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Disputed Issue: Priority Date of ‘344 Patent Claims 10, 11, and 18

Disputed:

* Whether 956 application (filed March 2003) describes challenged claims

« Whether '956 application (filed March 2003) enables challenged claims

Not in Dispute:

« 768 application (filed March 2002) does not describe or enable challenged claims

« Challenged claims anticipated and obvious if not described or enabled in '956
application (Petitioner’s Grounds 1 and 2)

Paper 22 (Pet. Reply) at 1 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 2



Overview: Claims Lack Written Description and Enablement in 956 Application

« Patent Owners claimed too broadly
» Co-crystal formation not predictable in advance of making co-crystal

* No written description:
« ’956 application is at best a research plan for co-crystals beyond those in examples
» No representative species (undisputed)
» No common structural features; no correlation between structure and function of forming synthons and co-crystals

+ Knowledge of hydrogen bonding/Etter’s “rules” did not make co-crystal formation predictable

* No enablement:
« ’956 application is at best a research plan for co-crystals beyond those in examples
« Knowledge of hydrogen bonding/Etter’s “rules” did not make co-crystal formation predictable
» Undue experimentation even with ability to do certain pre-formulation work and knowledge of polymorph high throughput screening

+ USPTO previously rejected similar claims in related patent applications for lack of written description and enablement support in the same
'956 specification (undisputed)

Paper 22 (Pet. Reply) at 1-2, 12-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 3



Claim 10

10. A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a therapeutically effective amount of a co- pharmacentical composition
crystal comprising supramolecular synthons, each
supramolecular synthon formed from stoichiometric amounts of at e .
least one active pharmaceutical ingredient (API) and at least cupramolecular synthon
one co-former, / A \
wherein the API has a first chemical functionality that H hydrogen bond
permits formation of APl homosynthons through non-covalent \N—H—-'-/-—A co-former
hydrogen bonding when the APl is in its pure form,
wherein the co-former has a
compl[e]mentary to the first chemical functionality via non-
covalent hydrogen bonding, OR
wherein said co-former is a solid at room temperature and H\
atmospheric pressure when the co-former is in its pure form,
wherein supramolecular synthons are formed via non-
covalent hydrogen bonding between the first chemical
functionality of the API and the
of the co-former, and
wherein the first chemical functionality is (i) a carboxamide, Ex. 1002 Rogers Declaration 30
(ii) a carbonyl, or (iii) an amine.

-~

second chemical pharmaceutically
functionality acceptable carrier

first chemical
functionality

first chemical
N H functionality

second chemical
functionality

O __________ H D co-former

hydrogen bond

Paper 4 (Petition) at 5-6; Ex. 1001 ('344 Patent) at Claim 10; Ex. 1002 (Rogers Decl.) at | 27 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 4



Hydrogen Bond Between Two Functional Groups/Synthon

synthon

A
( \

hydrogen bond

) S

\ J
Y

first chemical functionality
(carboxamide, carbonyl, amine)

Ex. 1002 Rogers Declaration §] 30

Paper 4 (Petition) at 5-6; Ex. 1001 ('344 Patent) at Claim 10; Ex. 1002 (Rogers Decl.) at | 27 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 5



Hydrogen Bond/Synthon vs. Co-Crystal

co-crystal (repeating units)
AL

synthon
A

hydrogen bond
H y 9
m ----- =

first chemical functlonallty
(carboxamide, carbonyl, amine)

Ex. 1002 Rogers Declaration §] 30

Paper 4 (Petition) at 5-6; Ex. 1001 ('344 Patent) at Claim 10; Ex. 1002 (Rogers Decl.) at | 27 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 6



Scope of Potential APIs

-= API: “biologically active moiety having a therapeutic effect on a human or animal suffering
from a given pathological condition, when administered in a given concentration”
Ex. 1001 (‘344 Patent) at col. 9, Il. 27-34

Undisputed:

» Patent’s definition covers APls of all shapes, sizes, and complexity (provided they
have one of the claimed first chemical functionalities)

» As of 2003, there were 50+ carboxamide-containing APls in the Merck Index alone

Paper 4 (Petition) at 9, 12; Paper 22 (Pet. Reply) at 2-3;

Ex. 1002 (Rogers Decl.) at ] 55, 70-71, 123; Ex. 1072 (Rogers Reply) at 19 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 7



Scope of Potential Co-Formers

Co-Former: Includes “other drug molecules, GRAS compounds, or approved food
additives.”

Ex. 1001 (344 Patent) at col. 3, ll. 35-37,
see also col. 8, Il. 35-38

Undisputed:

» No restrictions on the number or types of functional groups (provided co-former has claimed
second chemical functionality and is a solid)

» As of 2003, there were “thousands” of possible co-formers

Paper 4 (Petition) at 9, 12; Paper 22 (Pet. Reply) at 2-3;

Ex. 1002 (Rogers Decl.) at [ 72—-73; Ex. 1072 (Rogers Reply) at § 19 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 8



Claims Encompass Co-Crystals With Multiple APls and/or Multiple Co-Formers

-2 "10. A pharmaceutical composition comprising ... a co-crystal comprising

- supramolecular synthons, each supramolecular synthon formed from
stoichiometric amounts of at least one active pharmaceutical ingredient (API)
4 and af least one co-former ..."

Ex. 1001 ('344 Patent) at Claim 10

Undisputed:
> “at least one” = one or more
» Claims recite co-crystals with multiple APIs and/or co-formers

Paper 19 (PO Response) at 5; Ex. 1072 (Rogers Reply) at ] 15

Paper 4 (Petition) at 5; Ex. 1002 (Rogers Decl.) at | 27; Ex. 1072 (Rogers Reply) at §] 66 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 9



Patent Owners Admit Co-Crystal Formation Was Not Predictable in 2003

“... prior to the present invention, it was not understood even by leading scientists which chemical
factors would predetermine the formation of a drug co-crystal. The aspects of different kinds of charges,
functional groups, size and shape in molecules and the relationships between them were heretofore not
understood in a manner that one could predictably- to almost a certainty- predesign a co-crystal. In short, prior
to this invention, co-crystals were like polymorphs, solvates and hydrates in that random trial-and-error
was used to isolate them.”

Ex. 1017 (956 App. Pros. History) at 4071-72

“Q: Could you predict whether any particular hydrogen bonds would form between two components of a
cocrystal in advance of making it? ...

THE WITNESS: That was part of the process, was designing materials by evaluating different hydrogen bond
potential. But you couldn’t predict what would actually occur.”
Ex. 1020 (Childs Tr.) at 18:9-17

Paper 4 (Petition) at 27-29; Paper 22 (Pet. Reply) at 4; Ex. 1002 (Rogers Decl.) at | 122 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 10



Co-Crystal Formation Was Not Predictable in 2003

Chemistry beyond "~ *

“In any supramolecular assembly, a large number of intermolecular interactions is possible — but only a
few are actually observed. The weakness of these interactions makes it difficult to predict
supramolecular structures ...”

Ex. 1024 (Desiraju) at 398

= |

redicting supramolecular structures is hard, not only because of the sheer numbers of possible
= interactions involved, but also because in energetic terms there is not much to choose between these
| various interactions.”

Ex. 1024 (Desiraju) at 399

nem >0 oo T
PATE) -
ot

USPTO: “The skilled artisan would view the formation of different crystalline forms as being

-+ different crystal states, as well as the unpredictability in predicting the different types of crystals
= that may exist.”

Ex. 1023 (Almarsson Pros. History) at 747-51

NP UNV-000004375

Paper 4 (Petition) at 27-28, 31-32; Paper 22 (Pet. Reply) at 23;

Ex. 1002 (Rogers Decl.) at {1 81, 120-121, 140; Ex. 1072 (Rogers Reply) at | 124 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 1



Knowledge of H-Bonding and Synthons Did Not Make Co-Crystal Formation Predictable

s and vie

' “Even after identifying an important intermolecular interaction, failure to
predict a crystal structure can arise because the same interaction can be
. used to make many different synthons ... [T]he synthon concept tries to

' simplify what is essentially a very difficult problem. But even with apparently

_1 straightforward synthons, things can go wrong.”
4 Ex. 1024 (Desiraju) at 399

. “One can describe almost any observed crystal structure in terms of [hydrogen
bond] interactions. The trouble with this approach is that its physical basis is
shaky and its predictive capacity is poor. Of course, inspired guessing may
occasionally lead to a correct prediction with any approach.”

