that anticipation requires that each and every element

ofa claim is set forth in a single prior art reference, and that these elements are arranged or

combined in that reference in the same way as recited by the claim. 1 further understand. from

Counsel that if there is any difference between the prior art reference and the claimed invention,

there is no anticipation by that reference. Further, i understand that "there is no anticipation if the

elements disclosed in a prior art reference must be combined with the knowledge of one skilled

in the art to achieve the subject matter of the claim. I understand that for a prior art reference to

be anticipatory, it must enable a POSA to make or practice the invention without undue

experimentation.

37. I also understand from Counsel that if the single prior art reference is missing a

claimed, feature, the reference may inherently anticipate if that missing feature is necessarily

present in the single prior art reference

38. I also understand from Counsel that if there are structural or functional differences

in the product of the product by process claims of the invention from the product of the prior art

that alise from the process in which it was made, those differences may be evidence of no

anticipation even if those diftei'ei'ices are not explicitly claimed

(3. Obviousness

39. i understand from Counsel that obviousness requires that a POSA would have

been able to arrive at the claimed. invention by modifying a sin gle prior art reference or by

14
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combining two or more prior art references, i also understand from Counsel that ohviousness

analysis must he conducted from the point ot‘view of a POSA at the time of the invention, and

that it is improper to employ hindsight or consider the inventors” own path to the invention as

proof of obvi ousness.

40: Counsel has also informed me that obviousness requires that a POSA would have

had a reasonable expectation of success in achieving the claimed invention.

4 l. I understand from Counsel that four factual issues are relevant to ohviou sness

analysis: the scope and content of the prior art; the level of ordinary skill in the field of the art at

the time of the invention; the differences between the claimed invention and the prior art; and

various objective indicia of nonuohviousness.

42. I understand from Counsel that, in addition to considering the prior art, certain

objective indicia may also provide evidence that a claimed invention is not obvious I am

informed by Counsel that these objective indicia which are also referred to as secondary

considerations may include factors such as commercial success, unexpected results, the

resolution ot‘long-feit but previously unmet needs, skepticism by others prior to achieving the

invention, failure of others to achieve the invention, praise from others for the invention, and

copying hy others.

43. [understand from Counsel that, like anticipation, if there are structural or

functional differences in the product of the product by process claims of the invention from the

product of the prior art that arise from the process in which it was made, those differences may

be evidence ot‘non—obviousness even if those differences are not explicitly claimed
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Ii E. Summary of Opinions

44. It is my opinion that the term “product” as it is used in the ciaims of the ’393

patent should be constmed using UTC’s construction: “a substance resulting from a chemical

reacti on . "

45. It is my opinion that the term “[a] product comprising a compound of formula

l/iV or a pharmaceutically acceptable salt thereof” as it is used in the claims of the ’393 patent

should be construed using UTC’s construction: “a substance resulting from a chemical reaction

constituted primarily of formula HIV or a pharmaceutically acceptable salt thereof.”

46. It is also my opinion that none of the claims of the ’393 patent are anticipated by

or rendered obvious by the prior art,

47. My opinions and the bases for them are based on information that I know, that I

have reviewed, and that I am currently aware exists. I reserve the right to supplement or amend

my opinions in light of any additionai evidence, testimony; or other information th at may be

provided to me after the date of this declaration Additionally, I may use the cited materials to

assist me in preparing demonstratives such as graphics and animations ifI am asked to testify.

IV. The ’393 Patent

48. The ’393 patent is directed to an improved ireprostinil product and improved

process for making the product. I understand from Counsel that the priority date for the ’393

patent is December 17, 2007.

49. The synthesis of treprosti nil is complex as several improvements resulting in

improved products are disclosed in the ”393 patent itself. The structure of treprostinii has five

chiral centers (stereogenic centers) resulting in 32 possible stereoisomers of treprostinil.

to
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50. The ’393 patent has two independent claims. Claims 1 and 9. Claim l requires ‘a

product comprising a compound of formula I. , or a pharmaceutically acceptable salt thereof,” in

which formula l can be several structures including treprostinil, Claim 9 requires “[a] product

comprising a compound having formula lV, , .or a pharmaceutically acceptable salt there-of,” in

which is the structure of ireprostinil. Both Claims 1 and 9 then specify that the product is

prepared by a process comprising (a) alliylating a compound of Formula It or V [a benzindene

triol structure] With an alkylating agent to produce a compound ofFormula ill or Vi [a

benzindene nitrile intermediate], (b) hydrolyzing the product of formula III or VI of step (a) with

a. base, to) contacting the product of step (b) with a base B to form a salt of Formula ls or le

[indicating a salt form of treprostinil with an HB+ counterion], and (cl) optionally reacting the

salt formed in step (c) with an acid to form the compound of formula] or IV. Dependent Claim 7

further identifies the specific structure ofForn’iulaI ol’the product of Claim 1 as treprostinil.

Because the other possible structures of Claim 1 are not at issue here, I will consider these

Claims l, 7, and 9 together in my analysis Likewise, I will consider the followng dependent

claims together that have similar claim limitations,

Sit Dependent Claims 2 and 10 provide. a further purity limitation Claim 2 further

requires “[t]he product of claim 1 wherein the purity of compound of Formula ii in said product is

at least 99.59/07" Similarly, Claim 10 requires “[tlhe product of claim '9, wherein the purity of

product of step (d) is at least 99.5%.” Thus, step (d) must be performed in claim it), but both of

these claims require a purity of at least 995%_

52: Dependent Claims 3 and l i provide a further limitation on What alkylating agent

may be used. Claim 3 requires the alkylating agent be Cl(CHg)wCN) Br(CHg)wCN, or

IthszCN. Claim 1 1 requires the alkylating agent be CltCHflwCN

l7
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53. Dependent Claims 4 and 12 specify what base may he used in step (b) Claim 4

requires the base in step (b) to be KOH or NaOH and Claim 12 requires the base to be KOH.

