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DECLARATION {37 CF.R. § 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CF.R. §1.76)

Title of MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE
invention PHARMACEUTICAL INGREDIENT

As the below named inventor, { deciare that
This declaration

is directed fo:

| % | The attached application, or

Uniited States application or PCT international appiication number

filed on

J.‘\f:i amended on (i appiicabi!ﬂ}:

H
L

e-identfied application was made or authurized to be made by me,

t befieve the inventor{s) named below te be the oniginal and first inventor{s) of te sudject matier which is damed and for
1 8 patent is sought.

i believe { am the original invenior o sr origial joint invenior of 2 clamed invention in e application.

| have reviewed and undersiand the contents of the sbove-identified application, including the claims, as amended by any
amendmert spacificaily referred 1o above,

t acknowtedge the duty to disciose fo the United States Patent and Tradermark Ottice all infamation known 1o me fo be
material to patentability as defined in 37 C.F.R-§ 1.56.

whements made nerein of my own knowledge are true, and alt statements mace herein on information and belief are
believed to be frue.

| hereby acknewledge that any willful faise statement mads in this declaration is punishable under 18 LLS.C. § 1001 by ine or

imprisonment of not more thasn fiv yaars. o ot

LEGAL NAME OF SOLE OR FIRST INVERTOR
™ 3 . e A
Feb i%ﬁ\ 20 1 b

Invenfor one: Michael J. Zaworotko Date:

R s
M s
Signature: i K N Citizen of.  United Kingdom and Canada

LEGAL NAME OF ADDITIONAL JOINT INVENTOR, if any

nventer two: Nair Rodriguez-Hormedo Date:
Signature: Citizan of: United Siates

LEGAL NAME OF ADDITIONAL JOINT INVENTOR, if any

fventor three:  Brian Moulion Date:
Signature: Citizen of: Cangada

LEGAL NAME OF ADDITIONAL JOINT INVENTOR, if any

Inventer four Date.
Signaiure: Citizen of

: Addiiienal inventors are being famed on

additional form{s) attached hereta.
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DECLARATION (37 C.F.R. § 1.63) FOR UTILITY OR DESIGKN APPLICATION USING AN
APPLICATION DATA BHEET (37 CF.R. § 1.76)

Title of

Invention | PHARMACEUTICAL INGREDIENT

MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE

As the below named inventor, | declare that:
This declaration
is directed fo:

lﬁj The altached application, or

D United States application or PCT international application number

filed on

i:] As amended on

The above-identified application was mads or authorized to be made by me.

i pelieve the inventor(s) named below 1o be the original and first inventor(s) of the subject matter which is claimed and for

which a patent is sought.

| believe | am the original inventor or an original joint inventor of a claimed invention in the application.

t have reviewad and understand the contents of the above-identified appiication, including the claims, as amended by any

amendment specifically referred 1o above.

i acknowledge the duty fo disclose 1o the Uniled States Patent and Trademark Office all information known to me to be

raterial to patentability as defined in 37 C.F.R. § 1.56.

All statements made herein of my own kKnowledge are true, and all siatements made hersin on information and beliefl are

believed o be true.

{ hereby aciknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. § 1001 by fine or

imprisonment of not more than five (5) years, or both,

{if applicable);

LEGAL NAME OF SOLE OR FIRST INVENTOR

invenior one: Michasl J. Zaworotko

Signature:

Date:

Citizen of:

United Kingdom and Canada

LEGAL NAME OF ADRITIONAL JOINT INVENTOR, if any

o g F

inventortwo:  Nair Rodriguez-Hornedo Date: 201y

\\“\ \ﬁ 7 H
_ YU VA I R ‘

signature:  Lead S el M e, Ve N Citizen of: United States

LEGAL NAME OF ADDITIONAL JOINT ﬂ*@/ENTDR; if any

inventor three:  Brian Moulion Date:

Signature: Citizen of: Canada

LEGAL NAME OF ADDITIONAL JOINT INVENTOR, if any

inventor four: Date:

Signature: Citizen of:

ey
i | Additional inventors are being named on

additional form({s) attached hersto.
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DECLARATION (37 C.F.R. § 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CF.R. § 1.76)

Title of MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE
invention | PHARMACEUTICAL INGREDIENT

As the below namaed inventor, | declars that:
This declaration
is directed o

_J United States application or PCT intemational application number

fited on

u As amendsd on {if applicable);

The above-identified application was made or authorized to be mads by me.

| beliave the inventor{s) namad below to be the wriginal and first inventor(s) of the subject matter which is claimed and for
which a patent is sought,

t beligve | ar the original inventor or an original joint inventor of a claimed invention in the application,

| have reviewsd and understand the contents of the above-identified application, including the dlaims, as amsndad by any
amendment specifically referred to above,

| acknowledge the duty to discloss fo the United Siales Patent and Trademark Office all information known to me to be
material 1o patentability as defined in 37 CER. § 1.56.

All statements made harein of my own knowledge are trug, and sl statements made hersin on information and balief are
believed to be trus.

{ hereby acknowledge that any wiliful false statement mada in this declaration is punishabile under 18 U.S.C. § 1001 by fine or

imnprisonment of not more than five {8) years, or both,

LEGAL NAME OF SOLE OR FIRST INVENTOR

Inventor one: Michael J. Zaworotko Date:

Signature: Ciizen of  United Kingdom and Canads

LEGAL NAME OF ADDITIONAL JOINT INVENTOR, if any

nventor two: Nair Rodrigusz-Homedo Date:

Signature: Citizen of: United States
LEGAL NAME QF ADDITIONAL JOINT INVEMTOR, if any

inventor three: Biriap Moulton Gata: oV 28, i
Signature: - Citlzen oft {Zanada

LEGAL NAME OF ADDITIONAL JOINT INVENTOR, if any

inverntor four: Date:

Signature: Citizen of

] Additional inventors are being named on additional form{s} attached hereto,
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Docket No.: U0157.70023US03

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Michael J. Zaworotko
Application No.: Not Yet Assigned
Confirmation No.: N/A
Filed: Concurrently Herewith
For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT
Examiner: Not Yet Assigned
Art Unit: N/A

Certificate of Electronic Filing under 37 CFR §1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 CFR § 1.6(a)(4).

Dated: June 30, 2017 Electronic Signature for Nicole M. Forgrave: /Nicole M. Forgrave/

FIRST PRELIMINARY AMENDMENT UNDER 37 C.F.R. §1.115

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified U.S. patent

application as follows:

Amendments to the Specification begin on page 2 of this paper.

Remarks/Arguments begin on page 3 of this paper.

55732761
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Application No.: Not Yet Assigned 2 Docket No.: U0157.70023US03
Amendment dated June 30, 2017
First Preliminary Amendment

AMENDMENTS TO THE SPECIFICATION

Please replace the paragraph under “CROSS-REFERENCE TO RELATED
APPLICATION” on page 1 with the following paragraph:

The present application is a continuation of U.S. Application Serial No. 10/378,956, filed
March 2, 2003, which is hereby incorporated by reference herein in its entirety, including any
figures, tables, or drawings. U.S. Application Serial No. 10/378,956 claims the benefit of priority of
U.S. Provisional Application Serial No. 60/360,768, filed March 1, 2002, which is hereby

incorporated by reference herein in its entirety, including any figures, tables, or drawings.

5573276.1
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Application No.: Not Yet Assigned 3 Docket No.: U0157.70023US03
Amendment dated June 30, 2017
First Preliminary Amendment

REMARKS

Applicant has amended the specification to update the section under “CROSS-REFERENCE
TO RELATED APPLICATION”.

In view of the above amendment, applicant believes the pending application is in condition

for allowance.

Applicant believes no fee is due with this response. However, if a fee is due, please charge
Deposit Account No. 23/2825 under Docket No. U0157.70023US03 from which the undersigned is

authorized to draw.

Dated: June 30, 2017 Respectfully submitted,

By: /Edward R. Gates/

Edward R. Gates

Registration No.: 31,616

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

5573276.1
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DESCRIPTION

MUELTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE
PHARMACEUTICAL INGREDIENT

CROSS-REFERENCE TO RELATED APPLICATION

The present application claims the benefit of priority of U.8. Provisional Application

Serial No. 60/360,768, filed March 1, 2002, which is hereby incorporated by reference herein in

its entirety, including any figures, tables, or drawings.

BACKGROUND OF THE INVENTION

{8001} The last decade has witnessed tremendous advances in the understanding of, and

the ability to manipulate, molecular and supramolecular assemblies (Moulton, B. ef al., Chem.
Rev., 2001, 101:1629-1658). There are new paradigms concerning the design and synthesis of &
new generation of functional materials and molecunles. Such advances are a consequence of the
fundamental importance of intermolecular interactions, structure and cooperativity in many

aspects of molecular science, from environmental science to melecular biology, to

pharmacology, to materials science. Thus, the prospects for control and manipulation of

materials at the molecular level, particularly in areas related to non-covalent bonding and
nanotechnology, are now fruly exceptional. However, whereas crystal structure determination
has been a tool used by scientists since the 19207s, crystal structure prediction remains a largely
unmet goal (Ball, P. Nature, 1996, 381:648-650; Gavezzott, A, dce. Chem. Res., 1994, 27:309-
314). Furthermore, the existence of more than one crystalline form of a given molecular
compound, typically in the form of polymorphs or selvates, represenis both a problem and an
opportunity (Desiraju, G.R. Science, 1997, 278:404-405; Bernstein, J. ef al., Angew. Chem., Int.
Ed. Engl., 1999, 38:3441-3461). This is particularly true for the pharmaceutical industry.

" [8002] Crystal engineering (Schoidt, G.M.J. Pure Appl. Chem., 1971, 27:.647-678,
Desirajn, G.R. Crystad Engineering: the Design of Organic Solids, 1989, Elsevier: Amsterdam)
is predicated on the assumption that crystals are de facto examples of self-assembly, i.e. crystals

are comprised from a series of molecular recognition events or supramolecular synthons
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2

{Desiraju, G.R. dngew. Chem., Int. Ed Engl, 1995, 34:2311-2327). It also offers a more
realizable goal than crystal structure prediction since it relies on design and allows for careful
selection of substrates, ie. substrates that are predisposed io form prediciable self-assembled
superstructures can be targeted for study. Furthermore, the prototypal molecules used in crystal
engineering contain exofunctional molecular recognition sites and they can be complementary
with themselves (self-assembly) (Boucher, E. ef al, J. Org. Chem., 1995, 60:1408-1412) or with
other molecules {modular self-assembly) (Zaworotko, M.J. Chem. Scc. Rev., 1994, 23:283-288;
Sharma, C.V.K. and M.J. Zaworotko Chem, Commun., 1996, 2655-2656). Coincidentally, most
pharmaceutical molecules also contain exterior molecular recognition sites and, although this
makes them susceptible to polymorphism and solvate formation, it also makes them attractive
candidates for crystal engineering studies.

[8063] The ability of crystalline self-assemblies to be built from a bottom-up approach
{Feynman, R, Engineering and Science, 1960, 22-36) could provide an exceptional control of the
design of new phases at a molecular level. This contrasts with the current state-of-the-art: “The
number of forms known for a given compound is proportionsl to the time and money spent in
research on that compound” (McCrone, W.C. Polymorphism in Physics and Chemistry of the
Organic Sofid-State, pp. 726, Fox ef al. Eds., Interscience: New York, 1965). This statement
summarizes the predicaments and opportunities that one faces when dealing with a need to assert
control over the composition and structure of pharmaceutical compounds in the solid state.
Specifically, physical properties of crystalline solids are critically dependent on the internal
arrangement of molecules or ions, making prediction of composition, crysial structure and
morphology from knowledge of molecular structure a scientific challenge of the highest order.
However, crystal structure prediction and even prediction of composition remains a largely
unmet goal. Nonetheless, crystal engineering offers the intriguing possibility of using molecular
components for their ability to impart functional characteristics (such as solubility, dissolution

rate and stability) for the development of new delivery systems.

[0004] Undesirable physicochemical properties, physiological barriers, or issues of '

toxicity often Hmit the therapeutic benefit of drugs. This has motivated research in drug delivery
systems for poorly soluble, poorly absorbed and labile substances. Crystalline self-assemblies
represent a promising delivery modality for improving drug solubility, dissolution rate, stability

and bicavailability. In addition, enhancement of drug activity can be achieved by means of
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3

inclusion complexation or molecular encapsulation. These systems offer various advantages
over amorphous polymeric delivery systems both from design and stability perspectives. In this
context, the existence of more than one crystalline form of a given compound, typically in the
form of polymorphs or solvates, represents both a problem and an opportunity, Several factors
further complicate the situation. For example, the Food and Drug Administration’s (FDA’s)
striet purity requirements effectively mean that a particular crystalline phase of a drug must be
selected and that its composition must be established. This has typically meant that a consistent
X-ray powder diffraction (XPI}) pattern is required (Federal Drug Adminisiration Fed Regist.,
1997, 62:62893-62894). The need to ensure that processing produces both purity and ease of
processing is problematic because many drug molecules are prone to form multiple phases, and
crystal size and morphology can vary for a given phase. The commercial and public image costs
of not ensuring that processing is reliable and reproducible is at best very high, as demonstrated
by the recent pull back and reformulation of NORVIR by ABBOTT LABORATORIES).

{0005] That XPD patterns have been relied on for quality control is convenient but is in
many ways unfortunate since XPD is not as foolproof as single crystal X-ray crystallography
{e.g. similar patterns can be obtained for different phases, composition is not unambiguously
determined), and XPD does not determine crystal packing. Knowledge of crystal packing is
important because it helps explain the solubility and composition of a particular phase and
provides other valuable information. However, the materials properties of pharmaceuticals and
the existence of polymorphs are generally investigaied at the tail end of the drug development
process.

[6006] Accordingly, it would be advantageous to provide a wide range of novel solid
phases having properties, such as melting point, solubility, dissohstion rate, chemical stability,
thermodynamic stability, and/or bicavailability, which are different from existing solid forms of

the pharmaceutical molecule upon which they are based.

BRIEF SUMMARY OF THE INVENTION

68071 The subject invention relates to the application of the concepts of crystal

engineering towards the design of new pharmaceutical phases that contain more than one

molecular component,
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{6008} The subject invention concerns multiple-component solids having at least one
active pharmaceutical ingredient. Examples of pharmaceutical molecules that may be utilized as
active pharmaceutical ingredients in the multiple-component solids of the subject invention
include, but are not limited to, aspirin, one or more members of the profen series {e.g., ibuprofen
and flurbiprofen), carbamazepine, phenytoin, and acetaminophen. Multiple-component solids,
such as multiple-component crystals, containing these pharmaceutical ingredients and
complementary molecules (hereafter referred to as “cocrystal formers™) have been characterized
by various techniques and can exhibit physical and/or chemical properties that are the same or
different from the pavent pharmaceuntical ingredient as a direct result of alternative molecular
recognition patterns. These novel crystalline assemblies can afford improved drug solubility,
dissolution rate, stability and bioavailability.

[6809] The subject invention relates to the application of the concepts of crystal
engineering towards the design of new pharmaceutical solid phases, such as multiple-component
phases, using cocrystal formers that are complementary in the sense of supramolecular
chemistyy, i.e. they form supramolecular synthons with pharmaceutical molecules or ions, The
cocrystal formers can be, but are not limited to, solvent molecules, other drug molecules, GRAS
compounds, or approved food additives. Pharmaceutical molecules or ions are inherently
predisposed for such crystal engineering studies since they already contain molecular recognition
sites that bind selectively to biomolecules, and they are prone to supramolecular self-assembly.
Examples of the groups commonly found in active pharmaceutical ingredients, and which are
capable of forming supramolecular synthons include, but are not limited to, acids, amides,
aliphatic nitrogen bases, unsaturaied aromatic nitrogen bases (e.g. pyridines, imidazoles),
amines, alcohols, halogens, sulfones, nitro groups, S-heterocycles, N-heterocyeles (saturated or
unsaturated), and O-heterocycles, Other examples include ethers, thioethers, thiols, esters,
thioesters, thicketones, epoxides, acetonates, nitrils, oximes, and organchalides. Some of these
groups can form supramolecular synthons with identical groups in similar or different molecules
and are termed homosynthons, e.g. acids and amides. Other groups can form supramolecular
synthons with different groups and are termed heterosynthons, e.g. acid/amide; pyridine/amide;
alcohol/amine. Heterosynthons are particularly suitable for formation of multiple-component

crystals whereas homosynthons can sometimes form multiple-component crystals.
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{0010} In one aspect, the subject imvention concerns methods for identifying
complementary chemical functionalities to form a desired supramolecular synthon, wherein the
method comprises the steps of evaluating the structure of an active pharmaceutical ingredient
{APY), which can include determining its crystal siructure; determining whether the API contains
chemical functionalities capable of forming supramolecular synthons with itself; identifying
from a plurality of chemical functionalities that are known to form a supramolecular synthon at
least one chemical functionality thai will form a further supramolecular synthon to the
supramolecular synthon formed by the APL, wherein the identified chemical functionality is not
capable of disrupting non-covalent bonding within the supramolecular synthon formed by the
supramolecular synthon formed by the AP, and wherein the selected chemical functionality is
capable of forming a noncovalent bond to the supramolecular synthon formed by the API; and
identifying co-crystal formers having chemical functionalities that are complementary with the
APL

[6611] In another aspect, the subject invention concerns methods for identifying
complementary chemical functionalities to form a desired supramolecular synthon, wherein the
method comprises the steps of evaluating the structure of an APY, which can include determining
its crystal structure; determining whether the API contains chemical functionalities capable of
forming supramolecular synthons with itselfy identifying from a plurality of chemical

unctionalities that are known to form supramolecular synthons at least one functionality that

will form a supramolecular synthon with the API, wherein the identified chemical functionality
is capable of disrupting non-covalent bonding within the supramolecular synthon formed by the
API, and wherein the selected chemical functionality is capable of forming a noncovalent bond
to a complementary chemical functionality on the APL; and identifying co-crystal formers having
chemical functionalities that are complementary with the API. Thus, according to this method,
the formation of homosynthons for the purpose of disrupting the intermolecular interactions
between pharmaceutical moieties can be carried out.

In still another aspect, the subject invention concerns methods for identifying
complementary chemical functionalities to form a desired supramolecular synthon, wherein the
method comprises the steps of evaluating the structure of an API, which can include determining
its crystal structore; determining whether the AP! contains chemical functionalities capable of

forming supramolecular synthons with different molecules; identifying from a plurality of
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chemical functionalities that are kunown to form supramolecular synthons at least one
functionality that will form a supramolecular synthon with the AP, and wherein the selected
chemical functionality is capable of forming a noncovalent bond to a complementary chemical
functionality on the API; and identifying co-crystal formers having chemical fimctionalities that
are complementary with the active pharmaceutical ingredient.

[6012] As indicated above, certain aspects of the subject invention can involve selecting
a chemical functionality that is capable of disrupting the non-covalent bonding between identical
functionalities (homosynthon) and form a non-covalent bond between different, vet
complementary, functionalities (heterosynthon); selecting a plurality of molecular entities that
comprise the complementary functionality (preferably GRAS compounds or approved food
additives); identifying additional chemical features on the molecular entities that will not
interfere with the formation of the desired supramolecular synthon and that will impart the
desired physical properties to the target phase; and, optionally, preparing a new solid phase that
is composed of the pharmaceutical moiety and the complementary molecular entity (such as a
multiple-component phase or two component phase) by crystallization techniques comprising
reactions in solvent, and/or solventless reactions, that afford crystalline materials. Optionally,
the methods can further include at least one of the subsequent steps of determining the struciure
of the new solid phase formed; and analyzing the physical properties of the new solid phage.

{0013} The subject invention further concerns new solid phases identified or produced
using the methods identified herein. The subject invention further pertains to a multiple-
component phase composition comprising a solid material (phase} that is sustained by
intermolecular interactions between two or more independent molecular entities, in any
stoichiometric ratio, wherein at least one of the independent molecular entities is a
pharmaceutical entity. The multiple-component phase composition can be, for example, a

discrete supramolecular entity or a polymeric structure,

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 shows the chemical structure of ibuprofen. The external functionalities

are an isopropyl group (encircled on the left, in cyan) and a carboxylic acid (encircled on the

right, in magenta),
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{0015} Figure 2 shows a scheme with the synthon of pure ibuprofen on the left and the
upramolecular entity containing the synthon on the right, demonstrating that pure phases of
ibuprofen are sustained by carboxylic acid-carboxylic acid interactions. The standard chemical
color corrclaiion appears in all the figwres where color is utilized (eg, red = oxygen;
white = oxygen; dark blue = nitrogen; light blue = fluorene; yellow = sulfur),

18016] Figure 3 shows a scheme wherein the carboxylic acid-carboxylic acid interactions
of ibuprofen are disrupted by co-crystallization with an aromatic amine. Specifically, by using
diamines, 2:1 multiple~-component phases are produced.

{8017] Figures 4A-4B show an acetaminophen 1-D polymeric chain and an
acetaminophen/4,4’-bipyridine/water crystal, respectively. Reported forms are monoclinic
(P2y/m) (Haisa, M. et al., dcta Crysiallogr., Sect B, 1974, 30:2510) and orthorhombic (Pbca)
(Haisa, M. et al., Acta Crystallogr., Sect B, 1976, 32:1283) polymorphs. The monoclinic
polymorph forms pleated sheets with all hydrogen bonding donors and acceptors interacting.
The orthorhombic polymorph forms form 1-D polymeric chains with all donors and acceptors
interacting.

[8618] Figures 5A-58B show pure phenytoin and a phenytoin/pyridone co-crystal,
respectively. Phenytoin has one known pure form (Carmerman, A. et al., Acta Crystallogr., Sect
B, 1971, 27:2207). The crystal structure reveals a two dirnensional polymeric network formed
by hydrogen bonds between both the carbonyl and 2° amine.

[06019] Figures 6A-6D show supramolecular entities containing synthons and
corresponding crystal structures of pure aspirin and aspirin/4,4’-bipyridine. Figures 3A and 3B
show the supramolecular entity containing the synthon of pure aspirin and corresponding crystal
structure, respectively.  Figures 6C and 6D show the supramolecular entity comtaining th
svithon and corresponding co-crystal of aspirin/4,4’-bipyridine, respectively. The pure phase
(Chiari, G. et al., Acta Crystallogr., Sect B, 1981, 37:1623) of acetylsalicylic acid, has
centrosymmetric carboxylic acid homodimers and crystallizes in the space group P2,/c, packing
in 2D polymeric sheets with hydrophobic planes.

[0028] Figures 7A-7D show supramolecular entities containing synthons and
corresponding crystal structures of pure ibuprofen [2-(4-isobutylphenyl) propionic acid] and
ibuprofen/d,4’-bipyridine. Figures 7A and 7B show the supramolecular entity containing the

synthon of pure ibuprofen and corresponding crystal structure, respectively., Figures 7C and 7D
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show the supramolecular entity comtaining the synthon of ibuprofen/4,4’-bipyridine and
corresponding co-crystal, respectively. The reported crystal structures of ibuprofen are racemic
(McConnell, LF. Cryst. Strucut. Commun., 1974, 3:73) and 8 (+) forms (Freer, A.A. ef al., Acta
Crystallogr., Sect C (Cr. Str. Commy, 1993, 49:1378). Both contain hydrogen bonded carboxylic
acid homodimers. Racemic dimers have centers of inversion across the dimer, which crystallize
in the space group P2y/c. The 8 (+) form contains asymmetric dimers, which crystallize in the
space group PZ;. Both crystals pack in 2-D polymeric sheets sustained by n-n stacking and
hydrophobic in-layer interactions.

[0021] Figures BA-8D show supramolecular entities containing synthons and
corresponding crystal structures of pure flurbiprofen [2-(2-fluror-4-bipheny!) propionic acid] and
flurbiprofen/4,4 -bipyridine. Figures 8A and 8B show the supramolecular entity containing the
synthon of pure flurbiprofen and corresponding crystal siructure, respectively. Figures 5C and
5D show the supramolecular synthon of flurbiprofen/4,4’-bipyridine and corresponding co-
crystal, respectively. Flurbiprofen has one reported pure form (Flippen, JL. et ol, Acta
Crystallogr., Sect. B, 1975, 31:926) and contain hydrogen bonded carboxylic acid homodimers
with a center of inversion and crystallizes in the P-J space group. 2-D polymeric sheets are
formed through z-n and hydrophobic interactions from the phenyl rings.