Ex. 1026 (Dunitz) at 546

Paper 4 (Petition) at 27-28; Paper 22 (Pet. Reply) at 23; B
Ex. 1002 (Rogers Decl.) at ] 81, 120-121; Ex. 1072 (Rogers Reply) at | 124 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 12



Failures to Prepare Co-Crystals

Desplte numerous attempts (about 25 different compounds) at forming

% cocrystals with [maleic hydrazide] and a variety of aromatic (including heterocyclic)
~E | or aliphatic compounds with different functional groups, e.g., carboxylic acids,
amldes oximes, etc. we were only ever able to isolate unreacted starting

~ materials.”

Ex. 1025 (Aakerody) at 160

| Cd-crystal screening of furosemide and nicotinamide in N,N-dimethyl formamide
solvent did not result in any co-crystal, hydrate or solvate.
Ex. 1007 (Ueto) at 487

Paper 4 (Petition) at 28; Ex. 1002 (Rogers Decl.) at 1] 121, 130 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 13



'956 Application Did Not Make Co-Crystals Predictable

344 Patent Passages Relied on by Patent Owners Fail to Support Broad Claims

1. Definition of API (col. 9, Il. 27-40)

2. Categories of possible co-formers (col. 3, ll. 35-37)

3. List of six potential APIs and description of possible properties of co-crystals (col. 3, Il. 12—-26)
4. Examples 1-19: limited number of co-crystals

5. Figure 24 “exemplified scheme” — research plan

Paper 22 (Pet. Reply) at 3, 19-20; Paper 25 (PO Sur-Reply) at 15;

Ex. 1072 (Rogers Reply) at ] 14-15, 145-152; Ex. 2014 (Ward Decl.) at App'x C DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 14



‘344 Patent Passages Cited by Patent Owners Fail to Support Broad Claims (cont’d)

3. List of six potential APls and description of possible properties of co-crystals (col. 3, ll. 12—-26)

“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, phenyloin, and acetaminophen. Multiple-component solids, such as multiple-
component crystals, containing these pharmaceutical ingredients and complementary molecules
(hereafter referred to as “co-crystal formers”) have been characterized by various techniques and
can exhibit physical and/or chemical properties that are the same or different from the parent
pharmaceutical ingredient as a direct result of alternative molecular recognition patterns.”

Paper 22 (Pet. Reply) at 3, 19-20; Paper 25 (PO Sur-Reply) at 15; B
Ex. 1072 (Rogers Reply) at ] 14-15, 145-152; Ex. 2014 (Ward Decl.) at App'x C DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 15



‘344 Patent Passages Cited by Patent Owners Fail to Support Broad Claims (cont’d)

4. Examples 1-19

* Not representative of full scope of claims (undisputed)

Patent Owners admit only 9 examples fall within claims 10, 18*

* Only 3 of these 9 fall within scope of claim 11*

Only three APlIs represented in 9 examples (undisputed)

« Dr. Ward admits no examples with “carbonyl” or “amine™

No examples with multiple APIs (undisputed)

No examples with multiple co-formers (undisputed) *Ex. 2014 (Ward Decl.) App’x C

Claims cover: 50+ potential APIs, thousands of potential co-formers,
27+ potential solvents, any stoichiometric ratio of API(s):co-former(s)

Paper 4 (Petition) at 13—-16; Paper 22 (Pet. Reply) at 3, 14-15;

Ex 1002 (Rogers Decl.) at ] 76; Ex. 1072 (Rogers Reply) at ][ 14-15, 138-142, 152 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 16



‘344 Patent Passages Cited by Patent Owners Fail to Support Broad Claims (cont’d)

4. Examples 1-19 Ex. 2014 (Ward Decl.) Appendix C

Condition Example
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Supramolecular synthons formed Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

from stoichiometric amounts of at
least one APT and at least one co-
former

AP has a first chemical functionality | Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
that permits formation of APT
homosynthons through non-covalent
hydrogen bonding when the APT is in

its pure form .

Co-former has a second chemical vyl vl v [y | ¥ | vl x| vl vl v Y Y Y Y Y Y Y Y Y ClalmS 1 0 & 18
functionality complinentary to the
first chemical functionality via non-
covalent hydrogen bonding
Co-former 15 a solid at room Y Y Y Y Y Y Y Y Y Y Y N Y Y N N N N Y
temperature and atmospheric
pressure when the co-former is in its
pure form

Supramolecular synthons formed via | N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
non-covalent hydrogen bonding
between the first chemical
functionality of the API and the
second chemucal functionality of the
co-former

First chemical functionality 1s a Y Y N N N N Y Y Y Y Y Y Y Y Y Y Y Y Y

First chemical functionalify is an N N N N N N N N N N N N N N N N N N N

No “amine” or ”carbonyl"/ —
first chemical functionality

Supramolecular synthon 1s a N N Y Y Y Y N N N N Y Y Y N Y N N Y Y
heterosynthon dimer formed by non- H
covalent hydrogen bonding of the C I a I m 1 1

API and co-former

Paper 22 (Pet. Reply) at 3, 14—15; Ex. 1072 (Rogers Reply) at §{ 14-15, 138-142, 152 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 17



‘344 Patent Passages Cited by Patent Owners Fail to Support Broad Claims (cont’d)

Pharmaceutical Ingredient (API)

Step 2. ldentify if there are chemical functionalities in the API I
suitable (ie. complementary from the perspectives of
geometry/shape and molecular recognition) for formation of
supramolecular synthons via, self-assembly, fe. will it form
supramolecular synthons with itself?

—
n Step 1. Evaluate Active I

5. Figure 24

Stap 3a. If yes, determine which chemical
functionalities (identified from within a
plurality of chemical functionalities) will
form a new supramolecular synthon
without disrupting the supramolecular
synthon from step 2 AND determine which
of those chemical functionalities will form a
new supramaolecular synthon by disrupting
the supramolecular synthon from step 2.

Step 3b. If no, determinae which
chamical functionalities (iden-
tified from within a plurality of
chemical functionalities)  will
form a supramolecular synthon
with the chemical functionalities
in the AP identified in step 2.

Step 4. |dentify cocrystal formers that are
suitable for use with the AFI based upon the
results from Step 3. These cocrystal formers
might be other API's, GRAS compounds,

Ex. 1001 (344 Patent) at Figure 24

| and one or more cocrystal formera. Method of preparation :
| can include crystallization from solution. cooling the melt,
| sublimation or grinding, for example.

Paper 19 (Pet. Reply) at 4, 14, 19-20;

Ex. 1002 (Rogers Decl.) at { 32, 132; Ex. 1072 (Rogers Reply) at 9 16-22, 53, 62, 145, 150—152 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 18



Etter’s Rules (Ex. 2005)

1. All good proton donors and acceptors are used in hydrogen
bonding

2. Six-membered-ring intramolecular hydrogen bonds form in
preference to intermolecular hydrogen bonds

3. The best proton donors and acceptors remaining after

intramolecular hydrogen-bond formation form intermolecular
hydrogen bonds to one another

Ex. 2005 (Etter 1990) at 124

Paper 22 (Pet. Reply) at 5-7, 16-17, 20; Ex. 1072 (Rogers Reply) at ] 58-68, 85-91, 111-113, 123, 133; DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 19
Ex. 2014 (Ward Decl.) at §] 41



Patent Owners’ Examples Do Not Show Prospective Application of Etter’s Rules

“These five acids afford the expected 1:2 complex of diacid and IN stabilized by acid—

“Fi\)e cocrystals of diacid*IN with 1:2 stoichiometry are isolated and characterized by XRD.”
pyridine VI and amide—amide || hydrogen bonds (Scheme 2a).”
Ex. 1082 (Vishweshwar June 2003) at 784, 789

“Inspectibn of the carboxy dimer motif in these ten structures shows that while complexes 2-

= 10 contain the ‘expected’ heterodimer, the crystal structure of 1 contains dinitrobenzoic and
= dimethylaminobenzoic homodimers (Fig. 2).”
Ex. 1081 (Sharma) at 2211

“A similar classification of the three polymorphs of 2 reveals that the expected

intramolecular amine:--nitro hydrogen bond is present in all three forms.”
Ex. 1025 (Aakerdy) at 164

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 20

Paper 25 (PO Sur-Reply) at 4-5



Etter's Rules Had Limitations Relevant Here

 Patent Owners admit:

 Etter’s rules are most useful for “systems with a limited number of functional groups”
and “in the absence of other competing forces.”