54. Dependent Claims 5, 13, lt—‘i; l7 and 18 specify what the base B in step (c) may be

selected from certain specific bases Claims 5 13, and 17 limit base B to the group consisting of

ammonia N-methyiglucarnine procainea tromethamine, magnesium, L—lysine, L—arginine,

triethanolamine, and diethanclamine. Claims 14 and 18 specify that the base B is

diethanolamine

551 Dependent Claims 6 and 15 specify what acid is used in step (d) Claim 6

specifies the acid is l-iCl or H2804, Claim i5 specifies the acid is l—iCi,

56. Dependent Claims 8 and 16 specify that the process does not include purifying the

compound of formula III or VI produced in step (a).

'57. Dependent Claims i9 and 20 depend on Claims 1 and 9, respectively. Each

dependent claim further specifies the base in step (b) is KOH or NaOH and the base in step (c) is

selected from the same group specified in Claims 5, l3, and l 7.

58. Claim 21 depends on Claim l and requires that step (d) is performed. Claim 22

depends on Claim 21, and further requires that the product comprises a pharmaceutically

acceptable salt formed from the product of step (d)

V. Claim Construction

59. I understand from Counsel that different claim constructions for certain terms

used in the claims of the ’393 patent l'iave been proposed by Steadylx/Ied and UTC, and that the

US. Patent and Trademark Office (“PTO”) has entered a preliminary claim construction for

certain terms.

l8
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60. i agree with UTVs construction of the term “product” as “a substance resulting

from a chemical reaction” which is consistent with the plain and ordinary meaning of the term.

6.1. In the chemical context. “product” generally refers to the real world outcome or

result of a reaction:

Generalized Chemical Reaction

Reactants —> Products

I agree with UTC that the 7393 patent itselt‘distinguishes “product” to identify it as what comes

at the end of a chemical process or chemical reaction. Prelim. Resp. at pp.l7—IS.

62. I also agree with the consistent definitions given by the several textbooks cited by

UTC all referring to “product” as the result of a chemical reaction. [(1 at I9.

63. In fact? I have used, the term “product” consistently in my own publications to

refer to the real world result ofa chemical, reaction. See, rag Williams, et.ai., Asymmetric,

.S'fereoamfroifed Total Synthesis tgfl’aralterquamrde A; .I. Am. Chem. Soc. 2003. 125, 12172—

178. (“Hon/ever, the reaction was very slow and gave the desired cyclization product 64 in only

25% yield, accompanied by products from competing pathways”) (EX. 2026); Williams, et.a1.,

Stereoconfro/Jed Total Synthesis of(4)~l’ara/ierquamide 8 J . Am. Chem. Soc 1996, l IS. 557—

579 (“Compound 66 was retl uxed in benzene with 20 equiv ol‘sodiuin hydride, resulting in a

very clean and high yielding cyclization reaction furnishing the desired product 68 in 93%

yield") (Ex, 2027); Williams; et.al., Synthetic Studies on Eli-ii Assembly (gfliie Pentacyclic

Core and a lib/"ma! Iota! Synthesis, J . Org. Chem 73.24 (2008): 95949600. (“The scarcity of

the natural product from marine sources renders tit—743 an important target for synthesis”) (Ex.

2028)

l9
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64. Dr. Winkler also uses the term “product” as the result of a chemical reaction in his

own publications and confirmed that understanding during his deposition, See, cg, Winkler, l,

etyalv A Pcmson—KhandApproach to the Synthesis ijitgfilOZ) Org. Lett, 2005, 8; 1489—1491 at

Abstact (“Pauson—Khand cyclizati on of dioxanone photoadduct 2i leads to the formation ot‘a

single product in good yield”) (Ex 2029); see also Ex. 2051 at 15512—1573.

65. Specifically, Dr. Winkler confirmed that “the product of a chemical reaction

would be essentially all of the substances that result from the treatment of a particular reactant

with a particular set of reagents.” Ex 2051 at 15512—11, This is consistent with UTC’s definition

as well as how Dr. Walsh interpreted the product in his Declaration submitted during prosecution

of the ”393 Patent. EX) i002 at 346—347 (showing the products containing certain other

sub stances as impurities).

66. I disagree with the PTO’s preliminary construction and SteadyMed’s construction

of “product” as “a chemical composition.” i believe that this proposed definition is too broad

and does not accurately describe the term as it is customarily used in the art and in the context of

how it is defined, in the ‘393 patent. In the chemical context, there can be no “product” if there is

no corresponding reaction, process, or synthesis that it refers to A “chemical composition“

could be used to describe the starting materials, solvents, reagents", catalysts, and even the

glassware used during a chemical reaction as there is no limitation on SteadyMed’s construction

of the term “product” on how it relates to the chemical reaction at issue

67. In the ’393 patent, and each of the references I describe above, the word “product”

is exclusively used to describe a substance resulting from a chemical reaction, and it is not used

to describe any and all “chemical compositions.”
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68. SteadyMed’s construction is therefore inconsistent with the understanding of a

POSA and inconsistent with the ’393 patent specification regarding the term “product” because

“a chemical composition" is not an accurate and specific definition of the term.

