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a) The Indian Patent Application No. 4412/DELNP/2007 entitled
“PHARMACEUTICAL COMBINATIONS OF AN ANGIOTENSIN
RECEPTOR ANTAGONIST AND AN NEP INHIBITOR” has been filed by
NOVARTIS AG. on 08 June 2007. The Indian Patent Application No.
4412/DELNP/2007 is hereafter referred as “Impugned Patent Application” or
“Impugned Application” (Exhibit 02).

b) The impugned application is national phase application for PCT International
Application No. PCT/US2006/043710 filed on 08 November 2006.

c) The impugned application claims earliest priority of a US Patent Application
No. 60/735,093 dated 09 November 2005 along with three other US Patent
Application Nos. 60/735,541 dated 10 November 2005, 60/789,332 dated 04
April 2006, and 60/822,086 dated 11 August 2006.

The opposition under Section 25(1) of The Patents Act, 1970 (hereinafter referred
to as ‘the Act’) can be made by *“any person”. Therefore, Dr. Kanchan Kohli
hereafter referred as “the opponent” is thus competent to make the representation
for opposition to grant of patent under Section 25(1) of the Act. Although it is not
necessary but, for the purpose of full disclosure, it may be noted that opponent has
a reputable credentials in the field of pharmaceutical drugs and have an experience
of around 37 years with more than 243 publications in referred journals. Thus,
opponent is engaged in and researching in the same field to which the impugned
Patent Application relates. Curriculum vitae of the opponent is annexed herewith
as Exhibit 1.

As on the date of filing this opposition, the status of the said application shown on
the online records of the IPO is “Application in Hearing”. The said application
was examined by the IPO and the First Examination Report (FER) was issued on
30 January 2015. A reply to the FER was submitted by the applicant with the IPO
on 27 November 2015.

The opponent herewith submits opposition along with supporting facts and
documentary evidence to oppose the grant of patent for impugned Patent

Application.



EVIDENCE RELIED UPON BY THE OPPONENT:

S.No. | Details of Documents Exhibit No.
Impugned application as filed as national phase
01 application in India and published during international | Exhibit 02
phase as WO/2007/056546
02 Amended claim set dated 06, June 2020 Exhibit 03
03 D1: WO 03/059345 (Jul 24, 2003) Exhibit 04
04 D2: W0200206253 (Jan 24, 2002) Exhibit 05
05 D3: W0O2004078163 (Sep 16, 2004) Exhibit 06
06 D4: European Patent No. 0443983 (Feb 28, 1996) Exhibit 07
07 D5: US 5217996 (Jun 8, 1993) Exhibit 08
D6: Christer B. Aakerdy et al, “Building co-crystals
08 with molecular sense and supramolecular sensibility”; | Exhibit 09
CrystEngComm, 2005, 7(72), 439-448 (June 2005)
D7: Page 252 of the Chapter 16- Identical and Non-
09 identical twin drugs in the book titled “The Practice of Exhibit 10

Medicinal Chemistry” edited by Camille Georges
Wermuth (Jun 11, 2003)




Claims 1 to 8 of the impugned application, as filed on June 6, 2020, upon

which the present representation for opposition is filed are as follows:

AMENDED CLAIMS (CLEAN COPY)

Ve claim:

i A compound comprising the Angiotensin Receptor Antagonist
valsartan and the NEF Inhibitor (2R .,.45)-5-biphenyl-a-yl-a4-(3-
carboxy-propionylamino)-2- methvil-pentanoic acid ethyl ester
having the Tormula [((S)-N-valervIl-N-{[2"-(1 H-tetrazole-5-vl)-
biphenvyvi-d-vi]l-methvi}-valine) ((ZR.45)-5-biphenyl-d4-yil-4-(3-
carboxy-propionylamino)-Z2-methyl-pentanoic acid ethwyl

ester)]Naz - x Hz20O, wherein x is O to 3.

2. The compound as claimed in claim 1, wherein < is 2.5.

3. The compound as claimed in claim 2, which is trisodium
[B-((1S5,.3R)-1- biphenyl-d4-vimethyl-G-ethoxycarbonyl-1-
butyvicarbamovDpropionate-(S)-3'- methvl-Z2'-(pentanoyl{2""-

(tetra=zol-5S-ylate )biphenyl-4'-vimethylljamino)butyrate]
hemipentahydrate.

. The compound as claimed in claim 1-3, wherein the compound is

in crystalline form.

5. The compound as claimed in any one of claims 1 to 4 as and
when used in a preparation of pharmaceutical composition or
medicament.

(= Ao method of preparing the compound as claimed in any of claims

1 to 4, said method comprising the steps of:

(i) dissolving (S)-N-valeryl-N-{[2'-(1 H-tetrazole-5-yl)-biphenyl-4-yl]-
methyl}-valine or a salt thereof and (2R.4S)-5-biphenyl-4-yl-4-
(3-carboxy-propionylamino)-2- methylpentanoic acid ethyl ester or
a salt thereof in a suitable solvent;

(ii) dissolving a basic Na compound in a suitable solvent;

(iii) combining the solutions obtained in steps (i) and (ii);

(iv) precipitation of the solid, and drying same to obtain the dual-
acting compound; or alternatively
obtaining the compound by exchanging the solvent(s)
employed in steps (i) and (ii) by

(iva) evaporating the resulting solution to

dryness; (va) re-dissolving the solid in a

suitable solvent;

(via) precipitation of the solid and drying same to obtain the compound

7. The method as claimed in claim 6 wherein the suitable

solvent in steps (i) and/or (iva) is acetone.

8. The method as claimed in claims 6 or 7, wherein the basic Na
compound is NaOH, Naz2COoO3, NaHCO3, NaOMe, NaOAc or
NaOCHO.



Vi.

SUPPORT AND BASIS FOR ESTABLISHING GROUNDS OF OPPOSITION:

Ground I: Section 25(1) (e) [Lack of Inventive Step]: That the invention so far
as claimed in any claim of the complete specification is obvious and clearly does
not involve any inventive step, having regard to the matter published as mentioned
in clause (b) i.e. published before the priority date of the claim in India or
elsewhere in any document, or having regard to what was used in India before the

priority date of the Applicant’s claim.

There are several prior art documents which individually or in combination
disclose the technical features of claims of impugned application. Teachings and
suggestions of close prior art documents clearly establishing obviousness of

impugned application are summarized and explained herein below:

Lack of inventive step over W02003059345 (D1):

Teachings and suggestions of art(s) D1 (Exhibit 04) alone or in combination with
any of the prior art documents D2 — D7, indisputably leads to a compound
comprising the Angiotensin Receptor Antagonist valsartan and the NEP Inhibitor
(2R,45)-5-biphenyl-4-yl-4-(3-carboxy-propionylamino)-2-methylpentanoic  acid
ethyl ester having the formula [((S)-N-valeryl-N-{[2'-(1H-tetrazole-5-yl)-
biphenyl-4-ylJmethyl}valine) ((2R,4S)-5-biphenyl-4-yl-4-(3-carboxy-
propionylamino)-2-methylpentanoic acid ethyl ester)]Naz ¢« x H20, wherein x is 0
to 3 and method for preparation of said compound as claimed in the impugned

Application.

The claims lack inventive step over D1 which discloses a_combination of

pharmaceutical composition comprising Valsartan and NEP inhibitor. D1

also discloses that preferred NEP inhibitor is sacubitril as its sodium salt. Further
the combination disclosed in D1 has greater therapeutic effect than monotherapy
and promotes less angioedema and is effective for the treatment of

antihypertensive therapy and useful in the treatment or prevention of heart failure.



D1 on page on page 7 disclose:

it has surprisingly been found that, a combination of valsartan and a NEP inhibitor

duration of action. The duration of action can be monitored as either the time to return to
baseline prior to the next dose or as the area under the curve (AUC) and Is expressed as the
product of the change in blood pressure in millimeters of mercury (change in mmkig) and the
duration of the effect {minutes, hours or days).

according to the present invention can be used to reduce the dosage, for example, that the
dosages need not only often be smaller but are also applied less frequently, or can be used

D1 on page on page 8 further disclose:

It can be shown that combination therapy with valsarian and a NEP inhibitor results in

ventricular dysfunction and hypertrophic cardiomyopathy, diabatic cardiac myopathy,
supraventricular and ventricular arrhythmias, atrial fibrlllation, atrial flutter or detrimental
vascular remodeling. It can further be shown that a valsartan and NEP inhibitor therapy
proves to be beneficial in the treatment and prevention of myocardial infarction and its
sequelae. A valsartan plus NEP inhibitor combination is also useful in treating

Thus, the mechanism of action of these two active drugs and their metabolism
were already known from D1 at the time of the invention and the applicant merely

combined the actives to form a supramolecular complex.

D2: W0200206253 (Exhibit 05) discloses salt of valsartan which are highly
stable, non-hygroscopic, and have high degree of dissociation in water, and thus
have increased biological availability. D2 teaches valsartan, especially its various
salt forms selected from the group consisting of the monosodium salt, the
monopotassium salt, the disodium salt, the dipotassium salt, the magnesium salt,



the calcium salt, the bis-diethylammonium salt, the bisdipropylammonium salt,
the bis- dibutylammonium salt, the mono-L arginine salt, the bis-L-arginine salt,
the mono-L-lysine salt and the bis-L-lysine salt, as well as salt mixtures thereof,
which specifically forms hydrates such as di and tri hydrates. D2 specifically

disclosed the disodium salt of valsartan, hydrates and process for its preparation.

D2 on page on page 3 disclose:

Pripfasrricd salls ace for aranple solachsod rorm e

mono-soditirm aalt I amorphous form;

tharaot,

Mono-patagsium aalt of valsartan in amorphous fonmn;

di-potessiurm aalt of valsartan In amosrphous or crystaliinse form, sspecially in hydrate form,
theraof.

calcium salt of valaartan In coryvatalline form, sapeclaiy In nydrats form, prirmarly the
tetrahyvdrate thareacf:

magnazim salt of valkartan in cry v oy, = 'y iy hydrate form,. primacily thea
hoxahydrate thoreor;
caloluMmy Imagrdsiurm e od mal of ] rtaars In crystallins form, aapacially In hycdeste foomm:

bla-disthylmmmonium ssit of valsarier: n crystaline form, espacially In hydrate form;
ble-dpropylammonium salt of valaarian In crystallng form, sspeclathy il bhydrmte forrm;
Ela-dbhutylammoenium aalt of valaartan it crystalling oo, especiaily in hydrate form.,
prirmarly thae hamilyycdemte thareof;

rmonc-L-arglining salt of valoariarn In amorphous forrm;

bis-L—argnine sait of valsartan In amorphoon form:

moro-L-hyalne asalt of valrarcasn in anorpbhoog Tornng

Ele-L-ysine sait of valeartan in amorphous Tornm.

D2 on page on page 4 disclose:

have unexpectedly advantageous properties. Under given conditions, the crystalline salts
and crystalline salt hydrates have a clear melting point which is linked with a marked,

endothermic melting enthaipy. The.grystalline salsaceerding.te heinyention.as slakle.

and are of better guality than valsartan also during storage and distribution. The
arnarphous or partially amorphous salis have limited stability, i.e. as the solid, they have a
rastricted stability range. To be stabilised, they require certain measures which can be
achieved for example by galenic formulations.

In addition, both the crystalline and the amorphous salts according to the invention have a
| 8 N B B B 8 B B B §B B B B B & B B B _§ |

hi%h de%ee of dissociation in water and thus substant‘lailLimaroved water solubiii_ty. These
-_— -_— L8 B B BN B B N B B B B B B B B | LB B N N BN ]

D2 apart from teaching valsartan salts in hydrated form, specifically in
hemipentahydrate form, exhibiting desirable pharmaceutical and therapeutic
efficacy against hypertension; D2 also teaches the effectiveness of combination
therapy along with other ACE/NEP inhibitor for treating hypertension and

cardiovascular diseases.

Therefore, the hydrated forms of valsartan, particularly the hemipentahydrates
also with their benefits in combination therapy was known in the art at the date of
the invention. Thus, D1 and D2 provide a clear motivation to a person skilled in

the art to formulate complexes of valsartan and an NEP inhibitor in order to



achieve improved anti-hypertensive effect. Further, as taught in D2 the valsartan
disodium salts in hemipentahydrate forms were known at the time of the alleged
invention. Thus, D1, and D2 would motivate a person skilled in the art to combine
the valsartan disodium salts in hemipentahydrate form with NEP inhibitors in an

expectation to achieve improved efficacy.

D3: WO02004078163 (Exhibit 06) discloses a pharmaceutical composition
comprising a co-crystal of an APl and a co-crystal former. The API and co-crystal
former has at least one functional group selected from secondary amide, N-
heterocyclic ring (among other functional groups) which are responsible for
hydrogen bonds in the cocrystal. D3 further discloses Valsartan as a APl (among
the list of API) for the formation of cocrystal. D3 also discloses a process for the
production of a pharmaceutical composition comprising a co-crystal of an API
and a co-crystal former which comprises grinding, heating or contacting in
solution the APl with the co-crystal former under crystallization conditions.
Further, D3 teaches that cocrystal would improve the dissolution, bioavailability,

and stability and helps in crystallization of amorphous compounds.
D3 on page on page 17 disclose:

In each process according to the invention, there is a necd to contact the APT with
the co-crystal former. This may invelve grinding or milling the two solids together or
melting one or both components and allowing them io recrystallize. The use of a
granulating liquid may improve or may impede co-crystal formation. Non-limiting
examples of tools useful for the formation of co-crystals may include, for example, an
extruder or a mortar and pestle. Furthn:r, contacting the API with the co-crystal former

may also iny 1nvolve enhm- solub:lhzzlng the A_PI a.nd adding the ou-crystal former, or

SOlllblllZlD%the on-crysial forrner a.nd addlng the: AP] CIysta]]Jzauon condn:.ons are

;a.pglfi to the API and oo-crystal fonner T]us may erntall altering a propert; :f‘:h: -
solution,-su-clT a: ;H-o; t-en-'lp;r:t:r; a;cr may require concentration of the solute, usizathy
by removal of the solvent, typically by drying the solution. Solvent removal results in the
concentration of both AP and co-crystal former increasing over time so as o facilitate

crystallization. For example evaporatlon, cooling, co-sublimation, or the addition of an

antisolyeptinay be nssmwmumwmw_m another embodiment, a shurry
comprising an APT and a co-crystal former is used to form co-erystals. Once the solid

phase comprising any crystals is formed, this may be tested as described hersin.

D4: European Patent No. 0443983 (Exhibit 07) discloses and claims valsartan
for the first time. It is submitted that the compound valsartan as disclosed in the
present prior art has the IUPAC name (S)-N-valeryl-N-{[2'-(1H-tetrazole-5-yl)-



biphenyl-4-ylJmethyl}valine) and the present application relates to the compound

having general structure:

X
i X
Rl_xl_l]q—x! G @ R.

3
Xy R,

Also, D4 discloses the method of manufacture of the claimed compounds and

specifically, valsartan.

D5: US 5217996 (Exhibit 08) teaches NEP inhibitor, which are useful
antihypertensive or saluretic agents. These compounds are biaryl substituted 4-
amino-butyric acid amide derivatives of formula I:
I Illz 49)
X OC~CH~CHy=CH=NH=C= A~(CH),,/~COX’
R Copbiscy

which prolong and potentate the diuretic, natriuretic and vasodilator properties of
ANF in mammals, by inhibiting the degradation thereof to less active metabolites.
D5 in examples 7 and 8 and claim 6, it particularly teaches the sodium salt of the
sacubitril [N-(3-Carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methyl butanoic acid, ethyl ester]. Therefore, admittedly NEP inhibitors like
(2R,45)-5-biphenyl4-yl~5-(3-carboxy-propionylamino)-2-methyl-pentanoic  acid
ethyl ester (Sacubitril) and its salts were known to be useful as anti-hypertensive

agents. Reference directed to page 2; col 1; para 2 of D5.

D6: Christer B. Aakerdy et al (Exhibit 09) discloses co crystallization is a
deliberate attempt at bringing together different molecular species within one
periodic crystalline lattice without making or breaking covalent bonds.
Recrystallization and cocrystallization processes are, in essence, only
distinguishable by their intents. The goal of the former is chromomeric product.
The document also discloses that the most widely used synthons for the directed
assembly of binary co-crystals contains a carboxylic acid in combination with a

suitable N-containing heterocycle.

D7: The Practice of Medicinal Chemistry edited by Camille Georges Wermuth,
(Exhibit 10) on page 252 of the Chapter 16- Identical and Non-identical twin

10



drugs teaches that administration of twin drugs can be favourable compared with
the two separated drugs. The new entity will have its own pharmacokinetic

property and thus possible improved efficacy in vivo.

Thus, considering teachings and suggestions of art(s) D1 alone or in combination
with any of the prior art documents D2 — D7, indisputably leads a person skilled in
the art to a compound comprising the Angiotensin Receptor Antagonist valsartan
and the NEP Inhibitor (2R,4S)-5-biphenyl-4-yl-4-(3-carboxy-propionylamino)-2-
methylpentanoic acid ethyl ester having the formula [((S)-N-valeryl-N-{[2'-(1H-
tetrazole-5-yl)biphenyl-4-ylJmethyl}valine) ((2R,4S)-5-biphenyl-4-yl-4-(3-
carboxypropionylamino)-2-methylpentanoic acid ethyl ester)]Naz ¢ x H20,
wherein x is 0 to 3 and method for preparation of said compound as claimed in the

impugned application.

Particularly as D1 discloses combination of Sacubitril or its salt + Valsartan or a
salt for heart failure with preferred sacubitril salt being its sodium salt and that D2
discloses salt of Valsartan having improved physical properties which include
disodium salt as its 2.5 hydrate and that D3 teaches cocrystal formation by
combining APl and cocrystal former. APl and cocrystal former containing
secondary amide and aromatic Nitrogen groups can form hydrogen bond in

the cocrystal, and motivations provided by D4 — D7, a person skilled in the art
have a clear motivation to formulate complex with cocrystalization through
hydrogen bond formation of sacubitril containing secondary amide as NEP
inhibitor and valsartan containing aromatic Nitrogen groups and to achieve
improved effect. Thus, claims 1 — 8 of the impugned application, are clearly
suggested or are easily attainable to a person skilled in the art without any

ingenuity required for experimentation and thus lack inventive step.

Hydrogen bond

\ I
Sacubitril Na salt Valsartan disodium (2.5 H.0) y "“""‘T"‘""'I“" /

§ P )rr
Secondary amide Sac-Valsartan disodium (2.5H,0)

11



Vii.

Therefore, pending claims of the impugned application are clearly obvious in view
of the prior art(s) and does not involve any inventive step. Therefore, the ground
of lack of Inventive Step under Section 25(1) (e) is evidently established and the

impugned application is liable to be rejected / refused on this ground alone.

Ground IV: Section 25(1) (f) [Not an invention or non-patentable invention]:
Without prejudice to the submissions made hereinbefore, the subject of any claim
of the complete specification is neither an invention within the meaning of this

Act nor it is patentable under this Act.

A. Claims 1 to 8 of the impugned application are obvious to a person skilled in
the art as established in the preceding paragraphs and hence do not meet the
requirements of Section 2(1) (j) and Section 2(1) (ja) of the Patents Act,
1970. Thus, the impugned application with its claims 1 to 8 is not an invention
under Section 2(1) (j) and Section 2(1) (ja) of the Patents Act, 1970.

B. It is most respectfully submitted that the impugned patent application does not
constitute an invention and is not patentable in view of the Section 3(d) of the
Act. It is submitted that the compounds claimed in the impugned patent
application fall within the purview of Section 3(d) of the Act as the same are
nothing but derivatives of previously known angiotensin receptor inhibitors
and NEP inhibitors.

As per Section 3 (d) of the Patents Act, 1970: “the mere discovery of a new
form of a known substance which does not result in the enhancement of the
known efficacy of that substance or the mere discovery of any new property or
new use for a known substance or of the mere use of a known process,
machine or apparatus unless such known process results in a new product or
employs at least one new reactant.

Explanation: — For the purposes of this clause, salts, esters, ethers,
polymorphs, metabolites, pure form, particle size, isomers, mixtures of

isomers, complexes, combinations and other derivatives of known substance

shall be considered to be the same substance, unless they differ significantly

in properties with regard to efficacy”.

12



The claims of impugned application relate to a supramolecular complex of
Valsartan and Sacubitril and D1-W02003059345, discloses a physical mixture
of Valsartan and Sacubitril and thus is closest prior art. Thus, to show any
enhancement in efficacy, a comparison of results obtained by using mixture
disclosed in D1 should be shown. However, the applicant has deliberately not
shown any enhanced efficacy over D1 and is trying to mislead the prosecution.
A careful observation of the graph presented by the applicant in an affidavit of
Dr. Michael Motto submitted along with filing written submissions dated June
6, 2020, would illustrate that the similar time of about 180 minutes is taken for
dissolution of entire quantity of the physical mixture and of the
supramolecular complex, and the percentage of the drug released (at pH 6.8) is
also same. To elaborate, at pH 6.8, the amount of valsartan released is same as

LCZ696 VAL. Relevant excerpt of submissions are reproduced herein.

| —&— PMAHU
|—+—LCZz696 VAL ||
| —=—LCZ696 AHU |!

% Released

0 50 100 150 200

Time (min)

PM Val = valsartan released from a physical mixture
PM AHU = sacubitril released from a physical mixture
LCZ696 VAL = valsartan released from 1.CZ696
LCZ696 AHU = sacubitril released from LCZ696

This means that the efficacy of both is equivalent. Also, in the dissolution
graphs at pH 4.5 and 6.8, the release of valsartan is shown to be more than
100%, which is not possible. It is well known that mere bioavailability does
not amount to therapeutic effect (Novartis Vs. Union of India, para 189).

Accordingly, claims 1-5 of impugned application are not patentable under

13



Section 3(d) of the Act and liable to be rejected for lack of therapeutic
efficacy.

Further, D4 discloses and claims valsartan with the ITUPAC name (S)-N-
valeryl-N-{[2'-(1H-tetrazole-5-yl)biphenyl-4-ylJmethyl}valine). D4 also
discloses a method of manufacture of the claimed compounds and specifically
valsartan. While D5 discloses the compound which acts as NEP inhibitor, and
which can be used as antihypertensive or saluretic agents. D5 in examples 7
and 8 and claim 6, particularly teaches the sodium salt of the sacubitril [N-(3-
Carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methyl
butanoic acid, ethyl ester]. The Applicant has taken a stand before the Hon’ble
Indian Patent Office that Section 3(d) is not applicable to
combinations/compositions /complexes of two active agents since
combinations /complexes of two active agents cannot be considered as simple
derivatives of either of the active agent. It is submitted that as per Section 3(d),
the combinations and other derivatives of known substance shall be considered
to be the same substance, unless they differ significantly in properties with
regard to efficacy. Thus, compound claimed in the impugned application is a
“known substance” or “mere new form” of valsartan as known in D4 and
sacubitril as known in D5. It is pertinent to appreciate that compound claimed
in impugned application is a complex of two known actives in co-crystal
forms, which is held together via noncovalent bonds, thus retaining their
individual structural identities with known properties. Such a dual-acting
complex comprising two known drugs complexed as a “co-crystal” is merely a
new form of a known substance, especially in view of that D1, which discloses
the physical combination of valsartan and (2R, 4S)-5-biphenyl-4-yl-4-(3-
carboxypropionylamino)-2-methylpentanoic acid ethyl ester.

There is absolutely nothing in the description or otherwise in favour of

impugned patent application that would show that the “known efficacy”

of the “known substance” has been enhanced. The omission to

acknowledge the closest prior art, i.e. D1, which incidentally belongs to the
applicant is clearly a deliberate suppression with the ulterior motive of

14



viii.

evergreening. Claim of impugned application are nothing but an attempt to
evergreen the already existing and patented formulation comprising the same
actives as claimed in claim of the impugned application. Thus, claims 1 - 8 of
the impugned application fall within the scope of Section 3(d) of the Patents
Act, 1970 and make them non-patentable and liable for rejection/refusal on
this ground alone.