Ex. 2014 (Ward Decl.) [ 40, quoting Ex. 2005 (Etter 1990) at 121

« “[O]ther factors could steer synthon formation toward combinations that do not follow

the ranking suggested by ... Dr. Etter’s ‘rules’.
Ex. 2014 (Ward Decl.)  55; POR at 17-18

* These “other competing forces” and “other factors” include:

* Intermolecular interactions |

. Sterics | Challenged claims not limited to components that lack
“other competing forces” and “other factors”

« Geometry )

Paper 22 (Pet. Reply) at 5-7, 16-17, 20; Ex. 1072 (Rogers Reply) at ] 58-68, 85-91, 111-113, 123, 133;

Ex. 2014 (Ward Decl.) at ] 41 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 21



Etter’s Rules Had Limitations Relevant Here (cont’d)

Chlorotetracycline Demeclocycline Viomycin

Ex. 1072 (Rogers Reply) at ] 64

Paper 22 (Pet. Reply) at 5-7, 16-17, 20; Ex. 1072 (Rogers Reply) at ] 58-68, 85-91, 111-113, 123, 133;

Ex. 2014 (Ward Dedl.) at ] 41 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 22



Etter’s Rules Had Limitations Relevant Here (cont’d)

« Undisputed Etter’s rules do not address:
« Co-crystals with more than one API or more than one co-former

« Co-crystals that also include solvent (e.g., water) in the co-crystal structure

e ‘344 named inventor Zaworotko:

« “[T]he promiscuity of water molecules in terms of supramolecular synthons mean([s] that
their composition, structure, and thermal stability remain largely unpredictable...”

Ex. 1078 (Clarke 2010) at 2166—67,
see also 2152

Paper 22 (Pet. Reply) at 5-7, 16-17, 20; Ex. 1072 (Rogers Reply) at ] 58-68, 85-91, 111-113, 123, 133;

Ex. 2014 (Ward Decl.) at ] 41 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 23



| [ vneenpescripnon [N Coudi ]  cowoe

Challenged Claims Lack Written Description in 956 Application - Overview

« Per Ariad, written description of a genus claim requires (1) representative species or (2) common
structural features (Ariad v. Eli Lilly, 598 F.3d 1336, 1350 (Fed. Cir. 2010))

* No representative species (undisputed)

* No common structural features

« Claims require forming synthons and forming co-crystals between AP| and co-former

 Patent Owner failed to demonstrate correlation between common structural features and
claimed function (forming synthons and co-crystals)

 No common structural features disclosed (beyond API’s first chemical functionality)

* Nothing teaching which possible APls and co-formers will form claimed co-crystals

» At best a research plan; need for extensive trial and error experimentation supports no written
description (PureCircle v. Sweegen, 2024 U.S. App. LEXIS *2, *8 (Fed. Cir. 2024))

Paper 4 (Petition) at 11-26; Paper 22 (Pet. Reply) at 12-17; 3
Ex. 1002 (Rogers Decl.) at ||| 67—112; Ex. 1072 (Rogers Reply) at 1] 69-93 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 24



‘344 Patent, '223 Application, and Almarsson All Claim Priority to 956 Application

‘956 Application

| CIP

CON CON

CIP

Almarsson (Ex. 1005)

’344 Patent (Ex. 1001) ’223 Application (Ex. 1021)

Zaworotko, Rodriguez-
Hornedo, Moulton et al.

Zaworotko, Rodriguez-
Hornedo, Moulton

Zaworotko, Rodriguez-
Hornedo, Moulton

Ex. 1022 ('223 App. Pros. History) at 217

Paper 4 (Petition) at 4, 7, 23; Ex. 1002 (Rogers Decl.) at [{] 24-25, 86-87, 101-102 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 25



| W weenvescrivion [ oo ]  cownde

'223 Application Claim 37 Has Similar Scope to Claim 10 of the ‘344 Patent

344 Patent Claim 10 '223 Application Claim 37
a co-crystal comprising supramolecular synthons, each a co-crystal comprising supramolecular synthons, each
supramolecular synthon formed from stoichiometric amounts of at supramolecular synthon formed from stoichiometric amounts of at
least one active pharmaceutical ingredient (API) and at least one least one active pharmaceutical ingredient (API) and at least one
co-former, co-crystal former, and each supramolecular synthon comprising
a heterosynthon formed via non-covalent hydrogen bonding,
wherein the API has a first chemical functionality that permits wherein the API has a first chemical functionality that permits
formation of APl homosynthons through non-covalent hydrogen formation of APl homosynthons through non-covalent hydrogen
bonding when the APl is in its pure form, bonding when the APl is in its pure form, and wherein the first

chemical functionality is selected from carboxylic acid, amide,
N-heterocycle, and alcohol,

wherein said co-former is a solid at room temperature and
atmospheric pressure when the co-former is in its pure form,

wherein supramolecular synthons are formed via non-covalent wherein supramolecular synthons comprise non-covalent hydrogen
hydrogen bonding between the first chemical functionality of the APl | bonding between the first chemical functionality of the APl and the
and the second chemical functionality of the co-former, and wherein | second chemical functionality of the co-crystal former, and wherein
the first chemical functionality is (i) a carboxamide, (ii) a the supramolecular synthons comprise an acid, an amide, an
carbonyl, or (iii) an amine. amine, or an alcohol.

Ex. 1001 (344 Patent) at Claim 10 Ex. 1022 ('223 App. Pros. History) at 368

Paper 4 (Petition) at 17-20; Ex. 1002 (Rogers Decl.) at {1 98 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 26



| W weenvescrivion [ oo ]  cownde

'223 Application Claim 37 Was Rejected as “[B]road and [G]eneric”

“It is unquestionable that [application] claim(s) 37-41, 43-47, 49, and 50 is/are broad
and generic, with respect to all possible compounds encompassed by the claims. The
possible structural variations are limitless to any [] pharmaceutical composition
comprising an APl and a co-crystal former that are associated through non-
covalent hydrogen binding. Although the claims may recite some functional
characteristics, the claims lack written description because there is no disclosure of a
correlation between function and structure of the compounds beyond those
compounds specifically disclosed in the examples in the specification.”

Ex. 1022 (°223 App. Pros. History) at 394-95

Paper 4 (Petition) at 20-23; Ex. 1002 (Rogers Decl.) at 7] 94, 99 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 27



| [ vneenpescripnon [N Coudi ]  cowoe

'223 Application Only Provided Sufficient Support for the Disclosed Examples

“Moreover, the specification lacks sufficient variety of species to reflect this
variance in the genus. While having written description of examples 1-18 [sic, 19] and
compounds identified in the specification tables and/or examples, the specification
does not provide sufficient descriptive support for the myriad of compounds
embraced by the claims.”

Ex. 1022 ('223 App. Pros. History) at 394-95

yyyyyyyyy

“‘Although [the 19] examples show the relationship of different groups for H-bonding ...
= they do not limit the scope of the claims.”

Ex. 1022 (°223 App. Pros. History) at 398

Paper 4 (Petition) at 21-22; Ex. 1002 (Rogers Decl.) at ] 94-95, 99 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 28



| W nsencescrioton [ cound( ]  Growd2

Almarsson Application Claim 1 (Amended)

1. A pharmaceutical co-crystal composition, comprising: an APl and a co-crystal former, wherein:
a) the API is selected from celecoxib, carbamazepine, 5-fluorouracil, acetaminophen, aspirin,
flurbiprofen, phenytoin or ibuprofen;
b) the APl and co-crystal former are hydrogen bonded to each other; and
c) specifically excluding a co-crystal selected from the group consisting of: 5-fluorouracil:9-ethylhypoxanthine,
5-fluorouracil:cytosine dihydrate, 5-fluorouracil:theophylline monohydrate, acetaminophen:piperazine and

acetaminophen:theophylline.