69. For the reasons I previously described regarding the term “producfl a. POSA

would understand the plain and ordinary meaning of the claim term “A product comprising a

compound of formuia l/i‘v' or a pharmaceutically acceptable salt thereof,” as UTC’S construction:

“a substance resulting from a chemical reaction constituted, primarily of formula i/iV or a

pharntaceutically acceptable salt thereof.” This definition is consistent with how a POSA would

understand the term and is consistent with its plain and ordinary meaning.

70. I disagree with the P'I'O‘s preliminary construction and SteadyMed’s construction

of“[a] product comprising a compound of formula l/IV or a phamtaeeutieally acceptable salt

thereof" as “a chemical composition that includes but is not limited to, a compound ofForrnula I,

or a pharmaceutical iy acceptable salt thereof, and that may also include other non-mentioned

substances (including impurities} additives, or carriers, without limitation as to the types of or

relative amounts thereof.” lbelieve that this proposed definition is too broad and does not

accurately describe the term The entirety of the ”393 patent is directed to an ii'nproved product

with lower amounts of impurities and therefore the product includes its own impurity proti le

which provides a high level of purity and does not indiscriminately include other substances and

impurities “without limitation as to the types of or relative amounts thereof.”

VI. Phares [toes Not Anticipate Claims lwfi, 7~9g “~14, or 1640 of the ’393 Patent

'7] t I have reviewed Dr. Winkier’s opinions alleging that Phares (EX. 1005) inherently

anticipates Claims, 'il-S, 7—-9, llml4, and 16-29. I have also reviewed the Institution Decision in

which the Board credited Dr. Winkler’s opinion regarding this lack ofphysical differences
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between the treprostinii products ot‘ihe ’393 patent and Phares. Paper l2 at 23—3 l. i disagree

Additionally, the Board credited Dr. Winkler’s opinion that Phares discloses the same process

for synthesizing treprostinil as the ”393 azttent. Paper 12 (t 29—30. This is not true, Because no

synthesis oftreprostinil is disclosed in Phares, the diet‘nanolamine sait described would have an

unknown impurity profile and therefore cannot anticipate any claim of the ’393 patent.

A. The Product Disclosed in Phares is Physicaiiy Different Than the Products
Disclosed in the 9393 Patent Claims

'72. In order for Phares to anticipate any claim of the ’393 patent, Phares must

disclose every claim limitation of the product, Phares does not disclose the same product as

claimed in the "393 patent.

'73, Contrary to Dr. Winkler’s opinion, the poiyrn orph form and purity of the

treprostinil diethanolamine salt is not the same as that claimed in the ’393 patent, Specifically,

Phares discloses samples made for a polymorph screen, not large scale batches, See, e.g., Ex.

1005 at 85436, In fact Phares notes several different conditions to form polymorph A including

preparation using fast evaporation, slow evaporation, freeze drying, heating, and slow cooling

in a variety of solvent systems including water and ethanol; water, toluene, and tetrahydrofuran,

Id, Once polymorph A is prepared, Phares then further states that polym orph form B must be

made from polymorph A, listing several conditions under which poiyinorph B is prepared, Id.

Phares further notes that the polymorph B sample that was used for characterization was made

from heated siurries of form A in l,4~dioxane and toluene. Id. at 87. in fact, it is not clear which

sample of polyinorph fonn A was further used to create the characterized sample of polymorph

B that Dr, Winkler discusses. E\ 1009 at ”TEES—61,
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74. The ’393 patent does not discuss that polymorph A must be formed first, See, eg,

EX, 1001 at cot. 12—13 and '15, The ”393 patent also does not describe the use of 1,4 dioxane or

toluene and only describes forming the diethanolaniine salt followed by cooling and filtering the

salt with ethyl acetate and, ethanol, and then drying. Id Thus: the treprostinil di ethanol amine sait

formed in Phares required an extra step to first form polymorph A under different reaction

conditions with different solvents

75. it is well—known that the use of different solvent systems in forming different

crystal forms can have a significant effect on the melting point of a substance as well as other

characteristics including purity See, eg, Rt Adhiyaman, etai, Crystal modification of

dipyridcmmie ztsz'ngdpj‘erent sofvems and emismflizafion conditions, Int“l JV Pharmfill, 2006,

27—34 at 33 (“Adhiyaman”) (“In conclusion, it can be said that the crystallization conditions and,

medium used have rnaj or effect on dipyndamole crystals habit modification under ambient

conditions The crystals showed significant changes in the shape, size, meiting points, dissolution

rate? XRD patterns and DSC curves”) (Ex. 2030) Given that the samples of polymorph B

described in Phares are prepared in a completely different way under different conditions than

those described in the ”393 patent, their melting points and other analytical data. cannot be

directly compared.

76. Furthermore, the only data that Dr: Winkler relies upon to conclude that the

polymorph B sample of treprostinil diethanolamine salt in Phares has a “higher purity than

the ’393 product” is that, the recorded melting point was higher in one sample than the melting

point of the diethanolan'iine salt sample of the ’393 patent. Ext 1009 at ‘Tfii 59-60. This is

incorrect for several reasons fir_st_ as mentioned above, the different solvents and conditions

used to form the salt can greatly affect the melting point — Which is the only purported evidence

N w
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that Dr. Winkler cites for purity, M there is absolutely no actual purity data disclosed in

Phares for the diethanolamine salt or treprostinil free acid and a POSA would not have

concluded based on a single melting point example of polymorph B prepared under unknown

conditions (cg. recrystallizati on solvent and recrystallization conditions are not identified)

would be of a higher purity than the known purity of the ’393 patent. 1111351 even it‘ the

diethanolaniine salt samples were prepared under the same work—up and purification conditions,

a higher melting point does not mean that the substance must be of a higher purity. See, Ex. 2030

at Fig. 5 showing modified crystals in several different solvents had a higher melting point than

the pure dipyridamole). found}, the DSC curve cited by Dr. Winkier in Fig. 2] of Phares (Ex.