Ground V: Section 25(1) (g) [Lack of Sufficiency, Clarity and Enablement]:

The description of the impugned application does not sufficiently and fairly
describe the invention and the method by which it is to be performed. The
description of the method or the instructions for the working of the invention as
disclosed in the complete specification is not sufficient in itself to enable a person
with average skill and average knowledge of the art to which the invention relates,

to work the invention.

Section 10(4) of the Act states that “Every complete specification shall—

(a) fully and particularly describe the invention and its operation or use and

the method by which it is to be performed;

(b) disclose the best method of performing the invention which is known to the
applicant and for which he is entitled to claim protection; and

(c) end with a claim or claims defining the scope of the invention for which

protection is claimed.
(d) be accompanied by an abstract to provide technical information on the
invention.”
However, the applicant has failed to sufficiently describe in the complete
specification:

- The best methods of developing the preferred embodiments of the

compounds as claimed in claims 1 - 5;

15



- The synthesis of the compounds as claimed in Claim 6 - 8 is too vague and
does not teach a person skilled in the art to undoubtedly arrive at the claimed

supramolecular structure; and

- No clarity as regard to how the water molecules are associated to the

complex of valsartan and sacubitril.

The complete specification should sufficiently and clearly describe the invention
and not leave a person skill in the art in a state where he has to conduct undue
experimentation to perform the invention. There is no data and examples in the
complete specification of the impugned application to show the best mode of
working of the invention. Accordingly, it is not known as to what is, the exact and
actual workable method for arriving at the compounds as claimed in the impugned
application. Thus, as the impugned application lacks sufficiency and support,
ground under Section 25(1)(g) of the Act is established and makes the impugned
application liable to be refused at the outset.

In the light of above-mentioned averments made for opposition to the impugned
application, it is sincerely submitted that this application should be refused grant
on the basis of the provisions of Sections 25(1)(e); 25(1)(f); and 25(1)(9).

RELIEF SOUGHT

In view of the representation presented above, the opponent states that it has
established and made out a case on each of the aforesaid grounds of opposition
and respectfully pray to the Learned Controller that:

1) the Indian Patent Application No. 4412/DELNP/2007 be rejected, and no

patent be granted for said application;

2) the opponent may be allowed to submit further submissions and evidence

in case the claims on record are amended:;

3) the opponent may be allowed to file further documents if necessary to

support the averments;

16



4) any other relief as the Learned Controller may deem fit to be awarded in

favour of the opponent.

xi.  The opponent also formally requests under Rule 55 (1) for providing a hearing

before any final decision on the impugned application.

3. Our address for service in India is : BLI Consultancy Pvt. Ltd. R-9,
Eknath Puram, Amravati,
Maharashtra- 444607, India,
Email: patentconsult.ashu@gmail.com

Agent for the Opponent
Adv. Swapnil J Gawande (IN/PA 1587)
To,
The Controller of Patents
Patent Office

At Delhi
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ORGANIC COMPOUNDS

Backgreund of the Invention

Field of the Invention

The present invention is directed to dual-acting compounds and combinations of angiotensin
receptor blockers and neutral endopeptidase inhibitors, in particular a dual acting molecule
wherein the angiotensin receptor blocker and neutral endopeptidase inhibitor are linked via
non-covalent thonding, or supramolecular complexes of angiotensin receptor blockers and
neutral endopeptidase inhibitors, also described as linked pro-drugs, such as mixed salts or
co-crystals, ag well as to pharmaceutical combinations containing such a dual-acting
compound or combination, methods of preparing such dual-acting compounds and methods
of treating a swbject with such a dual-acting compound or combination. Specifically, the
invention is directed to a dual acting compound or supramolecular complex of two active

agents having the same or different modes of action in one molecule.

Related Backgroun¢ Art

Angiotensin Il Is a hormone that causes blood vessels to constrict. This, in turn, can result in
high blood pressure and strain on the heart. It is known that angiotensin Il interacts with
specific receptors on the surface of target cells. Two receptor subtypes for angiotensin I,
namely AT1 and AT2, have been identified thus far. In recent times, great efforts have been
made to identify substances that bind to the AT1 receptor. Angiotensin receptor blockers
(ARBs, angiotensin Il antagonists) are now known to prevent angiotensin Il from binding to
its receptors in the walls of blood vessels, thereby resulting in lower blood pressure.
Because of the inhibition of the AT1 receptor, such antagonists can be used, therefore, as

anti-hypertensives or for the treatment of congestive heart failure, among other indications.

Neutral endopeptidase (EC 3.4.24.11; enkephalinase; atriopeptidase; NEP) is a zinc-
containing metalloprotease that cleaves a variety of peptide substrates on the amino side of -
hydrophobic residues [see Pharmacol Rev, Vol. 45, p. 87 (1993)]. Substrates for this
enzyme include, but are not limited to, atrial natriuretic peptide (ANP, also known as ANF),
brain natriuretic peptide (BNP), met- and leu-enkephalin, bradykinin, neurokinin A,

endothelin-1 and substance P. ANP is a potent vasorelaxant and natriuretic agent [see
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J Hypertens, Vol. 19, p. 192% (2001)]. Infusion of ANP in normal subjects resulted in a
reproducible, marked enhancement of natriuresis and diuresis, including increases in
fractional excretion of sodium, urinary flow rate and glomerular filtration rate [see J Clin
Pharmacol, Vol. 27, p. 927 (1987)]. However, ANP has a short half-life in circulation, and
NEP in kidney cortex membranes has been shown to be the major enzyme responsible for
degrading this peptide [see Peptides, Vol. 9, p. 173 (1988)]. Thus, inhibitors of NEP (neutral
endopeptidase inhibitors, NEPi) should increase plasma levels of ANP and, hence, are

expected to induce natriuretic and diuretic effects.

While substanges, such as angiotensin receptor blockers and neutral endopeptidase
inhibitors may be useful in the control of hypertension, essential hypertension is a polygenic
disease and is not always controlled adequately by monotherapy. Approximately 333 million
adults in economically developed countries and about 65 million Americans (1 in 3 adults)
had high blood pressure in 2000 [see Lancet, Vol. 365, p. 217 (2005); and Hypertension, Vol.
44, p. 398 (2004)]. Prolonged and uncontrolled hypertensive vascular disease ultimately
leads to a variety of pathological changes in target organs, such as the heart and kidney.
Sustained hypertension can lead as well to an increased occurrence of stroke. Therefore,
there is a strong need to evaluate the efficacy of anti-hypertensive therapy, an examination
of additional cardiovascular endpoints, beyond those of blood pressure lowering, to get

further insight into the benefits of combined treatment.

The nature of hypertensive vascular diseases is multifactorial. Under certain circumstances,
drugs with diffgrent mechanisms of action have been combined. However, just considering
any combination of drugs having different modes of action does not necessarily lead to
combinations with advantageous effects. Accordingly, there is a need for efficacious

combination therapy which does not have deleterious side effects.

Summary of the Invention

In a first aspect, the present invention is directed to a dual-acting compound, such as a

supramolecular complex, comprising:
(&) an angiotensin receptor antagonist;
(b) a neutral endopeptidase inhibitor (NEPI); and optionally

(c) a pharmaceutically acceptable cation.
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The present invention is also directed to a dual-acting compound, such as a supramolecular

complex, obtainable by:

(i) dissolving an angiotensin receptor antagonist and a neutral endopeptidase

inhibitor (NEPI) in a suitable solvent;

(i) dissolving a basic compound of Cat in a suitable solvent, wherein Cat is a cation;
(i) combining the solutions obtained in steps (i) and (ii);

(iv) precipitation of the solid, and drying same to obtain the dual-acting compound; or
alternatively

obtaining the dual-acting compound by exchanging the solvent(s) employed in steps
(i) and (i) by

(iva) evaporating the resulting solution to dryness;

(va) re-dissolving the solid in a suitable solvent;

(via) precipitation of the solid and drying same to obtain the dual-acting compound.

The present invention is also directed to linked pro-drugs comprising:
(&) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof; and

(b) a NEPi or a pharmaceutically acceptable salt thereof, wherein the angiotensin receptor
antagonist or a pharmaceutically acceptable salt thereof and the NEPi or a pharmaceutically

acceptable salt thereof are linked by a linking moiety.

The present invention is also directed to a combination comprising:
(a) a pharmaceutically acceptable salt of an angiotensin receptor antagonist; and
(b) a pharmaceutically acceptable salt of a neutral endopeptidase inhibitor (NEPI);

wherein the pharmaceutically acceptable salt of the angiotensin receptor antagonist and the
NEPI is the same and is selected from a salt of Na, K or NH,.

In preferred embodiments, the angiotensin receptor antagonist and NEPi have acidic groups
which facilitate formation of the dual acting compound, such as the supramolecular complex

of the present invention.

Preferably, the angiotensin receptor antagonist is selected from the group consisting of
valsartan, losartan, irbesartan, telmisartan, eprosartan, candesartan, olmesartan,
saprisartan, tasosartan, elisartan and combinations thereof.
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In preferred embodiments, the NEPi is selected from the group consisting of: SQ 28,603;
N-[N-[1 (S)-carboxyl-3-phenylpropyl]-(S)-phenylalanyl]-(S)-isoserine; N-[N-[( S)-carboxy-2-
phenyl)ethyl]-(S)-phenylalanyl]-B-alanine; [2(S)-mercaptomethyl-3-(2-methylphenyl)-
propionyllmethionine; (cis-4-[[[1-[2-carboxy-3-(2-methoxyethoxy)propyl]-
cyclopentyl]carbonyllamino]-cyclohexanecarboxylic acid); thiorphan; retro-thiorphan;
phosphoramidon; SQ 29072; -(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-
amino-2R-methylbutanoic acid ethyl ester; (S)-cis-4-[1-[2-(5-indanyloxycarbonyl)-3-(2-
methoxyethoxy)propyl}- 1 -cyclopentanecarboxamido}- 1 -cyclohexanecarboxylic acid;
3-(1-[6-endo-hydroxymethylbicyclo[2,2,1]heptane-2-exo-carbamoyl]cyclopentyl)-2-(2-
methoxyethyl)propanoic acid; N-(1-(3-(N-t-butoxycarbonyl-(S)-prolylamino)-2(S)-t-butoxy-
carbonylpropyl)cyclopentanecarbonyl)-O-benzyl-(S)-serine methy! ester;
4-[[2-(mercaptomethyl)-1 -oxo-3-phenylpropyllamino]benzoic acid; 3-[1-(cis-4-
carboxycarbonyl-cis-3-butylcyclohexyl-r-1-carbamoyl)cyclopentyl}-2 S-(2-
methoxyethoxymethyl)propanoic acid; ((2S)-2-(4-biphenylmethyl)-4-carboxy-5-
phenoxyvaleryl)glycine; -(1-(N-hydroxycarbamoylmethyl)-1-cyclopentanecarbonyl)-
phenylalanine; (S)-(2-biphenyl-4-yl)-1-(1H-tetrazol-5-yl)ethylamino) methylphosphonic acid; -
(8)-5-(N-(2-(phosphonomethylamino)-3-(4-biphenyl)propionyl)-2-aminoethyl)tetrazole;
p-alanine; 3-[1,1'-biphenyl]-4-yl-N-[diphenoxyphosphinyl)methyl]-L-alanyl; N-(2-carboxy-4-
thienyl)-3-mercapto-2-benzylpropanamide; 2-(2-mercaptomethyl-3-
phenylpropionamido)thiazol-4-ylcarboxylic acid; (L)-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)-
methoxy)carbonyl)-2-phenylethyl)-L-phenylalanyl)-B-alanine; N-[N-[(L)-[1 -[(2,2-dimethyl-1,3-
dioxolan-4-yl)-methoxy]carbonyl]-2-phenylethyl]-L-phenylalanyl]-(R)-alanine; {N-{(L)-1-
carboxy-2-phenylethylj-L-phenylalanyl]-(R)-alanine; N-[2-acetylthiomethyl-3-(2-methyl-
phenyl)propionyl]-methionine ethyl ester; N-[2-mercaptomethyi-3-(2-methyiphenyl)propionyl]-
methionine; [2(S)-mercaptomethyl-3-(2-methylphenyl)propanoyl]-(S)-isoserine;
-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-(S)-2-methoxy-(R)-alanine;
{1-[[1(S)-benzyloxycarbonyl-3-phenylpropyl]Jamino]cyclopentylcarbonyl]-(S)-isoserine;
N-[1-[[1(S)-carbonyl-3-phenylpropyllamino]-cyclopentylcarbonyl]-(S)-isoserine; 1,1'-[dithiobis-
[2(S)-(2-methylbenzyl)-1-0x0-3,1-propanediyl]}-bis-(S)-isoserine; 1,1'-[dithiobis-[2(S)-(2-
methylbenzyl)-1-oxo-3,1-propanediyl]}-bis-(S)-methionine; N-(3-phenyl-2-(mercaptomethyl)-
propionyl)-(S)-4-(methylmercapto)methionine; N-[2-acetylthiomethyl-3-phenyl-propionyl]-3-
aminobenzoic acid; -[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic  acid;
[1-(2-carboxy-4-phenylbutyl)-cyclopentane-carbonyl]-(S)-isoserine;
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N[1 -(acetylthiomethyl)cyclopentane-carbonyl]-(S)-methionine ethyl ester;
3(S)-[2-(acetylthiomethyl)-3-phenyl-propionyl]amimo-e-caprolactam; -(2-acetylthiomethyl-3-
(2-methylphenyl)propionyl)-methionine ethyl ester; and combinations thereof. Preferably, the

dual-acting compound or combination , in particular the supramolecular complex, is a mixed

salt or a co-crystal. It is also preferred that the linked pro-drug is a mixed salt or a co-crystal.

In a second aspect, the present invention is directed to pharmaceutical composition

comprising
(@) the aforementioned dual-acting compound or combination, such as the
aforementioned complex; and

(b) at least one pharmaceutically acceptable additive.

The present invention is also directed to pharmaceutical compositions comprising a linked

pro-drug comprising:

(@) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof;
(b) a NEPi or a pharmaceutically acceptable salt thereof,

wherein the angiotensin receptor antagonist or a pharmaceutically acceptable salt
thereof and the NEPI or a pharmaceutically acceptable salt thereof are linked by a
linking moiety; and

(c) at least one pharmaceutically acceptable additive.

In a third aspect, the present invention is directed to a method of preparing a dual-acting

compound, in particular a supramolecular complex, comprising

(@) an angiotensin receptor antagonist;
(b) a neutral endopeptidase inhibitor (NEPI); and optionally

(c) a pharmaceutically acceptable cation selected from the group consisting of Na, K
and NH;

said method comprising the steps of:

(i) dissolving an angiotensin receptor antagonist and a neutral endopeptidase
inhibitor (NEPI) in a suitable solvent;

(i) dissolving a basic compound of Cat in a suitable solvent, wherein Cat is a cation;

(i) combining the solutions obtained in steps (i) and (ii);
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(iv) precipitation of the solid, and drying same to obtain the dual-acting compound; or
alternatively -
obtaining the dual-acting compound by exchanging the solvent(s) employed in steps
(i) and (ii) by
(iva) evaporating the resulting solution to dryness;
(va) re-dissolving the solid in a suitable solvent;

(via) precipitation of the solid and drying same to obtain the dual-acting compound.

The present invention is also directed to a method of making a linked pro-drug comprising:
(@ an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof;

(b) a NEPi or a pharmaceutically acceptable salt thereof, wherein the angiotensin
receptor antagonist or a pharmaceutically acceptable salt thereof and the NEPi or a

pharmaceutically acceptable salt thereof are linked by a linking moiety; and

comprising adding a linking moiety and a solvent to a mixture of an angiotensin

receptor antagonist and a NEPi; and

(d) isolating the linked pro-drug.

In a fourth aspect, this invention is directed to a method of treating or preventing a disease or
condition, such as hypertension, heart failure (acute and chronic), congestive heart failure,
left ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac myopathy,
supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flutter, detrimental
vascular remodeling, myocardial infarction and its sequelae, atherosclerosis, angina
(unstable or stable), renal insufficiency (diabetic and non-diabetic), heart failure, angina
pectoris, diabstes, secondary aldosteronism, primary and secondary pulmonary
hypertension, renal failure conditions, such as diabetic nephropathy, glomerulonephritis,
scleroderma, glomerular sclerosis, proteinuria of primary renal disease, and also renal
vascular hypertension, diabetic retinopathy, other vascular disorders, such as migraine,
peripheral vascular disease, Raynaud's disease, luminal hyperplasia, cognitive dysfunction
(such as Alzhaimer's), glaucoma and stroke comprising administering the afore-mentioned
dual-acting compound or combination , in particular the supramolecular complex, or the
afore-mentioned linked pro-drug, preferably, the complex, to a subject in need of such

treatment.
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Figure 1 shows a pictorial representation of the unit cell of the supramolecular complex of
trisodium  [3-((1S,3R)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-
(5)-3'-methyl-2'-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-yimethyl}amino)butyrate]
hemipentahydrate comprising two asymmetric units. The following color code is used: grey =

carbon atom; blue = nitrogen atom; red -= oxygen atom; violet = sodium atom

Detailed Description

The present invention relates to a dual-acting compound or combination, in particular a
supramolecular complex, or linked pro-drug or in particular a supramolecular complex of two
active agents with different mechanisms of action, namely an angiotensin receptor antagonist
and a neutral endopeptidase inhibitor, which can form a unique molecular entity for the

treatment of patients with various cardiovascular and/or renal diseases.

One embodiment of the invention is directed to a physical combination comprising:
(@) a pharmaceutically acceptable salt of an angiotensin receptor antagonist; and
(b) a pharmaceutically acceptable salt of a neutral endopeptidase inhibitor (NEPi);

wherein the pharmaceutically acceptable salt of the angiotensin receptor antagonist and the
NEPI is the same and is selected from a salt of Na, K or NH,.

Specifically, it is preferred that the two active agents are combined with each other so as to
form a single dual-acting compound, in particular a supramolecular complex. By doing so, a
new molecular or supramolecular entity is formed having distinct properties different to the

above physical combination.

Thus, the present invention is directed to a dual-acting compound, in particular a

supramolecular complex, comprising:
(a) an angiotensin receptor antagonist;
(b) a neutral endopeptidase inhibitor (NEPi); and

(c) a pharmaceutically acceptable cation preferably selected from the group
consisting of Na, K and NH,.
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The present invention is also directed to a dual-acting compound, in particular a

supramolecular complex, obtainable by:

() dissolving an angiotensin receptor antagonist and a neutral endopeptidase

inhibitor (NEPI) in a suitable solvent;

(i) dissolving a basic compound of Cat such as (Cat)OH, (Cat),COs;, (Cat)HCO; in a
suitable sclvent, wherein Cat is a cation preferably selected from the group consisting
of Na, K and NH,;

(i) combining the solutions obtained in steps (i) and (ii);

(iv) precipitation of the solid, and drying same to obtain the dual-acting compound; or
alternatvely

obtaining the dual-acting compound by exchanging the solvent(s) employed in steps
(i) and (i) by

(iva) evaporating the resulting solution to dryness;

(va) re-dissolving the solid in a suitable solvent;

(via) precipitation of the solid and drying same to obtain the dual-acting compound.

The present invention is further directed to linked pro-drugs comprising:

(a) an angiotensin receptor antagonist or a pharmaceutically acceptable salt thereof;.

and
(b) a NEPi or a pharmaceutically acceptable salt thereof,

wherein the angiotensin receptor antagonist or a pharmaceutically acceptable salt
thereof and the NEPiI or a pharmaceutically acceptable salt thereof are linked by a
linking moiety.
The two components are each linked to a linking moiety thereby creating a linked pro-drug.
Preferably, the linked pro-drug is substantially pure; as used herein, "substantially pure"

refers to at least 90%, more preferably at least 95% and most preferably at least 98% purity.

As one preferred embodiment of the present invention, the linked pro-drug has a structure
such that by linking the two components with the linking moiety, a supramolecular complex is

formed.

For the purposg of the present invention, the term "dual-acting compound"” is intended to

describe that these compounds have two different modes of action in one compound, one is
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the angiotensin receptor blockade resulting from the ARB molecular moiety of the compound
and the other is the neutral endopeptidase inhibition resulting from the NEPi molecular

moiety of the ¢compound.

For the purpose of the present invention, the term "compound" is intended to describe a
chemical substance comprising covalent bonds within the two pharmaceutically active
agents, the ARB and the NEPi molecular moieties, and non-covalent interactions between
these two pharmaceutically active agents, the ARB and the NEPi molecular moieties.
Typically, hydrogen bonding can be observed between the two pharmaceutically active
agents, the ARB and the NEPi molecular moieties. lonic bonds can be present between the
cation and one or both of the two pharmaceutically active agents, the ARB and the NEPi
molecular moieties. Other types of bonds may also be present within the compound such as
van der Waals forces. For illustrative purposes, the dual-acting compound of the present
invention could be represented as follows:

(ARB)-(L)m-(NEPi)
wherein L is a linking rnoiety, such as a cation or is a noncovalent bond and m is an integer
from 1 or more. In other words the ARB and NEPi moiety can be connected via non-covalent
bonds such as hydrogen bonding. Alternatively or additionally they may be connected via a

linking moiety such as a cation.

In one embodiment, the dual-acting compound may be considered to be a linked pro-drug,
whereby the linking moiety, such as the cation, linking the two pharmaceutically active
agents, the ARB and the NEPI, forms the pro-drug of these agents which are released once

the linked pro-drug is ingested and absorbed.

In a preferred embodiment, the dual-acting compound is a complex, in particular a

supramolecular complex.

For the purpose of the present invention, the term "supramolecular complex" is intended to
describe an interaction between the two pharmaceutically active agents, the cations and any
other entity pre@sent such as a solvent, in particular water, by means of noncovalent,

intermolecular bonding between them. This interaction leads to an association of the species
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present in the supramolecular complex distinguishing this complex over a physical mixture of

the species.

The noncovalent intermolecular bonding can be any interactions known in the art to form
such supramolecular complexes, such as hydrogen bonding, van der Waals forces and m-r7 -
stacking. loni¢ bonds can also be present. Preferably, there exists ionic bonding and
additionally hydrogen bonding to form a network of interactions within the complex. The
supramolecular complex exists preferably in the solid state but may also be present in liquid
media. As a preferred embodiment of the invention, the complex is crystalline and in this

case is preferably a mixed crystal or co-crystal.

Typically, the dual-acting compound, in particular the supramolecular complex shows
properties such as melting point, IR spectrum etc. that are different from a physical mixture of

the species.

Preferably, the dual-acting compound, in particular the supramolecular complex, has a
network of non-covalent bonds, in particular hydrogen bonds, between the two
pharmaceutically active agents and any solvent, if present, preferably water. Moreover, it is
preferred that the dual-acting compound, in particular the supramolecular complex, has a ’
network of non-covalent bonds, in particular ionic and hydrogen bonds, between the two
pharmaceutically active agents, the cation and any solvent, if present, preferably water. The
cation is preferably coordinated to several oxygen ligands, thus, providing a linkage between
these oxygen ligands. The oxygen ligands come from the carbonyl and carboxylate groups
present in the two pharmaceutically active agents and preferably also from any soivent, if

present, preferably water.