[06622] Figures YA and 9B show the supramolecular entity containing the synthon of
flurbiprofen/trans-1,2-bis(4-pyridylethylene and the corresponding  crystal  structure,
respectively.

[0023] Figures 18A and 10B show the crystal structures of pure carbamazepine and
carbamazepine/p-phthalaldehyde, respectively.  Carbamazepine [5H-Dibenz(b, f) azepine-3-
carboxamide] (CBZ) has been shown to exist in at least three anhydrous forms and two solvaied
forms (a dihydrate and an acetonate) (Himes, V.L. et o, dcta Crystallogr., 1981, 37:2242.2243,
Lowes, MM, et al, J Pharm. Sci., 1987, 76:744-752; Reck, G. ef ol, Cryst. Res. Technol,,
1986, 21:1463-1468). The primary intermolecular interaction in these crystal forms is the dimer
formed between the carboxamide moieties of each CBZ molecule forming centrosymmetric
dimers. The anhydrous polymorphs are monoclinic, trigonal, and iriclinic. The polymorphs are
enantiotropically related with the movoclinic form being the most thermodynamically stable at

room temperature.
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[0024] Figure 11 shows the crystal structure of carbamazepine/nicotinamide (vitamin
B3).

{0025] Figure 12 shows the crystal structure of carbamazepine/saccharin, engineered
using the carbamarepine/nicotinamide co-crystal as a model.

{0026] Figures 13A-13C show the chemical structures of ibuprofen, flurbiprofen, and
aspirin, respectively.

[0027] Figures 14A and 148 show the crystal structures of carbarnazepine and

carbamazepine/2,6-pyridinedicarboxylic acid, respectively,

iy

{0028] Figures 15A and I5B show the crystal structures of carbamazepine and
carbamazepine/5-nitroisophthalic acid, respectively.

[0029] Figures 16A and 16B show the crysial structures of carbamazepine and
carbamazepine/acetic acid, |

{6630] Figures 17A and 17B show the crystal structure of carbamazepine and
carbamazepine/adamantanetetracarboxylic acid.

[6031] Figures 18A and 18B show the corystal structure of carbamazepine and
carbamazepine/benzoquinone.

{0032} Figures 19A and 19B show the crystal structure of carbamazepine and
carbamazepine/butyric acid.

[06633] Figures 20A and 20B show the crystal structure of carbamarzepine and
carbamazepine/DMSO.

[8034] Figures 21A end 21B show the corystal structure of carbamazepine and
carbamarepine/formamide,

[0035] Figures 22A and 22B show the crystal structure of carbamazepine and
carbamazepine/formic acid,

[0036] Figures 23A and 23B show the crystal siructure of carbamazepine and
carbamazepine/trimesic acid.

[6037] Figure 24 shows an exemplified scheme for preparing multiple-component phase

compositions of the sulyject invention,
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{0038] The subject invention relates to the application of the concepis of crystal
engineering fowards the design of new multiple-component solid phases, such as multiple-
component crystals, having at least one active pharmaceutical component. Examples of
multiple-component crystals of the subject invention include, but are not limited fo,
acetominophen/4,4°-bipyridine/water, phenytoin/pyridone, aspirin/4,4’-bipyridine,

ibuprofen/4,4’-bipyridine, flurbiprofen/4,4’-bipyridine, furbiprofen/trans-1,2-bis  (4-pyridyl)

ethylene, carbamazepine/p-phthalaldehyde, carbamazepine/nicotinamide {GRAs),
carbamazepine/saccharin (GRAs), carbamazepine/2,6-pyridinedicarboxylic acid,

carbamazepine/S-nitroisophthalic  acid, carbamazepine/acetic acid, carbamazepine/1,3,5,7-
adamantanetetracarboxylic acid, carbamazepine/benzoquinone, carbamazepine/butyric acid,
carbamazepine/dimethy! sulfoxide (DMSO), carbamazepine/formamide, carbamazepine/formic
acid, and carbamazepine/trimesic acid, which have been characterized by various techniques and
exhibit physical properties different from the parent pharmacentical ingredient as a direct result
of hydrogen bonding interaction. These crystalline assemblies can afford improved drug
solubility, dissolution rate, stability and biogvailability, for example.

{8839 In one aspect, the subject invention concerns methods for identifying
complementary chemical functionalities to form a desired supramolecular synthon, wherein the
method comprises the steps of evaluating the structure of an active pharmaceutical ingredient
{API), which can include determining its crystal structure; determining whether the API contains
chemical functionalities capable of forming supramolecular synthons with itself; identifying
from a plurality of chemical functionalities that are known to form a supramolecular synthon at
least one chemical functionality that will form a further supramolecular synthon to the
supramolecular synthon formed by the AP, wherein the identified chemical functionality is not
capable of disrupting non-covalent bonding within the supramolecular synthon formed by the
supramolecular synthon formed by the APL, and wherein the selected chemical functionality is
capable of forming a noncovalent bond to the supramolecular synthon formed by the AP and
identifying co-crystal formers having chemical functionalities that are complementary with the
APL

{0040} In another aspect, the subject invention concerns methods for identifying

complementary chemical functionalities to form a desired supramolecular synthon, wherein the

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346

Page 24 of 415



11

method comprises the steps of evaluating the structure of an AP, which can include determining
its erystal structure; determining whether the API contains chemical functionalities capable of
forming supramolecular synthons with itself; identifying from a plurality of chemical
functionalities that are known to form supramolecular synthons at least one functionality that
will form a supramolecular synthon with the API, wherein the identified chemical functionality
is capable of disrupting non-covalent bonding within the supramolecular synthon formed by the
AP, and wherein the selected chemical functionality is capable of forming a noncovalent bond
to a complementary chemical functionality on the AP and identifying co-crystal formers having
chemical functionalities that are complementary with the AP Thus, according to this method,
the formation of homosynthons for the purpose of disrupting the intermolecular interactions
beiween pharmaceutical moieties can be carried out.

[6041] In still another aspect, the subject invention concerns methods for identifying
complementary chemical functionalities to form a desired supramolecular synthon, wherein the
method comprises the sieps of evaluating the structure of an AP, which can include determining
its crystal structure; determining whether the API contains chemical functionalities capable of
forming supramolecular synthons with different molecules; identifying from a plurality of
chemical funciionslities that are known to form supramolecular synthons at least one
functionality that will form a supramolecular synthon with the API, and wherein the selected
chemical functionality is capable of forming a noncovalent bond to a complementary chemical
functionality on the AP, and identifying co-crystal formers having chemical functionalities that
are complementary with the active pharmaceutical ingredient.

{0042} In cach of the three aspects of the methods described above, the methods can
further comprise preparing a multiple-component solid phase composition composed of the API
and at least one of the identified co-crystal formers. The identified co-crystal former can be, for
example, a different API, a GRAS compound, a food additive, a low toxicity organic, or a metal-
organic complex. Various methods can be utilized for preparing the multiple-component solid
phase composition, such as crystallization from solution, cooling the melt, sublimation and
grinding. In addition, the methods of the subject invention can further comprise either or both of
the following steps: determining the structure of the new multiple-component solid phase
composition, and avalyzing the physical and/or chemical properties of the new mulitiple-

component solid phase composition.
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[8043] The subject invention further concerns new solid phases identified or produced
using the methods identified herein. The subject invention further pertains to a multiple-
component phase composition comprising a solid material {phase} that is sustained by
intermolecular interactions between two or more independent molecular entities, in any
stoichiometric ratio, wherein at least one of the independent molecular entities is a
pharmaceutical entity. The multiple-component phase composition of the subject invention can
be, for example, a discrete supramolecular entity or a polyieric structure. The multiple-
component phase compositions of the subject invention can have properties, such as melting
point, solubility, dissolution rate, stability, and/or bicavailability, which are different from the
pharmaceutical compound, or compounds, upon which they are based.

[6644] By way of example, the external functionalities of ibuprofen are an isopropyl
group and a carboxylic acid, as shown in Figure 1.

[0845] Using the methods of the subject invention, it has been determined that this
interaction can be disrupted by co-crystallization with an aromatic amine, as shown in Figure 2.
Specifically, by using diamines, 2:1 multiple-component phases of ibuprofen have been

prepared, as shown in Figure 3, as well as other phases exemplified herein. Therefore, the

methods of the subject invention can be used to identify complementary chemical functionalities

and produce multiple-component phase compositions for a variety of pharmaceuticals, including
those pharmaceutical compounds with structures very different those of ibuprofen, flurbiprofen,
and aspirin, which are shown in Figures 13A-13C, respectively.

{8046} As used herein, the term “multiple-component phase” refers to any solid material
{(phase) that is sustained by intermolecular interactions between at least two independent
molecular entities, in any stoichiometric ratio, wherein at least one of the independent molecular
entities is a pharmaceutical entity. Examples of intermolecular interactions include, but are not
limited to one or more of the following: hydrogen bonding (weak and/or strong), dipole
interactions (induced and/or non-induced), stacking interactions, hydrophobic interactions, and
other inter-static interactions.  Each independent molecular entity can be a discrete
supramolecular entity or polymeric structure, for example. Preferably, one or more of the
independent molecular entities comprises a molecule of a “GRAS” compound, that is, a
compound “Generally Regarded as Safe by the Food and Drug Administration (FDA)”. More

preferably, the GRAS compound is a non-pharmaceutical entity.
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{0847] The terms “pharmaceutical entity”, “pharmaceutical moiety”, “pharmaceutical
component”, “pharmaceutical molecule”, and “active pharmaceutical ingredient (API)”, and
grammatical variations thereof, are used interchangeably herein to refer to any biologically
active moiety having a therapeutic effect on a human or animal soffering from 2 given
pathological condition, when administered in a given conceniration, Therefore, phaxmaceuﬁcal
entities useful as the active pharmaceutical ingredients in the multiple phase solids of the subject
invention can be administered to a human or animal, which may or may not be suffering from a
pathological condition, and the pharmaceutical entity can have a prophylactic effect, a palliative
effect, and/or be a curative infervention. As used herein, these pharmaceutical entities are
intended to include pharmaceutically acceptable salts of a given pharmaceutical entity that retain
all or a portion of their pharmaceutical activity. Pharmaceutical molecules or ions are inherently
predisposed for such crystal engineering studies since they already contain molecular recognition
sites that bind selectively to biomolecules, and they are prone to supramolecular self-assembly.
Examples of the groups commonly found in active pharmaceutical ingredients, and which are
capable of forming supramolecular synthons include, but are not limited to, acids, amides,
aliphatic nitrogen bases, vnsaturated aromatic nitrogen bases (e.g. pyridines, imidazoles),
amines, alcohols, halogens, sulfones, nitro groups, S-heteroeycles, N-heterocycles (saturated or
unsaturated), and O-heterocycles, Other exdmples include ethers, thioethers, thiols, esters,
thioesters, thicketones, epoxides, acetonates, nitrils, oximes, and organochalides. Other examples
include ethers, thioethers, thiols, esters, thioesters, thioketones, epoxides, acetonates, nitrils,
oximes, and organchalides. Some of these groups can form supramolecular synthons with
identical groups in similar or different molecules and are termed homosynthons, e.g., acids and
amides. Other groups can form supramolecular synthons with different groups and are termed
heterosynthons, eg., acidiamide; pyridine/amide; aleohol/amine. Heterosynthons  are
particularly suitable for formation of multiple-component orystals whereas homosynthons can
sometimes form multiple-component crystals.

[0048] As used herein, the term “supramolecular synthon” refers to the sum of the
components of a multi-component non-covalent interaction, wherein the non-covalent interaction
contributes to the formation of a discrete supramolecular entity or polymeric structure, wherein
each component is a chemical functionality. A supramolecular synthon can be a dimer, trimer,

or n-mer, for example.
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[0049] The multiple-component phase compositions can be fornmulated according to
known methods for preparing pharmaceutically useful compositions. Such pharmaceutical
compositions can be adapted for various forms of administration, such as oral, parenteral, nasal,
topical, transdermal, efc. The multiple-component phase solids of the subject invention can be
made into solutions or amorphous compounds, as injections, pills, or inhalants, for example.
Optionally, the pharmaceutical compositions can include a pharmaceutically acceptable carrier
or diluent. Formulations are described in a number of sources which are well known and readily
available to those skilled in the art. For example, Remington’s Pharmaceutical Science (Martin
EW [1995] Baston Pennsylvania, Mack Publishing Company, 19" ed.) describes formulations
that can be used in connection with the subject invention. Formulations suitable for
administration include, for example, agueous sterile injection solutions, which may contain
antioxidants, buffers, bacteriostats, and solutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and nonagueous sterile suspensions which may
include suspending agents and thickening agents. The formulations may be presented in unit-
dose or multi-dose containers, for example sealed ampoules and vials, and may be stored in a
freeze dried (lyophilized) condition requiring only the condition of the sterile liquid carrier, for
cxample, water for injections, prior to use, Extemporaneous injection solmtions and suspensions
may be prepared from sterile powder, granules, or tablets of the rnultiple-component phase
compositions of the sebject invention, for example. It should be understood that in addition to
the ingredients particularly mentioned above, the formulations of the subiect invention can
include other agents conventional in the art having regard o the type of formulation in question.

[0850] In terms of superstructure, three general types of compounds generated by
interaction of a pharmaceutical molecule with another molecule include: (1) mui‘tiplﬁvwmpénent
compounds, in which superstructure is generated by two or more molecules, both of which are
integral components of the network and complementary; (2) clathrate inclusion compounds, in
which the compounds’ superstruciure is generated by self~assembly of one or more molecules
and a guest molecules is enclosed within the superstructure; and (3) porous inclusion
compounds, in which the superstructure is open framework in nature.

{6851] The subject invention concerns multiple-component compositions, and it s
demonstrated herein that the concepts of crystal engineering and supramolecular synthons can be

applied to prepare a wide range of novel pharmaceutical materials that are based on rational
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design. Therefore, the multiple-component compounds of the subject invention can be generated
in such a fashion that they have desirable composition, structure and properties. More
specifically, an issue that is particularly relevant fo pharmaceutical compositions of matier and
processing is addressed by the subject invention: the diversity of compositions, superstructures
and solubilities that can be generated when drug molecules form multiple-component phases
with complementary molecules. Multiple-component phases involving the following drugs are
exemplified herein: aspirin, acetaminophen, ibuprofen (and related compounds), phenyioin and
carbamazepine and appropriate molecular additives. These novel phases include both “model
multiple-component phases” that illustrate the concept of crystal engineering and multiple-
component phases that imcorporate pharmaceuticals with “GRAS” compounds, that is,
compounds “Generally Regarded as Safe by the FDXA”, and/or food additives.

[0052] In the context of organic and pharmaceutical solids, the subject invention
addresses these issues by demonstrating that crysial engineering offers a paradigm for the
supramolecular synthesis (Chang, Y.L. ef al,, J dm. Chem. Soc., 1993, 115:5891-6000) of a
wide range of new multiple-component phases that have predetermined compositions and, in
some instances, predetermined topology. Such an ability to build hierarchical structures from
molecular or supramolecular modules facilitates precise control of structure and function of solid
phases. These multiple-component phases have the following a&vantages over single component
phases and traditional multiple-component phases (solid dispersions): high thermodynamic
siability (thereby reducing problems associated with solid phase transformations), modified
bicavailability (finely tunable solubility and delivery), and enhanced processability {crystal
morphology, mechanical properties, hygroscopicity).

10053] The subject invention has the following implications from: a scientific perspective:
{a) protocols are now available for the rational design of 2 new generation of pharmaceutical
phases that contain at least two components that are sustained by supramolecular synthons; (b)
correlation of structure and function of the new pharmaceutical phases via characterization of
structure, crystal energy, solubility, dissolution rate, and stability is now possible; and {c) a new
range of novel phases for the treatment of pathological conditions in humans and anirmals are
available.

[6054] The subject invention extends the state-of-the-art in at least three ways: (1) by

generaling a rational, supramolecular strategy for the design of novel, nwitiple-component
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crysialline phases; (2) by extending this strategy to pharmaceutical phases; and (3) by using this
strategy to control the delivery properties and stability of pharmaceutical compounds.

{0055} The following pages describe examples of multiple-component crystalline phases
that have been characierized using single crystal X-ray crystallography and structure-sensitive
analytical techniques: FT-IR, XRPD, DSC, TGA, They represent prototypal examples of the
invention as they are all based upon pharmaceutical molecules that are inherently predisposed to
form supramolecular synthons with other complementary functional groups. They were chosen
‘fm“ study because of well-known limitations in their solubility/bioavailibility. In each example,
the nature of the pure phase is discussed and it is sustained by a supramolecular homosynthon
(self-complementary fumetionalities), The multiple-component phases prepared confirm the
ability to persistently and ratiﬁnally disrupt the homosynthon by judicious choice of a second
molecular component that is predisposed to form a supramolecular heterosynthon.  That these
new solid phases will have different solubility profiles than their pure phases is to be expected.
Examples designated as GRAS are those in which second a componeni thet is “Generally

Regarded as Safe by the FDA” was used.

Example  1—Multi-Component  Crystal  of  Acetaminophen: Acetominophen/4.4°-

binyridine/water (1:1:1 stoichiometry)

{8056] 50 mg (0.3307 mmol) acetaminophen and 52 mg (0.3329 mmol) 4,4 -bipyridine
were dissolved in hot water and allowed to stand. Slow evaporation yielded colorless needles of
a 1:1:1 acetaminophen/4,4 -bipyridine/water co-crystal, as shown in Figure 4B.

[00587] Crystal data: (Bruker SMART-APEX CCD Diffractometer). CyeliaalNz04,
M=339.84, triclinic, space group PL a=7.0534(8), b=9.5955(12), c¢=19.3649(2) A,
o= 86.326(2), B=80.201(2), y=88.880(2)°, U=1308.1(3) A’ T=20002) K, Z=2,
wMo-Ka} = 0.090 mm’, De=1.294 Mg/m{ r=0.71073 A’ F(O00) = 537, 28y = 25.02°;
628% reflections measured, 4481 unigue (Rip = 0.0261). Final residnals for 344 parameters were
Ry = 0.0751, wRy = 0.2082 for I>2a(}), and Ry = 0.1119, wRy = 0.2377 for ali 4481data.

[6658] Crystal packing: The co-crystals contain bilayered sheets in which water
molecules act as a hydrogen bonded bridge between the network bipyridine moleties and the

acetaminophen.  Bipyridine guests are sustained by men stacking interactions between two
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network bipyridines. The layers stack via m-n interactions between the phenyl groups of the
acetaminophen moieties.

{6059] Differential Scanuing Calorimetry: (TA Instruments 2920 DSC), 57.77° C
{endotherm); m.p, = 58-60° C (MEL-TEMP); (acetaminophen m.p. = 169° C, 4,4 -bipyridine
mp. = 111-114° C).

Example 2—Multi-Component Crystal of Phenvioin: Phenvioin/Pyridone (1:1 stoichiometry)

{6066] 28 mg (0.1109 mimol} phenytoin and 11 mg (0.1156 mmol) 4-hydroxypyridone
were dissolved in 2 mL acetone and 1 mL ethanol with heating and stirring. Slow cvaporation
yielded colorless needles of a 1:1 phenytoin/pyridone co-crystal, as shown in Figure 5B.

[6061} Crystal data: (Bruker SMART-APEX CCD Diffractometer), CaoH7N3Oh,
M =347.37, wmonoclinic PI/c; a=16.6583(19), b=88478(10), c=11.9546(14) A,
B=096.618(2)°, U=17502(3) A%, T=20002) K, Z=4, p(Mo-Ka)= 0.0 mm”, D,=1318
Mg/m3 A= 0.71073 A%, F(O00) = 728, 28 = 56.60°; 10605 reflections measured, 4154 unique
{Rin = 0.0313). Final residuals for 247 parameters were Ry = 0.0560, wR; = 0.1356 for [>2a(1),
and Ry = 0.0816, wRy = 0.1539 for all 4154 data.

[8062] Crystal packing: The co-crystal is sustained by hydrogen bonding of adjacent
phentoin molecules between the carbony! and the amine closest to the tetrahedral carbon, and by
hydrogen bonding between pyridone carbonyl functionalities and the amine not involved in
phenytoin-phenytein interactions. The pyridone carbonyl also hydrogen bonds with adjacent
pyridone molecules forming a one-dimensional network.

[8063] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR), characteristic pesks for the co-
crystal were identified as: 2°amine found at 3311em™, carbonyl (ketone) found at 1711lem™,
olephin peak found at 1390cm™,

[0064] Differential Scanning Calorimetry: (TA Instruments 2920 DSC), 233.39° C
{endotherm) and 271.33° C (endotherm), mp =231-233° C (MEL-TEMP); (phenytoin
m.p, = 295° C, pyridone m.p. = 148° C).

[0065] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA), a
29.09% weight loss starting at 192.80° C, 48.72% weight loss starting at 238.27° C, and 18.38%

loss starting at 260.17° C followed by complete decomposition,
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[8866] X-ray powder diffraction: (Rigaku Miniflex Diffractometer using Cu Ko
(A= 1.540562), 30kV, 15mA). The powder data were collected over an angular range of 3° to
40° 28 in continuous scan mode using a step size of 0.02° 26 and a scan speed of 2.0%minute.
XRPD: Showed analogous peaks to the simulated XRPD derived from the single crystal data, In
all cases of recrystallization and solid state reaction, experimental (caleulated): 5.2 (5.3); 11.1
(11.3); 151 (15.2); 16.2 (16.4); 16,7 (37.0); 17.8 (17.9); 194 (19.4); 19.8 (19.7); 20.3 (20.1};
21.2(21.4); 23.3 (23.7); 26.1 (26.4), 26.4 (26.6); 27.3 (27.6); 29.5 (29.9).

Exarmple 3—Multi-Cormponent Crystal of Aspirin (acetyvlsalicvlic acid): Aspirin/d4.4 -bipyridine

(2:1 stoichiometry)

68671 50 mg (0.2775 mmol) aspirin and 22 mg (0.1388 mmol) 4,4’-bipyridine were

dissolved in 4 mL hexane. 8 mlL ether was added to the solution and allowed to stand for one
hour, vielding colorless needles of a 2:1 aspirin/4,4"-bipyridine co-crystal, as shown in Figure
6D. Alternatively, aspirin/4,4’-bipyridine {2:1 stoichiometry) can be made by grinding the solid
ingredients in a pestle and mortar.

[0068] Crystal data: (Bruker SMART-APEX CCD Diffractometer), CpaHaNaOg,
M = 516.49, orthorhombic Pben; 2 = 28.831(3), b= 11.3861(12), ¢ = 8.4144(9) A, U = 2762.2(5)
A’ T=1732) K, Z=4, p(Mo-Ka)=0.092 mm’, D,=1242 Mg/m’, A=071073 A°,
F(000) = 1080, 20, = 25.02°; 12431 reflections measured, 2433 unique (Riy = 0.0419). Final
residuals for 202 parameters were R;=0.0419, wR;=0.1338 for >2¢(]), and R, =0.0541,
WRy = 0.1482 for all 2433 data, "

[0069] Crystal packing: The co-crystal contains the carboxylic acid-pyridine heterodimer
that crystallizes in the Pben space group. The structure is an inclusion compound containing
disordered solvent in the channels. In addition to the dominant hydrogen bonding interaction of
the heterodimer, n-7 stacking of the bipyridine and phenyl groups of the aspirin and hydrophobic
interactions contribute to the overall packing interactions.

{0670} Infrared Speciroscopy: (Nicolet Avatar 320 FTIR), characteristic (-COOH) peak
at 1679 cro”! was shifted up and less intense at 1694cm™, where as the lactone peak is shifted

down slightly from 1750em™ to 1744cm™.
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{0071} Differential Scanning Calorimetry: (TA Instruments 2920 DSC), 95.14°C
(endotherm); m.p. =91-96°C (MEL-TEMP), (aspirin mup.=1345°C, 4,4 -bipyridine
m.p, = 111-114° C).

{0072] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA), weight
loss of 9% starting at 22.62° C, 49.06% weight loss starting at 102.97° C followed by complete

decomposition starting at 209.37° C,

Example  4—Multi-Component  Crystal _of  Ibuprofen: Ibuprofen/d. 4’ -Bipyridine  (2:1
stoichiometry)

[0073] 50 mg (0.242 mmol) racemic ibuprofen and 18mg (0.0960 mmol) 4,4 -bipyridine
were dissolved in § mL acetone. Slow evaporation of the solvent vielded colorless needles of a
2:1 ibuprofen/4,4°-bipyridine co-crystal, as shown in Figure 7D.