1009 at $359) shows a broad melting peak with a range of close to 10 degrees which is indicative

ofa lower purity sub stance. See. Marti, E, Purity determination by (inferential scanning

calorimelry, Thermochiniica Acta, 5(1972) 173—220 at 2 l 4 (“The melting of diphenyl is

extremely sharp because of the purity level, on the other hand, the melting region of phenacetin-

benzamide is rather broad”) (Ex. 203 l ). Additionally, the DSC data provided does not descn'be

the sample size, the rate of temperature increase as a function of time and does not compare this

with an authentic standard of known purity melted under identical conditions. it is known in the

art that sample size, rate of heating. the recxystallizati on solvent(s) used, and the conditions

under which the crystalline sample was obtained can significantly affect the DSC data. Dr.

Winkier’s conclusion based on this single vague and incompletely described DSC data is not

sci entifi cally sound.

'77. Dr. Winkler also points to the brief description of the formation oi" the treprostinil

diethanolamine salt (Ex, 1099 at it‘ilSO-Sii), but that description does not indicate what treprostinil

free acid was used to make it. While the Board agreed, with Dr. Winkier regarding the similarity

4851-2371--9220.1 P. 24 UT Ex 2020
SteadyMed v. United Therapeutics

iPR2016v00006

|PR2020-00770

United Therapeutics EX2007

Page 3973 of 7335



IPR2020-00770 
United Therapeutics EX2007 

Page 3974 of 7335

IPR20 16-00006

patent 8,497,393

of the products of Phares and the ’393 patent, the source of the treprostinil used to make

treprostinil diethanol amine is very important and would greatly affect the impurity profile and

other analytical characteristics, including DSC, of the sample.

'78. in fact, Phares itself describes several references that could be used to make

treprostinil, but does not identify which one, if any, was used to make the sample for the

treprostinil diethanoiamine salt. See, e.g.. Ex. 1005 at 9 (“Compounds ofthe present invention

can also be provided by modifying the compounds found in US. Patent Nos. 4.306.075

(“the ’075 patent”, EX. 2032) and 5,153,222 (“the ‘222 patent”, EX 2033) in like manner”).

The ’075 patent. for example; discloses a very different and less pure treprostinil product than

that of Moriarty (Ex. 1004). See, e.g.. Ex. 1004 at 1892-93. Thus, without knowing the source of

the treprostinii used in Phares to make the treprostinii diethanoiamine salt, the resulting product

could have a very different purity and impurity profile and would necessarily have a distinct

impurity profile if it were made by a different process than that disclosed. in the ‘393 patent.

l3. Phares Does Not Disclose Several Other Claim Limitations

79 Dr, Winkler alleges that Phares discloses the same synthesis to make treprostinil

diethanolamine as the synthesis described in the ’393 patent and the Board credited his opinion

on this point. Sec, Ex. 1009 at W514", 7; Paper 12 at 29-30. I disagree. First, there is no

description whatsoever in Phares of how to make treprostinil free acid. in stead. Dr. Winki er

points to the synthesis of the enantiomer of treprostinil ((5) treprostinil) which is a completely

different synthesis for a different stereoisomer. EX 1009 at 1l57. Winkler alleges that because

certain steps are used in forming the enantiomer, those steps are inherently disclosed for use with

treprostinil. Ex. 1009 at @5667.

[\J m
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80. I understand the Board decision did not address the additionai limitations of

independent Claims 1 and 9 nor the dependent claim iimitations in its anticipation analysis

because “the process steps recited in claims 1 and 9 do not impart structural or functional

differences to the claimed treprostinil product” Paper 12 at 31‘ 1 disagree with this assertion

Even if Phares used the synthesis of Moriarty to make treprostinilq there are significant

differences between the product of Moriarty and the product of the ’393 patent. See, Section

VIKA) belowi Because the products are different, the process differences are relevant to the

anticipation analysis,

81. The synthesis for the enantiomer of treprostinil disclosed in Pharesg however, is

different than the synthesis of treprostinil disclosed in the ’3 93 patent. First, contrary to Dr

Winkler’s claims, the earlier part of the synthesis used in Phares to make the enantiomer is not

the same synthesis disclosed in Mori arty Specifically, the Moriarty reference obviously does

not describe the synthesis of the enantiomer of treprostinil, but also does not include the

Mitsunobu inversion step described by Phares wherein the stereochemistry of the secondary

alcohol moiety has to be chemically reversed“ Ex. 1005 at 40. In fact, because (S)—2—methyl—

CBS-oxazaborolidine is used on structure 5, the resulting structures 6—1 i are diastereoisomers of

the intermediates used in the synthesis of the ’393 patent. As a, result, intermediate products of

formulas (11) and (111) of Claim 1 and intermediate precincts of formulas (V) and (V1) of Claim 9

of the ’393 patent are not disclosed in Phares. Thus because steps (a) — (c) of every claim of the

patent requires these products.‘ Phares cannot anticipate any claim of the ’393 patent.