The dual acting compound comprises a molecular moiety of an angiotensin receptor
antagonist. This means that a molecular moiety derived from an angiotensin receptor
antagonist is participating in the build-up of the dual-acting compound. The angiotensin
receptor antagonist is part of the compound and connected to the NEP inhibitor directly or
indirectly via non-covalent bonds. For sake of convenience, throughout the application, the
term "angiotensin receptor antagonist” will be used when describing this part of the

compound. Angiotensin receptor antagonists (ARBs) suitable for use in the present invention
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include, without limitation, valsartan, losartan, irbesartan, telmisartan, eprosartan,
candesartan, oimesartan saprisartan, tasosartan, elisartan, the compound with the
designation E-1477 of the following formula

=
OO0

N7 NH
v\
N=N

the compound with the designation SC-52458 of the following formula

N

and

the compound with the designation the compound ZD-8731 of the following formula

59
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Suitable angiotensin Il receptor antagonist also includes, but is not limited to, saralasin
acetate, candésartan cilexetil, CGP-63170, EMD-66397, KT3-671, LR-B/081, valsartan,
A-81282, BIBR-363, BIBS-222, BMS-184698, candesartan, CV-11194, EXP-3174, KW-3433,
L-161177, L-162154, LR-B/057, LY-235656, PD-150304, U-96849, U-97018, UP-275-22,
WAY-126227, WK-1492.2K, YM-31472, losartan potassium, E-4177, EMD-73495,
eprosartan, HN-65021, irbesartan, L-159282, ME-3221, SL-91.0102, Tasosartan,
Telmisartan, UP-269-6, YM-358, CGP-49870, GA-0056, L-159689, L-162234, L-162441,
L-163007, PD-123177, A-81988, BMS-180560, CGP-38560A, CGP-48369, DA-2079,
DE-3489, DuP-167, EXP-063, EXP-6155, EXP-6803, EXP-7711, EXP-9270, FK-739,
HR-720, ICI-D6888, ICI-D7155, ICI-D8731, isoteoline, KRI-1177, L-158809, L-158978,
L-159874, LR B087, LY-285434, LY-302289, LY-3I5995, RG-13647, RWJ-38970,
RWJ-46458, S-8307, S-8308, saprisartan, saralasin, Sarmesin, WK-1360, X-6803, ZD-6888,
ZD-7155, ZD-8731, BIBS39, CI-996, DMP-811, DuP-532, EXP-929, L-163017, LY-301875, -
XH-148, XR-510, zolasartan and PD-123319.

Also included within the scope of this aspect of the invention are combinations of the above-
identified ARBs.

ARBs to be used for preparing the combination or complex in accordance with the present
invention can be purchased from commercial sources or can be prepared according to
known methods. ARBs may be used for purposes of this invention in their free form, as well
as in any suitable salt or ester form.

Preferred salts forms include acid addition salts. The compounds having at least one acid

group (e.g., COOH or 5-tetrazolyl) can also form salts with bases. Suitable salts with bases
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are, e.g., metal salts, such as alkali metal or alkaline earth metal salts, e.g., sodium,
potassium, calcium or magnesium salts, or salts with ammonia or an organic amine, such as
morpholine, thiomorpholine, piperidine, pyrrolidine, a mono-, di- or tri-lower alkylamine, e.g.,
ethyl-, tert-butyl-, diethyl-, diisopropyl-, triethyl-, tributyl- or dimethylpropylamine, or a mono-,
di- or trihydroxy lower alkylamine, e.g., mono-, di- or tri-ethanolamine. Corresponding
internal salts may furthermore be formed. Salts which are unsuitable for pharmaceutical
uses but which can be employed, e.g., for the isolation or purification of free compounds | or
their pharmaceutically acceptable salts, are also included. Even more preferred salts are,
e.g., selected from the mono-sodium salt in amorphous form; di-sodium salt of valsartan in

amorphous or crystalline form, especially in hydrate form, thereof.

Mono-potassium salt of valsartan in amorphous form; di-potassium salt of valsartan in

amorphous or crystalline form, especially in hydrate form, thereof.

Calcium salt of valsartan in crystalline form, especially in hydrate form, primarily the
tetrahydrate thereof;, magnesium salt of valsartan in crystalline form, especially in hydrate
form, primarily the hexahydrate thereof; calcium/magnesium mixed salt of valsartan in
crystalline form, especially in hydrate form; bis-diethylammonium salt of valsartan in
crystalline form, especially in hydrate form; s-dipropylammonium salt of valsartan in
crystalline form, especially in hydrate form; s-dibutylammonium salt of valsartan in
crystalline form, especially in hydrate form, primarily the hemihydrate thereof; mono-L-
arginine salt of valsartan in amorphous form; bis-L-arginine salt of valsartan in amorphous
form; mono-L-lysine salt of valsartan in amorphous form; bis-L-lysine salt of valsartan in

amorphous form.

Preferably when preparing the dual-acting compound, in particular the complex according to
the present invention, the free form of the ARB is used.

In a preferred embodiment of this invention, the angiotensin receptor blocker used in the
combination or complex of the present invention is Valsartan the molecular structure of which

is shown below
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Valsartan may be in the racemic form or as one of the two isomers shown below

OH

H,C c
HEC\H/ CH, 3 \H/ H,
¢ ¢
| " )k ;
H‘*C\ e \ ﬁ ? Ne /° \ /”\
Q (0 : -
A, _—
N \‘N HNT SN
\ /
N-—-—N or N=N
HC /CHJ
c:
'
H3c\ / \ /H\
N: \;N
preferably N = N

Valsartan ((S)-N-valeryl-N-{[2'-(1 H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine) used
according to the present invention can be purchased from commercial sources or can be
prepared according to known methods. For example, the preparation of valsartan is
described in U.S. Patent No 5,399,578 and EP 0 443 983, the entire disclosure of each of
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which is incorporated by reference herein. Valsartan may be used for purposes of this
invention in its free acid form, as well as in any suitable salt form. Additionally, esters or
other derivatives of the carboxylic grouping may be applied for the synthesis of linked pro-
drugs, as well as salts and derivatives of the tetrazole grouping. Reference to ARBs includes
reference to pharmaceutically acceptable salts thereof.

Preferably, the ARB is a diprotic acid. Thus, the angiotensin receptor blocker has a charge
of 0, 1 or 2 depending on the pH of the solution.

In the combination of the present invention, the ARB is in the form of a pharmaceutically
acceptable salt selected from Na, K or NH,, preferably Na. This includes both the mono- and
di-salt of these cations, preferably the di-salt. In particular in the case of valsartan this means
that both the carboxylic acid moiety and the tetrazole moiety form the salt.

In the dual-acting compound, in particular the supramolecular complex of the present
invention, typically the free form of the ARB is employed in the preparation and the cationic
species present in the complex is introduced by using a base, e.g. (Cat)OH.

The dual acting compound comprises a molecular moiety of a neutral endopeptidase
inhibitor. This means that a molecular moiety derived from a neutral endopeptidase inhibitor
IS participating in the build-up of the dual-acting compound. The neutral endopeptidase
inhibitor is part of the compound and connected to the ARB directly or indirectly via non-
covalent bonds. For sake of convenience, throughout the application, the term "neutral
endopeptidase inhibitor" will be used when describing this part of the compound. Neutral
endopeptidase inhibitors suitable for use in the present invention include those of formula (1)

BZ @) HS ﬁ

Lol |

hf— Oty CH—C—NH—CH—(Crhgm—G—F

wherein

R. is alkyl of 1-7 carbons, trifluoromethyl, phenyl, substituted phenyl, -(CH,)1 to 4-phenyl,
or -(CHy)1 to 4-substituted phenyl;

R; is hydrogen, alkyl of 1-7 carbons, phenyl, substituted phenyl, -(CH,)1 to 4-phenyl or
-(CH2)1 to 4-substituted phenyl;

R, is hydroxy, alkoxy of 1-7 carbons or NH,;
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n is an integer from 1-15;
and the term substituted phenyl refers to a substituent selected from lower alkyl of 1-4
carbons, lower alkoxy of 1-4 carbons, lower alkylthio of 1-4 carbons, hydroxy, Cl, Br or F.

Preferred neutral endopeptidase inhibitors of formula (I) include compounds,
wherein

R. is benzyl;

Rs is hydrogen;

n is an integer from 1-9; and

R is hydroxy.

Another preferred neutral endopeptidase inhibitor is (3S,2’'R)-3-{1-[2'-(ethoxycarbonyl)-4'-
phenyl-butyl]-¢yclopentan-1-carbonylamino}-2,3,4,5-tetrahydro-2-oxo-1H-1-benzazepine-1-

acetic acid or a pharmaceutically acceptable salt thereof.

Preferred neutral endopeptidase inhibitors suitable for use in the present invention include,
without limitation, SQ 28,603; -[N-[1(S)-carboxyl-3-phenylpropyl]-(S)-phenylalanyl]-(S)-
isoserine; N-[N-[((1 S)-carboxy-2-phenyl)ethyl]-(S)-phenylalanyl]-B-alanine; -[2(S)-
mercaptomethyl-3-(2-methylphenyl)-propionyljmethionine; (cis-4-[[[1-[2-carboxy-3-(2-
methoxyethoxy)propyl]-cyclopentyl]carbonyllamino}-cyclohexanecarboxylic acid); thiorphan;
retro-thiorphan; phosphoramidon; SQ 29072; (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester; N-(3-carboxy-1-oxopropy!)-(4 S)-p-
phenylphenylmethyl)-4-amino-2 R-methyibutanoic acid; (S)-cis-4-[1 -[2-(5-
indanyloxycarbonyl)-3-(2-methoxyethoxy)propyl]-1-cyclopentanecarboxamido]-1-
cyclohexanecarboxylic acid; 3-(1-[6-endo-hydroxymethylbicyclo[2,2,1]heptane-2-exo-
carbamoyl]cyclopentyl)-2-(2-methoxyethyl)propanoic acid; N-(1-(3-(N-t-butoxycarbonyl-(S)-
prolylamino)-2( S)-t-butoxy-carbonylpropyl)cyclopentanecarbonyl)- O-benzyl-(S)-serine methyl
ester; 4-[[2-(mercaptomethyl)-1-oxo-3-phenylpropyllamino]benzoic acid; 3-[1-(cis-4-
carboxycarbonyl-cis-3-butylcyclohexyl-r-1-carbamoyl)cyclopentyl}-2 S-(2-
methoxyethoxymethyl)propanoic acid; ((2S)-2-(4-biphenylmethyl)-4-carboxy-5-
phenoxyvaleryl)glycine; -(1-(N-hydroxycarbamoylmethyl)-1-cyclopentanecarbonyl)-L-
phenylalanine; (S)-(2-biphenyl-4-yl)-1-(1H-tetrazol-5-yl)ethylamino) methylphosphonic acid;
(S)-5-(N-(2-(phosphonomethylamino)-3-(4-biphenyl)propionyl)-2-aminoethyl)tetrazole;
B-alanine; 3-[1,1'-biphenyl}-4-yl-N-[diphenoxyphosphinyl)methyl]-L-alanyl; N(2-carboxy-4-
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thienyl)-3-mercapto-2-benzylpropanamide; 2-(2-mercaptomethyl-3-
phenylpropionamido)thiazol-4-ylcarboxylic acid; (L)-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)-
methoxy)carbonyl)-2-phenylethyl)-L-phenylalany!)-B-alanine; N-[N-[(L)-[1-[(2,2-dimethyl-
1,3-dioxolan-4-yl)-methoxy]carbonyl]-2-phenylethyl}-L-phenylalanyl]-(A)-alanine;
-[N-[(L)-1-carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-alanine; N-[2-acetylthiomethyl-3-(2-
methyl-phenyl)propionyl]-methionine ethyl ester; N-[2-mercaptomethyi-3-(2-
methylphenyl)propionyl]-methionine; -[2(S)-mercaptomethyl-3-(2-methylphenyl)propanoyl]-
(S)-isoserine; N-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-(S)-2-methoxy-(R)-alanine;
N-[1-[[1(5)-benzyloxycarbonyl-3-phenylpropyl]lamino]cyclopentylcarbonyl]-( S)-isoserine;
N-[1-[[1(S)-carbonyl-3-phenylpropyllamino]-cyclopentyicarbonyl]-(S)-isoserine; 1,1'-[dithiobis
[2(S5)-(2-methylbenzyi)-1-ox0-3,1-propanediyl]]-bis-(S)-isoserine; 1,1'-[dithiobis-[2( S)-(2-
methylbenzyl)-1-oxo-3,1-propanediyl]]-bis-(S)-methionine; N-(3-phenyl-2-(mercaptomethyl)-
propionyl)-( S)-4-(methylmercapto)methionine; N-[2-acetylthiomethyl-3-phenyl-propionyl}-3-
aminobenzoic acid; N-[2-mercaptomethyl-3-phenyl-propionyl}-3-aminobenzoic acid;
N-[1-(2-carboxy 4-phenylbutyl)-cyclopentane-carbonyl]-(S)-isoserine;

N-[1 -(acetylthiamethyi)cyclopentane-carbonyl]-(S)-méthionine ethyl ester;
3(S)-[2-(acetylthiomethyl)-3-phenyl-propionyllamimo-¢-caprolactam; N-(2-acetylthiomethyl-3-
(2-methylphenyl)propionyl)-methionine ethyl ester; and combinations thereof.

Neutral endopeptidase inhibitors can be purchased from commercial sources or can be
prepared according to known methods, such as those set forth in any of U.S. Patent

No. 4,722,810, U.S. Patent No. 5,223,516, U.S. Patent No. 4,610,816, U.S. Patent No.
4,929,641, South African Patent Application 84/0670, UK 69578, U.S. Patent No. 5,217,996,
EP 00342850, GB 02218983, WO 92/14706, EP 00343911, JP 06234754, EP 00361365,
WO 90/09374, JP 07157459, WO 94/15908, U.S. Patent No. 5,273,990, U.S. Patent No.
5,294,632, U.S. Patent No. 5,250,522, EP 00636621, WO 93/09101, EP 00590442, WO
93/10773, U.S. Patent No. 5,217,996, the disclosure of each of which is incorporated by
reference. Neutral endopeptidase inhibitors may be used for purposes of this invention in
their free form, as well as in any suitable salt form. Reference to neutral endopeptidase

inhibitors includes reference to pharmaceutically acceptable salts thereof.

Additionally esters or other derivatives of any carboxylic grouping may be applied for the
synthesis of linked pro-drugs, as well as salts and derivatives of any other acidic grouping.

In a preferred embodiment of this invention, the NEPI is 5-biphenyl4-yl-5-(3-carboxy-
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propionylamino)-2-methyl-pentanoic acid ethyl ester of formula (Il) or the respective
hydrolysed form 5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid.

OH

CHy

ay .

The compound of formula (Il) can exist as the (2R,4S), (2R,4S), (2R,4S) or (2R,4S) isomer.
Preferred is (2,4 S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid
ethyl ester as shown below:

The compound of formula (ll) is a specific inhibitor of NEP and is described in U.S. Patent
No. 5,217,996. It can be purchased from commercial sources or can be prepared according
to known methods. The compound of formula (II) may be used for purposes of this invention
in its free form, as well as in any suitable salt or ester form.
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Preferably the NEPI is a monoprotic acid. Thus, the NEPi has a charge of 0 or 1 depending
on the pH of the solution.

In the combination of the present invention, the NEPI is in the form of a pharmaceutically

acceptable salt selected from Na, K or NH,, preferably Na.

In the dual-acting compound, in particular the supramolecular complex of the present
invention, typically the free form of the NEPi is employed in the preparation and the cationic

species present in the complex is introduced by using a base, (Cat)OH.

The dual acting compound preferably comprises non-covalent bonds between the ARB and
the NEPI. Alternatively or in addition, it optionally comprises a linking moiety such as a

pharmaceutically acceptable cation.

The linking moiety includes, but is not limited to, generally regarded as safe (GRAS)
compounds or other pharmacologically acceptable compounds. The linking moiety may be
an ion or a neutral molecule. In the case wherein the linking moiety is an ion the linked pro-
drug is a salt and when the linking moiety is a neutral molecule the linked pro-drug is a co-
crystal. Without being bound by any particular theory, the acidic portion of the ARB and
NEPi donate a proton to the basic linking moiety such that all three components then
become united to form one molecule. When the linked pro-drug is ingested by the subject
intended to be treated the more acidic nature of the ingestion environment causes the linked
pro-drug to separate into individual components concomitant with ingestion and absorption
and therefore be converted into active agents to provide their beneficial biological action to

treat the intended diseases.

In the case of a linked pro-drug salt or the dual-acting compound, the linking moiety or the
cation, respectively, is preferably a positively charged mono-, di- or tri-valent cation, an
organic base or an amino acid. Preferred cations (Cat) both for the linked pro-drug in
general and the dual-acting compound, in particular the complex are basic cations, even
more preferably metallic cations. Preferred metallic cations include, but are not limited to Na,
K, Ca, Mg, Zn, Fe or NH,. Amine bases and salt forming agents may also be employed,
such as benzathine, hydrabamine, ethylenediamine, n-n-dibenzyl-ethylenediamine, L-
arginine, choline hydroxide, N-methyl-glucamine, (Meglumine), L-Lysine,
dimethylaminoethanol (Deanol), t-butylamine, diethylamine, 2-(diethylamino)-ethanol, 4-(2-
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hydroxyethyl)-morpholine, Thromethanine (TRIS), 4-acetamidophenol, 2-amino-2-methyl-1,3-
propanediol, 2-amino-2-methyl-propanol, benzylamine, cyclohexylamine, diethanolamine,

ethanolamine, imidazole, piperazine and triethanolamine.
Most preferably, the cation is Na, K or NHy4, such as Na. In one embodiment Ca is preferred.

In the case of a linked pro-drug co-crystal, the linking moiety is may also be a neutral

molecule which provides hydrogen-bonding functionality.

In one embodiment, the linked pro-drugs of this invention are represented as set forth below,

wherein scheme (1) and (2) represent a salt and scheme (3) represents a co-crystal:
NEPi « Xae ARB scheme (1)
NEPi « XaYbe ARB scheme (2)

NEPi « Zce ARB scheme (3),

wherein
X'is Ca, Mg, Zn or Fe;
Y is Na, K or NH4;
Z is a neutral molecule; and

a, b and c reflect the stoichiometry of the linked pro-drug, preferably, a, b and c are a
valence of 17, 2" or 3".

For the linked pro-drugs of schemes (1) and (2), above, preferably the NEPi is a monoprotic
acid and ARB is a diprotic acid. The angiotensin receptor blocker has a charge of 0, 1 or 2
and the NEPi has a charge of 0 or 1 depending on the pH of the solution, while the overall
molecule will be neutral. Ratios of ARB to NEPi will be 1:1, 1:2, 1.3, 3:1, 2:1, 1:1, preferably
1:1, 1:2 or 1:3, most preferably 1:1.

Multi-component salts, particularly with zinc and calcium have been reported in the literature,
e.g., Chem PharmBull, Vol. 53, p. 654 (2005). These ions require a coordination geometry
that facilitates the crystallization of multi-component systems. The metal ions have

coordinating geometries governed by the atomic orbitals for each species
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Valsartan comprises two acidic groupings: the carboxylic acid and the tetrazole. In one
embodiment of this aspect of the present invention, the molecular structure of linked pro-
drugs of valsartan and a NEPi comprise a linkage between the carboxylic acid and the linking
moiety or a linkage between the tetrazole grouping and the linking moiety. In yet another
embodiment, the linked pro-drug comprises a trivalent linking moiety linked to the valsartan

carboxylic acid grouping, the tetrazole grouping and the NEPi grouping.

In an embodiment of this aspect of the invention, valsartan is linked to (2R,4S)-5-biphenyl4-

yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester by a calcium salt ion.

In a preferred embodiment of the present application, the angiotensin receptor antagonist
and the neutral endopeptidase inhibitor are present in a molar ratio of 1:1, 1:2, 1:3, 3:1, 2:1,
more preferably 1:1 in the combination as well as in the supramolecular complex. This is also
true for the linked pro-drug. Moreover, in the complex, angiotensin receptor antagonist, the .
neutral endopeptidase inhibitor and the cation are present in a molar ratio of 1:1:1, 1:1:2,
1:1:3, more preferably 1:1:3. This applies equally to the linked pro-drug.

The combination or the dual-acting compound, in particular the complex of the present
invention may contain a solvent. This is particularly preferred in the case of the dual-acting
compound, in particular the complex, where the solvent may contribute to the intermolecular
structure, e.g. the supramolecular interactions. Preferred solvents include water, methanol,
ethanol, 2-propanol, acetone, ethyl acetate, methyl-t-butylether, acetonitrile, toluene, and
methylene chlgride, preferably water. If a solvent is present, one or more molecules per
molecule of the active agent can be present. In this case, namely if a stoichiometric amount
of the solvent is present, preferably 1, 2, 3, 4 or 5, more preferably 3, molecules of solvent,
such as water, can be present per molecule of active agent. Alternatively, the solvent may
be present in non-stoichiometric amounts. This means preferably any stoichiometric fraction
of the solvent, such as 0.25, 0.5, 0.75, 1.25, 1.5, 1.75, 2.25, 2.5, 2.75, 3.25, 3.5, 3.75, 4.25,
4.5 and 4.75, preferably 2.5, molecules of solvent, such as water, can be present per
molecule of active agent. If the dual-acting compound, in particular the complex is in the
crystalline form, the solvent may be part of the molecular packing and be trapped in the

crystal lattice.

Thus in a preferred embodiment of the present invention, the dual-acting compound, in

particular the supramolecular complex is described by the sum formula:
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[ARB(NEPi)]Na, .3« xH,0, wherein xis 0, *, 2 or 3, such as 3, preferably

[ARB(NEPIi)]Na; » xH,O, wherein xis 0, * , 2 or 3, such as 3, more preferably

[valsartan ((2R,4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid

ethyl ester]Na$ » x H,O, wherein x is 0, * , 2 or 3, such as 3.

Thus in a preferred embodiment of the present invention, the dual-acting compound, in

particular the supramolecular complex is described by the sum formula:
[ARB(NEPIi}IN@a,.3 « xH;0, wherein x is 0 to 3, such as 2.5, preferably
[ARB(NEPi})]Na; » xH,O, wherein x is 0 to 3, such as 2.5, more preferably

[(N-valeryl-N-{[2'-(1H-tetrazole-5-yl)-biphenyl-4-yl}-methyl}-valine) (5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl esterjNasz « x HxO, in particular [((S)-
N-valeryl-N-{[2'-(1H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine) ((2R,4 S)-5-biphenyl4-yl-5-
(3-carboxy-prapionylamino)-2-methyl-pentanoic acid ethyl ester]Na; « x H.O, wherein x is 0
to 3, such as 2.5. In this most preferred example, the complex is termed trisodium [3-
((1S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-( S)-3'-methyl-
2'-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-ylmethyl}amino)butyrate] hemipentahydrate.

A simplified structure of trisodium [3-((15,3R)-1-biphenyi-4-ylmethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-
ylmethyllamino)butyrate] hemipentahydrate used to formally calculate the relative molecular

mass, is shown below. -
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. 3Na*. 25 H,0

Valsartan comprises two acidic groupings: the carboxylic acid and the tetrazole. In one
embodiment of this aspect of the present invention, the molecular structure of the dual-acting
compound, in particular, the complex, of valsartan and a NEPi comprises an interaction
between the carboxylic acid and the cation, such as Na, or the solvent, such as water, or a
linkage between the tetrazole grouping and the cation, such as Na, or the solvent, such as
water. In yet another embodiment, the dual-acting compound, in particular, the complex,
comprises an interaction between the valsartan carboxylic acid grouping, the tetrazole

grouping or the NEPi grouping and the cation, such as Na, or the solvent, such as water.

The combination or dual-acting compound, in particular, the complex, of the present
invention is preferably in the solid form. In the solid state it can be in the crystalline, partially

crystalline, amorphous, or polymorphous form, preferably in the crystalline form.