{6874} Crystal data: (Bruker SMART-APEX CCD Diffractometer), CaglaaPoOy,
M=1568.73, triclinic, space group P-I; a=35.759(3), b=11.683(6), c=24.705(11) A,
6.=93.674(11), B=90.880(10), v=104.045(7)°, U=16083(13) A’, T= 20000) ¥, Z=2,
(Mo-Ka) = 0.076 mm™”, D.=1.174 Mg/m®, A=0.71073 A%, FO00) =612, 28,0, = 23.29%;
5208 reflections measured, 3362 unique (R = 0.0826). Final residuals for 399 parameters were
Ry = 0.0964, wRy = 0.2510 for I>Zo(I), and R; = 0.1775, wR, = 0.2987 for all 3362 data.

[00775] Crystal packing: The co-crystal contains ibuprofen/bipyridine heterodimers,
sustained by two hydrogen bonded carboxylic acidpyridine supramolecular synthons, arranged in
a herringbone motif that packs in the space group P-I. The heterodimer is an extended version
of the homodimer and packs to form a two-dimensional network sustained by -7 stacking of the
bipyridine and phenyl groups of the ibuprofen and hydrophobic interactions from the ihuprofen
{ails.

{0076] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). Analysis observed stretching
of aromatic C-H at 2899 cm™; N--H bending and scissoring at 1886 cm.; C=0 stretching at
1679 cm™'; C-H out-of-plane bending for both 4,4’-bipyridine and ibuprofen at 808 em™ and 628
o,

[0077) Differential Scanning Calorimetry: (TA Instromenis 2920 DSC), 64.85° C
{endotherm) and 118.79° C (endotherm); mup. =113-120° C (MEL-TEMP); (ibuprofen
mup. = 75-77° C, 4,4’ -bipyridine m.p. = 111-114° C).
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[0078] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA),
13.28% weight loss between room temperature and 100.02° C immediately followed by complete
decomposition.

[6879] Xray powder diffraction: (Rigeku Miniflex Diffractometer using Cu Ko
(v = 1.540562), 30kV, 15mA). The powder data were collected over an angular range of 3° to
40° 28 in continuous scan mode using a step size of 0.02° 28 and a scan speed of 2.0%minute.
XRPD derived from the single crystal data, experimental (calculated): 3.4 (3.6); 6.9 (7.2); 164
(10.8); 17.3 (17.5); 18.1 (19.7).

Example 5—Multi-Component Crystal of Flurbiprofen:  Flurbiprofen/4.4 -binvridine {2:1

{0080} 30 mg (0.2046 mmol) flurbiprofen and 15 mg (0.0960 mmel) 4,4’-bipyridine
were dissolved in 3 mL acetone. Slow evaporation of the solvent yielded colorless needles of a
2:1 flurbiprofen/4,4"-bipyridine co-crystal, as shown in Figure 8D,

j0081] Crystal data: (Bruker SMART-APEX CCD Diffractometer), CaoHsaFaNoO,
M = 644.69, monoclinic P2/n; a=>5.860(4), b=47.45(3), c=5.928(4) A, B=107.382 (8,
U=15743(19y A%, T=20002) K, Z=2, uMo-Ko)=0.096 mm’ D,=1360 Mgm’
A= 071073 A3, F(000) =676, 20mx=21.69°, 4246 reflections measwed, 1634 unique
(R = 0.0677). Final residuals for 226 parameters were Ry = 0.0908, wRj = (.2065 for D2o(l},
and Ry = 0.1084, wR, = 0.2209 for all 1634 data.

{B082] Crystal packing: The co-crystal contains flurbiprofen/bipyridine heterodimers,
sustained by two hydrogen bonded carboxylic acidpyridine supramolecular synthon, arranged in
a herringbone motif that packs in the space group P2y/m. The heterodimer is an extended version
of the homodimer and packs o form a two-dimensional network sustained by n-x stacking and
hydrophobic interactions of the bipyridine and pheny! groups of the flurbiprofen.

[0083] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR), aromatic C-H stretching at
3057 om™ and 2081 cm"g; N--H bending and scissoring at 1886 em™; C=0 stretching at
1690 e’y C=C and C=N ring stretching at 1418 em™.

{60841 Differential Scanning Calorimetry: (TA Instruments 2920 DSC), 16247° C
{endotherm); m.p. = 155-160° C (MEL-TEMP); {(Burbiprofen m.p. = 110-111° C, 4,4’ -bipyridine
mup. = 111-114° C).
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{0085] Thermogravimetric Analysis: (TA Instramenis 2930 Hi-Resolution TGA),
30.93% weight loss starting at 31.13° C and a 46.26% weight loss starting at 168.74° C followed
by complete decomposition.

{6086] X-ray powder diffraction: (Rigaku Miniflex Diffractometer using Cu Ko
(= 1.540562), 30kV, 15mA), the powder data were collected over an angular range of 3° to 40°
28 in continuous scan mode using a step size of 0.02° 28 and a scan speed of 2.0%minute. XRPD
derived from the single crystal data: experimental (calculated): 16.8 (16.8); 17.1 (17.5); 18.1
(18.4); 19.0 (19.0); 20.0 (20.4); 21.3 (21.7); 22.7 (23.0); 25.0 (25.6); 26.0 (26.1); 26.0 (26.6);
26.1(27.5); 28,2 (28.7), 29.1 29.7).

Example 6—Multi-Component Crystal of Flurbiprofen: Flurbiprofen/trans-1.2-bis {(4-pyridvDy

ethyvlene (2:1 stoichiometry)

[0687} 25 mg (0.1023 mmol) flurbiprofen and 10 mg (0.0548 mmol) trans-1, 2-bis (4~

pyridyl) ethylene were dissolved in 3 ml acetone. Blow evaporation of the solvent yielded
colorless needles of a 2:1 flurbiprofen/!,2-bis (4-pyridyl) ethylene co-crystal, as shown in Figure
9B.

[{0088] Crystal data: (Bruker SMART-APEX CCD Diffractometer), CaHasFaMa0y,
M = 670.73, monoclinic P2,/n; a = 58697(9), b = 47.357(7), ¢ = 6.3587(10) A, B = 109.492(3)°,
U=1666.2(4) A%, T = 200(2) K, Z =2, u(Mo-Ka) = 0.093 mm™’, Do = 1337 Mg/m®, % = 0.71073
A, FLO00Y = 704, 20 = 21.69°, 6977 reflections measured, 2383 unique (R = 0.0383). Final
residuals for 238 parameters were Ry = 0.0686, wR, = 01395 for I>2s(I), and R, =0.1403,
wRy =0.1709 for all 2383 data.

{8089} Crystal packing: The co-crystal contains flurbiprofen/1,2-bis {(4-pyridyl) ethylene
heterodimers, sustained by two hydrogen bonded carboxylic acid-pyridine supramolecular
synthons, arranged in a herringbone motif that packs in the space group P2/n. The heterodimer
from 1,2-bis (4-pyridyl) ethylene further extends the homodimer relative to example 5 and packs
to form a two-dimensional network sustained by zn-n stacking and hydrophobic interactions of
the bipyridine and phenyl groups of the flurbiprofen.

[6096] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR), aromatic C-H stretching at
2027 em” and 2850 om’'; N--H bending and scissoring at 1875 cm'lg C=0 stretching at

1707 em™; C=C and C=N ring stretching at 1483 cm™,
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[6031] Differential Scanning Calorimetry: (TA Instruments 2920 DSC), 100.01° ¢,
125.59°C and 163.54°C (endotherms); m.p.=153-158°C (MEL-TEMP); (flurbiprofen
mp = 110-111° C, trans-1, 2-bis (4-pyridyl) ethylene m.p. = 150-153° C).

[0092] Thermogravimetric  Analysis: (TA Instruments 2950 Hi-Resolution TGA),
21.79% weight loss starting at 133.18° C followed by complete decomposition.

[0093] X-ray powder diffraction: (Rigaku Miniflex Diffractometer using Cu Ko
(A =1.540562), 30kV, 15mA), the powder data were collected over an angular range of 3° to
4{(° 26 in continuous scan mode using a step size of 0.02° 28 and a scan speed of 2.0%minute.
XRPD derived from the single crystal data, experimental (calculated): 3.6 (3.7 17.3 (17.7); 18.1
(18.6); 184 (18.6); 19.1 (19.3); 22.3 (22.5); 23.8 (23.9); 25.9(26.4); 28.1 (28.5).

Example 7—Multi-Component Crystal of Carbamazepine: Carbamazepine/p-Phthalaldehyde

{1:1 stoichiometry)

- {8094} 25 mg (0.1058 mmol) carbamazepine and 7 mg (0.0521 mmol) p-phthalaldehyde
were dissolved in approximately 3 mLl methanol.  Slow evaporation of the solvent yielded
colorless needles of a 1:1 carbamazepine/p-phthalaldehyde co-crystal, as shown in Figure 10B.

[6095] Crystal data: (Bruker SMART-APEX CCD Diffractometer), CsgHyoN4Os,
M = 606.66, monoclinic C2/c; a=29.191(16), b= 4.962(3), ¢ =20.316(11) A, B=92.105(8)°,
U=2941(3) A%, T= 200(2) K, Z = 4, p(Mo-Ka) = 0.090 mm™, D, = 1.370 Mg/m’®, 4 =0.71073
A3, F{000} = 1272, 28pa = 43.66°, 3831 reflections measured, 1559 unique (R =0.0510).
Final residuals for 268 parametiers were Ry = 0.0332, wR, = 0.0801 for >20(1), and R, = (.0403,
wR; = 0.0831 for all 1559 data.

[0096] Crystal packing: The co-crystals contain hydrogen bonded carboxamide
homodimers that crystallize in the space group C2/%. The 1° amines of the homodimer are
bifurcated to the carbonyi of the p-phthalaldehyde forming a chain with an adjacent homodimer,
The chains pack in a crinkled tape motif sustained by m-n interactions between phenyl rings of
the CBZ.

{0097) Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). The 1° amine unsymmetrical
and symmetrical stretching was shifted down to 3418 em™; aliphatic aldehyde and 1° amide C=0
stretching was shifted up to 1690 e’y N-H in-plane bending at 1669 cnl; C-H aldehyde
stretching at 2861 cm™ and H-C=0 bending at 1391 em™,
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[0098] Differential Scanning Calorimetry: (TA Instruments 2920 DSC), 12846° C
(endotherm), m.p.=121-124°C (MEL-TEMF), (carbamazepine m.p. =1902°C, p-
phthalaldehyde m.p. = 116° C).

[0099] Thermogravimetric  Analysis: (TA Instruments 2950 Hi-Resolution TGA),
17.66% weight loss starting at 30.33° C then a 17.57% weight loss starting at 100.14° C
followed by complete decomposition.

[88100] X-ray powder diffraction: {Rigaku Miniflex Diffractometer using Cu Ka
(A= 1.540562), 30kV, 15mA). The powder data were collected over an angular range of 3° to
40° 26 in continuous scan mode using a step size of 0.02° 28 and a scan speed of 2.0%minute,
XRPD derived from the single crystal data, experimental (calculated): 8.5 (8.7); 10.6 (10.8); 11.9
(12.1); 14.4 (14.7) 151 (15.2); 18.0 (18.1); 18,5 (18.2); 19.8 (18.7); 23.7 (24.0); 24.2 (24.2);
264 (2673 27.6 (27.9); 27.8 (28.2); 28.7 (29.1); 29.3 (29.6); 29.4 (29.8).

Example  8-—Multi-Component  Crystal of Carbamazepine: Carbamazepine/nicotinamide

{GRAS) (1:1 stoichiometry)
{08161] 25 mg (0.1058 mmol) carbamazepine and 12 mg (0.0982 mmol) nicotinamide

were dissolved in 4 mlL of DMSO, methano! or ethanol. Slow evaporation of the solvent vielded
colorless needles of a 1:1 carbamazepine/nicotinamide co-crystal, as shown in Figure 11,

[86102] Using a separate method, 25 mg (0.1058 mmol) carbamazepine and 12 mg
{0.0982mmol) nicotinamide were ground together with mortar and pestle. The solid was
determined to be 1:1 carbamazepine/nicotinamide microcrystals (XPD),

[00103] Crystal data: (Bruker SMART-APEX CCD Diffractometer), CoiHglNyOy,
M = 358.39, monoclinic P2y/n; a=5.0961(8), b= 17.595(3), ¢=19.647(3) A, B=90.917(3)°,
U=1761.5(5) A, T=2002) K, Z=4, u(Mo-Ke)=0.090 mm’, D.=1351 Mgm’
A=0.71073 A2, F{000) =752, 2B8pa=56.60°, 10919 reflections measured, 4041 unigue
{Riym = 0.0514). Final residuals for 248 parameters were Ry = 0.0732, wRy = 0.1268 for I>20(D),
and Ry = 0.1161, wR; = 0.1430 for all 4041 data.

{00104} Crystal packing: The co-crystals contain hydrogen bonded carboxamide
homodimers. The 1° amines are bifurcated to the carbonyi of the nicotinamide on each side of

the dimer. The 1° amines of each nicotinamide are hydrogen bonded to the carbonyl of the
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adjoining dimer. The dimers form chains with n-n interactions from the phenyl groups of the
CBZ.

{08105} Infrared Spectroscopy: (Nicolet Avatar 320 FTIR), unsymmetrical and
symmetrical stretching shifts down to 3443 em™ and 3388 cm” accounting for 1° amines; 1°
amide C=0 stretching at 1690 em™; N-H in-plane bending at 1614 cm™; C=C stretching shifted
down to 1579 cm™; aromatic H’s from 800 cm™ 10 500 om™ are present,

{066106] Differential Scanning Calorimetry: (TA Instruments 2920 DS(C), 744%° C
{endothermy) and 592.05° C (endotherm), m.p. = 153-158° C (MEL-TEMP), (carbamazepine
rp. = 190.2° C, nicotinamide m.p. = 150-160° ).

[60107] Thermogravimetric Analysis: (TA Tostruments 2950 Hi-Resolution TGA),
57.94% weight loss starting at 205.43° C followed by complete decomposition,

{60108] Xeray powder diffraction: (Rigakn Miniflex Diffractometer using Cu Ka
(A = 1.540562}, 30kVY, 15mA). The powder data were collected over an angular range of 3° to
40° 28 in continuous scan mode using a step size of 0.02° 20 and a scan speed of 2.0%minute.
XRPD: Showed analogous peaks to the simulated XRPD derived from the single crystal data.
XRPD analysis experimental (caleulated): 6.5 (6.7) 8.8 (9.0} 10.1 (10.3); 13.2 (13.5); 156
(15.8); 17.7 (17.9); 17.8 (18.1); 183 (18.6); 19.8 {20.1); 204 (20.7); 21.6 (223, 22.6 (22.8); 22.9
(23.2); 26.4 (26.73; 26.7 (27.0}, 28.0 (28.4).

Example 9—Multi-Component Crystal of Carbamarzenine:  Carbamazenine/saccharin {GRAg)

{1:1 stoichiometry)

001097 25 mg (0.1058mmol) carbamazepine and 19 mg (0.1037 mmol) saccharin were
dissolved in approximately 4 ml ethanol. Slow evaporation of the solvent vielded colorless
needles of a 1:1 carbamarzepine/saccharin cocrystal, as shown in Figure 12.  Solubility
measurements indicate that this multiple-component crystal of carbamazepine has improved
solubility over previously known forms of carbamazepine (e.g., increased molar solubility and
longer solubility in agueous solutions).

[08118] Crystal data: (Bruker SMART-APEX CCD Diffractometer), CoaHaN3O48y,
M = 41945, triclinic P-J; a=7.5140(11), b= 10.4538(15), c = 12.6826(18) A, o = 83.642(2)°,
B = 85.697(2) %, v =75.411(2) °, U=957.0(2) A%, T=200(2) K, Z = 2, u(Mo-Ka) = 0.206 mm”,
De = 1.456 Mg/m®, A=0.71073 A%, F(000) = 436, 28,4 = 56.20°; 8426 reflections measured,
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4372 unique (Riy = 0.0305). Final residuals for 283 parameters were Ry = 0.0458, wRy = 1142
for [>20(1), and R = 0.0562, wR; = 0.1204 for all 4372 data.

[06111} Crystal packing: The co-crystals contain hydrogen bonded carboxamide
homodimers. The 2° amines of the saccharin are hydrogen bonded to the carbonyl of the CBZ on
each side forming a fetramer. The crystal has a space group of P-7 with n-% interactions beiween
the pheny! groups of the CBZ and the saccharin phenyl groups,

[60112] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR), unsymmetrical and
symmetrical stretching shifts up to 3495 em™ accounting for 1° amines; C=0 aliphatic stretching
was shifted up to 1726 cm’™’; N-H in-plane bending at 1649 em™'; C=C stretching shifted down to
1561 cm™'; (O=S=0) sulfonyl peak at 1330 cm™ C-N aliphatic stretching 1175 em™,

[006113] Differential Scanning Calorimetry: (TA Instruments 2920 DSC), 75.31° C
{endotherm) and 177.32° C (endotherm), m.p. = 148-155°C (MEL-TEMP); {carbamazepine
m.p. = 190.2° C, saccharin m.p. = 228.8° C).

[60114] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA),
3.342% weight loss starting at 67.03° C and a 55.09% weight loss starting at 118.71° C followed
by complete decomposition.

[001158] X-ray powder diffraction: (Rigaku Miniflex Diffractometer using Cu Ko
(A= 1.540562), 30kV, 15mA). The powder data were collected over an angular range of 3° to
40° 20 in continuous scan mode using a step size of 0.02° 28 and a scan speed of 2.0%minute.
KEPD derived from the single crystal data, experimental (calculated): 6.9 (7.0); 12.2 (12.2); 13.6
(13.8); 14.0 (14.1); 14.1 (144); 153 (15.6); 159 (15.9); 18.1 (18.2); 18.7 (18.8); 20.2 (203},
21.3 (21.5); 23.7 (23.9); 26.3 (26.4); 28.3 (28.3).

Fxample  10—Multi-Component  Crystal  of  Carbamarepine: Carbamazepine/2.6~

pyridinedicarboxylic acid (2:3 stoichiometry)

[06116] 36 mg (0.1524 mmol) carbamazepine and 26 mg (0.1556 mmel) 2,6-
pyridinedicarboxylic acid were dissolved in approximately 2 mL ethanol. Slow evaporation of
the solvent yielded clear needles of a 1:1 carbamazepine/2,6-pyridinedicarboxylic acid co-
crystal, as shown in Figure 14B.

{80117} Crystal data: (Bruker SMART-APEX CCD Diffractometer).  Copli7NaOs,
M=403.39, orthothombic P2(1)2(1)2(1); a=7.2122, b=14.6491, ¢=17.5864 A,a=90°, B=90°,
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y=90°, V=1858.0(2) A, T=100 K, Z=4, w(MO-Ka)=0.104 mm’, D=1.442 Mg’
A=0.71073A° , F{O00)840, 204,,=28.3. 16641 reflections measured, 4466 unique (Ryy=0.093).
Final residuals for 271 parameters were R;=0.0425 and wR,=0.0944 for 1>2a(1).

{00118] Crystal packing: Each hydrogen on the CBZ 1 amine is hydrogen bonded to a
carbonyl group of a different 2,6-pyridinedicarboxylic acid moiety. The carbonyl of the CBZ
carboxamide is hydrogen bounded to two hydroxide groups of one 2,6-pyridinedicarboxylic acid
moitey.

[60119] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3439 cm™’, (N-H stretch, 1°
amnine, CBZ); 1734 em™, (C=0); 1649 em™ , (C=C).

{86120} Melting Point: 214-216°C (MEL-TEMP). (carbamazepine mp. = 191-192°C,
2,6-pyridinedicarboxylic acid m.p. = 248-250°C),

[06121] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA). 69%
weight loss starting at 215° C and a 17% weight loss starfing at 392° followed by complete

decomposition.

Example 11-—Multi-Component Crvsial of Carbamazepine: Carbamazepine/S-nitroisophthalic

acid (1.1 stoichiometry)
[00122] 40 mg (0.1693 mmol) carbamazepine and 30 mg (0.1421 mmol) 5-

nitroisophthalic acid were dissolved in approximately 3 ml methanol or ethanol.  Slow
evaporation of the solvent vielded yellow needles of a 1:1 carbamazepine/S-nitroisophthalic acid
go-crystal, as shown in Figure 158.

[66123] Crystal data:  (Bruker SMART-APEX CCD Diffractometer).  CyrHyoMNgO14,
M=944.85, monoclinic C2/c; 2=34.355(8), b=5.3795(13), c=23.654(6) A,u=90°, B=93.952(6)°,
¥=90°, V=4361.2(18)A%, T=200(2) K, Z=4, w(MO-Ka)=0.110 mm’, D=1439 Mgm’,
A=0.710734% | F(000)1968, 28,,26.43°. 11381 reflections measured, 4459 unigue
(Rin=0.0611). Final residuals for 311 parameters were Ry=0.0725, wRy=0.1801 for I>2a(}), and
Ry=0.1441, wRy=0.1204 for all 4459 data.

[08124] Crystal packing: The co-crystals are sustained by hydrogen bonded carboxylic

acid homodimers between the two S-pitroisophthalic acid moleties and hydrogen bonded
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carboxy-amide heterodimers between the carbamazepine and S-nitroisophthalic acid moiety.
There is solvent hydrogen bonded to an additional N-H donor from the carbamazepine moiety.

{00125] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3470 cm™’, (N-H stretch, 1°
amine, CBZ); 3178 em’™), (C-H stretch, alkene); 1688 em™, (C=0); 1602 cm™, (C=C).

{80126] Differential Scanning Calorimetry: (TA Instruments 2920 DSC). 190.51°C
{endotherm). m.p. = NA (decomposes at 197-200°C) (MEL-TEMP). (carbamazepine m.p. = 191-
192°C, S-nitroisophthalic acid m.p. = 260-261°C).

{00127} Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA).

2.02% weight loss starting at 202°, a 12.12% weight loss starting at 224° and a 17.94% weight
loss starting at 285° followed by complete decomposition.

[00128] X-ray powder diffraction: (Rigaltu Miniflex Diffractometer using CuKo
(A=1.540562), 30kV, 15mA). The powder data were collected over avn angular range 0f 316 40 2
in continuous scan mode using a step size of 0.02 2 and a scan speed of 2.0 /min. XRPD:
Showed analogous peaks to the simulated XRPD derived from the single crystal data. XRPD
analysis experimental (calculated): 10.138 (10.283), 15.291 (15.607), 17.438 (17.791), 21.166
{21.685), 31.407 (31.738), 32.650 (32.729).

FExample 12—Multi-Component Crvstal of Carbamazepine:  Carbamazepine/acetic acid (1:1

[60129] 25 mg (0.1058 mmol) carbamazepine was dissolved in approximately 2 mL
acetic acid.  Slow evaporation of the solvent vielded vellow needles of a 1:1
carbamazepine/acetic acid co-crystal, as shown in Figure 16B.

[00138] Crystal data: (Bruker SMART-APEX CCD Diffractometer).  Cy7H;5N20s,
M=296.32, monoclinic P2(1)/c; a=5.1206(4), b=157136(13), c=18.4986(15) A =90
B=96.5460(10)°, y=90°, V=1478.8(2A", T=100(2) K, Z=4, w(MO-Ko)=0.093 mm™, Dy=1331
Mg/m®, A=0.71073A% , F{000)624, 28,,=28.4°. 12951 reflections measured, 3529 unique
(Riy=0.076). Final residuals for 203 parameters were R=0.0492, wRy=0.1335 for I>2c(1}.

[060131] Crystal packing: The co-erystal is sustained by hydrogen bonded carboxamide-
carboxylic heterodimers. The second 1° amine hydrogen from each CBZ joins 2 heterodimers

side by side forming a tetramer.

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346

Page 41 of 415



28

{60132] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3462 om™, (N-H swretch, 1°
amine, CBZ); 1699 em™, (C=0); 1629 cm™ , (C=C, CBZ); 1419 em™, (COOH, acetic acid).

[80133] Meliing Point: 187°C (MEL-TEMP). (carbamazepine m.p. = 191-192°C, acetic
acid m.p. = 16.6°C).