82: Second, Claim 2 requires a specific purity of 995% As i discussed above, there

are no specific purity measurements disclosed in Phares and a single broad meiting point

determination with a large melting point range does not provide evidence that the pufity of the
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treprostinil diethanolamine sample is at least 99595 See? Section VltiA) above. For this

additional reason, Phares does not anticipate Claim 2. The purity of that sample was not

calculated from the DSC data as no control to an authentic standard of known purity was

performed or reported

83: SteadyMed claims that because the synthesis of the enantiomer of treprostinil in

Phares does not describe a purification step, that the claim limitation of Claims 8 and l e that the

process does not include purifying the compound of Formula III (or VI) produced in step (a) is

satisfied That is not correct, In fact Phares does not diselose any specific details of those steps

whatsoever: Indeed, if the same synthesis from Moriarty was used as Dr Winklei‘ suggests,

purification at step (a) is specifically described in that reference, Ex, 1004 at 190 i 4902

Regardless of what synthesis was used, however, the fact remains that compounds ofI-‘ormula III

and VI do not appear in Phares as described above.

841 Under my interpretation of the highly pure product described in each of the claims

of the ’393 patent, Phares does not anticipate Claims l~57 7—9, 1—14, or 1691) because it does

not disclose the highly—pure product of the “393 patent, the synthesis ot‘treprostinil, nor

compounds of structures (It) and (HI) from independent Claim 1 or structures (V) and (VI) from

independent Claim 9, which are required by all of the claims,

VII. None of the Claims of the “393 patent Are Rendered Obvious by the Prior Art

85:. I understand that the Board cited additional grounds for unpatentability including

obviousness based on the combination ot‘h’loriarty and Phares and obviousness based on the

combination of Moriarty, Phares, Kawakanii (Ex. 1007)? and Ege (Exp 1008). I disagree that any

claim of the "393 patent is rendered obvious by any combination of these references.

ix)
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A. The Product oi’the ’39.?) Patent Is Structurally Different Than the Product of
the Prior Art

86. In his declaration, Dr. Winkier expresses his opinion that “the ’393 patent

processes do not result in a physically different or unique product than that disclosed in the prior

art.” Ex 100-9 at 1171. I am aware that, in the Institution Decision, the Board credited Dr.

Winkler’s opinion regarding this lack ofphysical differences between the treprostinil products of

the "393 patent and the prior art Paper £2 at [647. I disagree with Dr. Winklerls opinion for at

least the fi’iilowing reasons.

87. Dr. Winkler appears to base his opinion on a comparison between the 393 patent

process hatches identified in the declaration submitted by Dr, David Walsh, one of the inventors

of the ’393 patent... during prosecution (Wal sh Declaration)? and a single prior art process hatch

identified in a particular prior art publication by Moriarty . EX. '1009 at ‘ii‘ig’63—7l. However, D1:

Winkler’s cornsarison suffers from several critical flaws.

88. First, and most fundamentally, there is no basis for comparing, the “purity”

reported in Moriarty with the purity discussed in the Walsh Declaration. When purity is

determined by comparison of a sample to a reference standard such as assay purity (see, eg

ICH Guidance For Industry: 07A Good Manufacturing Practice Gui dance for Active

Pharmaceutical Ingredients (200i) (“Q7A”) at 28~Z9 (EX. 2034); see also Reviewer Guidance:

Validation of Chromatographic Methods (1994) (“Reviewer Guidance”) at 543) (Ex. 2035)., one

cannot directly compare the purity values of two samples in any meaningful way unless each

value was achieved by comparison to the same reference standard. Neither the Walsh

Declaration nor Moriarty id entifi es a specific reference standard. While Moriarty notes that the
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treprostinil product obtained was compared to an authentic sample ot‘UT—i 5, there is no mention

of any such comparison in the Walsh Declaration.

89. Instead, with respect to the Walsh Declaration, purity must be understood not with

respect to any reference standard, but with respect to the amount of total impurities reported as

detected in each of the sample batches. The term “purity” must also be understood with respect

to the amount ot‘totai impurities detected in the context of the 393 patent itself; Wherever assay

purity is referred to, the ’393 patent specifies that the number indicated refers to “HPLC (Assay).”

For each of the representative batches discussed in the Walsh, Declaration, impurity data is

presented in the same way, and thus the purity of these samples can properly be compared to

each other; the same cannot necessarily be said of the sample data reported in Moriarty.

90. Second, Dr. Winkler concludes from Example 4 of the ”393 patent that the

instrumentation used to measure purity “can have variations of at least 0.4%,” and thus any

detected difference less than that can be attributed to experimental error, Ex. i009 at “liti69w70.

Dr. Winkler bases his estimate of experimental error on the statement “that Example 43s Batch '1

had an HPLC Assay 0f100.4%. which is obviously greater than the 1009/0 value theoretically

achievable.” Ex. i009 at $70 This is unsupported and appears to arise from Dr. Winkier‘s

fundamental misunderstanding ot‘how assay purity values are calculated, HPLC assay values

are calculated with respect to a reference standard; thus, any time that the sample you are

measuring has a greater purity than the reference standard, the assay value will exceed 100%. As

such, it is incorrect to conclude that an assay value of 100.4% must indicate an error of at least

04%. Dr, Winkier’s conclusion on this point is therefore fundamentally flawed.

91. This explains why the assay value for drug specification submitted to the FDA

 changed, from a range of . See, Ex. 2003 at 6, This change was not due to
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an increase in impurities, but because the purity oi” the product using the ’393 patent process

improved (as compared to the already-established reference standard) thus moving the

acceptability range to a higher purity specification Id. The letter notes that the scope of the

range remained unchanged which simply indicates the acceptability criteria was increased, and

does not index an error rate or limit of detection. Indeed, the change to the specification is

further evidence that the product of the ”393 patent is physically different than the product of

ly‘loriarty.

92. Indeed, Dr, Winkler’s conclusion is contradicted by the impurity data. actually

measured for the treprostinil product made by both the ’393 patent process and the prior art

process according to Moriarty For both processes; impurities are reported with specific numbers

unless the amount detected fell below 0.05%; in cases where some amount of an impurity less

than 0.09%: was detected, it was reported as simply “less than 0.09543” or 0.05%.” This

means that the level of detection for measuring impurities in these treprostinil samples was

somewhere between 0 and 0.05%, not something in excess of 0.49"}; as Dr. Winkler erroneously

concludes.