The dual-acting compound, in particular, the complex, of the present invention is distinct from
a combination of an ARB and a NEPi obtained by simply physically mixing the two active
agents. Thus, it can have different properties that make it particularly useful for
manufacturing and therapeutic applications. The difference of the dual-acting compound, in
particular, the complex, and the combination can be exemplified by the dual-acting
compound of (S)-N-valeryl-N-{[2'-(1H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine and

(2R,4 S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester
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which is characterized by very distinct spectral peaks and shitts that are not observed in the

physical mixture.

Specifically, such a dual-acting compound is preferably characterized by an X-ray powder
diffraction pattern taken with a Scintag XDS2000 powder diffractometer using Cu-Ka
radiation (lamda=1.54056 A) with a Peltier-cooled Silicon detector at room temperature
(25degree C). Scan range was from 1.5degree to 40degree in 2 theta with a scan rate of
3degree/minute. The most important reflections in the X-ray diffraction diagram comprise the

following interiattice plane intervals:

The preferred characterization of trisodium [3-((1S,3R)-1-biphenyl-4-yimethyl-3-
ethoxycarbony!-1-butylcarbamoyl)propionate-( S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-
ylate)biphenyl-4'-yimethyl}amino)butyrate] hemipentahydrate is obtained from the interlattice
plane intervals d of the ascertained X-ray diffraction diagrams, whereby, in the following,

average values 20 in [°] are indicated (error limit of +0.2)

45,55, 5.6, 99, 128, 15.7, 170, 17.1, 17.2, 183, 185, 19.8, 21.5, 21.7, 23.2, 23.3, 24.9,
253, 274, 27.9, 28.0, 30.2.

or with an error limit of +0.1:

4.45, 552, 557, 9.94, 12.82, 15.66, 17.01, 17.12, 17.2, 18.32, 18.46, 19.76, 21.53, 21.72,
23.17, 23.27, 24.88, 25.3, 27.4, 27.88, 28.04, 30.2.

The most intensive reflections in the X-ray diffraction pattern show the following interlattice

plane intervals:

2€ in[9:.45, 56, 128, 17.0, 17.2, 19.8, 21.5, 27.4, in particular 4.45, 5.57, 17.01, 17.2,
19.76, 21, 27 4.

A preferred method of checking the above-indicated average values of the interlattice plane
intervals and intensities measured by experimentation from X-ray diffraction, for a given
substance, consists in calculating these intervals and their intensities from the
comprehensive single crystal structure determination. This structure determination yields ceU
constants and atom positions, which enable the X-ray diffraction diagram corresponding to
the solid to be calculated by means of computer-aided calculation methods. The program

used is Powder Pattern within the application software Materials Studio (Accelrys). A
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comparison of these data, namely the interlattice plane intervals and intensities of the most

important lines of trisodium [3-((1S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbony!-1-

hutylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4’-

ylrethyl}amino)butyrate] hemipentahydrate, obtained from measurements and from

calculating the single crystal data, is illustrated in the table below.

Table
measurefa calculated : ‘measured - caleulated
2e in [ |ntejhsity 1 20In [} {Intensity| 20in [ Intensity | 20in[3|  Intensity
very very
4.45 4.15 19.76 strong 19.6 very weak
strong strong
5.52 Strong 5 strong | 21.53 weak 198 very weak
557 strong 6.5 strong | 21.72 very weak 21.4 very weak
very
9.94 9.75 weak 23.17 weak 23.1 very weak
weak
very
12.82 12.6 weak 23.27 weak 23.15 very weak
strong
very
15.66 15.05 strong | 24.88 very weak very weak
weak
very
17.01 weak 16.9 25.3 weak 25.3 very weak
strong
17.12 strong 171 strong 274 weak 27.3 very weak
17.2 weak 17.15 weak 27.88 very weak 27.9 very weak
18.32 weak 18.25 very 28.04 weak
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weak

18.46 weak 18.3 weak 0.2 weak

Relative intensity between 100% to 50% is referred to as very strong, 50% to 10% as strong, 10%to

5% as weak, and below 5% as very weak.

The invention relates to trisodium [3-((1S,3R)-1-biphenyl-4-yImethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-
yimethyl}amino)butyrate] hemipentahydrate, a crystalline solid which is characterized by the
data and parameters obtained from single crystal X-ray analysis and X-ray powder patterns.
An in-depth discussion of the theory of the methods of single crystal X-ray diffraction and the
definition of the evaluated crystal data and the parameters may be found in Stout & Jensen,
X-Ray Structure Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1968)
chapter 3.

Crystal data

sum formula C4sH55N303N83‘2.5H20
molecular mass 957.99
crystal colour colourless
crystal shape tabular: hexagonal
crystal system monoclinic
space group P2,
Cell parameters a=20.344 A
b=42.018 A
c=20.374 A
a=90°

B=119.29°
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Y = 90°

volume of unit cell 15190.03 A’

Z (the number of asymmetric units in the unit cell) 2

calculated density 1.26845 g/cm3

Single crystal X-ray measurement data

diffractometer Nonius KappaCCD

X-raygenerator Nonius FR571 X-ray generator with a

copper rotating anode
temperature 270 K and 150 K
Notes:
Two data sets on two suitable single crystals were collected at two different temperatures to
assure no phase change during cooling.
None of the hydrogen atoms on the water or amine nitrogen atoms were observed in the Fourier
maps so they were not included in the refinement.

Computer program used to solve the structure
SHELXD ( Sheldrick, Géttingen)

In three dimensions, the unit cell is defined by three edge lengths a, b, and ¢, and three
interaxial anglés a, 8, und y. In this way, the volume of the unit cell V; is determined. A
differentiated description of these crystal parameters is illustrated in chapter 3 of Stout &
Jensen (see above). The details for trisodium [3-((1 S,3A)-1-biphenyi-4-yimethyl-3-
ethoxycarbonyl-1-butylcarbamoyl)propionate-( S)-3'-methyi-2’-(pentanoyl{2”-(tetrazol-5-
ylate)biphenyi-4'-yimethyl}amino)butyrate] hemipentahydrate from the single crystal
measurements, especially the atom coordinates, the isotropic thermal parameters, the
coordinates of the hydrogen atoms as well as the corresponding isotropic thermal
parameters, show that a monoclinic unit cell exists, its cell content of twelve formula units of

CagHssNsOgNag @ 2.5 H,0 occurring as a result of two asymmetric units on two-fold positions.



76

-28-
The acentric space group P2, determined from the single crystal X-ray structure is a common
space group for enantiomorphically pure molecules. In this space group there are two
general positions which means that for twelve formula units in the unit cell there must be 18

sodium ions and 15 waters in the asymmetric unit.

A pictorial representation of the unit cell of the supramolecular complex of trisodium [3-
((15,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-methyl-
2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4"-ylimethyl}Jamino)butyrate] hemipentahydrate

comprising two asymmetric units is shown in Figure 1.

Based on the single crystal structure solution, the asymmetric unit of the trisodium [3-
((15,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-( S)-3'-methyl-
2-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-yimethyl}amino)butyrate] hemipentahydrate
supramolecule comprises six each of ARB and NEPi moieties, 18 sodium atoms, and 15
water molecules. Trisodium [3-((1S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-
utylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-
ylmethyl}amino)butyrate] hemipentahydrate may be considered a sodium supramolecular
complex, coordinated by oxygen ligands. These oxygens come from twelve carboxylate
groups and eighteen carbonyl groups of the above moieties, and from 13 of the 15 water
molecules. The crystal is an infinite 3-dimensional network of these sodium complexes.

Such a compound may also be characterized by an infrared absorption spectrum obtained
using Attenuatec Total Reflection Fourier Transform Infrared (ATR-FTIR) spectrometer
(Nicolet Magna-IR 560) showing the following significant bands, expressed in reciprocal
wave numbers (cm™ ):

2956 (w), 1711 (st), 1637 (st), 1597 (st), 1488 (w), 1459 (m), 1401 (st), 1357 (w), 1295 (m),
126€ (m), 1176 (w), 1085 (m), 1010 (w), 1942(w), 907 (w), 862 (w), 763 (st), 742 (m), 698
(m), 533 (st). Characteristic to the complex are in particular the following peaks 1711(st),
1637(st), 1597(st) and 1401(st). The error margin for all absorption bands of ATR-IR is

+2 cm™’. The intensities of the absorption bands are indicated as follows: (w) = weak; (m) =

medium; and (st) = strong intensity.
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Such a compaund may also be characterized by a Raman spectrum measured by dispersive
Raman spectrometer with 785 nm laser excitation source (Kaiser Optical Systems, Inc.)

showing the following significant bands expressed in reciprocal wave numbers (cm™ ):

3061 (m), 2930 (M, broad), 1612 (st), 1523 (m), 1461 (w), 1427 (W), 1287 (st), 1195 (w),
1108 (w), 11053 (W), 1041 (w), 1011 (w), 997 (m), 866(w), 850 (W), 822 (W), 808 (W), 735 (W),
715 (w), 669 (W), 643 (), 631 (W), 618 (W), 602 (W), 557 (W), 522 (W), 453 (W), 410 (w), 328

(w).

The error margin for all Raman bands is + 2 cm™. The intensities of the absorption bands

are indicated as follows: (w) = weak; (m) = medium; and (st) = strong intensity.

Such a compaund may also be characterized by distinct melting properties measured by
differential scanning calorimetry (DSC). Using Q1000 (TA Instruments) instrument, the
melting onset femperature and the peak maximum temperature for such a complex are
observed at 139°C and 145°C, respectively. The heating rate is 10 K/min.

The second embodiment of the present invention is directed to pharmaceutical compositions
comprising a combination, a linked pro-drug or a dual-acting compound, in particular the
complex as described herein and at least one pharmaceutically acceptable additive. The
details regarding the combination and the complex, including the ARB and the NEPi, are as

described above with regard to the first embodiment of the invention.

The pharmaceutical compositions according to the invention can be prepared in a manner
known per se and are those suitable for enteral, such as oral or rectal, and parenteral
administration to mammals (warm-blooded animals), including man, comprising a
therapeutically effective amount of the combination or dual-acting compound, in particular the
complex, alone or in combination with at least one pharmaceutically acceptable carrier,
especially suitable for enteral or parenteral application. Typical oral formulations include
tablets, capsules, syrups, elixirs and suspensions. Typical injectable formulations include

solutions and guspensions.

Pharmaceutically acceptable additives suitable for use in the present invention include,
without limitation and provided they are chemically inert so that they do not adversely affect
the combinatian or the dual-acting compound, in particular the complex of the present

invention, dilueénts or fillers, disintegrants, glidants, lubricants, binders, colorants and
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combinations thereof. The amount of each additive in a solid dosage formulation may vary
within ranges conventional in the art. Typical pharmaceutically acceptable carriers for use in
the formulations described above are exemplified by: sugars, such as lactose, sucrose,
mannitol and sorbitol; starches, such as cornstarch, tapioca starch and potato starch;
cellulose and derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and
methyl celluloge; calcium phosphates, such as dicalcium phosphate and tricalcium
phosphate; sodium sulfate; calcium sulfate; polyvinylpyrrolidone; polyvinyl alcohol; stearic
acid; alkaline earth metal stearates, such as magnesium stearate and calcium stearate;
stearic acid; vegetable oils, such as peanut oil, cottonseed oil, sesame oil, olive oil and corn
oil; non-ionic, cationic and anionic surfactants; ethylene glycol polymers; B-cyclodextrin; fatty
alcohols; and hydrolyzed cereal solids, as well as other non-toxic compatible fillers, binders,
disintegrants, buffers, preservatives, antioxidants, lubricants, flavoring agents and the like

commonly used in pharmaceutical formulations.

Pharmaceutical preparations for enteral or parenteral administration are, e.g., in unit dose
forms, such as coated tablets, tablets, capsules or suppositories and also ampoules. These
are prepared in a manner which is known per se, e.g., using conventional mixing,
granulation, coating, solubilizing or lyophilizing processes. Thus, pharmaceutical
compositions for oral use can be obtained by combining the linked pro-drug, combination or
dual-acting compound, in particular the complex with solid excipients, if desired, granulating
a mixture which has been obtained, and, if required or necessary, processing the mixture or

granulate into tablets or coated tablet cores after having added suitable auxiliary substances.
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The dosage of the active compounds in the combination or dual-acting compound, in
particular the complex can depend on a variety of factors, such as mode of administration,
homeothermic species, age and/or individual condition. The projected efficacy in animal
disease models ranges from about 0.1 mg/kg/day to about 1000 mg/kg/day given orally, and
the projected dose for human treatment ranges from about 0.1 mg/day to about 2000
mg/day. Preferred ranges are from about 40 mg/day to about 960 mg/day of the linked pro-
drug, preferably about 80 mg/day to about 640 mg/day. The ARB component is
administered in a dosage of from about 40 mg/day to about 320 mg/day and the NEPI
component is administered in a dosage of from about 40 mg/day to about 320 mg/day. More
specifically, the dosages of ARB/NEPI, respectively, include 40 mg/40 mg, 80 mg/80 myg, 160
mg/160 mg, 320 mg/320 mg, 40 mg/80 mg, 80 mg/160 mg, 160 mg/320 mg, 320 mg/640 mg,
80 mg/40 mg, 160 mg/80 mg and 320 mg/160 mg, respectively. These dosages are
"therapeutically effective amounts”. Preferred dosages for the linked pro-drug, combination
or dual-acting compound, in particular the complex of the pharmaceutical composition

according to the present invention are therapeutically effective dosages.

The pharmaceutical compositions may contain in addition another therapeutic agent, e.g.,
each at an effective therapeutic dose as reported in the art. Such therapeutic agents include:

a) antidiabetic agents such as insulin, insulin derivatives and mimetics; insulin secretagogues
such as the sulfonylureas, e.g., Glipizide, glyburide and Amaryl; insulinotropic sulfonylurea
receptor ligands such as meglitinides, e.g., nateglinide and repaglinide; peroxisome
proliferator-activated receptor (PPAR) ligands; protein tyrosine phosphatase-1B (PTP-1B)
inhibitors such as PTP-112; GSK3 (glycogen synthase kinase-3) inhibitors such as SB-
517955, SB-41950562, SB-216763, NN-57-05441 and NN-57-05445; RXR ligands such as
GW-0791 and AGN-194204; sodium-dependent glucose cotransporter inhibitors such as T-
1095; glycogen phosphorylase A inhibitors such as BAY R3401; biguanides such as met-
formin; alpha-glucosidase inhibitors such as acarbose; GLP-1 (glucagon like peptide-1),
GLP-1 analogs such as Exendin-4 and GLP-1 mimetics; and DPPIV (dipeptidyl peptidase V)
inhibitors such as LAF237;

b) hypolipidemic agents such as 3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) re-
ductase inhibitors, e.g., lovastatin, pitavastatin, simvastatin, pravastatin, cerivastatin, meva-

statin, velostatin, fluvastatin, dalvastatin, atorvastatin, rosuvastatin and rivastatin; squalene
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synthase inhibitors; FXR (farnesoid X receptor) and LXR (liver X receptor) ligands; cholestyr-

amine; fibrates; nicotinic acid and aspirin;
c) anti-obesity agents such as orlistat; and

d) anti-hypertensive agents, e.g., loop diuretics such as ethacrynic acid, furosemide and tor-
semide; angiotensin converting enzyme (ACE) inhibitors such as benazepril, captopril, enala-
pril, fosinopril, lisinopril, moexipril, perinodopril, quinapril, ramipril and trandolapril; inhibitors
of the Na-K-ATPase membrane pump such as digoxin; ACE/NEP inhibitors such as
omapatrilat, sampatrilat and fasidotril; p-adrenergic receptor blockers such as acebutolol,
atenolol, betaxolol, bisoprolol, metoprolol, nadolol, propranolol, sotalol and timolol; inotropic
agents such as digoxin, dobutamine and milrinone; calcium channel blockers such as
amlodipine, bépridil, diltiazem, felodipine, nicardipine, nimodipine, nifedipine, nisoldipine and
verapamil; aldosterone receptor antagonists; and aldosterone synthase inhibitors. Most
preferred combination partners are diuretics, such as hydrochlorothiazide, and/or calcium

channel blockers, such as amlodipine or a salt thereof.

Other specific anti-diabetic compounds are described by Patel Mona in Expert Opin Investig
Drugs, 2003, 12(4), 623-633, in the figures 1 to 7, which are herein incorporated by refe-
rence. A compound of the present invention may be administered either simultaneously,
before or after the other active ingredient, either separately by the same or different route of

administration or together in the same pharmaceutical formulation.

The structure of the therapeutic agents identified by code numbers, generic or trade names
may be taken from the actual edition of the standard compendium “The Merck Index" or from
databases, e.g., Patents International (e.g. IME World Publications). The corresponding
content thereof is hereby incorporated by reference.

Accordingly, the present invention provides pharmaceutical compositions in addition a
therapeutically effective amount of another therapeutic agent, preferably selected from anti-
diabetics, hypoiipidemic agents, anti-obesity agents or anti-hypertensive agents, most pre-
ferably from antidiabetics, anti-hypertensive agents or hypoiipidemic agents as described
above.
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The person skilled in the pertinent art is fully enabled to select a relevant test model to prove
the efficacy of a combination of the present invention in the hereinbefore and hereinafter

indicated therapeutic indications.

Representative studies are carried out with trisodium [3-((1 S,3R)-1-biphenyl-4-ylmethy!-3-
ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2”-(tetrazol-5-
ylate)biphenyl!-4'-yimethyl}amino)butyrate] hemipentahydrate, e.g. applying the following
methodology:

The antihypertensive and neutral endopeptidase 24.11 (NEP)-inhibitory activities of trisodium
[3~((18,3R)- 1-biphenyl-4-yimethyl-3-ethoxycarbonyl- 1-butylcarbamoyl)propionate-( S)-3'-
methyl-2’-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4’-yimethyl}amino)butyrate]
hemipentahydrate is assessed in conscious rats. The blood pressure-lowering effect is
evaluated in double-transgenic rats (dTGRs) that overexpress both human renin and its
substrate, human angiotensinogen (Bohlender, et al, High human renin hypertension in
transgenic rats. Hypertension; 29(1 Pt2):428-34, 1997). Consequently, these animals
exhibit an angiotensin II-dependent hypertension. The NEP-inhibitory effect of trisodium [3-
((1S5,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-( S)-3'-methyl-
2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-yimethyl}Jamino)butyrate] hemipentahydrate is
determined in conscious Sprague-Dawley rats infused with exogenous atrial natriuretic
peptide (ANP). Potentiation of plasma ANP levels is used as an index of NEP inhibition in
vivo. In both models, trisodium [3-((1 S,3R)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-
butyicarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-
yimethyl}amino)butyrate] hemipentahydrate is administered orally as a powder in gelatin mini

capsules. The results are summarized below.

 Trisodium [3-((1 S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2”-(tetrazo!-5-ylate)biphenyl-4'-
ylmethyl}amino)butyrate] hemipentahydrate exhibits a dose-dependent and long-lasting
antihypertensive effect after oral administration in conscious dTGRs, a rat model of

fulminant hypertension.

» Oral administration of trisodium [3-((1 S,3A)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3'-methyl-2'-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-
ylmethyl}amino)butyrate] hemipentahydrate rapidly and dose-dependently inhibits NEP

with a long duration of action, as reflected by its potentiation of plasma ANP
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immunoreactivity (ANPIr) in conscious Sprague-Dawley rats infused with exogenous
ANP.

Antihypertensive effect in vivo

The dTGRs are instrumented with radiotelemetry transmitters for continuous measurement of
arterial blood pressure and heart rate. Animals are randomly assigned to vehicle (empty
capsule) or treatment (at 2, 6, 20 or 60 mg/kg, p.0.) groups. Baseline 24-hr mean arterial
pressure (MAP) is approximately 170-180 mmHg in all groups. Trisodium [3-((1S,3R)-1-
biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-methyl-2'-
(pentanoyl{2”<(tetrazol-5-ylate)biphenyl-4'-ylmethyl}amino)butyrate] hemipentahydrate dose-
dependently reduces MAP. The values obtained from the treatment groups are dose-
dependent, and the results from the three highest doses are significantly different from the

vehicle controls

Inhibition of NEP in vivo

The extent and duration of trisodium [3-((1S,3R)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3'-methyl-2’-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-
yimethyl}amino)butyrate] hemipentahydrate for NEP inhibition in vivo is assessed with
methodologies as described previously (Trapani, et al, CGS 35601 and its orally active
prodrug CGS 37808 as triple inhibitors of endothelin-converting enzyme-1, neutral
endopeptidase 24.11, and angiotensin-converting enzyme. J Cardiovasc Pharmacol;
44(Suppl 1):8211-5, 2004). Rat ANP(1-28) is infused intravenously at a rate of 450
ng/kg/min in conscious, chronically cannulated, male Sprague-Dawley rats. After one hour of
infusion, rats are randomly assigned to one of six groups: untreated control, vehicle (empty
capsule) control, or one of four doses of drug (2, 6, 20, or 60 mg/kg, p.0.). ANP infusion is
continued for an additional eight hours. Blood samples are collected for measuring plasma
ANPIr by a commercial enzyme immunoassay kit at -60 min (i.e., before initiating ANP
infusion), -30 min (after 30 min of ANP infusion), O min ("baseline"; after 60 min of ANP
infusion but before dosing with drug or its vehicle), and at 0.25, 0.5, 1, 2, 3, 4, 5, 6, 7, and 8
hr post-dosing.

Before ANP infusion, ANPIr is low (0.9-1.4 ng/ml) and similar in all six groups. ANP infusion
rapidly (by 30 min) elevates ANPir to ~10 ng/ml. This ANPIr level is sustained for the

duration of the experiment in the untreated and vehicle control groups. In contrast, trisodium
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[3-((18,3RA)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-
methyl-2'-(pentanoyl{2”-(tetrazol-5-ylate)biphenyl-4'-ylmethyl}amino)butyrate]
hemipentahydrate rapidly (within 15 min} and dose-dependently augments ANPir. In
summary, orally administered LCZ696 rapidly and dose-dependently inhibited NEP with a

long duration of action as reflected by the potentiation of plasma ANPIr.

The available results indicate an unexpected therapeutic effect of a compound according to

the invention.

In a third aspect, the present invention is directed to a method of making a linked pro-drug of
an ARB or a pharmaceutically acceptable salt thereof and a NEPi or a pharmaceutically

acceptable salt thereof comprising the steps of:

(a) adding an inorganic salt forming agent to a solvent to form a linked pro-drug salt

forming solution;

(b) adding the salt forming solution to a mixture of an ARB and a NEPi such that the
ARB and NEPi form a linked pro-drug; and

(c) isolating the linked pro-drug.
Preferably, the components are added in an equivalent amount.

The inorganic salt forming agent includes, but is not limited to, calcium hydroxide, zinc
hydroxide, calcium methoxide, calcium acetate, calcium hydrogen carbonate, calcium
formate, magnesium hydroxide, magnesium acetate, magnesium formate and magnesium
hydrogen carbonate, sodium hydroxide, sodium methoxide, sodium acetate, sodium formate.
The inorganic salt forming agent releases the linking moiety into the solvent such that when

an ARB and a NEPi are present a linked pro-drug is formed.

Solvents included in the scope of the present invention include, but are not limited to,
solvents in which the ARB, NEPi and inorganic salt forming agent preferably exhibit a lower
solubility that allows the linked pro-drug to crystallize. Such solvents may comprise, but are
not limited to, water, methanol, ethanol, 2-propanol, ethylacetate, methyl-t-butylether,

acetonitrile, toluene, and methylene chloride and mixtures of such solvents.
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The inorganic salt forming agent and the solvent when combined should have a pH which
promotes linked pro-drug formation. The pH may be between about 2 and about 6,

preferably between about 3 and about 5, most preferably between 3.9 and 4.7.

The linked pro-drug is isolated by crystallization and chromatography. Specific types of
chromatography include, e.g., ligand specific resin chromatography, reverse phase resin

chromatography and ion-exchange resin chromatography.