{60134] Thermogravimetric Analysis: (TA Instruments 29530 Hi-Resolution TGA).
20.62% weight loss starting at 104° and a 77.05% weight loss starting at 200° followed by

complete decomposition,

Example  13—Multi-Component  Crystal  of  Carbamazepine: Carbamazepine/1.3,5,7-

adamantanetetracarboxvlic acid (11 stoichiometry)

{86135} 15 mg (0.1524 mmol) carbamazepine and 20 mg (0.1556 mmol) 1,3,5,7-

adamantanetetracarboxylic acid were dissolved in approximately 1 ml methanol or 1 mlL
ethanol. Slow evaporation of the solvent yields clear plates of a 2:1 carbamazepine/1,3,5,7-
adamantanetetracarboxylic acid co-crystal, ag shown in Figure 178,

{86136 Crystal data:  (Bruker SMART-APEX CCD Diffractometer).  CaaHaeMN2O1o,
M=784.80, wonoclinicC2/c; a=18.388(4), b=12.682(3), c=16.429(3} A, PB=100.491(6),

=3767.1(14) A%, T=100(2) K, Z=4, W{(MO-Ke)=0.099 mm, De=1.384 Mg/m®, 3=0.71073A
F(000)1648, 20,,,=28.20° 16499 reflections measured, 4481 unique (Riy=0.052). Final
residuals for 263 parameters were Ry=0.0433 and wRy=0.0513 for [>2s(1).

[88337) Crystal packing: The co-crystals form a single 3D network of four tetrahedron,
linked by square planes similar to the P45 topology. The crystals are sustained by hydrogen
bonding,

[60138] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3431 cm™, (N-H stretch, 1°
amine, CBZ); 3123 cm™, (C-H stretch, alkene); 1723 em™, (C=0); 1649 cm™, (C=C).

[00139] Melting Point: (MEL-TEMP). 258-2607C (carbamazepine m.p. = 191-192°C,
adamantanetétracarboxylic acid mup. = >390°C).

[#0148] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA). 9%
weight loss starting at 189°C, a 52% weight loss starting at 251°C and a 31% weight loss starting

at 374°C followed by complete decomposition.
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Example 14-—Multi-Component Cryvstal of Carbaroazepine: Carbamazepine/benzoquinone (1:1

{06141} 25 mg (0.1058 mmol) carbamazepine and 11 mg (0.1018 mmol) benzoquinone
was dissolved in 2 mL methanol or THF. Slow evaporation of the solvent produced an average
vield of yellow crystals of a 1:1 carbamazepine/benzoquinone co-crystal, as shown in Figure
18B.

{006142] Crystal data:  (Broker SMART-APEX CCD Diffractometer).  CpiHigN20s,
M=344.36, monoclinic P2(1)/c; a=10.3335(18), b=27.611(5), ¢=4.9960(%) A, B=102.275(3)°,
V=1392.9(4) A%, T=100(2) K, Z=3, D=1.232 Mg/m®, p(MO-Ko)=0.084 mm, 2=0.71073A°% ,
F(000)540, 26,,=28.24°, 8392 reflections measured, 3223 unique (Riy=0.1136). Final residuals
for 199 parameters were Ry=0.0545 and wR,=0.1358 for D2a(l), and R;=0.0639 and
wWRo=0.1427 for all 3223 data,

[00143] Crystal packing: The co-crystals contain hydrogen bonded carboxamide
homodimers. Each 1° amine on the CBZ is bifurcated to a carbonyl group of a benzoquinone
moiety. The dimers form infinite chains.

[00144] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3420 cm™, (N-H stretch, 1°
amine, CBZ); 2750 em’, (aldehyde streteh); 1672 em™, (C=0); 1637 e’ (C=C, CBZ).

[00145] Melting Point:  170°C (MEL-TEMP). {carbamazepine m.p. = 191-192°C,
benzoguinone m.p. = 115.7°C).

[60146] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA).
20.62% weight loss starting at 168° and a 78% weight loss starting at 223° followed by complete

decomposition.

Example 15—Multi-Component Crvstal of Carbamazeping:  Carbamazepine/butvric acid (1:]

061471 10 mg (0.0423 mmol) carbamazepine was dissolved in approximately ! mL
butyric acid.  Slow evaporation of the solvent mixture produced an average vield of

yvellow/brown crystals of a 1:1 carbamazepine/butyric acid co-crystal, as shown in Figure 19B.
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{60148} Crystal data: (Bruker SMART-APEX CCD Diffractometer).  CigHaoN2Os,
M=324.37, triclinic P-1; a=9.1567, b=10.1745, ¢=10.5116 A,a=72.850°, B=70.288°, y=67.269°,
V=832.17 A%, T=100° K, Z=2, p(MO-Ko)=0.088 mm”, D=1.290 Mg/m®, 1=0.710734% ,
F(000)344, 26,x=28.28°. 5315 reflections measured, 3686 unique {Ri=0.0552). Final residuals
for 217 parameters were R;=0.0499, wRy=0.1137 for >20(1}, and R;=0.0678, wR,=0.1213 for
all 3686 data.

[00149] Crystal packing: The co-crystals are sustained by hydrogen bonded
carboxamide-carboxylic heterodimers hetween the carbamazepine moieties and the butyric acid
muieties, The second 17 amine hydrogen from each CBZ joins 2 heterodimers side by side
forming a tetramer.

[00150] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3486 cm™, (N-H stretch, 1°
amine, CBZ); 3307 em™, (C-H stretch, alkene); 1684 e, (C=0); 1540 em™, (C=C),

[06151] Melting Point:  63-64°C (MEL-TEMP). {(carbamazepine m.p. = 191-192°C,
butyric acid m.p. =-94°C).

[66152] Thermogravimetric Analysis: (TA Tostruments 2950 Hi-Resolution TGA).16 %
weight loss starting at 54°, a 16% weight loss starting at 134° and a 49% weight loss starting at

174° followed by complete decomposition.

Example 16—Multi-Component Crystal of Carbamazepine:  Carbamazepine/DMSO  (1:1

stoichiometry)

[00153] 25 mg (0.1058 mumol) carbamarzepine was dissolved in approximately 1.5 mL
DMSO. Slow evaporation of the solvent vielded colorless plates of a 111 carbamazepine/ DMSO
co-~crystal, as shown in Figure 208,

{681584] Crystal data: (Bruker SMART-APEX CCD Diffractometer).  CyqHagN4048,,
M=628.79, triclinic P-1; a=7.3254(19), b=8.889(2), c=12.208(3) A,0=94.840(5)°, B=94.926(5)°,
v=100.048(5)°, V=775.8(HA?, T=200(2) K, Z=2, pMO-Ke)=0.216 mm”, De=1.320 Mg/m’,
A=0.710734° , F(OOM320, 20m,=28.3°. 4648 reflections measured, 3390 unique {Riy0.0459),
Final residuals for 209 parameters were R;=0.0929, wRy=0.3043 for I>2a(]).

[00155] Crystal packing: The co-crysials are sustained by the hydrogen bonded

carboxamide homosynthon, The 1° amines are hydrogen bonded to the sulfoxide of the DMSO
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on each side of the homosynthon. The crystal is stabilized by m-7 interactions from the tricyelic
azepine ring system groups of the CBZ.

[00156] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3369 cm™ (N-H stretch, 1°
anxine, CBZ); 1665 em™ (C=0 stretching); 1481em™ (C=C).

{00137} Differential Scanning Calorimetry: (TA Instruments 2920 DSC). 100°C, 193°C
{endotherms). m.p. = 189°C (MEL-TEMP). {carbamazepine m.p. = 191-192°C, DMSO mp. =
18.45°C)

[88158] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA). 26%
weight loss starting at 102°, a 64% weight loss starting at 212° followed by complete

decomposition.

Example 17-—Multi-Component Crystal of Carbamazepine: Carbamazepine/formamide (1]
stoichiometry)

001591 10 mg (0.0423 mmol} carbamazepine was dissclved in a mixture of
approximately 1 ml formamide/! mL THF or 1 mL formamide/l mL methanol. Slow
evaporation of the solvent mixture produced an average vyield of clear needles of a 131
carbamazepine/formamide co-crystal, as shown in Figure 21B.

[00160] Crystal data:  (Bruker SMART-APEX CCD Diffractometer).  CygHisN3Os,
M=281.31, wiclinic P-1; a=5.1077(11), b=16.057(3), c¢=17.752(4) A,a=73.711(3)°,
B=89.350(3)°, vy=88.636(3)°, V=1397.1(5) A%, T=100° K, Z=4, u(MO-Ke)=0.091 mm”,
D&=1.337 Mg/msg A=0.71073A° , FO00Y592, 20ma=28.33°. 11132 reflections measured, 6272
unique (Rin=0.1916). Final residuals for 379 parameters were R =0.0766 and wRy=0.1633 for
P>2a(l).

{00161] Crystal packing: The co-crystals are sustained by hydrogen bonded
carboxamide homodimers between two carbamazepine moieties and carboxylic acid homodimers
between two formamide moieties, Infinite chains are formed by the homodimers lnked side by
side, with every other set of CBZ molecules attached on the sides of the chain but not bonded to
form a dimer,

[00162] Infrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3392 em™, (N-H stretch, 1°
amine, CBZ); 2875 cm™, (C-H stretch, alkene); 1653 emt”, (C=0); 1590 et |, (C=C).
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[00163] Melting Point: 142-144°C (MEL-TEMP). (carbamazepine m.p. = 191-192°C,
formamide m.p. = -94°C),

[00164] Thermogravimetric Analysis: (TA Instruments 2950 Hi-Resolution TGA). 27%
weight loss starting at 138°, a 67% weight loss starting at 195° followed by complete

decomposition.

stoichiometry)

[00165] 40 mg (0.1693 mmol) carbamazepine was dissolved in approximately 2 mL
formic acid. Slow evaporation of the solvent yielded off-white starbursts of a 1}
carbamazepine/formic acid co-crystal, as shown in Figure 22B.

[80166] Crystal data: {Bruker SMART-APEX CCD Diffractometer).  CiedaNz04,
M=282.29, monoclinic P21/c; 8=5.2031(9), b=14.741(2), ¢=17.882(3) A,u=90°, B=98.132(3)°,
¥=90°, V=1357.7(4)A% T= 100 K, Z=4, w(MO-Ko)=0.097 mm™, D=1.381 Mpm’,
A=0.71073A° , F{OO0)592, 204a=28.3. 9402 reflections measured, 3181 unigue (Ry=0.111)
Final residuals for 190 parameters were R;=0.0533 and wR;=0.1268 for [>2a(1).

[00167] Crystal packing: The co-crystals are sustained by hydrogen bonded carboxylic
acid-amine heterodimers arranged in centrogymmetric tetramers.

[00168] Tnfrared Spectroscopy: (Nicolet Avatar 320 FTIR). 3439 em™, (1° amine
stretch,CBZ); 3026 em™ (C-H stretch, CBZ); 1692 em™, (1° amide, C=0 stretch).

[00169] Melting Point: 187°C (MEL-TEMP). {carbamazepine m.p. = 191-182°C, formic
acid m.p. = 8.4°C).

{60178 Thermogravimetric Analysis: (TA Instruments 29350 Hi-Resolution TGA).
14.60% weight loss starting at 123° and a 68.91% weight loss starting at 196° followed by

complete decomposition.

stoichiometry)
[86171] 36 mg (0.1524 mmol) carbamazepine and 31 mg (6.1475 mmel) trimesic acid

were dissolved in a solvent mixture of approximately 2 ml. methanol and 2mL dichloromethane.
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Slow evaporation of the solvent mixture yielded white starbursts of a 1:1 carbamazepine/trimesic
acid co-crystal, as shown in Figure 23B.

[60172] Crystal data:  (Broker SMART-APEX CCD Diffractometer).  CogHiN:Oy,
M=446.26, monochinic C2/c; a=32.5312(50), b=5.2697(8), ¢=24.1594(37y A,u=90°,
B=98.191(3)°, y=90°, V=4099.39(37) A>, T=-173 K, Z=8, p(MO-Ko)=0.110 mm”', De=1439
Mg/m3, K=OB7IO73A3, F(O00Y1968, 26,.=26.43°, 11581 retflections measured, 4459 unique
{Ripe=0.0611). Final residuals for 2777 parameters were R;=0.1563, wR,=0.1887 for I>2s(1},
and Ry=0.1441, wRy=0.1204 for all 3601 data.

[66173] Crystal packing: The co-crystals are sustained by hydrogen bonded carboxylic
acid homodimers between carbamazepine and trimesic acid moieties and hydrogen bonded
carboxylic acid-amine heterodimers between two frimesic acid moieties arranged in a stac‘ked
ladder formation.

{00174} Infrared Spectroscopy: (Nicolet Avatar 320 FTIR), 3436 e (N-H siretch, 1°
amine, CBZ); 1688 em™ (C=0, 1° amide stretch, CBZ); 1602 o™ (C=C, CBZ).

{806175] Differential Scanning Calorimetry: (TA Instruments 2920 DSC). 273°C
{endotherm). m.p. = NA, decomposes at 278°C (MEL-TEMP). (carbamazepine m.p. = 191~
192°C, trimesic acid m.p. = 380°C)

{60176] Thermogravimetric Aualysis: (TA Instruments 2950 Hi-Resolution TGA).
62.83% weight loss starting at 253° and a 30.20% weight loss starting at 278° followed by
complete decomposition.

[08177} X-ray powder diffraction: (Rigaku Miniflex Diffraciometer using CuKo
(3=1.540562), 30kV, 15mA). The powder data were collected over an angnlar range of 3 {0 40 2
in continuous scan mode using a step size of 0.02 2 and a scan speed of 2.0 /min. XRPD

analysis experimental: 10.736, 12.087, 16.857, 24.857, 27.857.

[60178] All patenis, patent applications, provisiona! applications, and publications
referred to or cited herein are incorporated by reference in their entirety, including all figures and
tables, to the extent they are not inconsistent with the explicit teachings of this specification.

[06179] It should be understood that the examples and embodiments described herein

are for illustrative purposes only and that various medifications or changes in light thereof will
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be suggested to persons skilled in the art and are to be included within the spirit and purview of

this application.
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1. A multiple-component phase composition comprising a solid phase that is sustained
by intermolecular interactions between two or more independent molecular entities, wherein at

least one of said two or more independent molecular entities is a pharmaceutical molecule.

2. The multiple-component phase composition of claim 1, wherein said multiple-

component phase composition is a discrete supramolecular entity,

3. The multiple-component phase composition of claim 1, wherein said multiple-

componeni phase composition is a polymeric structure.

4, The multiple-component phase composition of claim 1, wherein said pharmaceutical
molecule is sustained by a supramolecular homosynthon when said pharmaceutical molecule is

ins its pure phase.

5. The multiple-component phase composition of claim 1, wherein said multiple-
component phase composition has at least one physical property or chemical property that is
different from that of said pharmaceutical when said pharmaceutical molecule is in its pure

phase.

6. The multiple-component phase composition of claim 1, wherein said multiple-
component phase composition has at least one physical or chemical property that is the same as

that of said pharmaceutical molecule when said pharmaceutical molecule is in its pure phase,

7. The multiple-component phase composition of claim 5, wherein said at least one
physical or chemical property is selected from the group consisting of chemical stability,
thermodynamic stability, solubility, dissolution, bioavailability, crystal morphology, and

hygroscopicity.
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8. The multiple-component phase composition of claim 6, wherein said at least one
physical or chemical property is selected from the group consisting of chemical stability,
thermodynamic  stability, solubility, dissolution, bicavailability, crystal morphology, and

hygroscopicity.

9. The multiple-component phase composition of claim 1, wherein said pharmaceutical
molecule is selected from the group consisting of aspirin, acetaminophen, profen, phenyioin, and
carbamazepine.

10, The mtﬁtipie-camponem phase composition of claim 1, wherein said two or more
independent molecular entities are selected from the group consisting of: acetaminophen, 4,4°-
bipyridine, and water; phenytoin and pyridine; aspirin and 4.4°-bipyridine; ibuprofen and 4,4°-
bipyridine; flurbiprofen and 4,4°-bipyridine; flurbiprofen, trans-1,2-bis (4-pyridyl) ethylene;
carbamazepine, p-phthalaldehyde; carbamazepine and npicotinamide; carbamazepine and
saccharin, carbamazepine and 2,6-pyridinedicarboxylic acid; carbamazepine and 35-
nitroisophthalic  acid; carbamazepine and acetic acid; carbamazepine and 1,3,57.-
adamantanetetracarboxylic acid; carbamazepine and benzoquinone; carbamazepine and butyric
acid; carbamazepine and dimethy! sulfoxide; carbamazepine and formamide; carbamazepine and

formie acid; and carbamazepine and trimesic acid.

11. The multiple~component phase composition of claim 1, wherein said intermolecular
interactions are selected from the group consisting of hydrogen bonding (weak and/or strong),
dipole interactions (induced and/or non-induced), stacking interactions, hydrophobic

interactions, and other inter-static interactions,

12. The muliiple-component phase composition of claim !, whergin said intermolecular
interactions are between complementary chemical functionalities on sald two or more

independent molecular entities.

13, The multiple-component phase composition of claim 15, wherein said

complementary chemical functionalitics include at least one chemical functionality selected from
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the group consisting of acids, amides, aliphatic nitrogen bases, unsaturated aromatic nitrogen
bases, amines, alcohols, halogens, sulfones, nitre groups, S-heterocycles, N-heterocveles, O-
heterocyeles, ethers thioethers, thiols, esters, thioesters, thioketones, epoxides, acetonates, nitrils,

oximes, and organohalides.

14, The multiple-component phase composition of claim 12, whersin said
complementary chemical functionalities on said two or more independent molecular entitics are

the same.

15, The multiple-component phase composition of claim 14, wherein said

complementary chemical functionalities are acids.

16.  The mnultiple-component phase composition of claim 14, wherein said

complementary chemical functionalities are amides.

17. The multiple-component phase composition of claim 12, wherein said
complementary chemical functionalities on said two or more independent molecular entities are

10t the same,

18.  The multiple-component phase composition of claim 17, wherein said
complementary chemical functionalities on said two or more independent molecular entities are
selected from the group consisting of acids and amides; pyridines and amides; and alcohols and

amines.,

19. The multipie-component phase composition of claim 1, wherein two or more of said

independent molecular entities is a pharmaceutical molecule.

20, A multiple-component phase composition comprising a solid phase that is sustained

by intermolecular interactions between aspirin and at least one independent molecular entity.
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21. A multiple-component phase composition comprising a solid phase that is sustained
by intermolecular interactions between acetaminophen and at least one independent molecular

entity,

22. A multiple-component phase composition comprising a solid phase that is sustained

by intermolecular interactions between a profen and at least one independent molecular entity.

23. A multiple-component phase composition comprising a solid phase that is sustaine

by intermolecular interactions between phenytoin and at least one independent molecular entity.

24. A multiple-component phase composition comyprising a solid phase that is sustained
by intermolecular interactions between carbamazepine and at least one independent molecular

entity.

25. A'method for identifying complementary chemical functionalities in order to form a
desired supramolecular synthon, said method comprising:

(a) evaluating the structure of an active pharmaceutical ingredient;

{b) determining whether the active pharmaceutical ingredient contains chemical
functionalities capable of forming supramolecular synthons with itself;

{¢) identifying from a plurality of chemical functﬁonaiiﬁes that are known to form a
supramolecular synthon at least one functionality that will form a furtber supramolecular synthon
to the supramolecular synthon formed by the active pharmaceutical ingredient, wherein the
identified chemical functionality is not capable of disrupting non-covalent bonding within the
supramolecular synthon formed by the supramolecular synthon formed by the active
pharmaceutical ingredient, and wherein the selected chemical functionality is capable of forming
a noncovalent bond to the sup‘ramqiecular synthon formed by the active pharmaceutical
ingredient; and

(d) identifying co-crystal formers having chemical functionalities that are complernentary

with the active pharmaceutical ingredient.
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26. The method of claim 23, wherein said method further comprises preparing a
multiple-component solid phase composition, wherein the multiple-component solid phase
compuosition comprises the active pharmaceutical ingredient and at least one of the identified co-

crystal formers.

27. The method of claim 26, wherein the at least one co-crystal former is selected from
the group consisting of a different active phanmaceutical ingredient, a GRAS compound, a food

additive, a low toxicity organic, and a metal-organic complex.

28. The method of claim 26, wherein the multiple~component solid phase composition is
formed by one or more methods selected from the group consisting of crystallization from

solution, cooling the melt, sublimation, and grinding.

29. A method for identifving complementary chemical functionalities in order to form a
desired supramolecular synthon, said method comprising:

(a) evaluating the structure of an active pharmaceutical ingredient;

(b} determining whether the active pharmacewtical ingredient contains chemical
functionalities capable of forming supramolecular synthons with itself;

{c} identifying from a plurality of chemical functionalitics that are known to form
supramolecular synthons at least one functionality that will form a supramolecular synthon with
the active pharmaceutical ingredient, wherein the identified chemical functionality is capable of
disrupting non-covalent bonding within the supramolecular synthon formed by the active
pharmaceutical ingredient, and wherein the selected chemical functionality is capable of forming
a noncovalent bond fo a complementary chemical functionality on the active pharmaceutical
ingredient; and

(d) identifying co-crystal formers having chemical functionalities that are complementary

with the active pharmaceutical ingredient.

30. The method of claim 29, wherein said method further comprises preparing a

multiple-component solid phase composition, wherein the multiple-component solid phase
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composition comprises the active pharmaceutical ingredient and at least one of the identified co-

crystal formers.

31, The method of claim 30, wherein the at least one co-crystal former is selected from
the group consisting of a different active pharmaceutical ingredient, a GRAS compound, a food

additive, a low toxicity organic, and a metal-organic complex.

32. The method of claim 30, wherein the multiple-component solid phase composition is
formed by one or more methods selected from the group consisting of crystallization from

solution, cooling the melt, sublimation, and grinding.

33. A method for identifying complementary chemical functionalities in order to form a
desired supramolecular synihon, said method comprising:

{a) evaluating the structure of an active pharmaceutical ingredient;

(b} determining whether the active pharmaceutical ingredient contains chemical
functionalities capable of forming supramolecular synthons with different molecules;

(c) identifying from a plurality of chemical functionalities that are known to form
supramolecular synthons at least one functionality that will form a supramolecular synthon with
the active pharmaceutical ingredient, and wherein the selected cherical functionality is capable
of forming a noncovalent bond to a complementary chemical functionality on the active
pharmaceutical ingredient; and

(d) identifying co-crystal formers having chemical functionalities that are complementary

with the active pharmaceutical ingredient,

34, The method of claim 33, wherein said method further comprises preparing a
multiple-component solid phase composition, wherein the multiple-component solid phase
composition comprises the active pharmaceutical ingredient and at least one of the identified co-

crystal formers.

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346

Page 54 of 415



41

35. The method of claim 34, wherein the at least one co-crystal former is selected from
the group consisting of a different active pharmaceutical ingredient, s GRAS compound, a food

additive, a low toxicity organic, and a metal-organic complex.

36. The method of claim 34, wherein the multiple-component solid phase composition is
formed by one or more methods selected from the group consisting of crystallization from

solution, cocling the melt, sublimation, and grinding.
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Abstract
The subject invention concemns a method for identifying complementary chemical
functionalities to form a desired supramolecular synthon. The subject invention also pertains to
multiple-component phase compositions comprising one or more pharmaceutical entities and

metheds for producing such compositions,
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FIG. 8D
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FIG. 12
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FIG. 17B
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55 Step’ﬁ Evatuate Act;ve
Pharmaceutacai ngr@dsent {AP?}

| Step 2 Identify if ihere are chemical functionalities in the API |
| suitable (ile. complementary from the perspectives of
{ geometry/shape and molecular recognition) for formation of |
| supramolecular synthons via. self-assembly, ie. will it form §
| supramolecular synthcns with itzalf?

Step 3a. i yes determine which chemzcai
| functionalities (identified from within a

plurality of chemical funclionalities) will
| form @ new supramolecular synthon
| without disrupting the supramolecular
|| synthon from step 2 AND determine which
| of those chemical functionalities will form a
| new supramolecular synthon by disrupting
| the supramolecular synthon from step 2.