93. Third, as Dr. Winkler himself points out, there is the possibility for “significant

batch-to-baich variations in the impurity profile of each batch of treprostinil.” Dr. Walsh stated

that the data presented in his declaration came from representative samples of each synthetic

process. Ex. 1002 at 346—347. However. there is no such indication that the purity data reported

in Mori arty comes from a representative sample of the prior art process. Due to the possibility of

batch—to—bateh variations, if a small number of batches are to be used as the basis for comparison.

it is critical that those batches be representative of their respective products and processes. Thus

while one could. reasonably rely on a comparison between the representative batches presented. in

'30
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the Walsh Declaration, one could not reasonably add the batch discussed in Moriarty to that

comparison. it is exactly this scientifically unsound comparison to Moriarty upon which Dr.

Winkler bases his opinion.

Q4. ideally= to avoid the risk of batch—to—batch variations unintentionally biasing the

data. a, comparison should be made between the average impurities detected in treprosii nil

products made by the ”393 patent process and treprostinil products made by the prior alt process.

To this end, i have prepared a chart containing impurity data for 56 samples oftreprostinil

product as produced by the prior art process according to Moriarty through 2004 (the date of the

publication), attached as Appendix A to this declarationla and another chart containing impurity

data for 122 samples of treprostinil product as produced by the ’393 patent processes. attached as

Appendix B to this declaration. I have prepared these charts using impurity data from release

testing of samples of the respective treprostinil products that were produced by or for UTC for

the purposes of obtaining regulatory approval and/or commercial sale See Appendix A,

Appendix B; EA 2005; Ex 2036’, Ex 2037; Ex 2052; Ex 2053‘ As the purpose of these charts

is to calculate the average impurities , both specific and total , found in the treprostinil products

of each process, 1 have necessarily assigned a value of zero where the level of impurities was

1 i am aware that UTC‘s Process Optimization Report for treprostinii prepared according to the ’393 process
included Table 2. which provided average impurity data for 96 batches of tieprostinii made according to the prior art
process. UT F . BOi ' at 7. However, Table 2 doc not prc idc exact values for four of the eight impurities under
consideration and does not identify the underlying batch data. Id. As
sucln i have prepare . . trcpmstinil samples made by the prior art method and have
based my analysis, includingY my calculations of average for totai and individual impurities upon this chart. While i
believe my chart allows for a more precise comp: risen between Moriarty trcprostinil products and 3‘93 trcprostinil
products. the air'erages presented in the Process Optimization Report still show significant differences between ’393
trcprostinil products and the Moriarty trcprostinil products. Specifically; Table 2 of the Process Optimization Report
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reported as “ND” (Not Detected), and a value oi" 0.05 where the level oi" impurities was reported

as bein? less than 0.05%. From these data, I have found the following averaoe im )uritv levels:s a a l .
 

  
 
 
 

  

Moriartv Process 1111 .o urities Averaoc Percent Detected

E Total

methyl Related :

ester Substance j
0.1028 0.9545 
 

95. These averages make clear that the 393 patent process does result in a treprostinil

product that is physically different, from the prior art treprostinil product. in terms oi“ total

volume of impurities, the Moriarty process resulted in imes the amount of impurities that is 

achieved with the ”393 patent process.

96. The products from the two processes also differ signifi cantly with respect to the

individual impurities in each product’s impurity profile, Notably, the ’393 patent process

produces a treprostinil product that does not contain any detectable amounts 0 

Additionally, the ’393 patent process produces a treprostinil product that, on average, contains

each of an ..   on] .. ; as compared to the 
 Moriarty process, this represents greater than a duction in each ot‘th ’ an d

reduction in the   mpurities and impurity. The ‘393 patent process

also produces a treprostinil product that, on average. has significantly reduced amounts of

several other identified impurities; as compared to the average of the Moriarty process. the ”393

patent process produces a treprostinil product with .l@§§__th§ 

  approximately and approximate}

3 2
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 Conversely, the ”393' patent process produces a treprostinil product which actually

 contains slightly more impurity than was detected in the treprostinil product of the

Moriarty process.

97. looking past the average data) it is also worth noting that, out of all the batches of

 treprostinil product made by the ’393 patent process which I reviewed was only

 detected in a single batch was also only detected in a single hatch

 a and both impurities were only detected at a level of 0.05% or less. Furthermore;

were both identified as “optimization batches” (as batche

distinguished from commercial batches) and thus are not properly representative oi" treprostinil

products made by the ”393 patent process.

98. From these data, it is clear that the treprostinil product produced by the ’393

patent process has a markedly dit‘terent impurity profile than the treprostinil product of the

Moriarty prior art process, and as such is physically distinct from the prior art product.

Moreover, it could not have been obvious that employing the process of the ’393 patent would

result in a reduction ofimpunties as compared to the Monarty process. indeed, the W393 patent

Furtherm ore, it is  process actually results in a; in one detected impurity

also clear that the ireprostinil product produced by the ’393 patent process has a higher average

purity than the Moriarty product. The treprostinil product of the ’393 patent has an average

 purity of while the Moriarty product has an average purity of 99.05%. Thus; the

 treprostinil product ofthe ’393 patent has an average purity that is igher than that of

Mori arty’ s.

33
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99. Therefore, it is my opinion that, the treprostinil product produced by the process

used in the ’393 patent Claims '1 and 9 is physically different than the treprostinil product

produced by Moriarty.