A specific example comprises contacting a divalent salt of one component with a mono-
valent salt of the other component of the linked pro-drug. Specifically the mixed salt of
valsartan and a mono-basic NEPi are synthesized by contacting the calcium salt of valsartan
with the sodium salt of the NEPi component. Isolation of the desired mixed salt is carried out
by selective crystallization or chromatography using ligand specific resins, reverse phase
resins or ion-exchange resins. Similarly this process can be conducted with a monovalent

salt of both components, such as the sodium salt of both components.

In another embodiment of this aspect of the invention, a co-crystal of the linked pro-drug is
obtained. In a method of making a linked pro-drug co-crystal the inorganic salt forming agent
is replaced with a neutral molecule which provides hydrogen binding properties. The solvent

may be part of the molecular packing and be trapped in the crystal lattice.

In a preferred embodiment of the third aspect, the present invention is directed to a method
of preparing a dual-acting compound comprising

(@) an angiotensin receptor antagonist;

(b) a neutral endopeptidase inhibitor (NEPi); and optionally

(c) a pharmaceutically acceptable caticn;

said method comprising the steps of:

(i) dissolving an angiotensin receptor antagonist and a neutral endopeptidase

inhibitor (NEPI) in a suitable solvent;
(i) dissolving a basic compound of Cat in a suitable solvent, wherein Cat is a cation;

(i) combining the solutions obtained in steps (i) and (ii);
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(iv) precipitation of the solid, and drying same to obtain the dual-acting compound; or

alternatively

obtaining the dual-acting compound by exchanging the solvent(s) employed in steps
(i) and (ii) by

(iva) evaporating the resulting solution to dryness;

(va) re-dissolving the solid in a suitable solvent;

(via) precipitation of the solid and drying same to obtain the dual-acting compound.

The details regarding the complex, including the ARB, the NEPi and the cation, are as

described above with regard to the first embodiment of the invention.

Preferably, in step (i) the ARB and the NEPi are added in an equivalent molar amount. Both
the ARB and the NEPi are preferably used in the free form. The solvent used in step (i) may
be any solvent that allows dissolution of both the ARB and the NEPi. Preferred solvents
include those mentioned above, namely water, methanol, ethanol, 2-propanol, acetone, ethyl
acetate, isoprapyl acetate, methyl-t-butylether, acetonitrile, toluene, DMF, NMF and
methylene chloride and mixtures of such solvents, such as ethanol-water, methanol-water, 2-
propanol-water, acetonitrile-water, acetone-water, 2-propanol-toluene, ethyl acetate-heptane,
isopropyl acetate-acetone, methyl-t-butyl ether-heptane, methyi-t-butyl ether-ethanol,
ethanol-heptane, acetone-ethyl acetate, actetone-cyclohexane, toluene-heptane, more

preferablyacetone.

Preferably, in step (i) the basic compound of Cat is a compound capable of forming a salt
with the acidic functionalities of the ARB and the NEPi. Examples include those mentioned
above, such as calcium hydroxide, zinc hydroxide, calcium methoxide, calcium ethoxide,
calcium acetate, calcium hydrogen carbonate, calcium formate, magnesium hydroxide,
magnesium acetate, magnesium formate, magnesium hydrogen carbonate, sodium
hydroxide, sodium carbonate, sodium hydrogen carbonate, sodium methoxide, sodium
ethoxide, sodium acetate, sodium formate, potassium hydroxide, potassium carbonate,
potassium hydrogen carbonate, potassium methoxide, potassium ethoxide, potassium
acetate, potassium formate, ammonium hydroxide, ammonium methoxide, ammonium
ethoxide, and ammonium carbonate. Perchlorates may also be used. Amine bases or salt
forming agents such a those mentioned above may also be used, in particular benzathine, L-

arginine, cholin, ethylene diamine, L-lysine or piperazine. Typically an inorganic base is
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employed with Cat as specified herein. More preferably, the basic compound is (Cat)OH,
(Cat).COg, (Cat)HCOs,, still more preferably Cat(OH), such as NaOH. The basic compound is
employed in an amount of at least 3 equivalents relative to either the ARB or the NEPI,
preferably it is employed in stoichiometric amount to obtain the dual-acting compound, in
particular the complex with three cations. The solvent used in step (i) may be any solvent or
mixtures of solvents that allow dissolution of Cat(OH). Preferred solvents include water,
methanol, ethanol, 2-propanol, acetone, ethylacetate, isopropyl acetate, methyl-t-butylether,
acetonitrile, toluene, and methylene chloride and mixtures of such solvents, more preferably

water.

In step (iii) the solutions obtained in steps (i) and (ii) are combined. This can take place by
adding the solution obtained in step (i) to the solution obtained in step (ii) or vice versa,

preferably, the solution obtained in step (ii) to the solution obtained in step (i).

According to the first alternative, once combined and preferably mixed, the dual-acting
compound, in particular the complex precipitates in step (iv). This mixing and precipitation is
typically effected by stirring the solutions for an appropriate amount of time such as 20 min to
6 h, preferably 30 min to 3 h, more preferably 2 h, at room temperature. It is advantageous

to add seeds of the dual acting compound. This method facilitates precipitation.

In step (iv) according to this first alternative, a co-solvent is typically added. The co-solvent
employed is a solvent in which the ARB and the NEPI in the complexed form exhibit a lower
solubility that allows the compound to precipitate. Distillation, either continuous or stepwise,
with replacement by this co-solvent results in a mixture predominantly of the co-solvent.
Preferred solvents include ethanol, 2-propanol, acetone, ethylacetate, isopropyl acetate,
methyl-t-butylather, acetonitrile, toluene, and methylene chloride and mixtures of such
solvents, more preferably isopropyl acetate. Preferably, a minimum amount of solvent is
employed to facilitate precipitation. The solid is collected, e.g. by filtration, and is dried to
obtain the dual-acting compound, in particular the complex in accordance with the present
invention. The drying step can be performed at room temperature or elevated temperature
such as 30 to 60 °C, preferably 30 to 40 °C. Reduced pressure can be employed to facilitate
removal of the solvent, preferably, drying is effected at ambient pressure or reduced

pressure of e.g. 10to 30 bar, such as 20 bar.
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According to a second alternative, once combined and preferably mixed, the dual-acting
compound, in particular the complex the mixture preferably forms a clear solution. This
mixing is typically effected by stirring the solutions for an appropriate amount of time such as
20 min to 6 h, preferably 30 minto 3 h, more preferably 1 h, at room temperature. If

necessary, the temperature may be raised so as to ensure a clear solution.

The obtained mixture is then further treated by solvent exchange to obtain the dual-acting

compound, in particular the complex.

In step (iva) according to this second alternative, the solution is preferably evaporated to
dryness at elevated temperatures such as > room temperature to 50 °C, more preferably 30
to 40°C.

Preferably, in step (va) the solvent or solvent mixture employed is a solvent in which the ARB
and the NEPi in the complexed form exhibit a lower solubility that allows the dual-acting
compound, in particular the complex to precipitate. Preferred solvents include the ones
mentioned above for step (i), such as water, ethanol, 2-propanol, acetone ethylacetate,
isopropyl acetate, methyi-t-butylether, acetonitrile, toluene, and methylene chloride and
mixtures of su¢h solvents, more preferably isopropyl acetate. Preferably, a minimum amount

of solvent or selvent mixture is employed to facilitate precipitation.

In step (via) precipitation can take place at room temperature. It can be effected by leaving
the mixture standing or by agitating the mixture, preferably by agitating it. This is preferably
effected by stinring and/or sonication. After precipitation, the solid is collected, e.g. by
filtration, and is dried to obtain the compound in accordance with the present invention. The
drying step can be performed at room temperature or elevated temperature such as 30 to 60
°C, preferably room temperature. Reduced pressure can be employed to facilitate removal of

the solvent, preferably, drying is effected at ambient pressure.

In a fourth aspect, this invention is directed to a method of treating or preventing a disease or
condition, such as hypertension, heart failure (acute and chronic) congestive heart failure, left
ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac myopathy,
supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flutter, detrimental
vascular remogleling, myocardial infarction and its sequelae, atherosclerosis, angina

(unstable or stable), renal insufficiency (diabetic and non-diabetic), heart failure, angina
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pectoris, diabetes, secondary aldosteronism, primary and secondary pulmonary
hypertension, renal failure conditions, such as diabetic nephropathy, glomerulonephritis,
scleroderma, glomerular sclerosis, proteinuria of primary renal disease, and also renal
vascular hypertension, diabetic retinopathy, other vascular disorders, such as migraine,
peripheral vas¢ular disease, Raynaud's disease, luminal hyperplasia, cognitive dysfunction
(such as Alzheimer's), glaucoma and stroke comprising administering the afore-mentioned
combination, linked pro-drug or he dual-acting compound, in particular the complex to a

subject in need of such treatment.

The combination, linked pro-drug or he dual-acting compound, in particular the complex of
the first embodiment may be administered alone or in the form of a pharmaceutical
composition agcording to the second embodiment. Information regarding dosing, i.e., the
therapeutically effective amount, etc., is the same regardless of how the combination, linked

pro-drug or he dual-acting compound, in particular the complex is administered.

The combination, linked pro-drug or he dual-acting compound, in particular the complex is
beneficial over a combination of ARBs or neutral endopeptidase inhibitors alone or other
ARB/NEPi combinations with regard to use as first line therapy, ease of formulation and ease

of manufacture.

Specific embodiments of the invention will now be demonstrated by reference to the following
examples. It should be understood that these examples are disclosed solely by way of
illustrating the invention and should not be taken in any way to limit the scope of the present

invention.

Example 1

Preparation of [vaisartan ((2R,4 S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-
methyl-pentanoic acid ethyl ester]Na; < 2.5 H,0

The dual-acting compound of valsartan and (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester is prepared by dissolving 0.42g of
(2R,45)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free
acid (~95% purity) and 0.41 g of valsartan free acid in 40ml acetone. Separately, 0.111g of
NaOH are dissolved in 7ml H,O. The two solutions are combined and stirred at room

temperature for 1 hour and a clear solution was obtained. The solution is evaporated at 35°C
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to yield a glassy solid. The glassy solid residue is then charged with 40ml acetone and the
resulting mixtute is stirred and sonicated until precipitation occurred (~ 5 minutes). The
precipitate was filtered and the solid is dried at room temperature in open air for 2 days until

a constant mags of the crystalline solid is obtained.

Characterizatian by various methods could confirm the presence of both valsartan and

(2R,45)-5-biphenyl4-yi-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester and
complex formation in contrast to a simple physical mixture. Significant spectral peaks for the
complex are observed e.g. in the XRPD, IR, and Raman spectroscopy which are not present

for the physical mixture. See below for details on the characterization.

Example 2

Alternative Preparation of [valsartan ((2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester]Na; « 2.5 H,0

The dual acting compound of valsartan and (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester is prepared by dissolving 22.96 mmol of
(2R,4 S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free
acid (~95% purity) and valsartan (10.00 g; 22.96 mmol) in acetone (300 mL). The
suspension is stirred at room temperature for 15 min to obtain a clear solution. A solution of
NaOH (2.76 g; 68.90 mmol) in water (8 mL) water is then added to this solution over a period
of 10 min. Solids start to precipitate in 10 min. Alternatively, precipitation can be induced by
seeding. The suspension is stirred at 20-25 °C for 2 h. This suspension is concentrated at
15-30 °C under reduced pressure (180-250 mbar) to a batch volume of ~150 mL. Isopropyl
acetate (150 mL) is then added to the batch and the suspension is concentrated again at 15-
30 °C under reduced pressure (180-250 mbar) to a batch volume of ~150 mL. This operation
(addition of 150 mL of isopropyl acetate to the batch and concentration) is repeated once
again. The suspension is stirred at 20-25 °Cfor 1 h. The solids are collected by filtration
under nitrogen over a Blichnerfunnel, washed with isopropyl acetate (20 mL), and dried at

35 °C under reduced pressure (20 mbar) to afford the compound.

Characterization revealed the same product as in Example 1.
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Example 3

Alternative Preparation of [valsartan ((2R,4 S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester]Na; « 2.5 H,0 using seeding

A reactor is chaarged with 2.00 kg (2,323 mmol) of AHU377 calcium salt and 20 L of isopropyl
acetate. The suspension is stirred at 23 + 3 °C, and 4.56 L of 2 N HCl was added. The
mixture is stirred at 23 + 3 °C for 15 min to obtain a clear two-phase solution. The organic
layer is separated and washed with 3 x 4.00 L of water. The organic layer is concentrated at
30-100 mbarand 22 + 5 °C to ~3.5 L (3.47 kg) of AHU377 free acid isopropyl acetate -

solution as a colorless solution.

To the above reactor containing ~3.5 L (3.47 kg) of AHU377 free acid isopropyl acetate
solution is added 1.984 kg (4,556 mmol) of Valsartan and 40 L of acetone. The reaction
mixture is stirred at 23 + 3 °C to obtain a clear solution which is filtered into a reactor. To the
reaction mixture is added a solution of 547.6 g (13,690 mmol) of NaOH in 1.0 L of water at
23 + 3 °C (which was pre-cooled to 20 + 5 °C and in-line filtered) over a period of 15-30 min
while maintaining the internal temperature at 20-28 °C (slightly exothermic). The flask is
rinsed with 190 mL of water and added into the reaction mixture. The reaction mixture is
stirred at 23 + 3 °C for 15 min and a slurry of 4.0 g of [valsartan ((2R,4S)-5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester]Naz 2.5 H,O seeds in 50 mL
of isopropyl acetate is added. The mixture is stirred at 23 + 3 °C for 2 h to obtain a
suspension. The suspension is heated to an internal temperature at 40 + 3 °C over a period
of 20 min and 20 L of isopropyl acetate is added over a period of 20 min while maintaining
the internal temperature at 40 + 3 °C . The suspension is stirred at this temperature for an
additional 30 min. The mixture is concentrated at an internal temperature at 35 + 5 °C (Tj 45
+ 5 °C) under reduced pressure (200-350 mbar) to ~35 L of a white slurry (solvent collected:
~25 L). Then 30 L of isopropyl acetate is added the mixture is concentrated at an internal
temperature at 35 + 5 °C (T;45 + 5 °C) under reduced pressure (100-250 mbar) to ~30 L of a
white slurry (solvent collected: ~40 L). Again 40 L of isopropyl acetate is added and the
mixture is con¢entrated at an internal temperature at 35 + 5 °C (Tj 45 + 5 °C) under reduced

pressure (100*200 mbar) to ~30 L of a white slurry (solvent collected: ~30 L). The reaction
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mixture is cooled to 23 + 3 °C over ~20 min and stirred at this temperature for an additional 3
h. The solid is collected by filtration under nitrogen over a polypropylene pad on Bichner
tunnel. The solid is washed with 2 X 5 L of isopropyl acetate and dried at 35 °C under
reduced pressure (20 mbar) until isopropyl acetate content <0.5% to afford the above

product as a white solid.

Characterization revealed the same product as in Example 1.

X-rav_powder diffraction

Calculation of the interlattice plane intervals from the X-ray powder pattern taken with a
Scintag XDS2000 powder diffractometer for the most important lines for the sample give the

following results:
din[A]:21.2(s), 17.0(w), 7.1 (s), 5.2(w), 4.7(w), 4.6(w), 4.2(w), 3.5(W), 3.3(w)

The error margin for all interlattice plane intervals is £ 0.1 A. The intensities of the peaks are

indicated as follows: (w) = weak; (m) = medium; and (st) = strong.
Average values 20 in [°] are indicated (error limit of +0.2)

45,55, 5.6, 9.9, 12.8, 15.7, 17.0, 17.1, 17.2, 183, 185, 19.8, 21.5, 21.7, 23.2, 23.3, 24.9,
256.3, 27.4, 27.9, 28.0, 30.2.

Elemental analysis

Elemental analysis gives the following measured values of the elements present in the
sample. The findings of the elemental analysis, within the error limits, correspond to the
overall formula of HxsNaOzNa-)e2.5H,0

Found C: 60.05% H: 6.24% N: 8.80%

Calculated* C: 60.18% H: 6.31% N: 8.77%

Infrared spectroscopy
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The infrared absorption spectrum for the sample obtained using Attenuated Total Reflection
Fourier Transform Infrared (ATR-FTIR) spectrometer (Nicolet Magna-IR 560) shows the

following significant bands, expressed in reciprocal wave numbers (cm™ ):

2956 (w), 1711 (st), 1637 (st), 1597 (st), 1488 (w), 1459 (m), 1401 (st), 1357 (w), 1295 (m),
1266 (m), 1176 (w), 1085 (m), 1010 (w), 1942(w), 907 (w), 862 (w), 763 (st), 742 (m), 698
(m), 533 (st).

The error margin for all absorption bands of ATR-IR is + 2 cm™.

The intensities of the absorption bands are indicated as follows: (w) = weak; (m) = medium;

and (st) = strong intensity.

Raman gpectrpscopy

Raman spectrum of the sample measured by dispersive Raman spectrometer with 785 nm
laser excitation source (Kaiser Optical Systems, Inc.) shows the following significant bands

expressed in reciprocal wave numbers (em™):

3061 (m), 2930 (m, broad), 1612 (st), 1523 (m), 1461 (w), 1427 (w), 1287 (st), 1195 (w),
1108 (w), 11053 (w), 1041 (w), 1011 (w), 997 (m), 866(w), 850 (w), 822 (w), 808 (w), 735 (W),
715 (w), 669 (w), 643 (W), 631 (W), 618 (W), 602 (w), 557 (w), 522 (w), 453 (w), 410 (w), 328
(w).

The error margin for all Raman bands is + 2 cm™.

The intensities of the absorption bands are indicated as follows: (w) = weak; (m) = medium;

and (st) = strong intensity.

High Resolution CP-MAS '*C NMR Spectroscopy

The samples are investigated by high resolution CP-MAS (Cross Polarization Magic Angle
Spinning) "*C NMR spectroscopy using a Bruker-BioSpin AVANCE 500 NMR spectrometer
equipped with a 300 Watt high power 'H, two 500 Watt high power X-amplifiers, necessary
high power pra-amplifiers, a "MAS" controller and a 4 mm BioSolids high resolution Bruker

probe.
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Each sample is packed in a 4mm ZrQ; rotor. Critical experimental parameters are 3 msec
'3C contact times, 12 KHz spinning speed at the magic angle,. a “"ramped" contact time,
using a “SPINAL64” 'H decoupling scheme, a recycle delay of 10 secs and 1024 scans at
293 deg K. The chemical shifts are referenced with respect to an external Glycine carbonyl
at 176.04 ppm.

High resolution CP-MAS ®C NMR shows the following significant peaks (ppm):

179.0, 1779 177.0, 176.7, 162.0, 141.0, 137.2, 129.6, 129.1, 126.7, 125.3, 64.0, 61.5, 60.4,
50.2, 46.4, 40.6, 38.6, 33.5, 32.4, 29.8, 28.7, 22.3, 20.2, 19.1, 17.8, 16.8, 13.1, 12.1, 11.1.

A physical mixture of individual Na salts of Valsartan and (2R,4S)-5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester revealed a simple inert mixture -
of the two salts. However, the sample of the complex prepared in Example 1 exhibited
distinctly different spectral features in comparison to a 1:1 mixture of the sodium salts.

DSC and TGA

As measured by differential scanning calorimetry (DSC) using Q1000 (TA Instruments)
instrument, the melting onset temperature and the peak maximum temperature for the
sample is observed at 139°C and 145°C, respectively.

As shown by DSC and thermogravimetric analysis (TGA), upon heating, the water of
hydration is released in two steps: the first step occurs below 100°C and the second step
above 120°C.

Both DSC and TGA instruments are operated at a heating rate of 10 K/min.

Example 4
Preparation of Linked Pro-Drug of Scheme (1)

Linked pro-drug of valsartan calcium salt and (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylaminp)-2-methyl-pentanoic acid ethyl ester is prepared at room temperature by
dissolving 114 mg of the calcium salt of valsartan and 86 mg of (2R,4S)-5-biphenyl4-yl-5-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free acid in 2 mL methanol,
followed by methanol evaporation. The glassy solid residue is then charged with 3 L of
acetonitrile and equilibrated by 10 min. sonication, followed by 20 hours of magnetic stirring.
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Approximately 120 mg of white solids are collected by filtration. Liquid chromatography (LC)
and elemental analysis indicate 1:1 ratio between (2R,4 S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl-pentanoic acid ethyl ester and valsartan. The sample is

amorphous by X-ray powder diffraction.

Preparation of Linked Pro-Drug of Scheme (2)

Linked pro-drug of valsartan calcium salt and (2R,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamina)-2-methyl-pentanoic acid ethyl ester and Tris is prepared at room
temperature by dissolving 57 mg of the calcium salt of valsartan, 43 mg of (2R,4S)-5-
biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free acid, and
12.6 mg of tris(hydroxymethyl)aminomethane (Tris) in 2 mL methanol, followed by methanol
evaporation. The glassy solid residue is then charged with 3 mL of acetonitrile and
equilibrated by 10 min. sonication, followed by 20 hours of magnetic stirring. Approximately
83 mg of white solids are collected by filtration. LC and elemental analysis indicate 1:1 ratio
between (2R,45)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl

ester and valsartan. The sample is amorphous by X-ray powder diffraction.

While the invention has been described above with reference to specific embodiments
thereof, it is apparent that many changes, modifications, and variations can be made without
departing from the inventive concept disclosed herein. Accordingly, it is intended to embrace
all such changes, modifications and variations that fall within the spirit and broad scope of
the appended ¢laims. All patent applications, patents, and other publications cited herein are

incorporated by reference in their entirety.
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AMENDED CLAIMS (CLEAN COPY)

We claim:

1.

A compound comprising the Angiotensin Receptor Antagonist
valsartan and the NEP Inhibitor (2R,4S)-5-biphenyl-4-yl-4-(3-
carboxy-propionylamino)-2- methyl-pentanoic acid ethyl ester
having the formula [((S)-N-valeryl-N-{[2'-(1 H-tetrazole-5-yl)-
biphenyl-4-yl]-methyl}-valine) ((2R,4S)-5-biphenyl-4-yl-4-(3-
carboxy-propionylamino)-2-methyl-pentanoic acid ethyl
ester)]Na3 « x H20, wherein x is 0 to 3.

The compound as claimed in claim 1, wherein x is 2.5.

The compound as claimed in claim 2, which is trisodium
[3-((1S,3R)-1- biphenyl-4-yImethyl-3-ethoxycarbonyl-1-
butylcarbamoyl)propionate-(S)-3’- methyl-2’-(pentanoyl{2”-
(tetrazol-5-ylate)biphenyl-4’-yImethyl}amino)butyrate]

hemipentahydrate.

The compound as claimed in claim 1-3, wherein the compound is

in crystalline form.

The compound as claimed in any one of claims 1 to 4 as and
when used in a preparation of pharmaceutical composition or

medicament.

A method of preparing the compound as claimed in any of claims

1 to 4, said method comprising the steps of:
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(i)

(if)
(iii)
(iv)
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dissolving  (S)-N-valeryl-N-{[2'-(1H-tetrazole-5-yl)-biphenyl-4-yl]-
methyl}-valine or a salt thereof and (2R,4S)-5-biphenyl-4-yl-4-
(3-carboxy-propionylamino)-2- methylpentanoic acid ethyl ester or
a salt thereof in a suitable solvent;

dissolving a basic Na compound in a suitable solvent;

combining the solutions obtained in steps (i) and (ii);

precipitation of the solid, and drying same to obtain the dual-
acting compound; or alternatively

obtaining the compound by exchanging the solvent(s)

employed in steps (i) and (ii) by

(iva) evaporating the resulting solution to

dryness; (va) re-dissolving the solid in a

suitable solvent;

(via) precipitation of the solid and drying same to obtain the compound.