$tep Bb if no, dei’ermme which |
chemical functionalities (iden- |
fified from within a plurality of |
chemical functionalities)  will |
form a supramolecular synthon |
with the chemical funclionalities |
in the AP identified in step 2. 5

Step 4 &deﬂtafy cacwsta! formers that are

i suitable for use with the AP based upon the

| results from Step 3. These cocrystal formers |
| might be other APlI's, GRAS compounds, |

| food

| Step 5. Prepare mu?‘tipia c@mpﬁnent crystas wath the AP&
| and one or more cocrystal formers. Methaod of preparation |
|| can include crystallization from solution, cooling the meit, :
! sublimation or grmdmg fcr gxample.
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as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Docket No.: U0157.70023US03

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Michael J. Zaworotko
Application No.: 15/639,223
Confirmation No.: 8089
Filed: June 30, 2017
For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT
Examiner: Not Yet Assigned
Art Unit: 2631

Certificate of Electronic Filing under 37 CFR § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office’s electronic filing
system in accordance with 37 CFR § 1.6(a)(4).

Dated: September 11, 2017 Signature: /Chelsea E. Dowling/ (Chelsea E. Dowling)

RESPONSE TO NOTICE TO FILE MISSING PARTS OF
NONPROVISIONAL APPLICATION

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

In response to the Notice to File Missing Parts of Nonprovisional Application, mailed July
11, 2017, Applicant submits herewith payment of the filing fee, search fee, examination fee, excess
claim fee, and the surcharge for late payment of the filing fees. Applicant also submits herewith a
Preliminary Amendment to reduce excess claim fees due. Applicant requests that the excess claim
fees be calculated after entrance of the Preliminary Amendment being filed herewith.

Please charge our credit card in the amount of $1,010.00 to cover the fees listed above.

The deadline for responding to the Notification is September 11, 2017. Applicant thus

submits that the present Response is timely submitted on Monday, September 11, 2017.

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346
Page 88 of 415



Application No.: 15/639,223 2 Docket No.: U0157.70023US03

Please charge any deficiency in the fees due, or credit any overpayment, to our Deposit
Account No. 23/2825, under Docket No. U0157.70023US03, from which the undersigned is

authorized to draw.

Dated: September 11, 2017 Respectfully submitted,

By /David F. Cauble/

David F. Cauble

Registration Number: 73,490

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts (02210-2206
617.646.8000

5730929.1

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346
Page 89 of 415



Docket No.: U0157.70023US03

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Michael J. Zaworotko
Application No.: 15/639,223
Confirmation No.: 8089
Filed: June 30, 2017
For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT
Examiner: Not Yet Assigned
Art Unit: 2631

Certificate of Electronic Filing under 37 CFR § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office’s electronic filing
system in accordance with 37 CFR § 1.6(a)(4).

Dated: September 11, 2017 Signature: /Chelsea E. Dowling/ (Chelsea E. Dowling)

PRELIMINARY AMENDMENT

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

Prior to examination on the merits, please amend the above-referenced U.S. Patent
Application as follows:

Amendments to the Claims are reflected in the Listing of Claims, which begins on page 2
of this paper.

Remarks begin on page 7 of this paper.
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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. (Original) A multiple-component phase composition comprising a solid phase that is
sustained by intermolecular interactions between two or more independent molecular entities,
wherein at least one of said two or more independent molecular entities is a pharmaceutical

molecule.

2. (Currently Amended) The multiple-component phase composition of claim 1, wherein said

multiple-component phase composition is a discrete supramolecular entity or a polymeric structure.

3. (Canceled)

4. (Original) The multiple-component phase composition of claim 1, wherein said
pharmaceutical molecule is sustained by a supramolecular homosynthon when said pharmaceutical

molecule is in its pure phase.

5. (Currently Amended) The multiple-component phase composition of claim 1, wherein said
multiple-component phase composition has at least one physical property or chemical property that
is different from that of said pharmaceutical when said pharmaceutical molecule is in its pure phase,

wherein said at least one physical or chemical property is selected from the group consisting of

chemical stability, thermodynamic stability, solubility, dissolution, bioavailability, crystal

morphology, and hygroscopicity.

6-8. (Canceled)

5730930.1
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9. (Original) The multiple-component phase composition of claim 1, wherein said
pharmaceutical molecule is selected from the group consisting of aspirin, acetaminophen, profen,

phenytoin, and carbamazepine.

10. (Original) The multiple-component phase composition of claim 1, wherein said two or more
independent molecular entities are selected from the group consisting of: acetaminophen, 4,4'-
bipyridine, and water; phenytoin and pyridine; aspirin and 4.,4'-bipyridine; ibuprofen and 4,4'- .
bipyridine; flurbiprofen and 4,4'-bipyridine; flurbiprofen, trans-1,2-bis (4-pyridyl) ethylene;
carbamazepine, p-phthalaldehyde; carbamazepine and nicotinamide; carbamazepine and saccharin;
carbamazepine and 2,6-pyridinedicarboxylic acid; carbamazepine and 5- nitroisophthalic acid;
carbamazepine and acetic acid; carbamazepine and 1,3,5,7,- adamantanetetracarboxylic acid;
carbamazepine and benzoquinone; carbamazepine and butyric acid; carbamazepine and dimethyl
stilfoxide; carbamazepine and formamide; carbamazepine and formic acid; and carbamazepine and

trimesic acid.

11. (Original) The multiple-component phase composition of claim 1, wherein said
intermolecular interactions are selected from the group consisting of hydrogen bonding (weak
and/or strong), dipole interactions (induced and/or non-induced), stacking interactions, hydrophobic

interactions, and other inter-static interactions.

12. (Original) The multiple-component phase composition of claim 1, wherein said
intermolecular interactions are between complementary chemical functionalities on said two or

more independent molecular entities.

13. (Currently Amended) The multiple-component phase composition of claim 1[[15]], wherein
said complementary chemical functionalities include at least one chemical functionality selected
from the group consisting of acids, amides, aliphatic nitrogen bases, unsaturated aromatic nitrogen

bases, amines, alcohols, halogens, sulfones, nitro groups, S-heterocycles, N-heterocycles, O-

5730930.1
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heterocycles, ethers thioethers, thiols, esters, thioesters, thioketones, epoxides, acetonates, nitrils,

oximes, and organohalides.

14. (Original) The multiple-component phase composition of claim 12, wherein said
complementary chemical functionalities on said two or more independent molecular entities are the

same.

15. (Original) The multiple-component phase composition of claim 14, wherein said

complementary chemical functionalities are acids.

16. (Original) The multiple-component phase composition of -.claim 14, wherein said

complementary chemical functionalities are amides.

17. (Original) The multiple-component phase composition of claim 12, wherein said
complementary chemical functionalities on said two or more independent molecular entities are not

the same.

18. (Original) The multiple-component phase composition of claim 17, wherein said
complementary chemical functionalities on said two or more independent molecular entities are
selected from the group consisting of acids and amides; pyridines and amides; and alcohols and

amines.

19-24. (Canceled)

25. (Original) A method for identifying complementary chemical functionalities in order to form
a desired supramolecular synthon, said method comprising:

(a) evaluating the structure of an active pharmaceutical ingredient;

(b) determining whether the active pharmaceutical ingredient contains chemical functionalities

capable of forming supramolecular synthons with itself;

5730930.1
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©) identifying from a plurality of chemical functionalities that are known to form a
supramolecular synthon at least one functionality that will form a further supramolecular synthon to
the supramolecular synthon formed by the active pharmaceutical ingredient, wherein the identified
chemical functionality is not capable of disrupting non-covalent bonding within the supramolecular
synthon formed by the supramolecular synthon formed by the active pharmaceutical ingredient, and
wherein the selected chemical functionality is capable of forming a noncovalent bond to the
supramolecular synthon formed by the active pharmaceutical ingredient; and

(d identifying co-crystal formers having chemical functionalities that are complementary with

the active pharmaceutical ingredient.

26. (Original) The method of claim 25, wherein said method further comprises preparing a
multiple-component solid phase composition, wherein the multiple-component solid phase
composition comprises the active pharmaceutical ingredient and at least one of the identified co-

crystal formers.

27-28. (Canceled)

29. (Original) A method for identifying complementary chemical functionalities in order to form
a desired supramolecular synthon, said method comprising:

(a) evaluating the structure of an active pharmaceutical ingredient;

b) determining whether the active pharmaceutical ingredient contains chemical functionalities
capable of forming supramolecular synthons with itself;

(©) identifying from a plurality of chemical functionalities that are known to form
supramolecular synthons at least one functionality that will form a supramolecular synthon with the
active pharmaceutical ingredient, wherein the identified chemical functionality is capable of
disrupting non-covalent bonding within the supramolecular synthon formed by the active
pharmaceutical ingredient, and wherein the selected chemical functionality is capable of forming a
noncovalent bond to a complementary chemical functionality on the active pharmaceutical

ingredient; and

5730930.1
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(d identifying co-crystal formers having chemical functionalities that are complementary with

the active pharmaceutical ingredient.

30. (Original) The method of claim 29, wherein said method further comprises preparing a
multiple-component solid phase composition, wherein the multiple-component solid phase
composition comprises the active pharmaceutical ingredient and at least one of the identified co-

crystal formers.

31-32. (Canceled)

33. (Original) A method for identifying complementary chemical functionalities in order to form
a desired supramolecular synthon, said method comprising:

(a) evaluating the structure of an active pharmaceutical ingredient;

b) determining whether the active pharmaceutical ingredient contains chemical functionalities
capable of forming supramolecular synthons with different molecules;

(©) identifying from a plurality of chemical functionalities that are known to form
supramolecular synthons at least one functionality that will form a supramolecular synthon with the
active pharmaceutical ingredient, and wherein the selected chemical functionality is capable of
forming a noncovalent bond to a complementary chemical functionality on the active
pharmaceutical ingredient; and

(d identifying co-crystal formers having chemical functionalities that are complementary with

the active pharmaceutical ingredient.

34. (Original) The method of claim 33, wherein said method further comprises preparing a
multiple-component solid phase composition, wherein the multiple-component solid phase
composition comprises the active pharmaceutical ingredient and at least one of the identified co-

crystal formers.

35-36. (Canceled)
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REMARKS

Applicant requests entrance of this Preliminary Amendment to reduce the number of claims
pending in this Application. After entrance of the present Amendment, four (4) independent claims,
twenty (20) total claims, and no multiply dependent claims will be pending in this case. Claim(s) 3,
6-8, 19-24, 27-28, 31-32 and 35-36 have been canceled.

Claim 2 has been amended to further recite the element of claim 3. Claim 5 has been
amended to further recite the elements of claim 7. Claim 13 has been amended to depend from
claim 1.

Applicant reserves the right to pursue subject matter canceled from the claims in future
applications claiming priority to the present Application. Applicant submits that no new matter is
added to the Application by this Preliminary Amendment.

Applicant believes all fees due are being paid by credit card. However, if any additional
fees are due, please charge them, or credit any overpayment, to our Deposit Account No. 23/2825,

under Docket No. U0157.70023US03, from which the undersigned is authorized to draw.

Dated: September 11, 2017 Respectfully submitted,

By /David F. Cauble/

David F. Cauble

Registration No.: 73,490

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000
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% Independent * Minus | *** =
& (37 CFR 1.16(h) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = X -
= (37 CF?H.IB(H) OR -
% Independent * Minus | *** = M _ OR _
w (37 CFR 1.16(h) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
15/639,223 06/30/2017 2631 1010 U0157.70023US03 20
CONFIRMATION NO. 8089
23628 UPDATED FILING RECEIPT

00 ATLANTIC AVENLUE LA

BOSTON, MA 02210-2206
Date Mailed: 09/14/2017

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Michael J. Zaworotko, Tampa, FL;
Nair Rodriguez-Hornedo, Ann Arbor, MI;
Brian Moulton, Temple Terrace, FL;
Applicant(s)
University of South Florida, Tampa, FL;
The Regents of the University of Michigan, Ann Arbor, MI;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 10/378,956 03/03/2003 ABN
which claims benefit of 60/360,768 03/01/2002

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 07/10/2017

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/639,223

Projected Publication Date: 12/21/2017
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE
PHARMACEUTICAL INGREDIENT

Preliminary Class
375
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/639,223 06/30/2017 Michael J. Zaworotko U0157.70023US03
CONFIRMATION NO. 8089
23628 PUBLICATION NOTICE

WOLF GREENFIELD & SACKS, P.C.

600 ATLANTIC AVENUE N AT WA e

BOSTON, MA 02210-2206

Title:MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE PHARMACEUTICAL
INGREDIENT

Publication No.US-2017-0362182-A1
Publication Date:12/21/2017

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/639,223 06/30/2017 Michael J. Zaworotko U0157.70023US03 8089
23628 7590 05/08/2018 | EXAMINER |
WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE JARRELL, NOBLE E
BOSTON, MASSACHUSETTS 02210-2206
UNITED STATES OF AMERICA | ART UNIT | paperNUMBER |
1625
| NOTIFICATION DATE | DELIVERY MODE |
05/08/2018 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):

Patents_eOfficeAction @ WolfGreenfield.com
WGS_eOfficeAction@ W olfGreenfield.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/639,223 Zaworotko et al.
Office Action Summary Examiner Art Unit AlA Status
NOBLE E JARRELL 1625 No

-- The MAILING DATE 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 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 11 September 2017.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)(] This action is FINAL. 2b) [J This action is non-final.

3)(0 An election was made by the applicant in response to a restriction requirement set forth during the interview on
_____;therestriction requirement and election have been incorporated into this action.

4)(J 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 £x parte Quayle, 1935 C.D. 11, 453 O.G. 218.

Disposition of Claims*
5) Claim(s) 1-2,4-5,9-18,25-26,29-30 and 33-34 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.

6) [J Claim(s) __is/are allowed.

7y O Claim(s) ____is/are rejected.

8) [ Claim(s) ____is/are objected to.

9) Claim(s) 1-2,4-5,9-18,25-26,29-30 and 33-34 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
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)(J The drawing(s) fledon _____ is/are: a)(C] accepted or b)[] 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)(J] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d All b)(J Some**  ¢)(3J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 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.

Attachment(s)
1) [(] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) [] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:
Paper No(s)/Mail Date __. E—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20180502
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Application/Control Number: 15/639,223 Page 2
Art Unit: 1625

Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlA first to invent provisions.
DETAILED ACTION
Election/Restriction

Restriction to one of the following inventions is required under 35 U.S.C. 121:

I.Claims 1, 2, 4, 5, and 9-18, drawn to a multiple component phase composition comprising a
solid phase that is sustained by intermolecular interactions between two or more molecular entities
wherein as least one of the molecular entities is a pharmaceutical molecule, classified in C07D213/02.

IIl. Claims 25 and 26, drawn to a method of identifying complementary chemical functionalities
on order to form a supramolecular synthon in which one step is identifying a chemical functionality that
is not capable of disrupting non-covalent bonding within the supramolecular synthon, classified in
C07D213/02.

[IIl. Claims 29 and 30, drawn to a method of identifying complementary chemical functionalities
on order to form a supramolecular synthon in which one step is identifying a chemical functionality that
is capable of disrupting non-covalent bonding within the supramolecular synthon, classified in
C07D213/02.

IV. Claims 33 and 34, drawn to a method of identifying complementary chemical functionalities
in order to form a supramolecular synthon, classified in C07D213/02.

The inventions are independent or distinct, each from the other because:

Inventions I-IV are unrelated. Inventions are unrelated if it can be shown that they are not
disclosed as capable of use together and they have different designs, modes of operation, and effects
(MPEP § 802.01 and § 806.06). In the instant case, the different inventions are multiply divergent.
Whereas invention | is drawn to a multiple component composition, inventions II-IV are drawn to

different methods. Inventions Il and Il are different due to the following difference: in group Il, the
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Application/Control Number: 15/639,223 Page 3
Art Unit: 1625

chemical functionality is not capable of disrupting non-covalent bonding within the supramolecular
synthon; and in group lll, the chemical functionality is capable of disrupting non-covalent bonding
within the supramolecular synthon. Invention IV is drawn to method of identifying complementary
functionalities (which is not co-extensive with an invention of group Il or Il1).

Restriction for examination purposes as indicated is proper because all the inventions listed in
this action are independent or distinct for the reasons given above and there would be a serious search
and/or examination burden if restriction were not required because one or more of the following
reasons apply:

—the inventions require a different field of search {e.2., searching different classes/subclasses or
elactronic resources, or employing different search strategies or search gueries).

Applicant is advised that the reply to this requirement to be complete must include (i) an
election of an invention to be examined even though the requirement may be traversed (37 CFR 1.143)
and (ii) identification of the claims encompassing the elected invention.

The election of an invention may be made with or without traverse. To reserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically point
out supposed errors in the restriction requirement, the election shall be treated as an election without
traverse. Traversal must be presented at the time of election in order to be considered timely. Failure to
timely traverse the requirement will result in the loss of right to petition under 37 CFR 1.144. If claims
are added after the election, applicant must indicate which of these claims are readable upon the
elected invention.

Should applicant traverse on the ground that the inventions are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the inventions to be

obvious variants or clearly admit on the record that this is the case. In either instance, if the examiner
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Application/Control Number: 15/639,223 Page 4
Art Unit: 1625

finds one of the inventions unpatentable over the prior art, the evidence or admission may be used in a
rejection under 35 U.S.C. 103 or pre-AlA 35 U.S.C. 103(a) of the other invention.

This application contains claims directed to the following patentably distinct species at least two
species of which one is a pharmaceutical molecule. The species are independent or distinct because
claim 10 describes groups of compounds which are different in structure and function. In addition, these
species are not obvious variants of each other based on the current record.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or a single grouping
of patentably indistinct species, for prosecution on the merits to which the claims shall be restricted if
no generic claim is finally held to be allowable. Currently, claims 1, 2, 4, 5, 9-18, 24, 25, 29, 30, 33, and
34 are generic. In the election, a group of compounds meeting the metes and bounds of claim 1, 24, 29,
or 33 must be elected.

There is a search and/or examination burden for the patentably distinct species as set forth
above because at least the following reason(s) apply:

~the inventions raquire a different field of search {2.2., searching different classes/subclasses or
alectronic resources, or employing different search strategies or search queries).

Applicant is advised that the reply to this requirement to be complete must include (i) an
election of a species to be examined even though the requirement may be traversed (37 CFR 1.143)
and (ii) identification of the claims encompassing the elected species or grouping of patentably
indistinct species, including any claims subsequently added. An argument that a claim is allowable or
that all claims are generic is considered nonresponsive unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition, the election
must be made with traverse. If the reply does not distinctly and specifically point out supposed errors in
the election of species requirement, the election shall be treated as an election without traverse.

Traversal must be presented at the time of election in order to be considered timely. Failure to timely

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346
Page 113 of 415
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traverse the requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are
added after the election, applicant must indicate which of these claims are readable on the elected
species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of patentably indistinct
species from which election is required, are not patentably distinct, applicant should submit evidence or
identify such evidence now of record showing them to be obvious variants or clearly admit on the
record that this is the case. In either instance, if the examiner finds one of the species unpatentable over
the prior art, the evidence or admission may be used in a rejection under 35 U.S.C. 103 or pre-AlA 35
U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration of claims to
additional species which depend from or otherwise require all the limitations of an allowable generic
claim as provided by 37 CFR 1.141.Applicant is reminded that upon the cancellation of claims to a non-
elected invention, the inventorship must be corrected in compliance with 37 CFR 1.48(a) if one or more
of the currently named inventors is no longer an inventor of at least one claim remaining in the
application. A request to correct inventorship under 37 CFR 1.48(a) must be accompanied by an
application data sheet in accordance with 37 CFR 1.76 that identifies each inventor by his or her legal
name and by the processing fee required under 37 CFR 1.17(i).

The examiner has required restriction between product or apparatus claims and process claims.
Where applicant elects claims directed to the product/apparatus, and all product/apparatus claims are
subsequently found allowable, withdrawn process claims that include all the limitations of the allowable
product/apparatus claims should be considered for rejoinder. All claims directed to a nonelected
process invention must include all the limitations of an allowable product/apparatus claim for that

process invention to be rejoined.
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In the event of rejoinder, the requirement for restriction between the product/apparatus claims
and the rejoined process claims will be withdrawn, and the rejoined process claims will be fully
examined for patentability in accordance with 37 CFR 1.104. Thus, to be allowable, the rejoined claims
must meet all criteria for patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112.
Until all claims to the elected product/apparatus are found allowable, an otherwise proper restriction
requirement between product/apparatus claims and process claims may be maintained. Withdrawn
process claims that are not commensurate in scope with an allowable product/apparatus claim will not
be rejoined. See MPEP § 821.04. Additionally, in order for rejoinder to occur, applicant is advised that
the process claims should be amended during prosecution to require the limitations of the
product/apparatus claims. Failure to do so may result in no rejoinder. Further, note that the prohibition
against double patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement is
withdrawn by the examiner before the patent issues. See MPEP § 804.01.

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to NOBLE E JARRELL whose telephone number is (571)272-9077. The examiner can
normally be reached on 8:00 AM to 5:00 PM.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Andrew Kosar can be reached on 571-372-0913. 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
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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.

/NOBLE E JARRELL/
Primary Examiner, Art Unit 1625
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Docket No.: U0157.70023US03

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Michael J. Zaworotko
Application No.: 15/639,223
Confirmation No.: 8089
Filed: June 30, 2017
For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT
Examiner: N. E. Jarrell
Art Unit: 1625

Certificate of Electronic Filing under 37 C.F.R.§ 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
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Dated: November 8, 2018 Signature: /Taryn Bollers/ (Taryn Bollers)

AMENDMENT AND RESPONSE TO RESTRICTION REQUIREMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:

In response to the Restriction/Election of Species Requirement, dated May 8, 2018,
Applicant respectfully requests entrance of the following Amendment and consideration of the
following Remarks. The deadline for responding to the Office Action was July 8, 2018. A four-
month extension of time from July 8, 2018, up to and including November 8, 2018, is hereby
respectfully requested, and the extension fee is being paid using the credit card payment option of
the USPTO’s Electronic Filing System. Applicant thus submits that the present Response is timely
submitted on Thursday, November 8, 2018.

Please amend the above-identified U.S. patent application as follows:

Amendments to the Claims are reflected in the Listing of Claims, which begins on page 2
of this paper.

Remarks begin on page 5 of this paper.
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Application No.: 15/639,223 2 Docket No.: U0157.70023US03

AMENDMENTS TO THE CLAIMS

This Listing of Claims will replace all prior versions, and listings, of claims in the

Application:

Listing of Claims

1-36. (Canceled)

37. (New) A pharmaceutical composition comprising a pharmaceutically acceptable carrier and
a therapeutically effective amount of a co-crystal comprising supramolecular synthons, each
supramolecular synthon formed from stoichiometric amounts of at least one active pharmaceutical
ingredient (API) and at least one co-crystal former,

wherein the API has a first chemical functionality that permits formation of API
homosynthons through non-covalent hydrogen bonding when the API is in its pure form,

wherein the co-crystal former has a second chemical functionality complimentary to the first
chemical functionality via non-covalent hydrogen bonding,

wherein supramolecular synthons comprise non-covalent hydrogen bonding between the
first chemical functionality of the API and the second chemical functionality of the co-crystal

former.

38. (New) The pharmaceutical composition of claim 37, wherein the at least one co-crystal
former is selected from the group consisting of a different active pharmaceutical ingredient, a

GRAS compound, a food additive, a low toxicity organic, and a metal-organic complex.

39. (New) The pharmaceutical composition of claim 37, wherein the at least one co-crystal
former is a solid at room temperature and atmospheric pressure when the co-former is in its pure

form.
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Application No.: 15/639,223 3 Docket No.: U0157.70023US03

40. (New) The pharmaceutical composition of claim 37, wherein each supramolecular synthon
is formed from stoichiometric amounts of at least one active pharmaceutical ingredient (API) and

one co-crystal former.

41. (New) The pharmaceutical composition of claim 37, wherein each supramolecular synthon
is formed from stoichiometric amounts of one active pharmaceutical ingredient (API) and one co-

crystal former.

42. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons
comprise a group selected from acids, amides, aliphatic nitrogen bases, unsaturated aromatic

nitrogen bases, amines, alcohols, halogens, sulfones, and nitro groups.

43. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons

comprise an acid.

44. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons

comprise an amine.

45. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons

comprise an amide.

46. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons

comprise an alcohol.

47. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons

comprise a homosynthon.
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48. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons

comprise a heterosynthon.