Ex. 1023 (Almarsson Pros. History) at 779-782

Paper 4 (Petition) at 24; Ex. 1002 (Rogers Decl.) at { 107 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 29



| [wrtenvoscrton [ Coudi ]  Gowdo

Almarsson Application Claims Lacked Written Description for Non-Disclosed Co-Crystals

uTILITY Attorney Docket No. | TP1350C1
PATENT APPLICATION | ricst ioventor [ 6m Aimarsson E .
TRANSMITTAL e Pt 2

sssssss

3 listed in [application] claim 11 [i.e., those co-crystals in the Examples]
4 but do not exemplify the formation of all co-crystals with the API’s

= |.q listed in amended [application] claim 1. It is not described or shown how
- '8 the numerous and diverse different co-crystals [encompassed within

.« application claim 1] could be obtained.”

s o B e o Ex. 1023 (Almarsson Pros. History) at 803,
—— see also at 747

For CONTINUATION OR DVESIONAL APPS caly: Tha sntiee disciosure of tha prior app
Bax 5b, is considered @ gan of ure of Ihe JGosmpaNFing cantnuazan

NPC-UNIV-000004379

NOVARTIS EXHIBIT 1023
Movartis v. Regents, IPR2023-01346
Page 1

Paper 4 (Petition) at 25-26, 31; Ex. 1002 (Rogers Decl.) at §[{] 108, 111, 142 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 30



| [ vneenpescripnon [N Coudi ]  cowoe

Patent Owners’ Written Description Arguments Lack Merit

Patent Owners’ Arguments:

1. Claimed co-crystals have a hydrogen bond between the APl and co-former, which is a

common structural feature
Paper 19 (PO Response) at 2

» Response: Specification has to show possession

2. Knowledge of hydrogen bonding/Etter’s rules allows for prediction of co-crystals and this
is common information that need not be disclosed in the 956 application

Paper 19 (PO Response) at 1620
> Response: per 19 ( ponse)

» Etter’s rules subject to many limitations and not applicable across full claim scope

» Knowledge of hydrogen bonding # ability to predict co-crystals (prior art, '223 Application
Prosecution History)

» No evidence of co-crystal prediction let alone that it was “conventional” or “well-known”

Paper 22 (Pet. Reply) at 12—17; Ex. 1072 (Rogers Reply) at 7 79-91 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 31



| W weenvescrivion [ oo ]  cownde

Patent Owners Ignore the Structure of the Entire APl and Co-Former

et 1) L

Lrcer the Papsrwark Fiedustion Adt of 193 o)

- “Althc-)“t]ah [the 19] examples [in the specification] show the relationship of
different groups for H-bonding ... they do not limit the scope of the

claims.”

Ex. 1022 (°223 App. Pros. History) at 398

L

“The broad[est] reasonable interpretation (BRI) of claim 37 encompasses
more than the functional groups participating in H-bonding in examples 1-19.
=2 The whole structure of each component of the co-crystal has to be
taken into consideration. The functional groups only represent [] one

part of the APl and one or more co-crystal former(s).”
Ex. 1022 (°223 App. Pros. History) at 398

Paper 4 (Petition) at 21-22; Ex. 1002 (Rogers Decl.) at { 95 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 32
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Patent Owners’ Case Law Regarding Conventional Information Is Irrelevant

Non-disclosed information Koito Mfg. Co. (Fed. Cir. 2004) (parameters and gate size were “standard in the industry”)
Indisputably known inthe art . rakner (Fed. Cir. 2006) (poxvirus DNA sequence and its essential regions disclosed in the art)

» Hybritech Inc. (Fed. Cir. 1986) (process to make monoclonal antibodies well-known and
reference discussing process cited in specification)

« Capon (Fed. Cir. 2005) (nucleotide sequences of chimeric genes known in the art)

« Zoltek Corp. (Fed. Cir. 2016) (starting material commercially available)

* Immunex Corp. (Fed. Cir. 2020) (amino acid sequence disclosed in art cited in specification)
* Forest Lab’ys, LLC (Fed. Cir. 2019) (asenapine free base known in the art)

No reliance on conventional < Streck (Fed. Cir. 2012)
information « Space Sys. (Fed. Cir. 2005)

Other » Bos. Sci. Corp. (Fed. Cir. 2011) (specification refuted that structural elements and mechanism
of action of rapamycin were well known)

» Biogen Intl GmbH (Fed. Cir. 2022) (dissent (cited by Patent Owners) recommended en banc
review because panel improperly relied on extrinsic material

Paper 19 (PO Response) at 12—13, 18-19; Paper 25 (PO Sur-Reply) at 1, 3, 6, 8-9 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 33



Challenged Claims Lack Enablement: Wands Analysis

Factor Analysis Outcome

Breadth of the Claims « Claims are extremely broad (undisputed) Not enabled

Undisputed:
» “[Plossible structural variations are limitless”
» Claims cover multiple APIs and/or co-formers
» Claims cover any stoichiometric ratio of API(s):co-former(s)
» Claimed co-crystals can also include solvent(s)
> As of 2003:
» 50+ carboxamide-containing APIs
» “[T]housands” of potential co-formers
» 27+ pharmaceutically acceptable solvents

Paper 4 (Petition) at 1, 26-27; Paper 22 (Pet. Reply) at 3, 18;
Ex. 1002 (Rogers Decl.) at §{ 115-118; Ex. 1072 (Rogers Reply) at 71 8, 95 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 34



Challenged Claims Lack Enablement: Wands Analysis (cont’d)

Factor Analysis Outcome
Breadth of the Claims » Claims are extremely broad (undisputed) Not Enabled
Nature of the Invention Not Enabled
State of the Art « Formation of co-crystals was not predictable Not Enabled
Predictability of the Art Not Enabled

Paper 4 (Petition) at 27-29; Paper 22 (Pet. Reply) at 21-24;

Ex. 1002 (Rogers Decl.) at [T 119-125; Ex. 1072 (Rogers Reply) at ] 98—101, 114-130 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 35
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Nature of the Invention; State of the Art; Predictability of the Art

“In any supramolecular assembly, a large number of intermolecular interactions is possible — but only
a few are actually observed. The weakness of these interactions makes it difficult to predict

supramolecular structures ...”
Ex. 1024 (Desiraju) at 398

13

Predicting supramolecular structures is hard....”
Ex. 1024 (Desiraju) at 399

shaky and its predictive capacity is poor.”
Ex. 1026 (Dunitz) at 546

“... prior to the present invention, it was not understood even by leading scientists which
chemical factors would predetermine the formation of a drug co-crystal. ... [Rlandom trial-and-
error was used to isolate them.”

“The trouble with [using hydrogen bond interactions for crystal engineering] is that its physical basis is I
Ex. 1017 ("956 App. Pros. History) at 4071-72 |

Paper 4 (Petition) at 27-29; Paper 22 (Pet. Reply) at 21-24;

Ex. 1002 (Rogers Decl.) at [ 119-125; Ex. 1072 (Rogers Reply) at q[{] 98-101, 114-130 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 36
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Nature of the Invention; State of the Art; Predictability of the Art

news and views feature

Chemistry beyond the molecule

Gautam R. Desiraju

Supramolecular chemistry has grown in importance because it goes beyond
the molecule — the focus of classical chemistry. It also offers a fresh
interface with biological and materials science.

Patent Owners’ cite: “Although at a simple level molecular recognition can be said to hinge on isotopic
interactions, at a higher level it is an anisotropic interaction that is the master key: the hydrogen bond.”

= Ex. 1024 (Desiraju) at 399

n terms of structure, wiumomcr. could offer new applications for clathrates,
s — offered by this classic example of 2 o such as the cfdmgs and trap-

axed approach to making chemical Iu o rmcdbv siver jons (Ag'] and  ping: andstorsgeof o materials’.

nids. E[h H,=CH, which the ethene Chc Jml \lndcﬂund these

,..-a........ in tarme af noemal

“‘Even after identifying an important intermolecular interaction, failure to predict a crystal
structure can arise because the same interaction can be used to make many different synthons

. [T]he synthon concept tries to simplify what is essentially a very difficult problem. But even with
apparently straightforward synthons, things can go wrong.”