7. The method as claimed in claim 6 wherein the suitable
solvent in steps (i) and/or (iva) is acetone.

8. The method as claimed in claims 6 or 7, wherein the basic Na
compound is NaOH, Na2CO3, NaHCO3, NaOMe, NaOAc or
NaOCHO.

. th __-\\_"")

Dated this 6" day of June, 2020 | MUM, e &J,

Hemant Singh

Inttl Advocare
Agent for the Applicant
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(54) Title: PHARMACEUTICAL COMPOSITIONS COMPRISING VALSARTAN AND NEP INHIBITORS

(57) Abstract: The invention relates a pharmaceutical composition comprising a combination of (i) the AT 1- antagonist valsartan
) or a pharmaceutically acceptable salt thereof and (ii) a NEP inhibitor or a pharmaceutically acceptable salt thereof and optionally
= a pharmaceutically acceptable carrier and to a method for the treatment or prevention of a condition or disease selected from the
€7, group consisting of hypertension, heart failure such as (acute and chronic) congestive heart failure, left ventricular dysfunction and
hypertrophic cardiomyopathy, diabetic cardiac myopathy, supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flut-
ter, detrimental vascular remodeling, myocardial infarction and its sequelae, atherosclerosis, angina (whether unstable or stable),
~~ renal insufficiency (diabetic and non-diabetic), heart failure, angina pectoris, diabetes, secondary aldosteronism, primary and sec-
ondary pulmonary hypertension, renal failure conditions, such as diabetic nephropathy, glomerulonephritis, scleroderma, glomerular
sclerosis, proteinuria of primary renal disease, and also renal vascular hypertension, diabetic retinopathy, the management of other
vascular disorders, such as migraine, peripheral vascular disease, Raynaud’s disease, luminal hyperplasia, cognitive dysfunction
(such as Alzheimer’s), glaucoma and stroke, comprising administering a therapeutically effective amount of the pharmaceutical

composition to a mammal in need thereof.
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PHARMACEUTICAL COMPOSITIONS COMPRISING VALSARTAN AND NEP INHIBITORS

Angiotensin Il interacts with specific receptors on the surface of the target cell. It has
been possible to identify receptor subtypes that are termed e.g. AT 1- and AT 2-receptors. In
recent times great efforts have been made to identify substances that bind to the AT 1-
receptor. Such active ingredients are often termed angiotensin Il antagonists. Because of
the inhibition of the AT 1-receptor such antagonists can be used e.g. as antihypertensives or
for the treatment of congestive heart failure, among other indications. Angiotensin i
antagonists are therefore understood to be those active ingredients which bind to the AT 1-
receptor subtype.

Inhibitors of the renin angiotensin system are well known drugs that lower blood
pressure and exert beneficial actions in hypertension and in congestive heart failure as
described, for example, in N. Eng. J. Med. 316, 23 (1987) p. 1429-1435. A large number of
peptide and non-peptide inhibitors of the renin angiotensin system are known, the most
widely studied being the ACE inhibitors, which includes the drugs captopril, enalapril,
lisinopril, benazepril and spirapril. Although a major mode of action of ACE inhibitors involves
prevention of formation of the vasoconstrictor peptide Ang Il, it has been reported in
Hypertension, 16, 4 (1990) p. 363-370 that ACE cleaves a variety of peptide substrates,
including the vasoactive peptides bradykinin and substance P. Prevention of the degradation
of bradykinin by ACE inhibitors has been demonstrated, and the activity of the ACE inhibitors
in some conditions has been reported in Circ. Res., 66, 1 (1990) p. 242-248 to be mediated
by elevation of bradykinin levels rather than inhibition of Ang Il formation. Consequently, it
cannot be presumed that the effect of an ACE inhibitor is due solely to prevention of
angiotensin formation and subsequent inhibition of the renin angiotensin system.

Neutral endopeptidase (EC 3.4.24.11; enkephalinase; atriopeptidase; NEP) is a zinc-
containing metalloprotease that cleaves a variety of peptide substrates on the amino terminal
side of aromatic amino acids. See Biochem. J., 241, (1987) p. 237-247. Substrates for this
enzyme include, but are not limited to, atrial natriuretic factors (ANF, also known as ANP),
brain natriuretic peptide (BNP), met and leu enkephalin, bradykinin, neurokinin A, and
substance P.

ANPs are a family of vasodilator, diuretic and antihypertensive peptides which have
been the subject of many recent reports in the literature, for example Annu. Rev. Pharm.
Tox., 29, (1989) p. 23-54. One form, ANF 99-126, is a circulating peptide hormone which is
released from the heart during conditions of cardiac distension. The function of ANF is to
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maintain salt and water homeostasis as well as to regulate blood pressure. ANF is rapidly
inactivated in the circulation by at least two processes: a receptor-mediated clearance
reported in Am. J. Physiol., 256 (1989) p. R469-R475 and an enzymatic inactivation via NEP
reported in Biochem. J., 243 (1987) p. 183-187. It has been previously demonstrated that
inhibitors of NEP potentiate the hypotensive, diuretic, natriuretic and plasma ANF responses
to pharmacological injection of ANF in experimental animals. The potentiation of ANF by two
specific NEP inhibitors is reported by Sybertz et al. in J. Pharmacol. Exp. Ther. 250, 2 (1989)
p. 624-631 and in Hypertension, 15, 2 (1990) p. 152-161, while the potentiation of ANF by
NEP in general was disclosed in U.S. Patent No. 4,749,688. In U.S. Patent No. 4,740, 499
Olins disclosed the use of thiorphan and kelatorphan to potentiate atrial peptides. Moreover,
NEP inhibitors lower blood pressure and exert ANF-like effects such as diuresis and
increased cyclic guanosine 3',5’-monophosphate (cGMP) excretion in some forms of
experimental hypertension. The antihypertensive action of NEP inhibitors is mediated
through ANF because antibodies to ANF will neutralize the reduction in blood pressure.

Prolonged and uncontrolled hypertensive vascular disease ultimately leads to a
variety of pathological changes in target organs such as the heart and kidney. Sustained
hypertension can lead as well to an increased occurrence of stroke. Therefore, there is a
strong need to evaluate the efficacy of antihypertensive therapy, an examination of additional
cardiovascular endpoints, beyond those of blood pressure lowering, to get further insight into
the benefits of combined treatment.

The nature of hypertensive vascular diseases is multifactorial. Under certain
circumstances, drugs with different mechanisms of action have been combined. However,
just considering any combination of drugs having different mode of action does not
necessarily lead to combinations with advantageous effects. Accordingly, there is a need for
more efficacious combination therapy which has less deleterious side effects.

In one aspect the present invention relates to pharmaceutical combinations
comprising valsartan or pharmaceutically acceptable salts thereof and a neutral
endopeptidase (NEP) inhibitor or a pharmaceutically effective salts thereof, optionally in the
presence of a pharmaceutically acceptable carrier and pharmaceutical compositions
comprising them.

In another embodiment the present invention relates to methods of treating cardiac
and renal related conditions by administration of the pharmaceutical composition comprising
valsartan plus a NEP inhibitor or relates to the use of a pharmaceutical composition
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comprising valsartan or pharmaceutically acceptable salts thereof and a neutral
endopeptidase (NEP) inhibitor or a pharmaceutically effective salts thereof.

In another embodiment of the invention the present invention relates to a
pharmaceutical composition comprising valsartan or pharmaceutically acceptable salts
thereof and a neutral endopeptidase (NEP) inhibitor or a pharmaceutically effective salts

thereof and a diuretic, especially hydrochlorothiazide.

Valsartan is the AT 1 receptor antagonist (S) —N-(1-carboxy-2-methyl-prop-1-yl)-N-
pentanoyl-N-[2;(1H-tetrazol-5-yl)biphenyl-4-yl-methyl]lamine of formula (1)

and is disclosed in EP 0443983 A and United States Patent 5,399,578, the disclosures of

Cl, CH,
o
CH, _CH, _C_ _C._ _O
“cH, “cH, “N"H
OH
CHz O O
()
N NN
\
N=N

which are incorporated herein in their entirety as if set forth herein.
A NEP inhibitor useful in said combination is a compound of the formula (ll)

()

e

0O
"o |

HS—CHzCH——C—NH—CH——(CH,):

O—0

_._R1

and pharmaceutically acceptable salts thereof wherein:

Rz is alkyl of 1 to 7 carbons, trifluoromethyl, phenyl, substituted phenyl, -(CHa)1 1 4-
phenyl, or -(CHy)1 x 4-substituted phenyl;

Rs is hydrogen, alkyl of 1 to 7 carbons, phenyl, substituted phenyl, -(CH,)1 . 4-phenyl,
or -(CHy)1 o s-substituted phenyl;

R1 is hydroxy, alkoxy of 1 to 7 carbons, or NHy;

n is an integer from 1 to 15; and
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the term substituted phenyl refers to a substituent selected from lower alkyl of 1 to 4
carbons, lower alkoxy of 1 to 4 carbons, lower alkyithio of 1 to 4 carbons, hydroxy, Cl, Br, or
F.

Preferred selective neutral endopeptidase inhibitors of formula Il include compounds
wherein:

R is benzyl;

Rs is hydrogen;

n is an integer from 1 to 9; and

R; is hydroxy.

Even more preferred selective neutral endopeptidase inhibitors of formula Il are
reported in the literature as SQ 28,603 which is the compound of formula Il wherein:

Rz is benzyl;

Rs is hydrogen;

n is one; and

R1 is hydroxy.

The preparation of the selective neutral endopeptidase inhibitors of formula Il wherein
Rq is other than trifluoromethyl are disclosed by Delaney et al. in U.S. Patent No. 4,722,810.
The preparation of the selective neutral endopeptidase inhibitors of formula Il wherein R, is
trifluoromethyl are disclosed by Delaney et al in U.S. Patent No. 5,223,516.

NEP inhibitors within the scope of the present invention include compounds disclosed
in U.S. Patent No. 4,610,816, herein incorporated by reference, including in particular N-[N-
[1(S)-carboxyl-3-phenylproplyl]-(S)-phenylalanyl]-(S)-isoserine and N-[N-[((1S)-carboxy-2-
phenyl)ethyl]-(S)-phenylalanyl]-B-alanine; compounds disclosed in U.S. Patent No.
4,929,641, in particular N-[2(S)-mercaptomethyl-3-(2-methylphenyl)-propionylimethionine;
SQ 28603 (N-[2-(mercaptomethyl)-1-0x0-3-phenylpropyl]-B-alanine), disclosed in South
African Patent Application 84/0670; UK 69578 (cis-4-[[[1-[2-carboxy-3-(2-
methoxyethoxy)propyl]-cyclopentyl]carbonyllamino]-cyclohexanecarboxylic acid) and its
active enantiomer(s); thiorphan and its enantiomers; retro-thiorphan; phosphoramidon; and
SQ 29072 (7-[[2-(mercaptomethyl)-1-oxo-3-phenylpropyl]amino]-heptanoic acid). Also
suitable for use are any pro-drug forms of the above-listed NEP inhibitors, e.g., compounds

in which one or more carboxylic acid groups are esterified.
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NEP inhibitors within the scope of the present invention also include the compounds
disclosed in U.S. Patent No. 5,217,996, particularly, N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester and N-(3-carboxy-1-
oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid or in each case a
pharmaceutically acceptable salt thereof; the compounds disclosed in EP 00342830,
particularly (S)-cis-4-[1-[2-(5-indanyloxycarbonyl)-3-(2-methoxyethoxy)propyl]-1-
cyclopentanecarboxamido]-1-cyclohexanecarboxylic acid; the compounds disclosed in GB
02218983, particularly 3-(1-[6-endo-hydroxymethylbicyclo[2,2,1]heptane-2-exo-
carbamoyl]cyclopentyl)-2-(2-methoxyethyl)propanoic acid; the compounds disclosed in WO
92/14706, particularly N-(1-(3-(N-t-butoxycarbonyl-(S)-prolylamino)-2(S)-t-butoxy-
carbonylpropyl)cyclopentanecarbonyl)-O-benzyl-(S)-serine methyl ester; the compounds
disclosed in EP 00343911; the compounds disclosed in JP 06234754, the compounds
disclosed in EP 00361365, particularly 4-[[2-(Mercaptomethyl)-1-oxo-3-
phenylpropyllamino]benzoic acid; the compounds disclosed in WO 90/09374, particularly 3-
[1-(Cis-4-carboxycarbonyl-cis-3-butylcyclohexyl-r-1-carboamoyl)cyclopentyi]-2S-(2-
methoxyethoxymethyl)propanoic acid; the compounds disclosed in JP 07157459, particularly
N-((2S)-2-(4-biphenylmethyl)-4-carboxy-5-phenoxyvaleryl)glycine; the compounds disclosed
in WO 94/15908 particularly N-(1-(N-hydroxycarbamoylmethyl)-1-cyclopentanecarbonyl)-L-
phenylalanine; the compounds disclosed in U.S. Patent No. 5,273,990 particularly (S)-(2-
biphenyl-4-yl)-1-(1H-tetrazol-5-yl)ethylamino) methylphosphonic acid; the compounds
disclosed in U.S. Patent No. 5,294,632 particularly (S)-5-(N-(2-(phosphonomethylamino)-3-
(4-biphenyl)propionyl)-2-aminoethyl)tetrazole; the compounds disclosed in U.S. Patent No.
5,250,522, particularly p-Alanine, 3-[1,1-biphenyl]-4-yI-N-[diphenoxyphosphinyl)methyi]-L-
alanyl; the compounds disclosed in EP 00636621, particularly N-(2-carboxy-4-thienyl)-3-
mercapto-2-benzylpropanamide; the compounds disclosed in WO 93/09101, particularly 2-
(2-mercaptomethyl-3-phenylpropionamido)thiazol-4-ylcarboxylic acid; the compounds
disclosed in EP 00590442 particularly ((L)-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)-
methoxy)carbonyi)-2-phenylethyl)-L-phenylalanyl)-p-alanine,
N-[N-[(L)-[1-[(2,2-dimethyl-1,3-dioxolan-4-yl)}-methoxy]carbonyl]-2-phenylethyl]-L-
phenylalanyl]-(R)-alanine, N-[N-[(L)-1-carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-alanine, N-
[2-acetylthiomethyl-3-(2-methyl-phenyl)propionyl]-methionine ethyl ester, N-[2-
mercaptomethyl-3-(2-methylphenyl)propioyl]-methionine, N-[2(S)-mercaptomethy!-3-(2-
methylphenyl)propanoyl]-(S)-isoserine, N-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-(S)-
2-methoxy-(R)-alanine, N-[1-[[1(S)-benzyloxycarbonyl-3-
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phenylpropyllamino]cyclopentylcarbonyl]-(S)-isoserine, N-[1-[[1(S)-carbonyl-3-
phenylpropylamino]-cyclopentylcarbonyl]-(S)-isoserine, 1,1’-[dithiobis-[2(S)-(2-methylbenzyl)-
1-0x0-3,1-propanediyl]]-bis-(S)-isoserine, 1,1’-[dithiobis-[2(S)-(2-methylbenzyl)-1-ox0-3,1-
propanediyl]]-bis-(S)-methionine, N-(3-phenyl-2-(mercaptomethyl)-propionyl)-(S)-4-
(methylmercapto)methionine, N-[2-acetylthiomethyl-3-phenyl-propionyi]-3-aminobenzoic
acid,

N-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid, N-[1-(2-carboxy-4-
phenylbutyl)-cyclopentanecarbonyl]-(S)-isoserine, N-[1-(acetylthiomethyl)cyclopentane-
carbonyl]-(S)-methionine ethyl ester, 3(S)-[2-(acetylthiomethyl)-3-phenyl-propionyllamimo-¢-
caprolactam; and the compounds disclosed in WO 93/10773 particularly N-(2-
acetylthiomethyl-3-(2-methylphenyl)propionyl)-methionine ethyl ester.

A diuretic is, for example, a thiazide derivative selected from the group consisting of
chlorothiazide, hydrochlorothiazide, methylclothiazide, and chlorothalidon. The most
preferred is hydrochlorothiazide.

The compounds to be combined can be present as pharmaceutically acceptable
salts. If these compounds have, for example, at least one basic center, they can form acid
addition salts. Corresponding acid addition salts can also be formed having, if desired, an
additionally present basic center. The compounds having at least one acid group (for
example COOH) can also form salts with bases. Corresponding internal salts may
furthermore be formed, if a compound comprises e.g. both a carboxy and an amino group.

With respect to N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester, preferred salts include the sodium salt disclosed in U.S.
Patent No. 5,217,996, the triethanolamine salt and the tris(hydroxymethyl)aminomethane
salt. Preparation of the triethanolamine salt and the tris(hydroxymethyl)aminomethane salt
may be carried out as follows:

Triethanolamine - To N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester (349 mg, 0.848 mmol) is added 5 ml of ethyl ether and 0.113
ml (0.848 mmol) of triethanolamine in 1 ml of ethyl acetate. The solid was collected and
dried melting at 69-71°C
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Tris(hydroxymethyl) aminomethane - To N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester (3.2 g (7.78 mmol) is
added 32 ml of ethyl acetate and 940 mg (7.78 mmol) tris(hydroxymethyl)aminomethane.
The suspension is diluted with 45 ml of ethyl acetate and refluxed overnight (~20 hr). The
reaction is cooled to 0°C, filtered, solid washed with ethyl acetate and dried melting at 114-
115°C.

The salts of N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester formed with triethanolamine and tris(hydroxymethyl)
aminomethane are novel and can be used as NEP inhibitors. Another embodiment of the
present invention are said new salts, their use as NEP inhibitors, especially for preventing
and treating of conditions and disease associated with the inhibition on NEP, pharmaceutical
composition comprising these salts and their combination with valsartan, especially for the
treatment of conditions and diseases as disclosed for the combinations of the present
invention hereinbefore or hereinafter.

It has surprisingly been found that, a combination of valsartan and a NEP inhibitor
achieves greater therapeutic effect than the administration of valsartan, ACE inhibitors or
NEP inhibitors alone and promotes less angioedema than is seen with the administration of
a vasopeptidase inhibitor alone. Greater efficacy can also be documented as a prolonged
duration of action. The duration of action can be monitored as either the time to return to
baseline prior to the next dose or as the area under the curve (AUC) and is expressed as the
product of the change in blood pressure in millimeters of mercury (change in mmHg) and the
duration of the effect (minutes, hours or days).

Further benefits are that lower doses of the individual drugs to be combined
according to the present invention can be used to reduce the dosage, for example, that the
dosages need not only often be smaller but are also applied less frequently, or can be used
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to diminish the incidence of side effects. The combined administration of valsartan or a
pharmaceutically acceptable salt thereof and a NEP inhibitor or a pharmaceutically
acceptable salt thereof results in a significant response in a greater percentage of treated
patients, that is, a greater responder rate resulis, regardiess of the underlying etiology of the
condition. This is in accordance with the desires and requirements of the patients to be
treated.

It can be shown that combination therapy with valsartan and a NEP inhibitor results in
a more effective antihypertensive therapy (whether for malignant, essential, reno-vascular,
diabetic, isolated systolic, or other secondary type of hypertension) through improved
efficacy as well as a greater responder rate. The combination is also useful in the treatment
or prevention of heart failure such as (acute and chronic) congestive heart failure, left
ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac myopathy,
supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flutter or detrimental
vascular remodeling. It can further be shown that a valsartan and NEP inhibitor therapy
proves to be beneficial in the treatment and prevention of myocardial infarction and its
sequelae. A valsartan plus NEP inhibitor combination is also useful in treating
atherosclerosis, angina (whether stable or unstable), and renal insufficiency (diabetic and
non-diabetic). Furthermore, combination therapy using valsartan and a NEP inhibitor can
improve endothelial dysfunction, thereby providing benefit in diseases in which normal
endothelial function is disrupted such as heart failure, angina pectoris and diabetes.
Furthermore, the combination of the present invention may be used for the treatment or
prevention of secondary aldosteronism, primary and secondary pulmonary hypertension,
renal failure conditions, such as diabetic nephropathy, glomerulonephritis, scleroderma,
glomerular sclerosis, proteinuria of primary renal disease, and also renal vascular
hypertension, diabetic retinopathy, the management of other vascular disorders, such as
migraine, peripheral vascular disease, Raynaud's disease, luminal hyperplasia, cognitive
dysfunction (such as Alzheimer's), glaucoma and stroke.

The structure of the active agents identified by generic or tradenames or code nos.
may be taken from the actual edition of the standard compendium “The Merck Index” or from
databases, e.g. Life Cycle Patents International (e.g. IMS World Publications). The
corresponding content thereof is hereby incorporated by reference. Any person skilled in the
art is fully enabled to identify the active agents and, based on these references, likewise
enabled to manufacture and test the pharmaceutical indications and properties in standard
test models, both in vitro and in vivo.
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The subject matter of NEP inhibitors referred to in e.g. US patents, EP, , GB, JP or
WO patent applications is herewith incorporated by reference, especially corresponding NEP
inhibitors and pharmaceutically acceptable salts and pharmaceutical compositions thereof,
that are claimed or disclosed in the working examples.

The person skilled in the pertinent art is fully enabled to select a relevant test model
to prove the efficacy of a combination of the present invention in the hereinbefore and
hereinafter indicated therapeutic indications.

Representative studies are carried out with a combination of valsartan and N-(3-
carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl
ester, e.g. applying the following methodology:

Drug efficacy is assessed in various animal models including the deoxycorticosterone
acetate - salt rat (DOCA-salt) and the spontaneously hypertensive rat (SHR), either
maintained on a normal salt diet or with salt loading (4-8% salt in rat chow or 1% NaCl as

drinking water).

The DOCA-salt test model utilizes either an acute or chronic study protocol. An acute study
procedure involves assessment of the effects of various test substances over a six-hour
experimental period using rats with indwelling femoral arterial and venous catheters. The
Acute Study Procedure evaluates test substances for their ability to reduce blood pressure
during the established phase of DOCA-salt hypertension. In contrast, the Chronic Study

Procedure assesses the ability of test substances to prevent or delay the rise in blood
pressure during the development phase of DOCA-salt hypertension. Therefore, blood

pressure will be monitored in the chronic study procedure by means of a radiotransmitter.
The radiotransmitter is surgically implanted into the abdominal aorta of rats, prior to the
initiation of DOCA-salt treatment and thus, prior to the induction of hypertension. Blood
pressure is chronically monitored for periods of up 6 weeks (approximately one week prior to
DOCA-salt administration and for 5 weeks thereafter).

Rats are anesthetized with 2-3% isoflurane in oxygen inhalant followed by Amytal sodium
(amobarbital) 100 mg/kg, ip. The level of anesthesia is assessed by a steady rhythmic
breathing pattern.

Acute study procedure:

Rats undergo a unilateral nephrectomy at the time of DOCA implantation. Hair is clipped on
the left flank and the back of the neck and scrubbed with sterile alcohol swabs and
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povidone/iodine. During surgery rats are placed on a heating pad to maintain body
temperature at 37 degrees C.

A 20mm incision is made through the skin and underlying muscle to expose the left kidney.
The kidney is freed of surrounding tissue, exteriorized and two ligatures (3-0 silk) are tied
securely around the renal artery and vein proximal to their juncture with the aorta. The renal
artery and vein are then severed and the kidney removed. The muscle and skin wounds are
closed with 4-0 silk suture and stainless steel wound clips, respectively. At the same time, a
15mm incision is made on the back of the neck and a 3-week-release pellet (Innovative
Research of America, Sarasota, Florida) containing deoxycorticosterone acetate (100
mg/kg) is implanted subcutaneously. The wound is then closed with stainless-steel clips and
both wounds are treated with povidone/iodine; the rats are given a post-surgical
intramuscular injection of procaine penicillin G (100,000 U) and buprenorphine (0.05 - 0.1
mg/kg) s.c. The rats are immediately placed on 1% NaCl + 0.2% KCI drinking water; this
treatment continues for at least 3 weeks at which time the animals have become
hypertensive and available for experimentation.