49. (New) The pharmaceutical composition of claim 37, wherein the supramolecular synthons

comprise a homosynthon and a heterosynthon.

50. (New) The pharmaceutical composition of claim 48, wherein the heterosynthon comprises

an alcohol/amine interaction.
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Application No.: 15/639,223 5 Docket No.: U0157.70023US03

REMARKS

Claims 1-2, 4-5, 9-18, 25-26, 29-30, and 33-34 were pending and under consideration by the
Examiner. By this amendment, claims 1-36 are canceled and new claims 37-50 are entered. Support
for new claims 37-50 can be found throughout the Application as originally filed. No new matter is
added to the Application by the present Amendment.

The Restriction/Election Requirement set forth in the Office Action of May 8, 2018 is moot
in view of the foregoing amendments. Applicant submits that new claims 37-50 are drawn to a
single invention.

Applicant believes all fees due with this Response are being paid by credit card. However,
if any additional fees are due, please charge them, or credit any overpayment, to our Deposit
Account No. 23/2825, under Docket No. U0157.70023US03, from which the undersigned is

authorized to draw.

Dated: November 8, 2018 Respectfully submitted,

By /David F. Cauble/

David F. Cauble, PhD, JD

Registration No.: 73,490

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000
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Non-English specification, $130 fee (no small or micro entity discount)
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Name (Print/Type) | David F. Cauble, PhD, JD Date November 8, 2018
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I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office’s electronic
filing system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: November 8, 2018 Signature: /Taryn Bollers/ (Taryn Bollers)
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PTO/AIA/22 (03-13)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Docket Number (Optional)
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) U0157.70023US03

Application Number 15/639,223-Conf. #8089 [ Filed June 30, 2017

For MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE PHARMACEUTICAL

INGREDIENT

AtUnit  1g25 | Examiner N. E. Jarrell

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.
The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee Micro Entity Fee

[ ] one month (37 CFR 1.17(a)(1)) $200 $100 $50 $
[ ] Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $
D Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $
Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $ 1,100.00
[ ] Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $

Applicant asserts small entity status. See 37 CFR 1.27.

|:| Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

|:| A check in the amount of the fee is enclosed.
Payment by credit card. Ferm-PTO-2038-is-attached-
I:l The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 23/2825
I:l Payment made via EFS-Web.

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

| am the

D applicant.

attorney or agent of record. Registration number 73,490 .

D attorney or agent acting under 37 CFR 1.34. Registration number

/David F. Cauble/ November 8, 2018
Signature Date
David F. Cauble, PhD, JD 617.646.8000
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below*.

l:' * Total of 1 forms are submitted.

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office’s electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: November 8, 2018 Signature: /Taryn Bollers/ (Taryn Bollers)
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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International Application No. PCT/US 03/06662

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box I.1

Claims Nos.: 25,29,33

Rule 39.1(ii9) PCT - Scheme, rules and method for performing mental
acts

The methods of independent claims 25, 29 and 33 comprise 4 purely
intellectual steps and therefore constitute methods for performing
“mental acts, for which no search is.necessary.

Continuation of Box 1.2

Claims Nos.: 1-9,11-24

The technical features of claim 1 are: i) a solid composition ii) having
at least 2 components iii) at least one of which is a pharmaceutical
molecule.

Pharmaceuticals which are administered in a solid form (e.g. as tablets)
rarely contain 106% pharmaceutical - in the majority of cases other
components such as fillers are present. All such pharmaceutical
compositions fall within the scope of claim 1. None of the features of
dependent claims 2-9 appear to add any characteristic that would
distinguish the subject matter of these claims from the vast majority of
solid pharmaceutical compositions currently on the market. An extract of
"Martindale" has been cited to illusirate examples of compositions
falling within the scope of claim 9 (see e.g. acetaminophen, aspirin and
caffeine tablets, acetaminophen and codeine tablets, aspirin and
ascorbic acid). Pharmazie 51 (1996) 12 960-963 is cited to illustrate an
example of a carbamazepine composition falling within present claim 9.
The dependent claims 11-24 also do not contain any feature that would
distinguish their subject matter from well-known pharmaceutical
preparations such as those cited in the documents mentioned above.

In view of the huge number of pharmaceutical compositions that fall
within the scope of present claims 1-9 and 11-24, of which the
compositions cited above form only an arbitrary selection, it is not
possible to perform any meaningful search of these claims.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1{e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter Il procedure. If the application proceeds into the regional phase
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International Application No. PCT/US 03 /06662

| FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome.
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International Application No. PCT/ UsS 03 / 06662

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are acetaminophen, 4,4'-bipyridine and water, and
its method of preparation.

2. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are phenytoin and pyridine, and its method of
preparation.

3. claims: 1@, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the itwo or more
components are aspirin and 4,4'-bipyridine, and its method
of preparation.

4, claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are ibuprofen and 4,4'-bipyridine, and its method
of preparation.

5. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are flurbiprofen and 4,4'-bipyridine, and its
method of preparation.

6. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the itwo or more
components are flurbiprofen and
trans-1,2-bis(4-pyridyl)ethylene, and its method of
preparation.

7. c]afms: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and p-phthalaldehyde, and its
method of preparation.

8. claims: 10, 26-28, 30-32, 34-36 (all part)

page 1 of 3
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International Application No. PCT/ us 93/ 66662

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 218

Composition according to claim 1 wherejn the two or more
components are carbamazepine and nicotinamide, and its
method of preparation.

9. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and saccharin, and iis method
of preparation.

10. claims: 10, 26-28, 30-32, 34-36 {all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and 2,6-pyridinedicarboxylic
acid, and its method of preparation.

11. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and 5-nitroisophthalic acid,
and its method of preparation.

12. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and acetic acid, and its method
of preparation. :

13. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and
1,3,5,7~adamantanetetracarboxylic acid, and its method of
preparation.

14. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and benzoquinone, and its
method of preparation.

15. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and butyric acid, and its
method of preparation.

page 2 of 3
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international Application No. PCT/US 03 /06662

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

16. claims: 18, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and dimethyl sulfoxide, and its
method of preparation.

17. claims: 10, 26-28, 38-32, 34-36 (all -part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and formamide, and its method
of preparation.

18. claims: 10, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and formic acid, and its method
of preparation.

19. claims: 18, 26-28, 30-32, 34-36 (all part)

Composition according to claim 1 wherein the two or more
components are carbamazepine and trimesic acid, and its
method of preparation.
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Sir:
Pursuant to the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the undersigned

requests consideration of this Information Disclosure Statement.

PART I: Compliance with 37 C.F.R. § 1.97

This Information Disclosure Statement has been filed before the mailing of a first Office
Action on the merits in the above-identified case.

No fee or certification is required.

PART II: Information Cited

The undersigned hereby makes of record in the above-identified application the information
listed on the attached form PTO-1449 (modified PTO/SB/08). The order of presentation of the

references should not be construed as an indication of the importance of the references.

6224463.1
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The undersigned hereby makes the following additional information of record in the
above-identified application.

The undersigned would like to bring to the Examiner’s attention the following co-pending

applications that may contain subject matter related to this application:

Serial No. Filing Date Inventor(s) Docket No.
*10/378,956 March 3, 2003 Zaworotko et al. U0157.70023US01

*A copy of this reference is not provided as the Office has waived the requirement under 37 C.F.R. § 1.98(a)(2)(iii) for submitting a copy of a

cited U.S. patent application if it is scanned to the Image File Wrapper system and is available on Private PAIR .

The undersigned would like to bring to the Examiner’s attention the enclosed search report

or other communication from a corresponding or related International or Foreign National

Application:
Serial No. Date of Mailing | Type(s) of Communication | Docket No.
EP (03711407.1 11-22-2006 European Search Report U0157.70023EPO0
PCT/US2003/06662 10-24-2003 International Search Report U0157.70023W0O00

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless

otherwise indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other
information, in reaching a determination concerning the patentability of the present claims;

2. The enclosed form PTO-1449 (modified PTO/SB/08) be signed by the Examiner to
evidence that the cited information has been fully considered by the United States Patent and
Trademark Office during the examination of this application;

3. The citations for the information be printed on any patent which issues from this

application.
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By submitting this Information Disclosure Statement, the undersigned makes no
representation that a search has been performed, of the extent of any search performed, or that more
relevant information does not exist.

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, in fact, prior art
as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or her
own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

The Director is hereby authorized to charge any deficiency or credit any overpayment in the
fees occasioned by the filing of this Information Disclosure Statement to our Deposit Account No.

23/2825 under Docket No. U0157.70023US03 from which the undersigned is authorized to draw.

Respectfully submitted,

By:  /David F. Cauble/
David F. Cauble, PhD, JD, Reg. No. 73,490
Wolf, Greenfield & Sacks, P.C.
600 Atlantic Avenue
Boston, Massachusetts 02210-2206
Telephone: (617) 646-8000

Docket No.: U0157.70023US03
Date: November 8, 2018
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

APPLICATION AS FILED - PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 1 5/639,223 06/30/2017 D To be Mailed
eNTITY: [ LARGE [X] smaLL [] micro

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A
(37 GFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(87 CFR1.16(K). (i) or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . .
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS . N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A3F7)PCL£A1T1|SN SIZE FEE for small entity) for each additional 50 sheets or
( 16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* |If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
| 11/08/2018 | xrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S [ foderom |14 minus | = 36 -0 x $50 = 0
5 5
Independ ;
z & 2‘;;"1?:@ 1 Minus | 0 -0 x $230 = 0
= | [ Avplication Size Fee (37 CFR 1.16(s))
< f—
l:l FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z || Total 37cFr . : "
Gl s Minus = X $ =
2 Independent . i ok
) $370?=R1.16Q) Minus = X $ =
& | T Appiication size Fee (37 GFR 1.16(s))
=
<C l:l FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. SLIE

SHARON M. WEST

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/639,223 06/30/2017 Michael J. Zaworotko U0157.70023US03 8089
23628 7590 02/26/2019 | EXAMINER |
WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE JARRELL, NOBLE E
BOSTON, MA 02210-2206
| ART UNIT | PAPER NUMBER |
1625
| NOTIFICATION DATE | DELIVERY MODE |
02/26/2019 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):

Patents_eOfficeAction @ WolfGreenfield.com
WGS_eOfficeAction@ W olfGreenfield.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/639,223 Zaworotko et al.
Office Action Summary Examiner Art Unit AlA Status
NOBLE E JARRELL 1625 No

-- The MAILING DATE 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 THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 08 November 2018.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)(] This action is FINAL. 2b) v This action is non-final.

3)(0 An election was made by the applicant in response to a restriction requirement set forth during the interview on
_____;therestriction requirement and election have been incorporated into this action.

4)(J 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 £x parte Quayle, 1935 C.D. 11, 453 O.G. 218.

Disposition of Claims*
5) Claim(s) 37-50 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.

6) [J Claim(s) __is/are allowed.

7) Claim(s) 37-50 is/are rejected.

8) [ Claim(s) ___is/are objected to.

9) [ 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
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11} The drawing(s) filed on 30 June 2017 is/are: a)¥} accepted or b)[] 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)(7J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)(J Some**  ¢)[J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 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.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) .
. 4) [ Other: )
Paper No(s)/Mail Date 8 November 2018,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190220
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Art Unit: 1625

Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlA first to invent provisions.
Election/Restrictions
Applicant’s election without traverse of a cocrystal of an active pharmaceutical ingredient and a
conformer in the reply filed on 8 November 2018 is acknowledged.
Information Disclosure Statement
The information disclosure statements filed 8 November 2018 are acknowledged and
considered.
Claim Rejections - 35 USC § 112
The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention,
and of the manner and process of making and using it, in such full, clear, concise, and exact terms
as to enable any person skilled in the art to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set forth the best mode contemplated by the
inventor or joint inventor of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner

and process of making and using it, in such full, clear, concise, and exact terms as to enable any

person skilled in the art to which it pertains, or with which it is most nearly connected, to make

and use the same, and shall set forth the best mode contemplated by the inventor of carrying

out his invention.

Claims 37-50 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AlA), first paragraph,
because the specification, while being enabling for preparation of cocrystals of examples 1-17 in
specification, does not reasonably provide enablement for preparation of the scope of cocrystals
claimed. The specification does not enable any person skilled in the art to which it pertains, or with
which it is most nearly connected, to make and/or use the invention commensurate in scope with these

claims.

The factors to be considered in determining whether a disclosure meets the enablement requirements of
35 U.S.C. 112, first paragraph, have been described in In re Wands, 858 F.2d 731, 8 USPQ2d 1400 (Fed.
Cir., 1988). The court in Wands states, “Enablement is not precluded by the necessity for some
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experimentation, such as routine screening. However, experimentation needed to practice the invention
must not be undue experimentation. The key word is ‘undue’, not ‘experimentation” (Wands, 8 USPQ2sd
1404). Clearly, enablement of a claimed invention cannot be predicated on the basis of quantity of
experimentation required to make or use the invention. “Whether undue experimentation is needed is
not a single, simple factual determination, but rather is a conclusion reached by weighing many factual
considerations” (Wands, 8 USPQ2d 1404). Among these factors are: (1) the nature of the invention; (2)
the breadth of the claims; (3) the state of the prior art; (4) the predictability or unpredictability of the art;
(5) the relative skill of those in the art; (6) the amount of direction or guidance presented; (7) the
presence or absence of working examples; and (8) the quantity of experimentation necessary.

Consideration of the relevant factors sufficient to establish a prima facie case for lack of
enablement is set forth herein below:

The nature of the invention and (2) the breadth of the claims:
The claims are drawn to a stoichiometric cocrystal of an active pharmaceutical
ingredient and a coformer. Thus, the claims taken together with the specification imply
a stoichiometric cocrystal can be formed.

The state of the prior art and (4) the predictability or unpredictability of the art:
KUMAR (Indian Journal of Pharmaceutical Sciences, 2017, 79(6), 858-71) describes that
many steps are required to make a cocrystal (page 862, column 2, paragraph 3 to page
865, column 1, paragraph 1). Additionally, different methods of making cocrystalas are
known (page 865, column 1, paragraph 2 to page 866, column 1, paragraph 4). The
formation of cocrystals has challenges: selection of a suitable conformer and stability in
the presence of excipients (page 867, column 2, paragraph 2 to page 868, column 1,
paragraph 2). Development, screening, and evaluation of a new cocrystals of drugs

require lot of time due to the steps required for each part.

The relative skill of those in the art:
While the artisan generally would have an advanced degree in cocrystal formation and
analysis, their high level of skill and knowledge is insufficient to overcome the lack of

understanding as to how cocrystal formation occurs.
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The amount of direction or guidance presented and the presence or absence of working

examples:

The specification has provided guidance for preparation of the following cocrystals
(examples 1-17 in specification):acetaminophen: 4,4’-bipyridine:water (1:1:1);
phenytoin/pyridine (1:1); aspirin and 4,4’-bipyridine (2:1); ibuprogen and 4,4’-bipyridine
(2:1); flurbiprofen and [4,4’-bipyridine or trans-1,2-bis(4-pyridyl)ethylene] (2:1);
carbamazepine and [one of p-phthalaldehyde, nicotinamide, saccharin, 5-
nitroisophthalic acid, acetic acid, 1,3,5,7-adamantanetetracarboxylic acid,
benzoquinone, butyric acid, DMSO, or formamide] (1:1); carbamazepine and 2,6-

pyridinecarboxylic acid (2:3)

However, the specification does not provide guidance for the scope of stoichiometric
cocrystals claimed.
The quantity of experimentation necessary:
Considering the state of the art as discussed by the references above, particularly with regards
to cocrystal formation and the high unpredictability in the art as evidenced therein, and the lack of
guidance provided in the specification, one of ordinary skill in the art would be burdened with undue

experimentation to practice the invention commensurate in the scope of the claims.

Claim Rejections - 35 USC § 102
In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and

the rationale supporting the rejection, would be the same under either status.
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The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C. 102 that form
the basis for the rejections under this section made in this Office action:
A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

Claim(s) 37-42, 45, 46, and 48 is/are rejected under pre-AIA 35 U.S.C. 102(b) as being
anticipated by HSU (Acta Crystallographica, 1974, B30, 843-846, cited in IDS). Hsu describes a 1:1
cocrystal of salicylamide and 5-ethyl-5-isoamylbarbituric acid (title and abstract). Hydrogen bonding is
used to bind the compounds together (abstract; page 845, column 2 to page 846, column 1, paragraph
1).

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 conflicting claims 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, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); 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 nonstatutory double patenting provided the

reference application or patent either is shown to be commonly owned with the examined application,
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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(1)(1) - 706.02(1)(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/patent/patents-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 eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meets all requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp.

Claims 37-50 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 37and 45 of copending Application No. 14/179862 (reference application).
Although the claims at issue are not identical, they are not patentably distinct from each other because
the instant claims are embraced by the specified claims of 14/179862. Claim 37 of ‘862 overlaps with
instant claims 37 and 39. Claim 45 of ‘862 is embraced by instant claims 37 and 40.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Conclusion

Claims 37-50 are not allowed.

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to NOBLE E JARRELL whose telephone number is (571)272-9077. The examiner can

normally be reached on 8:00 AM to 5:00 PM.
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Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Andrew Kosar can be reached on 571-372-0913. 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.

/NOBLE E JARRELL/
Primary Examiner, Art Unit 1625
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* WO 2004/078161 Al Transform Pharmaceuticals, Inc. 09-16-2004
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Docket No.: U0157.70023US03

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Michael J. Zaworotko
Application No.: 15/639,223
Confirmation No.: 8089
Filed: June 30, 2017
For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT
Examiner: N. E. Jarrell
Art Unit: 1625

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: July 23, 2019 Signature: /Cathy Nicholson/ (Cathy T. Nicholson)

RESPONSE TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

INTRODUCTORY COMMENTS

In response to the Office Action dated February 26, 2019, the time being extended to the
present by the attached Petition for Extension of Time, Applicant respectfully requests entrance of

the following Amendments and consideration of the following Remarks.

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of
this paper.

Remarks/Arguments begin on page 5 of this paper.
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Application No.: 15/639,223 2 Docket No.: U0157.70023US03
Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

AMENDMENTS TO THE CLAIMS

This Listing of Claims will replace all prior versions, and listings, of claims in the

Application:

Listing of Claims

1-36. (Canceled)

37. (Previously presented) A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a therapeutically effective amount of a co-crystal comprising supramolecular
synthons, each supramolecular synthon formed from stoichiometric amounts of at least one active
pharmaceutical ingredient (API) and at least one co-crystal former,

wherein the API has a first chemical functionality that permits formation of API
homosynthons through non-covalent hydrogen bonding when the API is in its pure form,

wherein the co-crystal former has a second chemical functionality complimentary to the first
chemical functionality via non-covalent hydrogen bonding,

wherein supramolecular synthons comprise non-covalent hydrogen bonding between the
first chemical functionality of the API and the second chemical functionality of the co-crystal

former.

38. (Previously presented) The pharmaceutical composition of claim 37, wherein the at least
one co-crystal former is selected from the group consisting of a different active pharmaceutical
ingredient, a GRAS compound, a food additive, a low toxicity organic, and a metal-organic

complex.

39. (Previously presented) The pharmaceutical composition of claim 37, wherein the at least
one co-crystal former is a solid at room temperature and atmospheric pressure when the co-former is

in its pure form.
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Application No.: 15/639,223 3 Docket No.: U0157.70023US03
Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

40. (Previously presented) The pharmaceutical composition of claim 37, wherein each
supramolecular synthon is formed from stoichiometric amounts of at least one active

pharmaceutical ingredient (API) and one co-crystal former.

41. (Previously presented) The pharmaceutical composition of claim 37, wherein each
supramolecular synthon is formed from stoichiometric amounts of one active pharmaceutical

ingredient (API) and one co-crystal former.

42. (Previously presented) The pharmaceutical composition of claim 37, wherein the
supramolecular synthons comprise a group selected from acids, amides, aliphatic nitrogen bases,

unsaturated aromatic nitrogen bases, amines, alcohols, halogens, sulfones, and nitro groups.

43. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an acid.

44. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an amine.

45. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an amide.

46. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an alcohol.

47. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise a homosynthon.
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Application No.: 15/639,223 4 Docket No.: U0157.70023US03
Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

48. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise a heterosynthon.

49. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise a homosynthon and a heterosynthon.

50. (Previously presented) The pharmaceutical composition of claim 48, wherein the

heterosynthon comprises an alcohol/amine interaction.
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Application No.: 15/639,223 5 Docket No.: U0157.70023US03
Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

REMARKS

Prior to entry of the instant amendments, claims 37-50 were pending in the Application. No
claims have been amended in this response. Each of the rejections levied by the Examiner is

addressed in turn below.

Claim Rejections under 35 U.S.C. § 112

Claims 37-50 are rejected under 35 U.S.C. 112(a), first paragraph, because the specification,
while being enabling for the preparation of co-crystals of examples 1-17 in the specification,
allegedly does not enable preparation of the scope of co-crystals as claimed. Applicant respectfully
disagrees, and as a preliminary matter notes that the Application discloses 19 working examples.

“The test of enablement is whether one reasonably skilled in the art could make or use the
invention from the disclosures in the patent coupled with information known in the art without
undue experimentation.” (United States v. Telectronics, Inc., 857 F.2d 778, 785 (Fed. Cir. 1988))
This standard is satisfied by the present application.

In paragraph [0043], the present application discloses a method of preparing a multiple-
component solid phase composition composed of an API and at least one co-crystal former
involving techniques such as such as crystallization from solution, cooling the melt, sublimation and
grinding. A “multiple-component phase” is defined in paragraph [0047] as any solid material
(phase) that is sustained by intermolecular interactions between at least two independent molecular
entities, in any stoichiometric ratio, wherein at least one of the independent molecular entities is a
pharmaceutical entity. “Pharmaceutical entities” are defined in paragraph [0048] and numerous
examples of chemical functional groups that are capable of forming supramolecular synthons are
provided.

Paragraphs [0040]-[0042] disclose methods for identifying complementary chemical
functional groups with which to form the desired supramolecular synthons. The methods involve

¢ evaluating the structure of an API, which can include determining its crystal

structure;

72454211

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346
Page 228 of 415



Application No.: 15/639,223 6 Docket No.: U0157.70023US03
Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

¢ determining whether the API contains chemical functionalities capable of forming
supramolecular synthons with different molecules;

¢ identifying from a plurality of chemical functionalities that are known to form
supramolecular synthons at least one functionality that will form a supramolecular
synthons with the API, and wherein the selected chemical functionality is capable of
forming a noncovalent bond to a complementary chemical functionality on the API;
and

¢ identifying co-crystal formers having chemical functionalities that are

complementary with the active pharmaceutical ingredient.

In paragraphs [0057]-[0178], the Applicant discloses the application of the preceding
method to the discovery of 19 different co-crystals. MPEP 2164.02(11I) states that:

For a claimed genus, representative examples together with a statement applicable

to the genus as a whole will ordinarily be sufficient if one skilled in the art...would

expect the claimed genus could be used in that manner without undue

experimentation. Proof of enablement will be required for other members of the

claimed genus only where adequate reasons are advanced by the examiner fo

establish that a person skilled in the art could not use the genus as a whole without

undue experimentation. (Emphasis added)

In the Office Action, no adequate reasons have been advanced to support the rejection of the
claimed genus. For example, page 3 of the Office Action references Kumar et al. for allegedly
teaching that “many steps are required to make a cocrystal...and that different methods of making
cocrystals are known...” Applicant respectfully notes that the present Application itself discloses a
method having several steps, and discloses different methods of making cocrystals. In this regard,
Kumar et al. merely reiterates the teachings of the present Application. Kumar et al. allegedly
teaches that “the formation of cocrystals has challenges: selection of a suitable conformer...” In this
regard, Applicant notes that the present Application discloses a method of selecting a suitable
conformer on the basis of complementary chemical functionality. Kumar et al. neither teaches nor
suggests the inoperability of the methods disclosed in the present Application. Kumar et al.

allegedly teaches that the “development, screening, and evaluation of new cocrystals of drugs

[requires a] lot of time due to the steps required...” Even assuming, arguendo, that this statement is
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Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

accurate, it is not evidence that undue experimentation is required to make and use the claimed
invention. MPEP 2164.01 states that “[t]he fact that experimentation may be complex does not
necessarily make it undue, if the art typically engages in such experimentation.” In fact, Kumar et
al. itself discloses that the art engages in such experimentation, as described below.