Ex. 1024 (Desiraju) at 399

TR SV

and cthene. b,

This means quomwbd.-m Buost-guest comglexes in which the hydroquinone
network is the )u:mud\h e quetis mmm ch as the senan atom shwn. c, A cryptand contains aspherical internal cavity studded with
ﬂnmlnl&nn e for shsarbed by the cryptand shown ian, Fuilll), which then emits
radiation at longes (risible) wi uekngh

NATURE] VOL412| 25101y 2001 hewne nture com

A28 2001 Macmillan Magazines Li
MOVARTIS EXHIBIT 1024
Novartis v. Regents, IPR2023-01346
Page 10f4

Paper 4 (Petition) at 27-29; Paper 22 (Pet. Reply) at 21-24; 3
Ex. 1002 (Rogers Decl.) at [ 119-125; Ex. 1072 (Rogers Reply) at q[{] 98-101, 114-130 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 37



Challenged Claims Lack Enablement: Wands Analysis (cont'd)

Factor Analysis Outcome
Breadth of the Claims « Claims are extremely broad (undisputed) | Not enabled (undisputed)
Nature of the Invention _ Not enabled
State of the Art ) Formatlon of co-crystals was not Not enabled
predictable
Predictability of the Art Not enabled
Relative Skill of Those in the Art « Relatively high (undisputed) Neutral

Paper 4 (Petition) at 29-30; Paper 22 (Pet. Reply) at 19-21;

Ex. 1002 (Rogers Decl.) at [ 126; Ex. 1072 (Rogers Reply) at ] 102-113 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 38
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Challenged Claims Lack Enablement: Wands Analysis (cont'd)

Factor Analysis Outcome
Breadth of the Claims « Claims are extremely broad (undisputed) Not enabled
Nature of the Invention Not enabled
State of the Art « Formation of co-crystals was not predictable Not enabled
Predictability of the Art Not enabled
Relative Skill of Those in the Art |« Relatively high (undisputed) Neutral
Working Examples « At most 9 examples within scope of claims 10 and 18, and | Not enabled
Amount of Direction or Guidance only 3 of these within scope of claim 11 (undisputed) Not enabled

: - : « Examples not representative of full claim scope

Quantity of Experimentation (undisputed) Not enabled

* No additional guidance in specification to predict
co-crystal formation
« Undue experimentation to test full scope of broad claims

Paper 4 (Petition) at 30-31; Paper 22 (Pet. Reply) at 22-25;

Ex. 1002 (Rogers Decl.) at [ 127-133; Ex. 1072 (Rogers Reply) at {[{] 131-153 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 39



High-Throughput Screening Does Not Provide Enablement Support

 High-throughput screening not reported for co-crystals prior to March 2003

* Polymorph screening # co-crystal screening

« ‘956 application: No guidance on how to apply polymorph high-throughput

screening to co-crystals

Paper 22 (Pet. Reply) at 9—11, 21; Ex. 1072 (Rogers Reply) at |[{ 39-57, 105-108 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 40
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High-Throughput Screening Requires Extensive Planning, Experimentation, and Analysis

‘s N A

Dr. Ward’s Steps: Additional Considerations (undisputed):

Preparing samples and compound libraries e  Amounts and stoichiometric ratios of APl and co-former

. _ * Solvent, including solvent combinations, concentration
Automating benchtop testing procedures

* Timing, including time to dissolve API or co-former in solvent,
Configuring robotic workstation evaporation time and incubation time
Acquiring and processing testing data / * Temperature and/or temperature range for each step

(dissolution, incubation)

@s»!v!—‘

» Heating/cooling rates, mixing/stirring rates, evaporation rates
e Carrier gas, or combinations and ratios thereof

e Degree of supersaturation

* Additives, including concentrations thereof

* pH

e Co-crystallization vessel

Paper 22 (Pet. Reply) at 10-11; Ex. 1072 (Rogers Reply) at | 21; Ex. 2014 (Ward Decl.) at [ 47 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 41



High-Throughput Screening Does Not Provide Enablement Support

« High-throughput screening equipment could not have been used to analyze whether
any product falls within the scope of the claims

« Requires single crystal x-ray diffraction to examine location of hydrogen bonds

« Must prepare sample of sufficient size and quality

Paper 22 (Pet. Reply) at 11; Ex. 1072 (Rogers Reply) at |[{] 54-57 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 42



o N o cowio

Wands Factors

Factor Analysis Outcome
Breadth of the Claims « Claims are extremely broad (undisputed) Not enabled
Nature of the Invention Not enabled
State of the Art « Formation of co-crystals was not predictable Not enabled
Predictability of the Art Not enabled
Relative Skill of Those in the Art |« Relatively high (undisputed) Neutral
Working Examples » At most 9 examples within scope of claims 10 and 18, and | Not enabled
o e DI e Mol TR T o only 3 of these within scope of claim 11 (undisputed) NIt =i 5l e

: : : « Examples not representative of full claim scope

Quantity of Experimentation (undisputed) Not enabled

» No additional guidance in specification to predict
co-crystal formation
» Undue experimentation to test full scope of broad claims

Paper 4 (Petition) at 26—32; Paper 22 (Pet. Reply) at 17-25;

Ex. 1002 (Rogers Decl.) at [ 113—144; Ex. 1072 (Rogers Reply) at [ 94—-154 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 43
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Almarsson’s Broad Application Claims Rejected for Non-Enablement

uTILITY Attorney Docket No. | TP1350C1
PATENT APPLICATION First lventor [ 6m Aimarsson .
TRANSMITTAL Tile | Phamacauical CoCryaial Compesitons & :
== |

\__ 10t v romproisinst sophestans se 7 CFR 153000 | Erpress Mai Label No. | EUD82B48285US,

“[T]he specification is not enabled for the preparation of all co-crystals having any API that is
solid, as broadly recited in claim 1. As discussed in the rejection, the state of the art
regarding the formation of different crystalline forms is unpredictable due to the
numerous different crystallization factors needed to be controlled to provide different

crystal states. Further, the formation of crystals is usually arrived at via experimentation.”

Ex. 1023 (Almarsson Pros. History) at 745, 747-751

NPC-UNIV-000004379
NOVARTIS EXHIBIT 1023

Novartis v. Regents, IPR2023-01348
Page 1.of 1101

Paper 4 (Petition) at 32; Ex. 1002 (Rogers Decl.) at { 139 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 44



Several 956 Application Examples Use Toxic or Carcinogenic Co-Formers/Solvents

Solvents 1n Class 2 (Table 2) should be limited 1in pharmaceutical products because of their
mherent toxicity. PDEs are given to the nearest 0.1 mg/day, and concentrations are given to the  Ey 1001 ('344 Patent)
nearest 10 ppm. The stated values do not reflect the necessary analytical precision of
determination. Precision should be determined as part of the validation of the method.

Example 3: Hexane
Example 7: Methanol
Example 8: Methanol

Table 2. — Class 2 Solvents in Pharmaceutical Products

Solvent PDE (mg/day) Concentration Limit (ppm)

e il (PP Example 11: Methanol
' Dichloromethane | 6.0 600 Example 13: Methanol
Formamide 2.2 220 Example 14: Methanol or THF
2.9 290 Example 17: Methanol or THF
20,0 3,000 Example 19: Methanol aqd

dichloromethane (mixture)

| Tetrahydrofuran| 7.2 720

Example 17: formamide co-former
Ex. 2012 (HHS Guidance 2003) at 8

Paper 22 (Pet. Reply) at 9; Ex. 1072 (Rogers Reply) at [{] 35-37 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 45



Agreed-Upon Constructions

active pharmaceutical ingredient (API)

* biologically active moiety having a therapeutic effect on a human or animal suffering
from a given pathological condition, when administered in a given concentration

APl homosynthon
« synthons formed between identical complementary chemical functionalities of the API

carbonyl
. -C(=0)-
carboxamide
» encompasses —C(=O)NH,
« carbamazepine has a carboxamide group

Paper 4 (Petition) at 9-10; Ex. 1002 (Rogers Decl.) at [T 5561 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 46



Agreed-Upon Constructions

« co-former
« component of a co-crystal

* heterosynthon dimer
« synthon formed by two different, yet complementary chemical functionalities

« supramolecular synthon

* The sum of the components of a multiple-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

Paper 4 (Petition) at 9-10; Ex. 1002 (Rogers Decl.) at ] 62—64 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 47



Construction of “co-crystal”

« Parties agree on construction of “co-crystal” for the purposes of IPR

« a multiple-component, single crystalline phase, having a fixed stoichiometry of its
component compounds

Paper 4 (Petition) at 10; Ex. 1002 (Rogers Decl.) at { 65 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 48



Construction of “permits formation”

 Parties disagree on the construction of “permits formation”
 Petitioner: Requires actual formation of APl homosynthons, not mere possibility

« Patent Owners: Allows for formation, does not require it

» Specification supports Petitioner

* Instructs selection of API “capable of forming supramolecular synthons”

Ex. 1001 ('344 Patent) at col. 3, Il. 65-67, col. 7, Il. 4749,
see also col. 3, Il. 41-44, 51-56, col. 9, Il. 57—-62