Forty-eight hours prior to experimentation, animals are anesthetized with isoflurane and
catheters are implanted in the femoral artery and vein for measuring arterial pressure,
collection of blood, and administration of test compounds. Rats are allowed to recover for 48
hours while tethered in a Plexiglas home cage, which also serves as the experimental
chamber.

Chronic study procedure:

This procedure is the same as above except that rats are implanted with a radiotransmitter,
7-10 days prior to the unilateral nephrectomy and initiation of DOCA and salt. In addition,
rats do not undergo surgery for placement of femoral arterial and venous catheters.
Radiotransmitters are implanted as described in M.K. Bazil, C. Krulan and R.L. Webb.
Telemetric monitoring of cardiovascular parameters in conscious spontaneously
hypertensive rats. J.Cardiovasc. Pharmacol. 22: 897-905, 1993.

Protocols are then set-up on the computer for measurement of blood pressure, heart rate,
etc, at predetermined time points. Baseline data is collected at various time points and over
various time intervals. For example, baseline or pre-dose values usually consist of data
collection and averaging over 3 consecutive, 24-hour time periods prior to drug

administration.
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Blood pressure, heart rate and activity are determined at various pre-selected time points
before, during, and after drug administration. All measurements are performed in
unrestrained and undisturbed animals. The maximum study time, determined by battery life,
could be as long as nine months. For studies of this duration, rats are dosed orally (1-3
mi/kg vehicle), no more than twice daily or drug is administered via the drinking water or
mixed with food. For studies of a shorter duration, that is, up to 8 weeks, drugs are given via
subcutaneously implanted osmotic minipumps. Osmotic minipumps are selected based on
drug delivery rate and time. Valsartan dosages range from 1 to 10 mg/kg/day and N-(3-
carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl
ester range from 10 to 50 mg/kg/day.

Additionally, SHR are utilized to study the effects of valsartan in combination with N-(3-
carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl
ester. The hypertensive background of the SHR is modified either by chronic salt loading in
an effort to suppress the renin angiotensin system (RAS) or chronic salt depletion to activate
the RAS in the SHR. These manipulations will be carried out to more extensively evaluate
the efficacy of the various test substances. Experiments performed in spontaneously
hypertensive rats (SHR) are supplied by Taconic Farms, Germantown, New York
(Tac:N(SHR)YBR). A radiotelemetric device (Data Sciences International, Inc., St. Paul,
Minnesota) is implanted into the lower abdominal aorta of all test animals between the ages
of 14 to 16 weeks of age. All SHR are allowed to recover from the surgical implantation
procedure for at least 2 weeks pﬁor to the initiation of the experiments. Cardiovascular
parameters are continuously monitored via the radiotransmitter and transmitted to a receiver
where the digitized signal is then collected and stored using a computerized data acquisition
system. Blood pressure (mean arterial, systolic and diastolic pressure) and heart rate are
monitored in conscious, freely moving and undisturbed SHR in their home cages. The
arterial blood pressure and heart rate are measured every 10 minutes for 10 seconds and
recorded. Data reported for each rat represent the mean values averaged over a 24 hour
period and are made up of the 144-10 minute samples collected each day. The baseline
values for blood pressure and heart rate consist of the average of three consecutive 24 hour
readings taken prior to initiating the drug treatments. All rats are individually housed in a
temperature and humidity controlled room and are maintained on a 12 hour light dark cycle.

In addition to the cardiovascular parameters, weekly determinations of body weight also are
recorded in all rats. Treatments are administered in the drinking water, via daily oral gavage
or in osmotic minipumps as stated above. If given in drinking water, water consumption is
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measured five times per week. Valsartan and N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester doses for individual rats
are then calculated based on water consumption for each rat, the concentration of drug
substance in the drinking water, and individual body weights. All drug solutions in the
drinking water are made up fresh every three to four days. Typical dosages for valsartan in
drinking water range from 3 to 30 mg/kg/day whereas the dosage of N-(3-carboxy-1-
oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is highly
dependent upon the specific agent used. In most situations, a daily dose will not exceed 50
mg/kg/day when administered as the monotherapy. In combination, lower dosages of each
agent are used and correspondingly, valsartan is given in the range of 1 to 30 mg/kg/day
and N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid
ethyl ester in dosages below 50 mg/kg/day. However, in cases wherein the responder rate
is increased with combination treatment, the dosages are identical to those used as
monotherapy.

* When drugs are administered by oral gavage, the dose of valsartan ranges from 1 to 50
mg/kg/day and N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-
methylbutanoic acid ethyl ester does not exceed 100 mg/kg/day.

Upon completion of the chronic studies, SHR or DOCA-salt rats are anesthetized and the
heart rapidly removed. After separation and removal of the atrial appendages, left ventricle
and left plus right ventricle (total) are weighed and recorded. Left ventricular and total
ventricular mass are then normalized to body weight and reported. All values reported for
blood pressure and cardiac mass represent the group mean + sem.

Vascular function and structure are evaluated after treatment to assess the beneficial effects
of the combination. SHR are studied according to the methods described by Intengan HD,
Thibault G, Li JS, Schiffrin EL, Circulation 1999, 100 (22): 2267-2275. Similarly, the
methodology for assessing vascular function in DOCA-salt rats is described in Intengan HD,
Park JB, Schiffrin, EL, Hypertension, 1999, 34(4 Part 2): 907-913.

The available results indicate an unexpected therapeutic effect of a combination

according to the invention.

In one aspect is the object of this invention to provide a pharmaceutical combination
composition, e.g. for the treatment or prevention of a condition or disease selected from the
group consisting of hypertension, heart failure such as (acute and chronic) congestive heart
failure, left ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac
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myopathy, supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flutter,
detrimental vascular remodeling, myocardial infarction and its sequelae, atherosclerosis,
angina (whether unstable or stable), renal insufficiency (diabetic and non- diabetic), heart
failure, angina pectoris, diabetes, secondary aldosteronism, primary and secondary
pulmonary hypertension, renal failure conditions, such as diabetic nephropathy,
glomerulonephritis, scleroderma, glomerular sclerosis, proteinuria of primary renal disease,
and also renal vascular hypertension, diabetic retinopathy, the management of other
vascular disorders, such as migraine, peripheral vascular disease, Raynaud's disease,
luminal hyperplasia, cognitive dysfunction (such as Alzheimer's), glaucoma and stroke which
composition comprises (i) the AT 1-antagonists valsartan or a pharmaceutically acceptable
salt thereof and (jii) a NEP inhibitor or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier. A further active ingredient may be a diuretic, especially

hydrochlorothiazide.

In this composition, components (i) and (ii) can be obtained and administered
together, one after the other or separately in one combined unit dose form or in two separate
unit dose forms. The unit dose form may also be a fixed combination.

A further aspect of the present invention is a method for the treatment or prevention
of a condition or disease selected from the group consisting of hypertension, heart failure
such as (acute and chronic) congestive heart failure, left ventricular dysfunction and
hypertrophic cardiomyopathy, diabetic cardiac myopathy, supraventricular and ventricular
arrhythmias, atrial fibrillation, atrial flutter, detrimental vascular remodeling, myocardial
infarction and its sequelae, atherosclerosis, angina (whether unstable or stable), renal
insufficiency (diabetic and non- diabetic), heart failure, angina pectoris, diabetes, secondary
aldosteronism, primary and secondary pulmonary hypertension, renal failure conditions,
such as diabetic nephropathy, glomerulonephritis, scleroderma, glomerular sclerosis,
proteinuria of primary renal disease, and also renal vascular hypertension, diabetic
retinopathy, the management of other vascular disorders, such as migraine, peripheral
vascular disease, Raynaud's disease, luminal hyperplasia, cognitive dysfunction (such as
Alzheimer's), glaucoma and stroke, comprising administering a therapeutically effective
amount of combination of (i) the AT 1-antagonists valsartan or a pharmaceutically
acceptable salt thereof and (i) a NEP inhibitor or a pharmaceutically acceptable salt thereof
and a pharmaceutically acceptable carrier to a mammal in need of such treatment. |
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A therapeutically effective amount of each of the component of the combination of
the present invention may be administered simultaneously or sequentially and in any order.

The corresponding active ingredient or a pharmaceutically acceptable salt thereof
may also be used in form of a hydrate or include other solvents used for crystallization.

The pharmaceutical compositions according to the invention can be prepared in a
manner known per se and are those suitable for enteral, such as oral or rectal, and
parenteral administration to mammals (warm-blooded animals), including man, comprising a
therapeutically effective amount of the pharmacologically active compound, alone or in
combination with one or more pharmaceutically acceptable carriers, especially suitable for
enteral or parenteral application. Typical oral formulations include tablets, capsules, syrups,
elixirs and suspensions. Typical injectable formulations include solutions and suspensions.

The typical pharmaceutically acceptable carriers for use in the formulations described
above are exemplified by: sugars such as lactose, sucrose, mannitol and sorbitol; starches
such as cornstarch, tapioca starch and potato starch; cellulose and derivatives such as
sodium carboxymethyl cellulose, ethyl cellulose and methyl cellulose; calcium phosphates
such as dicalcium phosphate and tricalcium phosphate; sodium sulfate; calcium sulfate;
polyvinylpyrrolidone; polyvinyl alcohol; stearic acid; alkaline earth metal stearates such as
magnesium stearate and calcium stearate; stearic acid; vegetable oils such as peanut oil,
cottonseed oil, sesame oil, olive oil and corn oil; non-ionic, cationic and anionic surfactants;
ethylene glycol polymers; betacyclodextrin; fatty alcohols; and hydrolyzed cereal solids, as
well as other non-toxic compatible fillers, binders, disintegrants, buffers, preservatives,
antioxidants, lubricants, flavoring agents, and the like commonly used in pharmaceutical
formulations.

The invention also relates to combining separate pharmaceutical compositions in kit
form. That is a kit combining two separate units: a valsartan pharmaceutical composition and
a NEP inhibitor pharmaceutical composition. The kit form is particularly advantageous when
the separate components must be administered in different dosage forms (e.g. parenteral
valsartan formulation and oral NEP formulation) or are administered at different dosage
intervals.

These pharmaceutical preparations are for enteral, such as oral, and also rectal or
parenteral, administration to homeotherms, with the preparations comprising the
pharmacological active compound either alone or together with customary pharmaceutical
auxiliary substances. For example, the pharmaceutical preparations consist of from about
0.1 % to 90 %, preferably of from about 1 % to about 80 %, of the active compounds.
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Pharmaceutical preparations for enteral or parenteral administration are, for example, in unit
dose forms, such as coated tablets, tablets, capsules or suppositories and also ampoules.
These are prepared in a manner which is known per se, for example using conventional
mixing, granulation, coating, solubulizing or lyophilizing processes. Thus, pharmaceutical
preparations for oral use can be obtained by combining the active compounds with solid
excipients, if desired granulating a mixture which has been obtained, and, if required or
necessary, processing the mixture or granulate into tablets or coated tablet cores after
having added suitable auxiliary substances.

The dosage of the active compound can depend on a variety of factors, such as
mode of administration, homeothermic species, age and/or individual condition.

Preferred dosages for the active ingredients of the pharmaceutical combination
according to the present invention are therapeutically effective dosages, especially those
which are commercially available.

Normally, in the case of oral administration, an approximate daily dose of from about
1 mg to about 360 mg is to be estimated e.g. for a patient of approximately 75 kg in weight.

Valsartan is supplied in the form of suitable dosage unit form, for example, a capsule
or tablet, and comprising a therapeutically effective amount, e.g. from about 20 to about 320
mg, of valsartan which may be applied to patients. The application of the active ingredient
may occur up to three times a day, starting e.g. with a daily dose of 20 mg or 40 mg of
valsartan, increasing via 80 mg daily and further to 160 mg daily up to 320 mg daily.
Preferably, valsartan is applied once a day or twice a day in heart failure patients with a dose
of 80 mg or 160 mg, respectively, each. Corresponding doses may be taken, for example, in
the morning, at mid-day or in the evening. Preferred is g.d. or b.i.d. administration in heart
failure.

In case of NEP inhibitors, preferred dosage unit forms are, for example, tablets or
capsules comprising e.g. from about 20 mg to about 800 mg, preferably from about 50 mg to
about 700 mg, even more preferably from about 100 mg to about 600 mg and even more
preferably from about 100 mg to about 300 mg, administered once a day.

In case of diuretics, preferred dosage unit forms are, for example, tablets or capsules
comprising e.g. from about 5 mg to about 50 mg, preferably from about 6.25 mg to about 25
mg. A daily dose of 6.25 mg, 12.5 mg or 25 mg of hydrochlorothiazide is preferably
administered once a day.

The above doses encompass a therapeutically effective amount of the active
ingredients of the present invention.
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The following examples illustrate the above-described invention; however, it is not

intended to restrict the scope of this invention in any manner.

Formulation Example 1:

Film-Coated Tablets:

Valsartan [= active ingredient] 80.00

Microcrystalline cellulose/ 54.00 NF, Ph. Eur
Avicel PH 102

Crospovidone 20.00 NF, Ph. Eur
Colloidal anhydrous silica / 0.75 Ph. Eur/
colloidal silicon dioxide / Aerosil 200 NF
Magnesium stearate 2.5 NF, Ph. Eur

Colloidal anhydrous silica /

“Purified water

0.75 Ph. Eur/
colloidal silicon dioxide / Aerosil 200 NF
Magnesium stearate 2.00 NF, Ph. Eur

DIOLACK pale red 00F34899

" Removed during processing.

The film-coated tablet is manufactured e.g. as follows:

7.00

A mixture of valsartan, microcrystalline cellulose, crospovidone, part of the colloidal

anhydrous silica/colloidal silicon dioxide/Aerosile 200, silicon dioxide and magnesium

stearate is premixed in a diffusion mixer and then sieve through a screening mill. The

resulting mixture is again pre-mixed in a diffusion mixer, compacted in a roller compactor

and then sieve through a screening mill. To the resulting mixture, the rest of the colloidal

anhydrous silica/colloidal silicon dioxide/Aerosile 200 are added and the final blend is made
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tablets are coated with a film by using Diolack pale red in a perforated pan.

Formulation Example 2:

Film-coated tablets:

Microcrystalline cellulose/ 108.00 NF, Ph. Eur
Avicel PH 102

Crospovidone 40.00 NF, Ph. Eur
Colloidal anhydrous silica / 1.50 Ph. Eur/
colloidal silicon dioxide / Aerosil 200 NF
Magnesium stearate 5.00 NF, Ph. Eur

Colloidal anhydrous silica / 1.50 Ph. Eur/
colloidal silicon dioxide / Aerosil 200 NF
Magnesium stearate 4.00 NF, Ph. Eur

Opadry Light Brown 00F33172

The film-coated tablet is manufactured e.g. as described in Formulation Example 1.
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Film-Coated Tablets:

[= active ingredient]
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Silica, colloidal anhydrous 1.00 Ph. Eur, USP/NF
(Colloidal silicon dioxide)

[= Glidant]

Magnesium stearate 2.00 USP/NF

[= Lubricant]

Crospovidone 20.00 Ph. Eur
[Disintegrant]

Microcrystalline cellulose 124.00 USP/NF

[= Binding agent]

terna

il [HiH

"1.00

[Lubricant]

Silica, colloidal anhydrous, Ph. Eur, USP/NF
(Colloidal silicon dioxide)

[= Glidant]

Magnesium stearate 2.00 USP/NF

Opadry® brown OOF 16711"

Purified Water ’

™) Removed during processing

i

" The composition of the Opadry® brown OOF 16711 coloring agent is tabulated below.
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Iron oxide, black (C.l. No. 77499, E 172 0.50
Iron oxide, brown (C.I. No. 77499, E 172 0.50
fron oxide, red (C.l. No. 77491, E 172) 0.50
Iron oxide, yellow (C.I. No. 77492, E 172) 0.50
Macrogolum (Ph. Eur) 4.00
Titanium dioxide (C.l. No. 77891, E 171) 14.00
Hypromellose (Ph. Eur) 80.00

The film-coated tablet is manufactured e.g. as described in Formulation Example 1.

Formulation Example 4:

Capsules:

Valsartan [= active ingredient] 80.00
Microcrystalline cellulose 25.10
Crospovidone 13.00
Povidone 12.50
Magnesium stearate 1.30
Sodium lauryl sulphate 0.60

PCT/EP03/00415

Irbn oxide, red 0.123
(C.I. No. 77491, EC No. E 172)

Iron oxide, yellow 0.123
(C.I. No. 77492, EC No. E 172)

Iron oxide, black 0.245
(C.I. No. 77499, EC No. E 172)

Titanium dioxide 1.540
Gelatin 74.969
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The tablet is manufactured e.g. as follows:

Granulation/Drying

Valsartan and microcrystallin cellulose are spray-granulated in a fluidized bed granulator with
a granulating solution consisting of povidone and sodium lauryl sulphate dissolved in purified
water. The granulate obtained is dried in a fluidized bed dryer.

Milling/Blending
The dried granulate is milled together with crospovidone and magnesium stearate. The
mass is then blended in a conical srew fype mixer for approximately 10 minutes.

Encapsulation

The empty hard gelatin capsules are filled with the blended bulk granules under controlled
temperature and humidity conditions. The filed capsules are dedusted, visually inspected,
weightchecked and quarantined until by Quality assurance department.

Formulation Example 5:

Capsules:

Valsartan [= active ingredient] 160.00
Microcrystalline cellulose 50.20
Crospovidone 26.00
Povidone 25.00
Magnesium stearate 2.60
Sodium lauryl sulphate 1.20

- — - —

| Iron oxide, red 0.123

(C.I. No. 77491, EC No. E 172)
Iron oxide, yellow 0.123
(C.I. No. 77492, EC No. E 172)
Iron oxide, black 0.245

(C.I. No. 77499, EC No. E 172)

Titanium dioxide 1.540
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Gelatin 74.969

Formulation Example 6:

Hard Gelatine Capsule:

Valsartan [= active ingredient] | 80.00
Sodium laurylsulphate 0.60
Magnesium stearate 1.30
Povidone 12.50
Crospovidone 13.00
Microcrystalline cellulose 21.10

Formulation Example 7:

A hard gelatin capsule, comprising as active ingredient e.g. (S)-N-(1-carboxy-2-methylprop-
1-yl)-N-pentanoyl-N-[2'(1H-tetrazol-5-yl)biphenyl-4-yl-methyllamine, can be formulated, for

example, as follows:

Composition:

(1) valsartan 80.0 mg
(2) microcrystalline cellulose 110.0 mg
(3) polyvidone K30 45.2 mg
(4) sodium lauryl sulfate 1.2 mg
(5) crospovidone 26.0 mg
(6) magnesium stearate 26 mg

Components (1) and (2) are granulated with a solution of components (3) and (4) in water.
The components (5) and (6) are added to the dry granulate and the mixture is filled into size
1 hard gelatin capsules.

All publications and patents mentioned herein are incorporate by reference in their
entirety as if set forth in full herein.
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What is claimed is:

1. A pharmaceutical composition comprising (i) the AT 1-antagonist valsartan or a
pharmaceutically acceptable salt thereof and (i) a NEP inhibitor or a pharmaceutically
acceptable salt thereof and a pharmaceutically acceptable carrier.

2.  The pharmaceutical composition of claim 1, wherein the NEP inhibitor is selected from
the group consisting of SQ 28,603, N-[N-[1(S)-carboxyl-3-phenylproplyl]-(S)-phenylalany]-
(S)-isoserine, N-[N-[((1S)-carboxy-2-phenyl)ethyl]-(S)-phenylalanyl]-p-alanine, N-[2(S)-
mercaptomethyl-3-(2-methylphenyl)-propionyllmethionine, (cis-4-[[[1-[2-carboxy-3-(2-
methoxyethoxy)propyl]-cyclopentyl]carbonyljamino]-cyclohexanecarboxylic acid), thiorphan,
retro-thiorphan, phosphoramidon, SQ 29072, N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester, (S)-cis-4-[1-[2-(5-
indanyloxycarbonyl)-3-(2-methoxyethoxy)propyl]-1-cyclopentanecarboxamido]-1-
cyclohexanecarboxylic acid, 3-(1-[6-endo-hydroxymethylbicyclo[2,2,1]heptane-2-exo-
carbamoyl]cyclopentyl)-2-(2-methoxyethyl)propanoic acid, N-(1-(3-(N-t-butoxycarbonyl-(S)-
prolylamino)-2(S)-t-butoxy-carbonylpropyl)cyclopentanecarbonyl)-O-benzyl-(S)-serine methyl
ester, 4-[[2-(Mercaptomethyl)-1-oxo-3-phenylpropyllamino]benzoic acid, 3-[1-(Cis-4-
carboxycarbonyl-cis-3-butylcyclohexyl-r-1-carboamoyl)cyclopentyl]-2S-(2-
methoxyethoxymethyl)propanoic acid, N-((2S)-2-(4-biphenylmethyl)-4-carboxy-5-
phenoxyvaleryl)glycine, N-(1-(N-hydroxycarbamoyimethyl)-1 -cyclopentanecarbonyl)-L-
phenylalanine, (S)-(2-biphenyl-4-yl)-1-(1H-tetrazol-5-yl)ethylamino) methylphosphonic acid,
(S)-5-(N-(2-(phosphonomethylamino)-3-(4-biphenyl)propionyl)—Z-aminoethyl)tetrazole, B-
Alanine, 3-[1,1"-biphenyl}-4-yl-N-[diphenoxyphosphinyl)methyl]-L-alanyl, N-(2-carboxy-4-
thienyl)-3-mercapto-2-benzylpropanamide, 2-(2-mercaptomethyl-3-
phenylpropionamido)thiazol-4-ylcarboxylic acid, (L)-(1-((2,2-dimethyl-1 ,3-dioxolan-4-yl)-
methoxy)carbonyl)-2-phenylethyl)-L-phenylalanyl)-B-alanine,
N-[N-[(L)-[1-[(2,2-dimethyl-1,3-dioxolan-4-yl)}-methoxylcarbonyl]-2-phenylethyl]-L-
phenylalanyl]-(R)-alanine, N-[N-[(L)-1-carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-

alanine, N-[2-acetylthiomethyl-3-(2-methyl-phenyl)propionyl]-methionine ethyl ester, N-[2-
mercaptomethyl-3-(2-methylphenyl)propioyl]-methionine, N-[2(S)-mercaptomethyl-3-(2-
methylphenyl)propanoyl]-(S)-isoserine, N-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-(S)-
2-methoxy-(R)-alanine, N-[1-[[1(S)-benzyloxycarbonyl-3-
phenylpropyllamino]cyclopentylcarbonyl]-(S)-isoserine, N-[1-[[1(S)-carbony!-3-
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phenylpropylamino]-cyclopentylcarbonyl]-(S)-isoserine, 1,1’-[dithiobis-[2(S)-(2-methylbenzyl)-
1-0x0-3,1-propanediyl]]-bis-(S)-isoserine, 1,1’-[dithiobis-[2(S)-(2-methylbenzyl)-1-0x0-3,1-
propanediyl]]-bis-(S)-methionine, N-(3-phenyl-2-(mercaptomethyl)-propionyl)-(S)-4-
(methylmercapto)methionine, N-[2-acetylthiomethyl-3-phenyl-propionyl]-3-aminobenzoic
acid, N-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid, N-[1-(2-carboxy-4-
phenylbutyl)-cyclopentanecarbonyl]-(S)-isoserine, N-[1-(acetylthiomethyl)cyclopentane-
carbonyl]-(S)-methionine ethyl ester, 3(S)-[2-(acetylthiomethyl)-3-phenyl-propionyllamimo-¢-
caprolactam and N-(2-acetylthiomethyl-3-(2-methylphenyl)propionyl)-methionine ethyl ester,
or in each case, a pharmaceutically acceptable salt thereof.