Page 3 of the Office Action states that although the relative skill of those in the art is high,
“their...skill and knowledge is insufficient to overcome the lack of understanding as to how
cocrystal formation occurs.” Applicant disagrees. The Office has not identified any teaching of
Kuman et al. that indicates a lack of understanding. In fact, Kuman et al. makes no such statement.

Page 4 of the Office Action states that the “specification does not provide guidance for the
scope of the stoichiometric crystals claimed.” In response, Applicant refers the Office to MPEP
2164.02(11I), quoted above, and maintains that no adequate reasons have been advanced to support
the rejection of the claimed genus.

On page 4, the Office Action refers to “the high unpredictability” evidenced by Kumar et al,
and the “lack of guidance” provided by the specification. As discussed above, the specification
provides abundant guidance, and there is no evidence that the guidance provided is insufficient to
enable the full scope of the claimed invention. Furthermore, Applicant notes that nowhere in Kumar
et al. is there a teaching that cocrystal formation is unpredictable. To the contrary, Kumar et al.
teaches that:

e  “A prediction can be made by ApKa value whether cocrystals are formed or not.”
(page 859, second column, first paragraph);

o “Cocrystals...formation can be predicted by proton transfer between acid and base.
The formation of...cocrystals can be predicted by determining the ApKa=[pKa
(base)-pKa (acid)]” (page 863, first column, third paragraph);

¢ “The miscibility of the components in the solid state could predict the cocrystal
Jormation.” (page 863, second column, fourth paragraph); and

¢ “FTIR spectroscopy is used to predict the intermolecular interactions and

compatibility study between drug and coformers.” (page 866, first column, fifth

paragraph)
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Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

At least for the foregoing reasons, Applicant requests withdrawal of the rejection of the

claims under 35 U.S.C. 112(a), first paragraph.

Claim Rejections under 35 U.S.C. § 102

Claims 37-42, 45, 46, and 48 are rejected under pre-AIA 35 U.S.C. 102(b) as being
anticipated by Hsu (Acta Crystallographica, 1974, B30, 843-846, cited in IDS), hereinafter referred
to as “Hsu”. Applicant respectfully traverses this rejection.

Hsu allegedly teaches a 1:1 cocrystal of salicylamide and 5-ethyl-5-isoamylbarbituric acid.
However, Hsu does not teach a pharmaceutical composition, as claimed. As such, Hsu does not
teach all elements of claim 37, and therefore does not anticipate claim 37, or claims depending

therefrom. Accordingly, Applicant requests withdrawal of this rejection.

Double Patenting

Claims 37-50 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 37 and 45 of copending Application No. 14/179862. Applicant
requests that the Examiner hold this rejection in abeyance until the claims are otherwise held to be

in condition for allowance.
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Amendment dated July 23, 2019
Reply to Office Action dated February 26, 2019

CONCLUSION

In view of the foregoing, this application should now be in condition for allowance. A

notice to this effect is respectfully requested. If the Examiner believes, after this response, the
application is not in condition for allowance, the Examiner is requested to call the undersigned at
the telephone number indicated below to discuss any outstanding issues.

All fees due in connection with the filing of this paper are being paid by credit card.
However, if additional fees are due with this filing, please charge our Deposit Account No. 23/2825,
under Docket No. U0157.70023US03 from which the undersigned is authorized to draw.

Dated: July 23, 2019 Respectfully submitted,

By /David F. Cauble/

David F. Cauble, PhD, JD

Registration No.: 73,490

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000
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Application No. Applicant(s)

15/639,223 Zaworotko et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
NOBLE E JARRELL 1625 No

-- The MAILING DATE 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 THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 23 July 2019.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)(] This action is FINAL. 2b) v This action is non-final.

3)(0 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)(J 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 £x parte Quayle, 1935 C.D. 11, 453 O.G. 218.

Disposition of Claims*
5) Claim(s) 37-50 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.

6) [J Claim(s) __is/are allowed.

7) Claim(s) 37-50 is/are rejected.

8) [ Claim(s) ___is/are objected to.

9) [ 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
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)(J The drawing(s) fledon _____ is/are: a)(C] accepted or b)[] 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)(J] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d All b)(J Some**  ¢)(3J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 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.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) [] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:
Paper No(s)/Mail Date __. E—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20191030
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Application/Control Number: 15/639,223 Page 2
Art Unit: 1625

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application is being examined under the pre-AIA first to invent provisions.
Response to Amendment
The rejections of 26 February 2019 are overcome by the amendment filed 23 July 2019.
Priority

Applicant’s claim for the benefit of a prior-filed application under 35 U.S.C. 119(e) or under 35 U.S.C. 120,
121, 365(c), or 386(c) is acknowledged. Applicant has not complied with one or more conditions for receiving the
benefit of an earlier filing date under 35 U.S.C. 120 as follows:

The later-filed application must be an application for a patent for an invention which is also disclosed in the
prior application (the parent or original nonprovisional application or provisional application). The disclosure of the
invention in the parent application and in the later-filed application must be sufficient to comply with the
requirements of 35 U.S.C. 112(a) or the first paragraph of pre-AIA 35 U.S.C. 112, except for the best mode
requirement. See Transco Products, Inc. v. Performance Contracting, Inc., 38 F.3d 551, 32 USPQ2d 1077 (Fed. Cir.
1994)

The disclosure of the prior-filed application, Application No. 10/378956 fails to provide adequate support or
enablement in the manner provided by 35 U.S.C. 112(a) or pre-AIA 35 U.S.C. 112, first paragraph for one or more
claims of this application. Application 10/378956 does not disclose pharmaceutical composition comprising a co-
crystal. Original claims of 3 March 2003 recite a multiple-component phase composition of with no mention of a
pharmaceutically acceptable carrier. The specification provides no discussion of a pharmaceutical composition win a
co-crystal. Examples 1-19 (page 17, paragraph [0056] to page 33, paragraph [00177]) describe co-crystals only.
There is no discussion of a pharmaceutical composition comprising a co-crystal and a separate pharmaceutical
acceptable carrier. Example 1 of 10/378956 is drawn to a crystalline complex of acetaminoiphen, 4,4"-bipyidine, and
water. This co-crystal has no additional pharmaceutically acceptable carrier which is required by the instant claims
set. Based on this analysis the effective filing of the instant application is 30 April 2017.

Claim Rejections - 35 USC § 112

The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention,
and of the manner and process of making and using it, in such full, clear, concise, and exact terms
as to enable any person skilled in the art to which it pertains, or with which it is most nearly

connected, to make and use the same, and shall set forth the best mode contemplated by the
inventor or joint inventor of carrying out the invention.
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The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner

and process of making and using it, in such full, clear, concise, and exact terms as to enable any

person skilled in the art to which it pertains, or with which it is most nearly connected, to make

and use the same, and shall set forth the best mode contemplated by the inventor of carrying out

his invention.

Claims 37-50 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first paragraph, because the
specification, while being enabling for preparation of cocrystals of examples 1-17 in specification, does not
reasonably provide enablement for preparation of the scope of cocrystals claimed. The specification does not enable
any person skilled in the art to which it pertains, or with which it is most nearly connected, to make and/or use the

invention commensurate in scope with these claims.

The factors to be considered in determining whether a disclosure meets the enablement requirements of 35
U.S.C. 112, first paragraph, have been described in In re Wands, 858 F.2d 731, 8 USPQ2d 1400 (Fed. Cir.,
1988). The court in Wands states, “Enablement is not precluded by the necessity for some
experimentation, such as routine screening. However, experimentation needed to practice the invention
must not be undue experimentation. The key word is ‘undue’, not ‘experimentation™ ( Wands, 8 USPQ2sd
1404). Clearly, enablement of a claimed invention cannot be predicated on the basis of quantity of
experimentation required to make or use the invention. “Whether undue experimentation is needed is not a
single, simple factual determination, but rather is a conclusion reached by weighing many factual
considerations” ( Wands, 8 USPQ2d 1404). Among these factors are: (1) the nature of the invention; (2) the
breadth of the claims; (3) the state of the prior art; (4) the predictability or unpredictability of the art; (5)
the relative skill of those in the art; (6) the amount of direction or guidance presented; (7) the presence or
absence of working examples; and (8) the quantity of experimentation necessary.

Consideration of the relevant factors sufficient to establish a prima facie case for lack of enablement is set
forth herein below:

The nature of the invention and (2) the breadth of the claims:
The claims are drawn to a stoichiometric cocrystal of an active pharmaceutical ingredient and a co-
former. Thus, the claims taken together with the specification imply a stoichiometric cocrystal can
be formed.

The state of the prior art and (4) the predictability or unpredictability of the art:
MIRSOSHNYK ( Expert Opinion in Drug Delivery, 2009, 6(4), 333-341) describes that translational
challenges are present in cocrystal design (page 334, section 2; sections 3 and 4, pages 337-340).
The challenges include the following: stability of an active pharmacological ingredient; seeing
studies that follow the development cycle all the way to the end product; systematically

investigating the applicability of agglomeration techniques; and regulatory issues.

The relative skill of those in the art:
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While the artisan generally would have an advanced degree in cocrystal formation and analysis,
their high level of skill and knowledge is insufficient to overcome the lack of understanding as to

how cocrystal formation occurs.
The amount of direction or guidance presented and the presence or absence of working examples:

The specification has provided guidance for preparation of the following cocrystals (examples 1-17
in specification):acetaminophen: 4,4"-bipyridine:water (1:1:1); phenytoin/pyridine (1:1); aspirin
and 4,4'-bipyridine (2:1); ibuprofen and 4,4"-bipyridine (2:1); flurbiprofen and [4,4'-bipyridine or
trans-1,2-bis(4-pyridyl)ethylene] (2:1); carbamazepine and [one of p-phthalaldehyde,
nicotinamide, saccharin, 5-nitroisophthalic acid, acetic acid, 1,3,5,7-adamantanetetracarboxylic
acid, benzoquinone, butyric acid, DMSO, or formamide] (1:1); carbamazepine and 2,6-
pyridinecarboxylic acid (2:3)
The specification does not provide guidance for the scope of stoichiometric cocrystals claimed.
The quantity of experimentation necessary.
Considering the state of the art as discussed by the references above, particularly with regards to cocrystal
formation and the high unpredictability in the art as evidenced therein, and the lack of guidance provided in the
specification, one of ordinary skill in the art would be burdened with undue experimentation to practice the invention

commensurate in the scope of the claims.
Response to Arguments

This rejection is maintained because the art shows that pharmaceutical cocrystal deign presently has
challenges that need to be overcome. Applicants argue that the MPEP 21264.10 states that although
experimentation may be complex, it is not considered undue. In light of Mirshnyk, these challenges still need to be

overcome.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:
A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or
in public use or on sale in this country, more than one year prior to the date of application for
patent in the United States.
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Claim(s) 37-49 is/are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated by MCMAHON
(W02006007448, published 19 January 2006). McMahon describes co-crystals of examples 1-11 (page 55,
paragraph [00189] to page 63, paragraph [00235]). In these co-crystals, hydrogen bonding is used to bond the
compounds of the co-crystals (pages 27-34, paragraph [00110]; page 57, table XXI). Different method of making
the co-crystals are described (page 49, paragraph [00159] to page 52, paragraph [00174]). Pharmaceutical
compositions comprising these co-crystals are described (page 35, paragraph [00113] to page 48, paragraph
[001577).

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 conflicting claims 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, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970); 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 nonstatutory double patenting provided the reference application or
patent either is shown to be commonly owned with the examined 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(1)(1) - 706.02(1)(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/patent/patents-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 eTerminal Disclaimer

may be filled out completely online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-
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processed and approved immediately upon submission. For more information about e€Terminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

Claims 37-50 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 37and 45 of copending Application No. 14/179862 (reference application). Although the
claims at issue are not identical, they are not patentably distinct from each other because the instant claims are
embraced by the specified claims of 14/179862. Claim 37 of ‘862 overlaps with instant claims 37 and 39. Claim 45
of ‘862 is embraced by instant claims 37 and 40.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct claims have
not in fact been patented.

Response to Arguments
This rejection is maintained because applicants have decided to keep this rejection in abeyance.

Conclusion

Claims 37-50 are not allowed.

Any inquiry concerning this communication or earlier communications from the examiner should be directed
to NOBLE E JARRELL whose telephone number is (571)272-9077. The examiner can normally be reached on 9:00
AM to 5:00 PM.

Examiner interviews are available via telephone, in-person, and video conferencing using a USPTO supplied
web-based collaboration tool. To schedule an interview, applicant is encouraged to use the USPTO Automated
Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor, Andrew Kosar
can be reached on 571-372-0913. 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.
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/NOBLE E JARRELL/
Primary Examiner, Art Unit 1625
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Docket No.: U0157.70023US03

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Michael J. Zaworotko
Application No.: 15/639,223
Confirmation No.: 8089
Filed: June 30, 2017
For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT
Examiner: N. E. Jarrell
Art Unit: 1625

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated:April 3, 2020 Signature: /Cathy Nicholson/ (Cathy T. Nicholson)

RESPONSE TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

INTRODUCTORY COMMENTS

In response to the Office Action dated November 5, 2019, the time for response being
extended by the attached Petition for Extension of Time, please amend the above-identified U.S.
patent application as follows:

Listing of the Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 5 of this paper.
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Warnings:

Information:

Total Files Size (in bytes){ 172307

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/22 (03-13)
Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
Docket Number (Optional)
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) U0157.70023US03

Application Number 15/639,223-Conf. #8089 [ Filed June 30, 2017

For MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE PHARMACEUTICAL
INGREDIENT

AtUnit  1g25 | Examiner N. E. Jarrell

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.
The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee Micro Entity Fee

[ ] one month (37 CFR 1.17(a)(1)) $200 $100 $50 $
Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $ 300.00
D Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $
[ ] Four months (37 CFR 1.17(a)(4) $2,200 $1,100 $550 $
[ ] Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $

Applicant asserts small entity status. See 37 CFR 1.27.

|:| Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

|:| A check in the amount of the fee is enclosed.

Payment by credit card. Ferm-PTO-2038-is-attached.

I:l The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 23/2825

Payment made via EFS-Web.

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

| am the

D applicant.

attorney or agent of record. Registration number 73,490 .

D attorney or agent acting under 37 CFR 1.34. Registration number

/David F. Cauble/ April 3, 2020
Signature Date
David F. Cauble, PhD, JD 617.646.8000
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below*.

D * Total of 1 forms are submitted.

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: April 3, 2020 Signature: /Cathy Nicholson/ (Cathy T. Nicholson)
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Application No.: 15/639,223 5 Docket No.: U0157.70023US03
Amendment dated April 3, 2020
Reply to Office Action of November 5, 2019

REMARKS

Prior to entry of the instant amendments, claims 37-50 were pending in the Application. No

claims have been amended.

PRIORITY

The office action states that U.S. Patent Application No. 10/378,956 (the ‘956 application)
fails to provide adequate support or enablement for one or more claims of the application but it
allegedly does not disclose a pharmaceutical composition comprising a co-crystal, stating “Original
claims of 3 March 2003 recite a multiple-component phase composition [with] no mention of a
pharmaceutically acceptable carrier. The specification provides no discussion of a pharmaceutical
composition [with] a co-crystal.” Applicant disagrees.

In the ‘956 application as filed, paragraph [0037] discloses that “Figure 24 shows an
exemplified scheme for preparing multiple-component phase compositions of the subject
invention.” Figure 24 describes the preparation of “multiple-component crystals” from an API and
one or more co-crystal formers. Examples 1-19 describe “Multi-component crystals” and refer to
each such crystal as a “co-crystal.” Accordingly, it is clear that the applicant of the ‘956 application
equates the term “multiple-component phase compositions” with the term “multiple component
crystals” and that the latter term is equivalent to the term “co-crystal.” As such, the term “multiple-
component phase composition” is equivalent to the term “co-crystal.”

Paragraph [0049] discloses that “[t|he multiple-component phase compositions can be
formulated according to known methods for preparing pharmaceutically useful compositions,” that
“Is]uch pharmaceutical compositions can be adapted for various forms of administration...” and
that “the pharmaceutical compositions can include a pharmaceutically acceptable carrier or
diluent.” Accordingly, it is clear that the ‘956 application contemplates the preparation of
pharmaceutical compositions comprising co-crystals, and that such pharmaceutical compositions
may comprise a pharmaceutically acceptable carrier.

As such, the instant application has a valid claim of priority to the ‘956 application, which

was filed on March 3, 2003.
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NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346
Page 262 of 415



Application No.: 15/639,223 6 Docket No.: U0157.70023US03
Amendment dated April 3, 2020
Reply to Office Action of November 5, 2019

CLAIM REJECTIONS —35USC § 112
Claims 37-50 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first

paragraph, because the specification, while being enabling for preparation of cocrystals of examples
1-17 in the specification, allegedly does not reasonably provide enablement for preparation of the
scope of cocrystals claimed. Applicant disagrees.

As a preliminary matter, Applicant notes that the previous office action (non-final rejection
dated February 26, 2019) included a rejection of claims 37-50 under 35 U.S.C. 112(a) or 35 U.S.C.
112 (pre-AIA), first paragraph, which was supported by a single publication (Kumar et al.) This
rejection was overcome by Applicant’s response under 37 CFR § 1.111, dated July 23, 2019. The
present rejection is also supported by a single publication (Miroshnyk et al.), and therefore the
Applicant traverses the rejection for the reasons stated in its response of July 23, 2019, with further
remarks specifically in response to the Office’s characterization of Miroshnyk et al.

On page 4 of the present non-final rejection, the Office states that “This rejection is
maintained because the art shows that pharmaceutical cocrystal [design] presently has challenges
that need to be overcome... In light of [Miroshnyk], these challenges still need to be overcome.” On

page 3 of the non-final rejection, the Office states that those challenges include:

1. stability of an active pharmacological ingredient;

2. seeing studies that follow the development cycle all the way to the end product;
3. systematically investigating the applicability of agglomeration techniques; and
4, regulatory issues.

These alleged challenges are addressed in turn below:

(D Miroshnyk et al. does not characterize “stability of an active pharmaceutical
ingredient” as a challenge to pharmaceutical co-crystal design. To the contrary, Miroshnyk et al.
teaches that pharmaceutical co-crystals are a solution to the problem of poor API stability:

The stability of a solid API when exposed a wide range of relative humidities is

another essential property... It is often the case that moisture promotes unwanted

solid-phase transformation of an API...One approach proposed to inhibit such

moisture-induced phase transformations is rational co-former selection for a

specific formulation. In this context, co-crystallization of an API with a co-former

8003987.1

NOVARTIS EXHIBIT 1022

Novartis v. Regents, IPR2023-01346
Page 263 of 415



Application No.: 15/639,223 7 Docket No.: U0157.70023US03
Amendment dated April 3, 2020
Reply to Office Action of November 5, 2019

can be thought as a more-radical strategy to address the poor physical stability of

moisture-sensitive pharmaceutical materials. For instance, caffeine/oxalic acid

co-crystals have been demonstrated to be superior to caffeine anhydrate in terms

of physical stability to humidity. (Page 338, left column, last paragraph; emphasis

added)

(2) Miroshnyk et al. does not characterize “seeing studies that follow the development cycle
all the way to the end product” as a challenge to pharmaceutical co-crystal design. Miroshnyk et al.
states that it “would be desirable” to see such studies, but in no way suggests that this is a
“challenge to pharmaceutical co-crystal design,” as stated on page 4 of the office action. The fact
that Miroshnyk is not aware of any such studies, or the fact that such studies may not have been
published, cannot be understood to mean that such studies have not taken place, or that the skilled
person is not capable of performing such studies without undue experimentation. To the contrary,
the fact that such studies have taken place can be inferred from the regulatory approval in Japan of
the ipragliflozin/L-proline co-crystal Suglat (see, e.g., Astellas press release dated December 21,
2018, made of record in the IDS submitted concurrently herewith). Here, Applicant notes MPEP
2164.01, which states that “[t]he fact that experimentation may be complex does not necessarily
make it undue, if the art typically engages in such experimentation.” As evidenced, at least, by the
regulatory approval described above, the art does engage in such experimentation, i.e., studies that
follow the development cycle of a co-crystalline drug product all the way to the end product.

(3) Miroshnyk et al. states that “there is a need for studies that systematically investigate the
applicability of agglomeration techniques...” but goes on to say that such studies “could provide
valuable information for commercial-scale manufacture of co-crystal systems.” (Page 338, right
column, third paragraph; emphasis added) Miroshnyk et al.’s statement regarding studies related to
commercial-scale manufacture does not teach or suggest that the skilled person would be unable to
make and use the claimed pharmaceutical compositions. Even, arguendo, if the statement were
understood to represent such a teaching, the regulatory approval and commercial availability of
Suglat tablets, discussed above, proves that the art is equipped to engage in experimentation

required to commercially manufacture solid formulations of pharmaceutical co-crystals.
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Application No.: 15/639,223 8 Docket No.: U0157.70023US03
Amendment dated April 3, 2020
Reply to Office Action of November 5, 2019

(4) Miroshnyk et al. states that “Regulatory issues are also of great interest,” for example,
“whether a new co-crystal of a marketed API is eligible for regulatory approval via the abbreviated
new drug approval mechanism...” These statements of Miroshnyk et al. clearly relate to commercial
considerations, and are irrelevant to the question of enablement.

At least for the foregoing reasons, Applicant requests withdrawal of the rejection of the

claims under 35 U.S.C. 112(a), first paragraph.

CLAIM REJECTIONS — 35 USC § 102
Claims 37-49 are rejected under pre AIA 35 U.S.C. 102(b) as being anticipated by
McMahon (W0O2006007448), hereinafter referred to as “McMahon”. Applicant disagrees. As

described above, instant application has a valid claim of priority to U.S. Patent Application No.
10/378,956, which was filed on March 3, 2003. McMahon claims priority to June 17, 2004.
Accordingly, the instant application is not anticipated by McMahon, and Applicant requests
withdrawal of the rejection of the claims under 35 U.S.C. 102(b).

DOUBLE PATENTING

Claims 37-50 are provisionally rejected on the ground of non-statutory double patenting as
being unpatentable over claims 37 and 45 of co-pending Application No. 14/179,862. Applicant
requests that the Examiner hold this rejection in abeyance until the claims are otherwise held to be

in condition for allowance.
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Application No.: 15/639,223 9 Docket No.: U0157.70023US03
Amendment dated April 3, 2020
Reply to Office Action of November 5, 2019

CONCLUSION

In view of the foregoing, this application should now be in condition for allowance. A

notice to this effect is respectfully requested. If the Examiner believes, after this response, the
application is not in condition for allowance, the Examiner is requested to call the undersigned at
the telephone number indicated below to discuss any outstanding issues.

All fees due in connection with this filing are being paid by Credit Card. However, should
additional fees be due with this filing, please charge our Deposit Account No. 23/2825, under
Docket No. U0157.70023US03 from which the undersigned is authorized to draw.

Dated: April 3, 2020 Respectfully submitted,

By /David F. Cauble/

David F. Cauble, PhD, JD

Registration No.: 73,490

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000
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LISTING OF THE CLAIMS

1-36. (Canceled)

37. (Previously presented) A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a therapeutically effective amount of a co-crystal comprising supramolecular
synthons, each supramolecular synthon formed from stoichiometric amounts of at least one active
pharmaceutical ingredient (API) and at least one co-crystal former,

wherein the API has a first chemical functionality that permits formation of API
homosynthons through non-covalent hydrogen bonding when the API is in its pure form,

wherein the co-crystal former has a second chemical functionality complimentary to the first
chemical functionality via non-covalent hydrogen bonding,

wherein supramolecular synthons comprise non-covalent hydrogen bonding between the
first chemical functionality of the API and the second chemical functionality of the co-crystal

former.

38. (Previously presented) The pharmaceutical composition of claim 37, wherein the at least
one co-crystal former is selected from the group consisting of a different active pharmaceutical
ingredient, a GRAS compound, a food additive, a low toxicity organic, and a metal-organic

complex.

39. (Previously presented) The pharmaceutical composition of claim 37, wherein the at least
one co-crystal former is a solid at room temperature and atmospheric pressure when the co-former is

in its pure form.