 Further instructs that “capable of forming” means APl homosynthons can,

and in fact are, formed

Ex. 1001 (344 Patent) at col. 4, Il. 13-33,
see also col. 3,1. 60 —col. 4, 1. 12, col. 4, Il. 50-55, col. 7, 1. 42 — col. 8, |. 15

Paper 22 (Pet. Reply) at 11; Ex. 1072 (Rogers Reply) at { 12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 49
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Abstract

The carbamazepine: saccharin co-crystal { 1) was studied in terms of a series of attributes, including suitability for multi-gram scale-up,
propensity for eryaal polymorphism, physical stability, in ritw dissolution and oral bioavailability, with the goal of comparing 1 with the
marketed form of carbamazepine (Tegretol™). Preparation of 1 was achieved ona 30 g scale with a conventional cooling erystallization
process from alcohal solution without seeding. The compound is not avertly polymorphic. This finding is in contrast to the form diversity
of pure carbamazepine, which has four known polymorphs and a host of solvates, inchuding a dihydrate, which is the stable form in the
presence of water. Physical and chemical stability of the co-crystal is also shown to be quantitatively similar to the pure drug in the mar-
keted product (Tegretol™). Finally, comparison of oral bicavailahility of 1 with Tegretol® tablets in dogs shows the co-crystal to be a
viable alternative to the anhydrous polymorph in farmulated solid oral products. The balance of propertics and performanee of 1 as
2 model cocrystal & discussed
© 2007 Elsevier B.V. Al rights reserved

Keywords: Polymorphs; Pharmaceutical; Co-crystal; Saccharin, Dihydrate; Dissolution; Stability, Bioavailability

1. Introduction Carbamazepine [2]{Chart 1), an important anti-epileptic
agent that has been in use for over 30 years, is an example

Crystal form can be crucial to the performance of a dos- of a water-insoluble drug that has a high dose requirement
age form [1] This is especially true for compounds that (=100 my/day) for therapeutic effect. Carbamazepine poses

ous solub slow dissolution in gastrointestinal media,
low permeability and firsi-pass metabolism. According to
the Biopharmaceutics Classification System (BCS) [2], the
nature of the physical form and formulation tends to exhib-
it the greatest effect on bioavailability parameters of water-
insoluble compounds that need to be given orally in high

doses.

" Corres g authi, P Tnc., 29 Hartwell
Avenue, Lexington, MA 02421, USA_ Tel: +1 781 674 783%; fax: +1 781
£63 6519

Email aldess: Mhickey! @ipius.joj com (M. Hickey).

0939-64118 - see front matier © 2007 Ebevier B.V. All rights reserved.
010,101 6 ejpb. 106, 12.016

have intrinsic barriers to drug delivery, such as low ague- multiple challenges for oral drug delivery, including a nar-

row therapeutic window, autoinduction of membolism and
dissoclution-limited bioavailability [3.4]. Form diversity of
the pure compound is also well documented [5] Carbamaz-
epine crystallizes in at least four anhydrous polymorphic
modifications and has been shown to form several solvates,
including a stable dihydrate from aqueous solutions [4.6]
Pharmacokinetic {PK) studies in dogs using polymorphs,
the dihydrate and oral solutions of carbamazepine have
revealed the influence of physical form and formulation
on oral bicavailability. Selutions made with cyclodextrin
[7] or PEG [8] show the highest bicavailability (in terms
of AUC exposure), while suspensions give high peak

NOVARTIS EXHIBIT 1004
MNovartis v. Regents, IPR2023-01346
Page 108

Ex. 1004 (Hickey)

» Authored by ‘344 patent named inventor Dr. Zaworotko

 Discloses 1:1 carbamazepine:saccharin co-crystal
and pharmaceutical composition thereof

« Compares carbamazepine:saccharin co-crystal to
carbamazepine pharmaceutical product using in vitro
dissolution study and oral bioavailability study

« Every element of the challenged claims is disclosed in Hickey

Paper 4 (Petition) at 3, 33-34; Ex. 1002 (Rogers Decl.) at {[{] 149-154

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

50



Claim 10 Elements

[10a] A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of

[10b] 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-former,

[10c] wherein the API has a first chemical functionality that permits formation of APl homosynthons
through non-covalent hydrogen bonding when the APl is in its pure form,

[10d] wherein the co-former has a second chemical functionality compl[e]mentary to the first chemical
functionality via non-covalent hydrogen bonding,

[10e] wherein said co-former is a solid at room temperature and atmospheric pressure when the co-
former is in its pure form,

[10f] wherein supramolecular synthons are formed via non-covalent hydrogen bonding between the first
chemical functionality of the API and the second chemical functionality of the co-former, and

[10g] wherein the first chemical functionality is (i) a carboxamide, (ii) a carbonyl, or (iii) an amine.

Paper 4 (Petition) at 5-6; Ex. 1001 ('344 Patent) at Claim 10; Ex. 1002 (Rogers Decl.) at | 27 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 51



Hickey Discloses Element 10b

[10b] 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-former,

carbamazepine
(API)

A
* P
—
<
Carbamazepin Saccharin Q

S/
o
0]
H/_/ supramolecular
saccharin synthon

(co-former)

Chart 1 mrbamazepine'sacchar co-crystal (1) second chemical carboxamide (first

functionality chemical functionality)

Ex. 1004 (Hickey) at 113 (Chart 1) B i oeen bond

Paper 4 (Petition) at 35-38; Ex. 1002 (Rogers Decl.) at 7] 160-168 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 52



Hickey Inherently Discloses Element 10c

[10c] wherein the API has a first chemical functionality that permits formation of API
homosynthons through non-covalent hydrogen bonding when the APl is in its pure form,

\
T

API
homosynthon

O-====-=-T—2Z

ZWs .-

T
\
\

carboxamide (first chemical functionality)

Ex. 1005 (Almarsson) at Figure 50A; col. 6, Il. 38-40

. non-covalent hydrogen bond

Paper 4 (Petition) at 38—40; Ex. 1002 (Rogers Decl.) at ] 169-173 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 53



Hickey Discloses Element 10d

[10d] wherein the co-former has a compl[e]mentary
to the first chemical functionality via non-covalent hydrogen bonding,
carbamazepine

(API)

A
* PR
—
Hl'ig
Carbamazepine Saccharin ‘ Q

s/ !
[So
0]
H/_/ supramolecular
saccharin synthon
(co-former)

Chart 1 1:1 Carbamazepine:saccharin co-crystal (1) second chemical carboxamide (ﬁrst
| functionality chemical functionality)

Ex. 1004 (Hickey) at 113 (Chart 1) B i oeen bond

Paper 4 (Petition) at 40—41; Ex. 1002 (Rogers Decl.) at ] 174-175 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 54



Hickey Inherently Discloses Element 10e

[10e] wherein said co-former is a solid at room temperature and atmospheric pressure
when the co-former is in its pure form

Co-former used in Hickey: Saccharin

Saccharin melting point at room temperature and atmospheric pressure: 228.8 °C
Ex. 1005 (Almarsson) at col. 42, ll. 53-57

Saccharin melting point is above room temperature (about 20-25 °C), therefore,
saccharin is solid at room temperature and atmospheric pressure when in its pure form

Paper 4 (Petition) at 41-42; Ex. 1002 (Rogers Decl.) at [{] 176-179 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 55



Hickey Discloses Element 10f

[10f] wherein supramolecular synthons are formed via non-covalent hydrogen
bonding between the first chemical functionality of the APl and the
Of the CO-fOf'mer, and carbamazepine
(API)

A

S/
.
| o
0]
H/_/ supramolecular
saccharin synthon

(co-former)
Chart 1 1:1 Carbamazepine:saccharin co-crystal (1) second chemical carboxamide (ﬁrst
| functionality chemical functionality)

Ex. 1004 (Hickey) at 113 (Chart 1) B i oeen bond

Paper 4 (Petition) at 40—41; Ex. 1002 (Rogers Decl.) at 7] 180-182 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 56



Hickey Discloses Element 10g

[10g] wherein the first chemical functionality is (i) a carboxamide, (ii) a carbonyl, or
(iii) an amine.

carbamazepine (API)

N

)‘\ >
0 |~|J/
H

Ex. 1004 (Hickey) at 113 (Chart 1)

Paper 4 (Petition) at 38—-39; Ex. 1002 (Rogers Decl.) at ] 183-184 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 57



Hickey Discloses Element 10a

[10a] A pharmaceutical composition comprising a pharmaceutically acceptable carrier
and a therapeutically effective amount of [a co-crystal]

A prototype oral dosage form in an HPMC capsule (Shion-

ogl Qualicaps) Gﬂntainingmwas prepared by mi};ing
[tose _monohydrate| (2.52 g, 0.0069 mol, Sigma, Lot
43254338) with_ 1 (3.654 g, 0.087 mol, particle size

<53 um) and |blending the two solids|in a mortar and pes-

Tegretol® includes 200 mg of carbamazepine

1 = carbamazepine:saccharin co-crystal | . . :
(commercially available carbamazepine tablets)

Ex. 1004 (Hickey) at 115

Paper 4 (Petition) at 42—-43; Ex. 1002 (Rogers Decl.) at 7] 185-190 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 58



Claim 11 Elements

[11a] The pharmaceutical composition of claim 10

[11b] wherein the supramolecular synthon comprises a heterosynthon dimer formed
by non-covalent hydrogen bonding of the API to the co-former.