B. Claims 'i-Sg 7J9, l‘lm‘iél, and ‘i6-«2tl Are Not Rendered Obvious by the

Combination of Moriarty and l’hares

lOO. As described above, the product of Moriarty is physically different than the

product of the ’393 patent process liven it” the Moriarty synthesis was used to make treprostinil,

a PO SA would not have been motivated to make the diethanolamine salt identified in Phares

101. Specifically, the ’393 patent notes that the salt formation step results in an

improved and more pure treprostinil product Given that Moriarty discloses the use of column

chromatography for purification, a POSA would not have been motivated to create the salt form

in Phares as Phares does not disclose any benefit or increased purity as a result of using the

diethanolamine salt. In fact, Phares does not allege that the diethanolamine salt is superior in any

way to the treprostinil product of Mori arty and instead identifies other earlier treprostinil

disclosures as a means to create the treprosti nil used to form the diethanoiamine salt. See,

Section VKA) above.

102‘ Additionally: a POSA would not have had, a reasonable expectation of success in

making the higher purity treprostinil product claimed in the >393 patent by the use Ufa salt

formation step, As identified above, the impurities of treprostinil include 
 the starting 

  
  
 

material H As described above, the ’393 patent process

essentially eliminated the mpurities and  impurity , but did 
 not eliminate anothe as the otherwhich likely has the same
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stereoisomers. Similarly, the- impurity increased while the_ impurity

decreased. A POSA would have expected that all of the stereoisomers would remain as salt

impurities, but that is not the case. Instead, the impurity profile of the ’393 patent process yields

an unexpected result by removing—while— impurity

and- another. A POSA could not have predicted this outcome based on the salt

formation described in Phares.

103. Regarding Claim 2, neither Moriarty nor Phares discloses treprostinil or

treprostinil diethanolamine at a purity of 99.5%. As described above, Phares does not disclose

any purity measurement (see Section VI above) and the purity measurement identified in

Moriarty does not identify how the measurement was taken (see Section VII(A) above),

Regardless of the purity identified in Moriarty, a further analysis of all batches made by the

Moriarty process up to the time of the reference itself reveals an average purity of 99.05% while

the average purity of the ”393 patent batches is-. Given that the error rate must be below

0.05% for these measurements (see Section VH(A) above), the ’393 patent process batches are

significantly better in terms of overall purity. For this additional reason, Claim 2 is not rendered

obvious by the combination of Moriarty and Phares.

104. Regarding Claims 8 and 16, Phares does not disclose any synthesis for treprostinil

and therefore cannot disclose whether purification was needed for step (a). (See, Section VI(B)

above). As previously described, Moriarty specifically discloses that purification is performed at

step (a). See Section VII(B) above). In fact and most significantly, the ’393 patent itself

identifies that as a distinguishing feature over the prior art. See, e.g, Ex. 1001 at Example 6. For

this additional reason, Claims 8 and 16 are not rendered obvious by the combination of Moriarty

and Phares.
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C. (Ziaims 6, i0, '15, 219 and 22 Are Not Rendered Obvious by the Combination

of Moriarty, Phares, Kawahami, and Ege

105. Each of Claims e, 10a 14, 2}, and 22 require the additional step (d) of independent

Claims l and 9 which is to react the salt formed in step (c) with an acid to form the compound of

formula I or IV (treprostinil‘). Claim 22 further requires a pharmaceutically acceptable salt

formed from the product of step ((1). Step (d) is not disclosed in any way in Moriarty, Phares,

Kawalrami, or Ego, Additionally, it is my opinion that it would not have been obvious to

combine these references to arrive at the claimed inventions of Claims 6, it), 15, 2t, or 22

106. First, there is no teaching or suggestion to perform step (d) in either Moriarty or

Phares and similarly no reference to reverting back to treprostinil free acid from any treprostinil

salt. Given that the purification techniques disclosed in Moriarty include chromatography and

rec1ystallization after many years of research to optimize the process of making treprostinil, a

POSA would not h; ve been motivated to use a salt purification technique disclosed in an

undergraduate chemistry textbook. More importantly, a POSA would not have had a reasonable

expectation of success in further purifying the treprostinii product of Moriarty by using such a

technique To the extent a POSA was motivated to further purify treprostinil, a PO SA would

have focused on the known impurities and investigated methods of removing those. At the time

of the invention it was known that the formation of diastereoiners occurred in the formation of

treprostinil. See, lilx. 1004 at l897~99. Thus, a POSA would have focused on how to remove

those types ofimpurities

107. Ege simply discloses that “carboxylic acids that have low solubility in water, such

as benzoic acid, are converted to water—soluble salts by reaction with aqueous base. Protonati on

of the carboxylate anion by a, strong acid regenerates the water-insoluble acid. These properties

'36
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ot‘car‘boxylic acids are useful in separating them from reaction mixtures containing neutral and

basic compounds.” Ex. 1008 at 8. This disclosure, however: would not have provided a POSA

with a motivation to make the treprostinil free acid disclosed in Moriarty, convert that to the salt

form ot‘Phares, then convert the salt form back to the tree acid.