40. (Previously presented) The pharmaceutical composition of claim 37, wherein each
supramolecular synthon is formed from stoichiometric amounts of at least one active

pharmaceutical ingredient (API) and one co-crystal former.
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Amendment dated April 3, 2020
Reply to Office Action of November 5, 2019

41. (Previously presented) The pharmaceutical composition of claim 37, wherein each
supramolecular synthon is formed from stoichiometric amounts of one active pharmaceutical

ingredient (API) and one co-crystal former.

42. (Previously presented) The pharmaceutical composition of claim 37, wherein the
supramolecular synthons comprise a group selected from acids, amides, aliphatic nitrogen bases,

unsaturated aromatic nitrogen bases, amines, alcohols, halogens, sulfones, and nitro groups.

43. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an acid.

44. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an amine.

45. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an amide.

46. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise an alcohol.

47. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise a homosynthon.

48. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise a heterosynthon.

49. (Previously presented) The pharmaceutical composition of claim 37, wherein the

supramolecular synthons comprise a homosynthon and a heterosynthon.

8003987.1

NOVARTIS EXHIBIT 1022
Novartis v. Regents, IPR2023-01346
Page 268 of 415



Application No.: 15/639,223 4 Docket No.: U0157.70023US03
Amendment dated April 3, 2020
Reply to Office Action of November 5, 2019

50. (Previously presented) The pharmaceutical composition of claim 48, wherein the

heterosynthon comprises an alcohol/amine interaction.
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DOCKET NO.: U0157.70023US03
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Michael J. Zaworotko

Application No.: 15/639,223

Confirmation No.: 8089

Filed: June 30, 2017

For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT

Examiner: N. E. Jarrell

Art Unit: 1699

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: April 3, 2020 Electronic Signature for Katherine T. Wade: /Katherine T. Wade/

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

STATEMENT FILED PURSUANT TO THE DUTY OF
DISCLOSURE UNDER 37 C.F.R. §§ 1.56. 1.97 AND 1.98

Sir:
Pursuant to the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the undersigned

requests consideration of this Information Disclosure Statement.

PART I: Compliance with 37 C.F.R. § 1.97

This Information Disclosure Statement has been filed more than three months after the filing date of

this application and after the mailing date of a first Office Action, but before the mailing date of any
of a Final Action under 37 C.F.R. § 1.113, a Notice of Allowance under 37 C.F.R. § 1.311, or an
action that otherwise closes prosecution in this application.

Please charge our Credit Card in the amount of $120.00 covering the fee set forth in
37 C.FR. § 1.17(p).
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Application No.: 15/639,223 -2- Art Unit: 1699
Conf. No.: 8089

PART II: Information Cited

The undersigned hereby makes of record in the above-identified application the information
listed on the attached form PTO-1449 (modified PTO/SB/08). The order of presentation of the
references should not be construed as an indication of the importance of the references.

The undersigned hereby makes the following additional information of record in the
above-identified application.

The undersigned would like to bring to the Examiner’s attention the following co-pending

applications that may contain subject matter related to this application:

Serial No. Filing Date Inventor(s) Docket No.
*16/270,981 02-08-2019 Zaworotko et al. U0157.70023US04

*A copy of this reference is not provided as the Office has waived the requirement under 37 C.F.R. § 1.98(a)(2)(iii) for submitting a copy of a

cited U.S. patent application if it is scanned to the Image File Wrapper system and is available on Private PAIR .

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless
otherwise indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other
information, in reaching a determination concerning the patentability of the present claims;

2. The enclosed form PTO-1449 (modified PTO/SB/08) be signed by the Examiner to
evidence that the cited information has been fully considered by the United States Patent and
Trademark Office during the examination of this application;

3. The citations for the information be printed on any patent which issues from this

application.

By submitting this Information Disclosure Statement, the undersigned makes no
representation that a search has been performed, of the extent of any search performed, or that more

relevant information does not exist.
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Application No.: 15/639,223 -3- Art Unit: 1699
Conf. No.: 8089

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, in fact, prior art
as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or her
own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

The Director is hereby authorized to charge any deficiency or credit any overpayment in the
fees occasioned by the filing of this Information Disclosure Statement to our Deposit Account No.

23/2825 under Docket No. U0157.70023US03 from which the undersigned is authorized to draw.

Respectfully submitted,

By: /David F. Cauble/

David F. Cauble, PhD, JD

Registration No.: 73,490

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

Docket No.: U0157.70023US03
Date: April 3, 2020
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Each independent claim over 3 (including Reissues) 460 230 115
Multiple dependent claims 820 410 205

Total Claims Extra Claims Fee ($) Fee Paid (3) Multiple Dependent Claims

20 -200or HP = x = Fee ($) Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Eee ($) Eee Paid ($)
4 -4orHP = X =

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1.52(e)), the application size
fee due is $400 ($200 for small entity) ($100 for micro entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee ($) Fee Paid ($)
-100 = /50 = {round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)

Non-English specification, $130 fee (no small or micro entity discount)
Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee ($200 small or micro entity)

Other (e.g., late filing surcharge): 2806 Submission of an Information Disclosure Statement 120.00
SUBMITTED BY

Signature /David F. Cauble/ e ey 73,490 [ Tetepone 617.646.8000
Name (Print/Type)| David F. Cauble, PhD, JD Date April 3, 2020

Certificate of Electronic Filing under 37 C.F.R. § 1.8
I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic
filing system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: April 3, 2020 Electronic Signature for Katherine T. Wade: /Katherine T. Wade/
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15/639,223 06/30/2017 Michael J. Zaworotko U0157.70023US03 8089
23628 7590 07/10/2020 | EXAMINER |
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Patents_eOfficeAction @ WolfGreenfield.com
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Application No. Applicant(s)

15/639,223 Zaworotko et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
NOBLE E JARRELL 1699 No

-- The MAILING DATE 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 THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 03 April 2020.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)lvl This action is FINAL. 2b) [J This action is non-final.

3)(J 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)J 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 £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  37-50 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
6) (0 Claim(s) ___ is/are allowed.
7) Claim(s) 37-50 is/are rejected.
8) [ Claim(s) ___is/are objected to.
9) (O 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

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)O The specification is objected to by the Examiner.
11)(0J The drawing(s) filedon _____is/are: a)(] accepted or b)[] 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)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)d Some**  ¢) None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.00 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.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 3) (J Interview Summary (PTO-413)
Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)

. ) 4 Other: .

Paper No(s)/Mail Date 3 April 2020, ) O

U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200706
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Application/Control Number: 15/639,223 Page 2
Art Unit: 1699

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application is being examined under the pre-AIA first to invent provisions.
Response to Amendment

Claims 37-50 are pending and examined on the merits. The rejection under 35 U.S.C. 102 is overcome by
the arguments filed 3 April 2020. Based on the priority arguments, the priority date of the instant application is 3
March 2003 (based on paragraph [0049] of the specification).

Information Disclosure Statement
The information disclosure statements filed 3 April 2020 are acknowledged and considered.
Claim Rejections - 35 USC § 112

The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and of the

manner and process of making and using it, in such full, clear, concise, and exact terms as to

enable any person skilled in the art to which it pertains, or with which it is most nearly connected,

to make and use the same, and shall set forth the best mode contemplated by the inventor or joint

inventor of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and

process of making and using it, in such full, clear, concise, and exact terms as to enable any

person skilled in the art to which it pertains, or with which it is most nearly connected, to make

and use the same, and shall set forth the best mode contemplated by the inventor of carrying out

his invention.

Claims 37-50 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first paragraph, because the
specification, while being enabling for preparation of cocrystals of examples 1-17 in specification, does not
reasonably provide enablement for preparation of the scope of cocrystals claimed. The specification does not enable
any person skilled in the art to which it pertains, or with which it is most nearly connected, to make and/or use the

invention commensurate in scope with these claims.

The factors to be considered in determining whether a disclosure meets the enablement requirements of 35
U.S.C. 112, first paragraph, have been described in In re Wands, 858 F.2d 731, 8 USPQ2d 1400 (Fed. Cir.,
1988). The court in Wands states, “Enablement is not precluded by the necessity for some
experimentation, such as routine screening. However, experimentation needed to practice the invention
must not be undue experimentation. The key word is ‘undue’, not ‘experimentation” ( Wands, 8 USPQ2sd
1404). Clearly, enablement of a claimed invention cannot be predicated on the basis of quantity of
experimentation required to make or use the invention. “Whether undue experimentation is needed is not a
single, simple factual determination, but rather is a conclusion reached by weighing many factual
considerations” ( Wands, 8 USPQ2d 1404). Among these factors are: (1) the nature of the invention; (2) the
breadth of the claims; (3) the state of the prior art; (4) the predictability or unpredictability of the art; (5)
the relative skill of those in the art; (6) the amount of direction or guidance presented; (7) the presence or
absence of working examples; and (8) the quantity of experimentation necessary.
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Consideration of the relevant factors sufficient to establish a prima facie case for lack of enablement is set
forth herein below:

The nature of the invention and (2) the breadth of the claims:
The claims are drawn to a stoichiometric cocrystal of an active pharmaceutical ingredient and a co-
former. Thus, the claims taken together with the specification imply a stoichiometric cocrystal can
be formed.

The state of the prior art and (4) the predictability or unpredictability of the art:
MIRSOSHNYK ( Expert Opinion in Drug Delivery, 2009, 6(4), 333-341) describes that translational
challenges are present in cocrystal design (page 334, section 2; sections 3 and 4, pages 337-340).
The challenges include the following: stability of an active pharmacological ingredient; seeing
studies that follow the development cycle all the way to the end product; systematically

investigating the applicability of agglomeration techniques; and regulatory issues.
The relative skill of those in the art:

While the artisan generally would have an advanced degree in cocrystal formation and analysis,
their high level of skill and knowledge is insufficient to overcome the lack of understanding as to

how cocrystal formation occurs.
The amount of direction or guidance presented and the presence or absence of working examples:

The specification has provided guidance for preparation of the following cocrystals (examples 1-17
in specification):acetaminophen: 4,4"-bipyridine:water (1:1:1); phenytoin/pyridine (1:1); aspirin
and 4,4'-bipyridine (2:1); ibuprofen and 4,4'-bipyridine (2:1); flurbiprofen and [4,4"-bipyridine or
trans-1,2-bis(4-pyridyl)ethylene] (2:1); carbamazepine and [one of p-phthalaldehyde,
nicotinamide, saccharin, 5-nitroisophthalic acid, acetic acid, 1,3,5,7-adamantanetetracarboxylic
acid, benzoquinone, butyric acid, DMSO, or formamide] (1:1); carbamazepine and 2,6-

pyridinecarboxylic acid (2:3)
The specification does not provide guidance for the scope of stoichiometric cocrystals claimed.

The quantity of experimentation necessary.
Considering the state of the art as discussed by the references above, particularly with regards to cocrystal

formation and the high unpredictability in the art as evidenced therein, and the lack of guidance provided in the
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specification, one of ordinary skill in the art would be burdened with undue experimentation to practice the invention

commensurate in the scope of the claims.

Response to Arguments

This rejection is maintained because the state of the art shows that pharmaceutical cocrystal deign
presently has challenges that need to be overcome. Applicants argue that the MPEP 21264.10 states that although
experimentation may be complex, it is not considered undue. Applicants argues that the reference shows the studies
relating to co-crystal can (or should be) done. The reference teaches both that this type of research can be done
and more challenges are present that need to be dealt with ("Expert opinion” section, pages 337-338; “Conclusions”

section, pages 338-340).

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 conflicting claims 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, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970); 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 nonstatutory double patenting provided the reference application or
patent either is shown to be commonly owned with the examined 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(1)(1) - 706.02(1)(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/patent/patents-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 eTerminal Disclaimer
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may be filled out completely online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-
processed and approved immediately upon submission. For more information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

Claims 37-50 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 37 and 45 of copending Application No. 14/179862 (reference application). Although the
claims at issue are not identical, they are not patentably distinct from each other because the instant claims are
embraced by the specified claims of 14/179862. Claim 37 of ‘862 overlaps with instant claims 37 and 39. Claim 45
of '862 is embraced by instant claims 37 and 40.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct claims have
not in fact been patented.

Claims 37, 38 and 42 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 37, 38, and 42 of copending Application No. 16/270981 (reference application). Although
the claims at issue are not identical, they are not patentably distinct from each other because the instant claims are
embraced by the specified claims of 16/270981. Claims 37, 38, and 42 of ‘981 overlap with instant claims 37, 38,
and 42. Example 1 (page 16, paragraph [0056] to page 17, paragraph [0059]) shows a co-crystal of acetaminophen,
bipyridine, and water.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct claims have

not in fact been patented.
Response to Arguments

This double patenting rejection against 14/179682 is maintained because applicants have decided to keep

this rejection in abeyance.

Conclusion
Claims 37-50 are not allowed.
Applicant's submission of an information disclosure statement under 37 CFR 1.97(c) with the fee set forth in
37 CFR 1.17(p) on 3 April 2020 prompted the new ground(s) of rejection presented in this Office action. Accordingly,
THIS ACTION IS MADE FINAL. See MPEP § 609.04(b). 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
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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.

Any inquiry concerning this communication or earlier communications from the examiner should be directed
to NOBLE E JARRELL whose telephone number is (571)272-9077. The examiner can normally be reached on 9:00
AM to 5:00 PM.

Examiner interviews are available via telephone, in-person, and video conferencing using a USPTO supplied
web-based collaboration tool. To schedule an interview, applicant is encouraged to use the USPTO Automated
Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor, Fereydoun
Sajjadi can be reached on 571-272-3311. 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 https://ppair-my.uspto.gov/pair/PrivatePair. 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.

/NOBLE E JARRELL/
Primary Examiner, Art Unit 1699
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Receipt date: 04/03/2020 15/639,223 - GAU: 1699

DOCKET NO.: U0157.70023US03
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Michael J. Zaworotko

Application No.: 15/639,223

Confirmation No.: 8089

Filed: June 30, 2017

For: MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT
LEAST ONE ACTIVE PHARMACEUTICAL INGREDIENT

Examiner: N. E. Jarrell

Art Unit: 1699

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: April 3, 2020 Electronic Signature for Katherine T. Wade: /Katherine T. Wade/

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

STATEMENT FILED PURSUANT TO THE DUTY OF
DISCLOSURE UNDER 37 C.F.R. §§ 1.56. 1.97 AND 1.98

Sir:
Pursuant to the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the undersigned

requests consideration of this Information Disclosure Statement.

PART I: Compliance with 37 C.F.R. § 1.97

This Information Disclosure Statement has been filed more than three months after the filing date of

this application and after the mailing date of a first Office Action, but before the mailing date of any
of a Final Action under 37 C.F.R. § 1.113, a Notice of Allowance under 37 C.F.R. § 1.311, or an
action that otherwise closes prosecution in this application.

Please charge our Credit Card in the amount of $120.00 covering the fee set forth in
37 C.FR. § 1.17(p).

8097832.1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.J/
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Application No.: 15/639,223 -2- Art Unit: 1699
Conf. No.: 8089

PART II: Information Cited

The undersigned hereby makes of record in the above-identified application the information
listed on the attached form PTO-1449 (modified PTO/SB/08). The order of presentation of the
references should not be construed as an indication of the importance of the references.

The undersigned hereby makes the following additional information of record in the
above-identified application.

The undersigned would like to bring to the Examiner’s attention the following co-pending

applications that may contain subject matter related to this application:

Serial No. Filing Date Inventor(s) Docket No.
*16/270,981 02-08-2019 Zaworotko et al. U0157.70023US04

*A copy of this reference is not provided as the Office has waived the requirement under 37 C.F.R. § 1.98(a)(2)(iii) for submitting a copy of a

cited U.S. patent application if it is scanned to the Image File Wrapper system and is available on Private PAIR .

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless
otherwise indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other
information, in reaching a determination concerning the patentability of the present claims;

2. The enclosed form PTO-1449 (modified PTO/SB/08) be signed by the Examiner to
evidence that the cited information has been fully considered by the United States Patent and
Trademark Office during the examination of this application;

3. The citations for the information be printed on any patent which issues from this

application.

By submitting this Information Disclosure Statement, the undersigned makes no
representation that a search has been performed, of the extent of any search performed, or that more

relevant information does not exist.

/HOBLE E JARRELL/ 07/06/2020

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.J/
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Application No.: 15/639,223 -3- Art Unit: 1699
Conf. No.: 8089

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, in fact, prior art
as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or her
own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

The Director is hereby authorized to charge any deficiency or credit any overpayment in the
fees occasioned by the filing of this Information Disclosure Statement to our Deposit Account No.

23/2825 under Docket No. U0157.70023US03 from which the undersigned is authorized to draw.

Respectfully submitted,

By: /David F. Cauble/

David F. Cauble, PhD, JD

Registration No.: 73,490

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

Docket No.: U0157.70023US03
Date: April 3, 2020
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APPLICATION NO.: 15/639,223 ATTY. DOCKET NO.: U0157.70023US03

FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Michael J. Zaworotko

FILING DATE: June 30, 2017 CONFIRMATION NO.: 8089

GROUP ART UNIT: 1699 EXAMINER: N. E. Jarrell
Sheet | 1 | of | 1
U.S. PATENT DOCUMENTS
U.S. Patent Document icati

Examiner’s | Cite Name of Patentee or Applicant of Cited Date;f)fcf;ueliilllc)eg;(')lrlln(;rnzssue
Initials * No. Number Kind Document MM.DD_YYYY

Code

2019-0169130 Al Zaworotko et al. 06-06-2019

FOREIGN PATENT DOCUMENTS
Date of

Foreign Patent Document ate |
Publication of

Examiner’s | Cite ] . Name of Patentee or Applicant of Cited Cited Translation
Initials * No. | Office/ Number Kind Document Document (Y/N)
Country Code MM-DD-
YYYY

OTHER ART — NON PATENT LITERATURE DOCUMENTS
N . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the .
Examiner’s | Cite . .. . X . Translation
Initials # N item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), (Y/N)

ninals ° publisher, city and/or country where published.

[NO AUTHOR LISTED], Approval of Suglat Tablets, Selective SGLT?2 Inhibitor, for
Additional Indication of type 1 diabetes mellitus and Additional dosage and administration in
Japan. Astellas Pharma Inc., 12 Dec 2018, https://www.astellas.com/en/news/14481. Accessed

22 Mar 2020. 2 pages.

[NOTE — No copies of U.S. patents, published U.S. patent applications, or pending, unpublished patent applications stored in the USPTO’s Image File Wrapper (IFW) system,
are included. See 37 CFR § 1.98 and 12870G163. Copies of all other patent(s), publication(s), unpublished, pending U.S. patent applications, or other information listed are
provided as required by 37 CFR § 1.98 unless 1) such copies were provided in an IDS in an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is

relied upon for an earlier filing date under 35 U.S.C. § 120.]

DATE CONSIDERED:

EXAMINER:
/NOBLE E JARRELL/ 07/06/2020

# EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to Applicant.8097831.1
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TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING | Docket Number (Optional)
REJECTION OVER A PENDING “REFERENCE” APPLICATION U0157.70023US03

In re Application of: Michael J. Zaworotko et al.

Application No.:  15/639,223-Conf. #8089
Filed: June 30, 2017

For:  MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE
PHARMACEUTICAL INGREDIENT

University of South Florida and
The applicant, _ The Regents of the University of Michigan , owner of 100
percent interest in the instant application hereby disclaims, except as provided below, the terminal part of the statutory term of
any patent granted on the instant application which would extend beyond the expiration date of the full statutory term of any
patent granted on pending reference Application Number 16/270,981 , filed, Feb. 8, 2019 ,
as the term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the
grant of any patent on the pending reference application. The applicant hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its
SUCCESSOrs or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of any patent granted on said reference application, “as the term
of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the grant of any
patent on the pending reference application,” in the event that: any such patent granted on the pending reference application
expires for failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of competent jurisdiction, is
statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims canceled by a reexamination certificate,
is reissued, or is in any manner terminated prior to the expiration of its full statutory term as shortened by any terminal disclaimer
filed prior to its grant.

Check either box 1 or 2 below, if appropriate.

1. The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the
assignee.

I hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not
more than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No. 73,490
/David F. Cauble/ October 8, 2020
Signature Date

David F. Cauble, PhD, JD
Typed or printed name

Attorney for Applicant(s) 617.646.8000
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) is included.

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

85989251
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TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT U0157.70023US03

In re Application of: Michael J. Zaworotko et al.

Application No.: 15/639,223-Conf. #8089
Filed: June 30, 2017

MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE
PHARMACEUTICAL INGREDIENT

University of South Florida and
The applicant, _The Regents of the University of Michigan , owner of 100 percent interest in the
instant application hereby disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the
instant application which would extend beyond the expiration date of the full statutory term of prior patent No. 10,633,344
as the term of said prior patent is presently shortened by any terminal disclaimer. The applicant hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or
assigns.

For:

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is
presently shortened by any terminal disclaimer,” in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the
assignee.

I hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No. 73,490
/David F. Cauble/ October 8, 2020
Signature Date

David F. Cauble, PhD, JD
Typed or printed name

Attorney for Applicant(s) 617.646.8000
Title Telephone Number
Terminal disclaimer fee under 37 CFR 1.20(d) included.

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.
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Electronic Patent Application Fee Transmittal

Application Number: 15639223

Filing Date: 30-Jun-2017

MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE

Title of Invention: PHARMACEUTICAL INGREDIENT

First Named Inventor/Applicant Name: Michael J. Zaworotko
Filer: David F. Cauble/Cathy Nicholson
Attorney Docket Number: U0157.70023US03

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:

NOTICE OF APPEAL 2401 1 420 420

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount SuB—;’g(t;)l in
Extension-of-Time:
Miscellaneous:
STATUTORY OR TERMINAL DISCLAIMER 2814 2 170 340
Total in USD ($) 760
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Electronic Acknowledgement Receipt

EFS ID: 40791820
Application Number: 15639223
International Application Number:
Confirmation Number: 8089

Title of Invention:

MULTIPLE-COMPONENT SOLID PHASES CONTAINING AT LEAST ONE ACTIVE
PHARMACEUTICAL INGREDIENT

First Named Inventor/Applicant Name:

Michael J. Zaworotko

Customer Number:

23628

Filer:

David F. Cauble/Cathy Nicholson

Filer Authorized By:

David F. Cauble

Attorney Docket Number: U0157.70023US03
Receipt Date: 08-0CT-2020
Filing Date: 30-JUN-2017
Time Stamp: 12:18:43

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $760

RAM confirmation Number E202008C19041470

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (if appl.)
26479
1 Transmittal Letter U015770023US03-TRN-DFC.pdf no 1
€90e0663671254a03cd3c449%11b2d7563¢]
96a34
Warnings:
Information:
37480
2 Fee Worksheet (SB06) U015770023US03-FEE-DFC.pdf no 1
27bb0a4ad74b407ae185c2376eadcfeSacl
71ebd
Warnings:
Information:
20977
3 Notice of Appeal Filed U 5770023UZ$3_NAPL_DFC' no 1
p e7edc3ab75a8423e5a69832a761a5b6313d)
Warnings:
Information:
20346
4 Pre-Brief Conference request uon 5770023U53f3_PABRF_DFC' no 1
p 1ebb38240ffd78f3a705232096eb5469%ebS
e767¢c
Warnings:
Information:
50882
5 Miscellaneous Incoming Letter U015770023U503-PABRF-ARG- no 5
DFC.pdf
387c090076d3a07e889¢7350chbf483cfbc32|
Warnings:
Information:
20890
6 Terminal Disclaimer Filed uor 5770023U52?’TD’APL>DFC' no 1
p e01e650af520b9bdSfla2ea334d4124be3s:
9c53
Warnings:
Information:
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19561

U015770023US03-TD-PAT-DFC.

7 Terminal Disclaimer Filed o no 1
p 044441d81d41886f9ca799aafa7b1e93cd4
dcbe6
Warnings:
Information:
32423
8 Fee Worksheet (SB06) fee-info.pdf no 2
866ea3ab9c12bc27d2cd 1b1db5946064 50¢
1930
Warnings:
Information:
Total Files Size (in bytes)1 229038

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN.LET
Document Description: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

Application Number 15/639,223-Conf. #8089
TRANSMITTAL Fling Date June 30, 2017
FORM First Named Inventor Michael J. Zaworotko
Art Unit 1699

Examiner Name

(to be used for all correspondence after initial filing) N. E. Jarrell
Total Number of Pages in This Submission Attorney Docket Number U0157.70023US03
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Fee Transmittal Form |:| Drawing(s) gﬁ_lngAllowance Communication
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