Hickey discloses Element 11a for the same reasons that it discloses
all elements of claim 10

Paper 4 (Petition) at 43; Ex. 1001 (’344 Patent) at Claim 11; Ex. 1002 (Rogers Decl.) at [ 192-193 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 59



Hickey Discloses Element 11b

[11b] wherein the supramolecular synthon comprises a heterosynthon dimer formed
by non-covalent hydrogen bonding of the API to the co-former.

carbamazepine
(API)
‘ h
- OJ\N-»—H
d Y
[ o
o
Y supramolecular synthon
saccharin (heterosynthon dimer)
(co-former)
Chirt 1 1:1 Carbamazepine:saccharin co-crystal (1) second chemical carboxamide (first
' functionality chemical functionality)

Ex. 1004 (Hickey) at 113 (Chart 1) e

hydrogen bond

Paper 4 (Petition) at 44-45; Ex. 1002 (Rogers Decl.) at ] 194-199 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 60



Claim 18 Elements

[18a] The pharmaceutical composition of claim 10
[18b] wherein the first chemical functionality is a carboxamide.

Hickey discloses Element 18a for the same reasons that it discloses
all elements of claim 10

Hickey discloses Element 18b for the same reasons that it discloses
Element 10g of claim 10

Paper 4 (Petition) at 38—40; Ex. 1001 ('344 Patent) at Claim 18; Ex. 1002 (Rogers Decl.) at §[{ 200—202 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 61



Ground 2 — Anticipation or Obviousness Over Almarsson (Ex. 1005
Optionally With Hickey (Ex. 1004) and Martindale (Ex. 1006
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Paper 4 (Petition) at 3, 33-34, 45-48; Ex. 1002 (Rogers Decl.) at ] 149-154, 203-217

Eur

Available online at www.sclencedirect com

o
o7

" ScienceDirect

B sl

TR ]

I of (2007 112-119

‘Martindale

0

Us007927613B2

o2 United States Patent (o Patent No:  US 7,927,613 B2
Almarsson et al. (4s) Date of Patent: *Apr. 19,2011
(44 PHARMACEUTICAL CO-CRVSTAL (5K) Fiekd of Classification Scarch 12000
COMPOSITIONS s1a17, 408

(75) lnveniors: O Mimarsson, Shoewshusy, MA (US):
Magall Bourghol cdford. MA
(US}: Matthew on
Framingham, MA (US); Michuel J.
Zaworotke. Tops, FL (US); Bian
Mloulion. Frovideoce. 2 (US), Nale
Rodrizue-Horneds, Ana Asbor, M1
(s

(73) Assignees: University of South Florida, Tamps, FT
(UUSE The Regents of the University of
Michigan, Ann Arbor. M1 (US)

Transform Pharmascuticals, Inc..
Lexingion, MA {US)

(%) Notice:  Subject v any disclaimer. the term of this

fend is extended or adjusied under 35

USC. 1540) by 1101 days

“This potent is subject 0 a terminal dis-

cluimer.

(20 Appl Mo TWis0.202

(22) Filek  Sep. 11,2003
(65} Priar Publication Dt
US 200TOMEITE AT Feh. 1, 2007
Related U5, Application Data

() Comintion-in-part  of  application o,
PCTAISOUITIF2, fed on Sep. 4. 2003, which is o

pert of application No. 10378956,
filed oo Mar, 1, 2003, application No, /66022,
in-prt of application No

"

i
on Nov. 18, 2002,
continuation of appli
Sep. 3, 2002, o Pt
10660202, which is inustionn-part_of
application No. 16601092, filed on Jun, 20, 2003
now sbandoned. and o coimationiapan of
applicatsn No. 104449307, filed on May 30, 2003,
o P, No, 7,078,526,

() Provisional application Ne. 60:360,768. fksd on Mar
L pplication No. 607451213, flcd

provissomsl_application No

1 ape 18, 2005, proviskoaal

7,063, fild o0 ful. 11, 2003

oo Mo, 60406,974, ] v

onal application No. 60/350:288,

fild on May 15, 2003, provisional application o

60356,764. filed om Feb. 15, 3002, provisioast

0, 3003, provisional upplicatiog Ne. G/384,152
T o May 31, 2002

51 lat.CL
AGIK 500 (2006.01)
ARLN 4346 (2006.01)
ARIN 4 (2006.01)

(520 US Ol 424400, 514/217; 5140403

S pplication file for complete search history.

(561 References Cited
1S, PATENT DOCUMENTS.

L1953 Homeyer o al
1945 Hoberssal
L

(Coninued)

T DOCUMENTS.
Bl a0
(Comtined)

OTHER PUBLICATIONS

Angsta Giezaat, Ane Crysnl St
Chem Res, vul. 17, gp 3093140

it 1994, Acs
(Continned)
Primary Examiner — Sreeni Padmanablian

miner — Rengs Clayior
Agent. ar Firw — Saliwanchik, Lluyd &

Salwamchik

57 ABSTRACT

A phanmaceutical eamposition comprising a co-crystal of an
e AP s it least one:
alcobol, thial,

aldehyde, ketone, thinketane, nirate ester, phosphate ester,
thiophosphats cster, ester, thivester, slfite sster, carboxylic
I phosghisic acid. ul .

ammena, tentiary nmine

rrole; o-heserneyelic ring, furan, epoxide,
il imidasole,

ut Jeast ome: funcional group selecied from

I wridine, imidaznle, indole, pyrolidine, ca

Boagl. carboryl, bydroxyl pheteol. sulfone, sulfonyl, mee-

w7 hio, such that he AP ,

e caable of co-crystallizing from a solution phase under
izstion conditions.

-

36 Clains, 66 Drawing Sheets

NOVARTIS EXHIBIT 1005
MNovartis v. Regents, IPR2023-01348

Page 1 0f 333

Ex. 1005 (Almarsson)

« Authored by ‘344 patent inventors

 Discloses 1:1 carbamazepine:saccharin co-crystal
 Discloses process for preparing pharmaceutical compositions

« Every element of the challenged claims is disclosed in
Almarsson

Ex. 1006 (Martindale
 Discloses therapeutically effective amount of carbamazepine
Ex. 1004 (Hickey)
 Discloses preparation of pharmaceutical composition of
1:1 carbamazepine:saccharin co-crystal

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 62



Claim 10 Elements

[10a] A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of

[10b] 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-former,

[10c] wherein the API has a first chemical functionality that permits formation of APl homosynthons
through non-covalent hydrogen bonding when the APl is in its pure form,

[10d] wherein the co-former has a second chemical functionality compl[e]mentary to the first chemical
functionality via non-covalent hydrogen bonding,

[10e] wherein said co-former is a solid at room temperature and atmospheric pressure when the co-
former is in its pure form,

[10f] wherein supramolecular synthons are formed via non-covalent hydrogen bonding between the first
chemical functionality of the API and the second chemical functionality of the co-former, and

[10g] wherein the first chemical functionality is (i) a carboxamide, (ii) a carbonyl, or (iii) an amine.