108. first. Ege does not provide any detail regarding how this reaction could be

applied to more complex carboxylic acids or if it even could be applied. Specifically, the only

carboxylic acid referenced in Ege as an example is benzoic acid, a very simple aromatic acid,

which is structurally very dili’erent from tr'eprostinil acid. Indeed benzoic acid has no chiral

centers and therefore no stereoisomers and there is no suggestion in .Eige that this step could be

used in purifying more complex carboxylic acids such as treprostinil which have stereoisomeric

impurities. Second, Ege specifically notes that “these properties of car’boxylic acids are useful in

separating them from reaction mixtures containing neutral and basic compounds?” therefore Ege

would not apply to purifying carboxylic acids with stereoisorneric impurities because each

stereoisomer would necessarily be an acidic impurity. As described above? the impurities that

are removed from the ’393 patent product include some, but not all acidic impurities and some

but not all neutral impurities, See, Section V1103) above. For these reasons a. POSA would not

have been motivated to combine liige with either Moriarty or Ph ares and would not have had a

reasonable expectation of success in further puritying treprostinil using the acid reformation step

described in Ege.

l09. Indeed, given that Ege predicts that only neutral and basic impurities would be

removed, the actual average impurity profile for the ”393 patent product is an unexpected result

given that some but not all neutral impurities are removed as well as some but not all acidic

impurities. See, Section VIKB) above.

37
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1 l0. Kawakami similarly does not provide any motivation for combining with either

Phares or Moriarty and a POSA would not have had a reasonable expectation of success in

preparing the products of Claims e 10; 15, 21, or 22 by combining these references.

I i i. Kawakami discloses the purification of a inethanoprostacyclin derivative by

forming the dicyciohexyl amine salt then regenerating the free acid to achieve a “fairly hi gh”

purity. Ex 'i007 at e. ’l'reprostinil and methanoprostacyclin: however, are veiy different

structures:

COZH

OW
H6

 
Treprostinii methanoprostacyeiin compound in Kawakami

l 12. As shown here: the methanoprostaeylin compound in Kawakanii is a two—fused

ring structure which is different than the three—fused ring structure of treprosti nil that also

includes an aromatic ring absent in the Kawaliaini inethanoprostacyciin. These differences

matter because a POSA would not have looked. to Kawakami (or Ege) if they were looking for

additional purifica ti on techniques for treprostinil because neither reference discloses how to

remove stereoisomeric impurities

13‘ Instead, Kawakami provides a purification method for separating E and Z isomers

ofa starting material that is otherwise free ofimpurities, and not diastereomers that result from

the various chiral centers that treprosti nil was known to have as impurities. In fact. treprostinil

3 8
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contains no mixture of E and Z isomers because it does not contain a carbon—carbon double bond

that is capable of forming E and Z isomers. indeed, the use of a specific salt to isolate a specific

E/Z isomer does not reasonably suggest that salt formation of a much more complex compound

with multiple chiral centers such as treprostinil could be isolated from entirely different

impurities and then converted back to the free acid form. in fact, nothing in iiawakami suggests

that this method could be used for a substance that was already fairly pure such as the treprostinil

disclosed in h/ioriarty

i 14. Similarly, Kawakami uses a dicyclohexylamine salt and does not use a

diethanolarnine salt, nor any salt counterion disclosed in the ’393 patent A POSA would have

had no reason to combine the synthesis of Moriarty, use the salt only disclosed by Phares, and

convert back to the free acid based on the teaching ot‘Kawakami because Kawakami uses a

different salt to separate a different structure from difi’erent types of impurities liven, if a POSA

did combine these references in this way, a POSA would not have had a reasonable expectation

of success in forming a more pure treprostinil product because Kawakami does not provide any

information regarding the high level of purity required by the “393 patent and does not describe

the separation of the types of stereoisomeric impurities known to be present in the treprosrinil

product. Dri Winklerls obviousness analysis using these combinations is flawed and suffers from

hindsight analysis.

115. Claim 6 requires the acid in step (d) be either HCl or H2804 and Claim 15

requires the acid to be HCl. Claim 21 requires that step (d) is performed. Phares, Moriarty and

Kawakami all do not disclose the use of either i-iCl or H2304 in converting a salt back to a

carboxylic acid of any kind Ege cites HCl as an example in the conversion of benzoic acid, but

as described, above, a POSA would not have looked to Ege to further purify a complex

'39
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carboxylic acid such as treprostinil from its stereoisomers and other impurities and would have

no reasonable expectation of success by using HCl based on this disclosure. For this additional

reason; Claims 6 and 15 would not have been rendered obvious by any combination of Phares,

Moriarty: Kawakami or ege Similarly, given the deficiencies described above regarding Page

and Ka'waltanii, Claim '2] would not have been rendered obvious by any combination of Phares,

Moriarty; Ege, or liawaltami.

l 16. Claim 10 requires that step (d) is performed and further requires the product to be

at least 99.5% pure. The only purity limitation disclosed in any of the cited prior art references is

to Moriarty in which neither step (c) or (d) is performed. There is absolutely no other disclosure

of a purity of at least 99.5% in any other cited prior art reference. A POSA looking to improve

the purity of treprostinil above that level would have had no reason to look to Pharesj Kawakami,

or Ege and based on their disclosures, would have had no reasonable expectation of success in

making a. treprostinil product with that level of purity as it simply is not present in the prior art

allegedly disclosing step (d).

117. Claim 22 depends on Claim 21 and further requires a pharmaceutically acceptable

salt be formed from the product of step (d). Dr. Winkl er cites no evidence for this additional step

in the prior art In fact, none of the references cited even suggest converting a carboxylic acid to

a salt form, then regenerating the carboxylic acid, then forming a pharmaceutically acceptable

salt from that. It is my opinion that there is no evidence in the prior art supporting the additional

claim limitation of Claim 22 and therefore no combination of Moriarty, Phares, Kawakami, or

Ege would render this claim obvious.
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I deci are under pertaity of peijury "that: the foregoing is true and correct

x” .

Date: Juiy 6, 2016 21% ”49/2% %W
Robert M‘ Williams, PhD.
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