Paper 4 (Petition) at 5-6; Ex. 1001 ('344 Patent) at Claim 10; Ex. 1002 (Rogers Decl.) at | 27 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 63



Almarsson Discloses Element 10b

[10b] a co-crystal comprising supramolecular synthons, each supramolecular synthon

formed from stoichiometric amounts of at least one active pharmaceutical ingredient
(API) and at IeaSt one CO-fOI'meI', carbamazepine

Example 32 (Ail)
ICarbamazepine:saccharin|(Form II)|(1:1 stoichiometry)| 4

S/
[ o
0

Y supramolecular
saccharin synthon
(co-former)
. second chemical carboxamide (first
Flgure 52 functionality chemical functionality)

. non-covalent
hydrogen bond

Ex. 1005 (Almarsson) at Figure 52; col. 6, ll. 43—44; col. 42, |. 20—col. 43, |. 3

Paper 4 (Petition) at 48-51; Ex. 1002 (Rogers Decl.) at ] 220-229 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 64



Almarsson Discloses Element 10c

[10c] wherein the API has a first chemical functionality that permits formation of API
homosynthons through non-covalent hydrogen bonding when the APl is in its pure form,

DA A
%ﬁé}f a
Y

API
homosynthon

O---:l:—z

z—::---o

3

H

LU

-

Figure 50A

carboxamide (first chemical functionality)

Ex. 1005 (Almarsson) at Figure 50A; col. 6, Il. 38-40

. non-covalent hydrogen bond

Paper 4 (Petition) at 51-52; Ex. 1002 (Rogers Decl.) at ] 230-233 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 65



Almarsson Discloses Element 10d

[10d] wherein the co-former has a compl[e]mentary
to the first chemical functionality via non-covalent hydrogen bonding,
carbamazepine
Example 32 (A1) P
Carbamazepine:saccharin (Form II) (1:1 stoichiometry) A

d l
[ So
(0]
%/—/ supramolecular
saccharin synthon
(co-former)
Flgure 52 second chemical carboxamide (first

functionality chemical functionality)

Ex. 1005 (Almarsson) at Figure 52; col. 6, ll. 43—-44; col. 42, |. 20—col. 43, I. 3 Lo covalen

hydrogen bond

Paper 4 (Petition) at 52—-54; Ex. 1002 (Rogers Decl.) at [{] 234-235 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 66



Almarsson Discloses Element 10e

[10e] wherein said co-former is a solid at room temperature and atmospheric pressure
when the co-former is in its pure form

Co-former used in Almarsson: Saccharin

Saccharin melting point at room temperature and atmospheric pressure: 228.8 °C
Ex. 1005 (Almarsson) at col. 42, ll. 53-57

Saccharin melting point is above room temperature (about 20-25 °C), therefore,
saccharin is solid at room temperature and atmospheric pressure when in its pure form

Paper 4 (Petition) at 54; Ex. 1002 (Rogers Decl.) at [{] 236-239 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 67



Almarsson Discloses Element 10f

[10f] wherein supramolecular synthons are formed via non-covalent hydrogen
bonding between the first chemical functionality of the APl and the
Of the CO-fOI'mer, and carbamazepine

Example 32 (Ail)
Carbamazepine:saccharin (Form II) (1:1 stoichiometry) (

/
S H
[0
0

Y supramolecular
saccharin synthon
(co-former)
. second chemical carboxamide (first
Flgure 52 functionality chemical functionality)

. non-covalent
hydrogen bond

Ex. 1005 (Almarsson) at Figure 52; col. 6, ll. 43—44; col. 42, |. 20—col. 43, |. 3

Paper 4 (Petition) at 52-54; Ex. 1002 (Rogers Decl.) at [{] 240-242 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 68



Almarsson Discloses Element 10g

[10g] wherein the first chemical functionality is (i) a carboxamide, (ii) a carbonyl, or
(iii) an amine.

carbamazepine (API)

N

)\ >
0 |~|~|"’
H

Ex. 1005 (Almarsson) at col. 42, Il. 22, 25-27

Paper 4 (Petition) at 51-52; Ex. 1002 (Rogers Decl.) at 1§ 243-244 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 69



Almarsson Discloses Element 10a

[10a] A pharmaceutical composition comprising a pharmaceutically acceptable carrier
and a therapeutically effective amount of [a co-crystal]

crystal comprising an and a co-crystal former selected
from:
(a)lcarbamazepine and saccharin;|

19{ A pharmaceutical compositionjcomprising alpharma-l
ceutically acceptable diluent, excipient, or carrierjand a co- harmaceutical composition| of the invention contains |a|
esired amount o per dose unit

Presently pre-
ferred are oral dosage forms that are discrete dose units each

n — ! : containingla predetermined amount of theAPI]such as tablets
20.|The pharmaceutical CGDIEOSIHD[[I according (o claim gl_p

- : or capsules.
19, wherein said| co-crystal comprises carbamazepine and | P
[saccharnn. |

Ex. 1005 (Almarsson) at col. 21, Il. 39-52
Ex. 1005 (Almarsson) at Claims 19-20

Paper 4 (Petition) at 54-56; Ex. 1002 (Rogers Decl.) at [{] 245-252 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 70



Almarsson Renders Obvious Element 10a in View of Hickey

[10a] A pharmaceutical composition comprising a pharmaceutically acceptable carrier
and a therapeutically effective amount of [a co-crystal]

A prototype oral dosage form in an HPMC capsule (Shion-

ogl Qualicaps) cnntainingmwas prepared by mixing
[tose _monohydrate| (2.52 g, 0.0069 mol, Sigma, Lot
43254338) with_ 1 (3.654 g, 0.087 mol, particle size

<53 um) and |blending the two solids|in a mortar and pes-
tle. Capsules containing| 600 mg of formulated co-crystal
(corresponding to|200 mg of carbamazepine) were pre-

Tegretol® includes 200 mg of carbamazepine

1 = carbamazepine:saccharin co-crystal | . . :
(commercially available carbamazepine tablets)

Ex. 1004 (Hickey) at 115

Paper 4 (Petition) at 56-59; Ex. 1002 (Rogers Decl.) at [{] 253-255 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 71



Almarsson Renders Obvious Element 10a in View of Martindale

[10a] A pharmaceutical composition comprising a pharmaceutically acceptable carrier
and a therapeutically effective amount of [a co-crystal]

In the treatment of epilepsy (below), the dose of
carbamazepine should be adjusted to the needs of the
individual patient to achieve adequate control of
seizures; this usually requires total plasma-carbamaz-
epine concentrations of about 4 to 12 micrograms/mL
(17 to 50 micromoles/litre). A low initial dose of
carbamazepine is recommended to minimise adverse
effects.| The suggested initial oral dose is 100 to
200 mg once or twice daily gradually increased by in-
crements of up to 200 mg daily every week to a usual
maintenance dose of 0.8 to 1.2 g daily in divided doses;
up to 2 g daily may occasionally be necessary.

Ex. 1006 (Martindale) at 518
Paper 4 (Petition) at 56-59; Ex. 1002 (Rogers Decl.) at 11 253, 256-258 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 72



Claim 11 Elements

[11a] The pharmaceutical composition of claim 10

[11b] wherein the supramolecular synthon comprises a heterosynthon dimer formed
by non-covalent hydrogen bonding of the API to the co-former.

Almarsson anticipates or renders obvious Element 11a for the same reasons that it
anticipates or renders obvious all elements of claim 10

Paper 4 (Petition) at 59; Ex. 1001 (’344 Patent) at Claim 11; Ex. 1002 (Rogers Decl.) at |[{ 264—-265 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 73



Almarsson Discloses Element 11b

[11b] wherein the supramolecular synthon comprises a heterosynthon dimer formed
by non-covalent hydrogen bonding of the API to the co-former.

carbamazepine
Example 32 (APT)
Carbamazepine:saccharin (Form II) (1:1 stoichiometry) A
4 A
9@
O
e 0 _H
{ y
[ o
o]
Y supramolecular synthon
saccharin (heterosynthon dimer)
(co-former)
Figure 52 second chemical carboxamide (first
functionality chemical functionality)
Ex. 1005 (Almarsson) at Figure 52; col. 6, Il. 43—44; col. 42, |. 20—col. 43, 1. 3 i Db covalent

hydrogen bond

Paper 4 (Petition) at 60-62; Ex. 1002 (Rogers Decl.) at [{] 266-274 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 74



Claim 18 Elements

[18a] The pharmaceutical composition of claim 10
[18b] wherein the first chemical functionality is a carboxamide.

Almarsson anticipates or renders obvious Element 18a for the same reasons that it
anticipates or renders obvious all elements of claim 10

Almarsson discloses Element 18b for the same reasons that it
discloses Element 10g of claim 10

Paper 4 (Petition) at 51-52; Ex. 1001 ('344 Patent) at Claim 18; Ex. 1002 (Rogers Decl.) at §[{] 275-278 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 75
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