3. The pharmaceutical composition of claim 2, wherein the NEP inhibitor is N-(3-carboxy-
1-oxopropyl)-(48)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is a
triethanolamine or tris(hydroxymethyl)aminomethane salt thereof or N-(3-carboxy-1-
oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-methylbutanoic acid or a
pharmaceutically acceptable salt thereof.

4.  The pharmaceutical composition of claim 1 further comprising a diuretic.

5. AKit comprising in separate containers in a single package pharmaceutical
compositions comprising in one container a pharmaceutical composition comprising a NEP
inhibitor and in a second container a pharmaceutical composition comprising valsartan.

6. A method for the treatment or prevention of a condition or disease selected from the
group consisting of hypertension, heart failure such as (acute and chronic) congestive heart
failure, left ventricular dysfunction and hypertrophic cardiomyopathy, diabetic cardiac
myopathy, supraventricular and ventricular arrhythmias, atrial fibrillation, atrial flutter,
detrimental vascular remodeling, myocardial infarction and its sequelae, atherosclerosis,
angina (whether unstable or stable), renal insufficiency (diabetic and non- diabetic), heart
failure, angina pectoris, diabetes, secondary aldosteronism, primary and secondary
pulmonary hypertension, renal failure conditions, such as diabetic nephropathy,
glomerulonephiritis, scleroderma, glomerular sclerosis, proteinuria of primary renal disease,
and also renal vascular hypertension, diabetic retinopathy, the management of other
vascular disorders, such as migraine, peripheral vascular disease, Raynaud's disease,
luminal hyperplasia, cognitive dysfunction (such as Alzheimer's), glaucoma and stroke,
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comprising administering a therapeutically effective amount of combination of (i) the AT 1-
antagonists valsartan or a pharmaceutically acceptable salt thereof and (ii) a NEP inhibitor or
a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier to a
mammal in need of such treatment.

7. A method as claimed in claim 6, wherein the NEP inhibitor is selected from the group
consisting of SQ 28,603, N-[N-[1(S)-carboxyl-3-phenylproplyl]-(S)-phenylalanyl]-(S)-
isoserine, N-[N-[((1S)-carboxy-2-phenyl)ethyl]-(S)-phenylalanyl]-B-alanine, N-[2(S)-
mercaptomethyl-3-(2-methylphenyl)-propionylimethionine, (cis-4-[[[1-[2-carboxy-3-(2-
methoxyethoxy)propyl]-cyclopentyl]carbonyllamino]-cyclohexanecarboxylic acid), thiorphan,
retro-thiorphan, phosphoramidon, SQ 29072, N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester, (S)-cis-4-[1-[2-(5-
indanyloxycarbonyl)-3-(2-methoxyethoxy)propyl]-1-cyclopentanecarboxamido]-1-
cyclohexanecarboxylic acid, 3-(1-[6-endo-hydroxymethylbicyclo[2,2,1]heptane-2-exo-
carbamoyl]cyclopentyl)-2-(2-methoxyethyl)propanoic acid, N-(1-(3-(N-t-butoxycarbonyl-(S)-
prolylamino)-2(S)-t-butoxy-carbonylpropyl)cyclopentanecarbonyl)-O-benzyl-(S)-serine methyl
ester, 4-[[2-(Mercaptomethyl)-1-oxo-3-phenylpropyllamino]benzoic acid, 3-[1-(Cis-4-
carboxycarbonyl-cis-3-butylcyclohexyl-r-1-carboamoyl)cyclopentyl]-2S-(2-
methoxyethoxymethyl)propanoic acid, N-((2S)-2-(4-biphenylmethyl)-4-carboxy-5-
phenoxyvaleryl)glycine, N-(1-(N-hydroxycarbamoylmethyl)-1-cyclopentanecarbonyl)-L-
phenylalanine, (S)-(2-biphenyl-4-yl)-1-(1H-tetrazol-5-yl)ethylamino) methylphosphonic acid,
(8)-5-(N-(2-(phosphonomethylamino)-3-(4-biphenyl)propionyl)-2-aminoethyl)tetrazole, 3-
Alanine, 3-[1,1’-biphenyl]-4-yl-N-[diphenoxyphosphinyl)methyl}-L-alanyl, N-(2-carboxy-4-
thienyl)-3-mercapto-2-benzylpropanamide, 2-(2-mercaptomethyl-3-
phenylpropionamido)thiazol-4-ylcarboxylic acid, (L.)-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)-
methoxy)carbonyl)-2-phenylethyl)-L-phenylalanyl)-B-alanine,
N-[N-[(L)-[1-[(2,2-dimethyl-1,3-dioxolan-4-yl)-methoxy]carbonyl]-2-phenylethyl]-L-
phenylalanyl]-(R)-alanine, N-[N-[(L)-1-carboxy-2-phenylethyl]-L-phenylalanyl]-(R)-alanine, N-
[2-acetylthiomethyl-3-(2-methyl-phenyl)propionyl}-methionine ethyl ester, N-[2-
mercaptomethyl-3-(2-methylphenyl)propioyl]-methionine, N-[2(S)-mercaptomethyl-3-(2-
methylphenyl)propanoyl]-(S)-isoserine, N-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-(S)-
2-methoxy-(R)-alanine, N-[1-[[1(S)-benzyloxycarbonyl-3-
phenylpropyllamino]cyclopentylcarbonyl]-(S)-isoserine, N-[1-[[1(S)-carbonyl-3-
phenylpropylamino]-cyclopentylcarbonyl]-(S)-isoserine, 1,1’-[dithiobis-[2(S)-(2-methylbenzyl)-
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1-0x0-3,1-propanediyl]]-bis-(S)-isoserine, 1,1’-[dithiobis-[2(S)-(2-methylbenzyl)-1-ox0-3,1-
propanediyl]]-bis-(S)-methionine, N-(3-phenyl-2-(mercaptomethyl)-propionyl)-(S)-4-
(methylmercapto)methionine, N-[2-acetylthiomethyl-3-phenyl-propionyl]-3-aminobenzoic
acid, N-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid, N-[1-(2-carboxy-4-
phenylbutyl)-cyclopentanecarbonyl]-(S)-isoserine, N-[1-(acetylthiomethyl)cyclopentane-
carbonyl]-(S)-methionine ethyl! ester, 3(S)-[2-(acetylthiomethyl)-3-phenyl-propionyllamimo-e-
caprolactam and N-(2-acetylthiomethyl-3-(2-methylphenyl)propionyl)-methionine ethy! ester,
and in each case, a pharmaceutically acceptable salt thereof.

8.  The method of claim 6, wherein the NEP inhibitor is N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methylbutanoic acid ethyl ester is a triethanolamine or
tris(hydroxymethyl)aminomethane salt thereof or N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-2R-methyibutanoic acid or a pharmaceutically acceptable salt
thereof.

9.  Atriethanolamine salt of N-(3-carboxy-1-oxopropyl)-(4S)-p-phenyiphenylmethyl)-4-
amino-2R-methylbutanoic acid ethyl ester

10. A tris(hydroxymethyl)aminomethane salt of N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenyimethyl)-4-amino-2R-methylbutanoic acid ethyl ester.

11. A pharmaceutical composition comprising the salt of claim 9.

12. A pharmaceutical composition comprising the salt of claim 10.
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FURTHER INFORMATION CONTINUED FROM  PCTASA/ 270

Continuation of Box I.2

Present claims 1,2, 5, 7, relate to an extremely large number of possible
compounds. Support within the meaning of Article 6 PCT and/or disclosure
within the meaning of Article 5 PCT is to be found, however, for only a
very small proportion of the compounds. In the present case, the claims
so lack support, and the application so lacks disclosure, that a
meaningful search over the whole of the claimed scope is impossible.
Consequently, the search has been carried out for those parts of the
claims which appear to be supported and disclosed, namely those parts
relating to the NEP inhibitors having the formula II as disclosed in the
description at page 3, and the ones disclosed in claim 3, 8-12.

The applicant’s attention is drawn to the fact that claims, or parts of
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 II procedure.
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Although claims 6-8 are directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effects of the
compound/composition.

2. m Claims Nos.: .
because they relate to parts of the International Application that do not comply with the prescribed reguirements to such
an extent that no meaningful International Search can be carried out, spacifically:

see FURTHER INFORMATION sheet PCT/ISA/210

8. l:l Ciaims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This interational Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers alt
searchable claims.

n

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.
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VALSARTAN SALTS

The invention relates to new salts of the AT, receptor antagonist (S)-N-(1-carboxy-2-methyl-
prop-1-yl)-N-pentanoyl-N-[2"-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl}-amine (valsartan) of
formula

H,C CH,
ATV 4
0 C
A )k c':H
HC : X
H, H
c
O~ o
HN™ SN
\ /
N=N

The active ingredient valsartan is the free acid which is described specifically in EP
0443983, especially in example 16; it has two acidic hydrogen atoms: (i) the hydrogen atom
(H atom) of the carboxyl group, and (ii) that of the tetrazole ring. Accordingly, one acidic H
atom (primarily the carboxyl H atom) or both acidic H atoms may be réplaced by a
monovalent or higher valent, e.g. divalent, cation. Mixed salts may also be formed.

EP 443983 does not disclose any specific salts of valsartan. Also, it does not mention any
special properties of salts. Meanwhile, the active ingredient valsartan has been introduced

as an anti-hypertensive agent in a series of countries under the trade name DIOVAN.

The free acid valsartan has a melting point in a closed crucible of 80 to 95°C and in an
open crucible of 105 to 110°C and a melting enthalpy of 12 kdJ/mol. The optical rotation is
[0]®p =(-70 £2) ° for a concentration of ¢ = 1% in methanol. t

The density of the valsartan crystals and of the salt hydrates was determined by a helium
pycnometer (Accupyc 1330 of Micromeritics, Norcross, GA, USA). The density for the
crystals of the free acid valsartan is 1.20 + 0.02.
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The X-ray diffraction diagram consists essentially of a very broad, diffuse Xray reflection;
the free acid is therefore characterised as almost amorphous under X-ray. The melting
point linked with the measured melting enthalpy of 12 kJ/mol unequivocally confirm the
existence of a considerable residual arrangement in the particles or structural domains for
the free acid valsartan.

There is a need for more stable, e.g. crystalline forms of valsartan, which are even easfer to
manage in the drying or grinding processes following the final stage of the chemical
preparation process and also in the steps for preparing the pharmaceutical formulations.
Many futile attempts have been made to find improved forms through salt formation, the
forms ideally being as crystailine as possible, as well as physically and chemically stable.
Only the salts according to the invention, their solvates and polymorphous forms thereof
exhibit the desired improved properties.

The formation of salts of valsartan with the desired advantageous properties has proved to
be difficult. In the majority of cases, for example, amorphous salts with little stability are
obtained (such as hard foams, waxes or oils). Extensive research has shown that the salts
of valsartan according to the invention have proved to be particularly advantageous
compared with the free acid valsartan.

The objects of the present invention are salts of valsartan which are selected from the
group consisting of the monosodium salt, the monopotassium salt, the dipotassium sait, the
magnesium salt, the calcium salt, the bis-diethylammonium salt, the bis-dipropylammonium
salt, the bis-dibutylammonium salt, the mono-L-arginine salt, the bis-L-arginine salt, the
mono-L-lysine salt and the bis-L-lysine salt, as well as salt mixtures, or respectively, an
amorphous form, a solvate, especially hydrate, as well as a polymorphous form thereof, the

respective production and usage, and pharmaceutical preparations containing such salts.

The objects of the present invention are salts of valsartan which are selected from the
group consisting of the monosodium salt, the monopotassium salt, the dipotassium salt, the
magnesium salt, the calcium sait, the bis-diethylammonium salt, the bis-dipropylammonium
salt, the bis-dibutylammoniumsalt, the mono-L-arginine salt, the bis-L-arginine salt, the
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mono-L-lysine salt and the bis-L-lysine salt, or respectively, an amorphous form, a solvate,

especially hydrate, as well as a polymorphous form thereof.

Salt mixtures are (i) single salt forms from different cations selected from the above group
or (i) mixtures of those single salt forms which exist for example in the form of

conglomerates.

Preferred salts are for example selected from the

mono-sodium salt in amorphous form;

di-sodium salt of valsartan in amorphous or crystalline form, especially in hydrate form,
thereof.

Mono-potassium salt of valsartan in amorphous form;

di-potassium salt of valsartan in amorphous or crystalline form, especially in hydrate form,
thereof.

calcium salt of valsartan in crystalline form, especially in hydrate form, primarily the
tetrahydrate thereof;

magnesium salt of valsartan in crystalline form, especially in hydrate form, primarily the
hexahydrate thereof;

calcium/magnesium mixed salt of valsartan in crystalline form, especially in hydrate form;
bis-diethylammonium salt of valsarian in crystalline form, especially in hydrate form;
bis-dipropylammonium salt of valsartan in crystalline form, especially in hydrate form;
bis-dibutylammonium salt of valsartan in crystalline form, especially in hydrate form,
primarily the hemihydrate thereof;

mono-L-arginine salt of valsartan in amorphous form;

bis-L-arginine salt of valsartan in amorphous form;

mono-L-lysine salt of valsartan in amorphous form;

bis-L-lysine salt of valsartan in amorphous form.

The salts according to the invention preferably exist in isolated and essentially pure form,
for example in a degree of purity of >95%, preferably >98%, primarily >99%. The
enantiomer purity of the salts according to the invention is >98%, preferably >99%.

Compared with the free acid, the salts according to the invention, or the amorphous forms,
solvates such as salt hydrates, and also the corresponding polymorphous forms thereof,
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have unexpectedly advantageous properties. Under given conditions, the crystalline salts
and crystaliine salt hydrates have a clear melting point which is linked with a marked,
endothermic melting enthalpy. The crystalline salts according to the invention are stable
and are of better quality than valsartan also during storage and distribution. The
amorphous or partially amorphous salts have limited stability, i.e. as the solid, they have a
restricted stability range. To be stabilised, they require certain measures which can be

achieved for example by galenic formulations.

In addition, both the crystalline and the amorphous salts according to the invention have a
high degree of dissociation in water and thus substantially improved water solubility. These
propetties are of advantage, since on the one hand the dissolving process is quicker and on
the other hand a smaller amount of water is required for such solutions. Furthermore, the
higher water solubility can, under certain conditions, also lead to increased biological
availability of the salts or salt hydrates in the case of solid dosage forms. Improved
properties are beneficial especially to the patients. Furthermore, some of the salts
according to the invention have proved to be exceptionally physically stable, particularly the
alkaline earth salts. For different relative humidities at room temperature and also at a
slightly higher temperatures, the salt hydrates according to the invention show practically no
water absorption or water loss over a wide range of humidities and for periods of a few
hours, e.g. four hours. Also, for example, the melting point of the salts according to the

invention will not be changed by storing under different relative humidities.

Improved physicochemical properties of certain salts or certain sait hydrates are of great
importance both when they are produced as a pharmaceutically active substance and when
producing, storing and applying the galenic preparation. In this way, starting with improved
constancy of the physical parameters, an even higher quality of the formulations can be
guaranteed. The high stability of the salts or salt hydrates also give the possibility of
attaining economic advantages by enabling simpler process steps to be carried out during
working up. The high crystallinity of certain salt hydrates allows the use of a choice of
analytical methods, especially the various X-ray methods, the usage of which permits a
clear and simple analysis of their release to be made. This factor is also of great
importance to the quality of the active substance and its galenic forms during production,
storage and administration to the patients. In addition, complex provisions for stabilising the
active ingredient in the galenic formulations can be avoided.
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The invention accordingly relates to crystalline, also partly crystalline and amorphous salts
of valsartan.

As well as the solvates, such as hydrates, the invention also relates to polymorphous forms
of the salts according to the invention.

Solvates and also hydrates of the salts according to the invention may be present, for
example, as hemi-, mono-, di-, tri-, tetra-, penta-, hexa-solvates or hydrates, respectively.
Solvents used for crystallisation, such as alcohols, especially methanol, ethanol, aldehydes,
ketones, especially acetone, esters, e.g. ethyl acetate, may be embedded in the crystal
grating. The extent to which a selected solvent or water leads to a solvate or hydrate in
crystallisation and in the subsequent process steps or leads directly to the free acid is
generally unpredictable and depends on the combinations of process conditions and the
various interactions between valsartan and the selected solvent, especially water. The
respective stability of the resulting crystalline or amorphous solids in the form of salts,
solvates and hydrates, as well as the corresponding salt solvates or salt hydrates, must be
determined by experimentation. It is thus not possible to focus solely on the chemical
composition and the stoichiometric ratio of the molecules in the resulting solid, since under
these circumstances both differing crystalline solids and differing amorphous substances
may be produced.

The description salt hydrates for corresponding hydrates may be preferred, as water
molecules in the crystal structure are bound by strong intermolecular forces and thereby
represent an essential element of structure formation of these crystals which, in pan, are
extraordinarily stable. However, water molecules are also existing in certain crystal lattices

- which are bound by rather weak intermolecular forces. Such molecules are more or less
integrated in the crystal structure forming, but to a lower energetic effect. The water content
in amorphous solids can, in general, be clearly determined, as in crystalline hydrates, but is
heavily dependent on the drying and ambient conditions. In contrast, in the case of stable
hydrates, there are clear stoichiometric ratios between the pharmaceutical active substance
and the water. In many cases these ratios do not fulfil completely the stoichiometric value,
normally it is approached by lower values compared to theory because of certain crystal
defects. The ratio of organic molecules to water molecules for the weaker bound water may
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vary to a considerable extend, for example, extending over di-, tri- or tetra-hydrates. On the
other hand, in amorphous solids, the molecular structure classification of water is not

stoichiometric; the classification may however also be stoichiometric only by chance.

In some cases, it is not possible to classify the exact stoichiometry of the water molecules,
since layer structures form, e.g. in the alkali metal salts, especially in the potassium salt, so

that the embedded water molecules cannot be determined in defined form.

For the crystalline solids having identical chemical composition, the different resulting

crystal gratings are summarised by the term polymorphism.

Any reference hereinbefore and hereinafter, to the salts according to the invention is to be
understood as referring also to the corresponding solvates, such as hydrates, and

polymorphous modifications, and also amorphous forms, as appropriate and expedient.

Especially preferred are the tetrahydrate of the calcium salt of valsartan and the
hexahydrate of the magnesium salt of valsartan.

The X-ray diffraction diagram of powders of these two salt hydrates has a number of
discrete X-ray reflections, and practically no signs of non-crystalline or amorphous portions.
The degree of crystallisation of these defined salt hydrates is therefore surprisingly high.
Equally, relatively large crystals may be cultured from certain salt hydrates, and in the
crystallographic sense these are single crystals. Such single crystals allow the structure of
the solid to be determined. It is effected by computer-aided evaluation of the reflection
intensities measured by an X-ray diffractometer.

This process for determining the structure of a crystal enables, under normal conditions
such as high physical, chemical and enantiomeric purity of the gauged crystals, a clear
determination of the structure to be carried out on a molecular or atomic level, namely
symmetry and size of the elementary cells, atom positions and temperature factors, and
from the ascertained cell volume, the X-ray-photographic density is shown on the basis of a
molecular weight. At the same time, the X-ray-photographic structure determination
supplies details of its quality.
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The outstanding properties of these two salt hydrates are based on the crystals, which form
these salts by incorporating four or six water molecules per valsartan molecule. Thus,
practically perfect three-dimensional crystal gratings are produced. These two salts have
water solubility that is several times better than the free acid of valsartan, and this is
especially surprisingly at high melting points and melting enthalpies, which are eight or five
times greater than the free acid. The extraordinary crystal gratings of these two salt

hydrates are the basis for the chemical and physical stability of these two compounds.

The particularly notable salt hydrate is the tetrahydrate of the calcium salt of valsartan. In a

closed specimen container, for a heating rate of T,= 10 Kemin ™

it has a melting point of
205 x 1.5 °C and a melting enthalpy of 98 * 4 kJ«Mol™. The tetrahydrate of the calcium salt
of valsartan is not stable at elevated temperatures both in respect of the hydrate water and
in respect of the structure of the molecule. The indicated melting point is a hydrate melting
point which can only be measured in a closed specimen container. Gold containers with a
wall thickness of 0.2 mm were used; after weighing in samples of between 2 and 4 mg salt
hydrate, they were sealed by cold welding. These gold containers have an internal free
volume of ca. 22 microlitres. The amounts of the sample and the volume of the pressurised
containers must be suitably adapted, so that strong dehydration of the salt hydrates cannot
take place during measurement of the melting point. The partial pressure of the water at
205° Celsius is ca. 18 bar, so that with an open container in DSC (Differential Scanning
Calorimeter) during measurement of the melting point, conversion to the anhydrate takes
place. If the data from several heating rates (T,= 10, 20, 40 K «min ') are extrapolated to a
continuously rapid heating rate, a melting point of 213 = 2 °C and a melting enthalpy of 124
+ 5 kJeMol result. Both the high hydrate melting point and the amount of the melting
enthalpy are an expression of the exceptional stability of the crystal grating of the
tetrahydrate of the calcium salt of valsartan. These two thermodynamic characteristics
illustrate the advantageous physical properties, compared to the free acid, with the two
corresponding data, namely a melting point in the closed system of 90°C and a melting
enthalpy of 12 kJeMol”. These thermodynamic data, together with the X-ray data, prove
the high stability of this crystal grating. They are the foundation for the special physical and
chemical resistance of the tetrahydrate of the calcium salt of valsartan.

A measurement of the infrared absorption spectrum of the tetrahydrate of the calcium salt
of valsartan in a potassium bromide compressed tablet shows the following significant
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bands expressed in reciprocal wave numbers (cm™ ): 3750 — 3000 (st); 3400 — 2500 (st);
1800 — 1520 (st); 1500 — 1380 (st); 1380 — 1310 (m); 1290 — 1220 (w); 1220 — 1190 (w);
1190 — 1160 (w); 1160 — 1120 (w); 1120 — 1050 (w); 1030 — 990 (m); 989 — 960 (w), 950 —
920 (w); 780 — 715 (m); 710 — 470 (m). The intensities of the absorption bands are
indicated as follows: (w) = weak; (m) = medium; and (st) = strong intensity. Measurement of
the infrared spectrum likewise took place by means of ATR-IR (Attenuated Total
Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from Perkin-Elmer
Corp., Beaconsfield, Bucks, England.

The tetrahydrate of the calcium salt of valsartan has the following absorption bands
expressed in reciprocal wave numbers (cm"):

3594 (w); 3306 (w); 3054 (w); 2953 (w); 2870 (w); 1621 (st); 1578 (m); 1458 (m); 1441 (m);
1417 (m); 1364 (m); 1336 (w); 1319 (w); 1274 (w); 1241 (w); 1211 (w); 1180 (w); 1149 (w);
1137 (w); 1106 (w); 1099 (w); 1012 (m); 1002 (w); 974 (w); 966 (w); 955 (w); 941 (w);

863 (w); 855 (w); 844 (w); 824 (w); 791 (w); 784 (w); 758 (m); 738 (m); 696 (m); 666 (m).
The intensities of the absorption bands are indicated as foliows: (w) = weak; (m) = medium
and (st) = strong intensity. |

The most intensive absorption bands of the ATR-IR spectroscopy are shown by the
following values expressed in reciprocal wave numbers (cm™): 3306 (w); 1621 (st);

1578 (m); 1458 (m); 1441 (m); 1417 (m); 1364 (m); 1319 (w); 1274 (w); 1211 (w); 1180 (w);
1137 (w); 1012 (m); 1002 (w); 758 (m); 738 (m); 696 (m); 666 (m).

The error margin for all absorption bands of ATR-IR is + 2 cm™.

The water content is in theory 13.2% for the tetrahydrate of the calcium salt of valsartan.
Using the thermo-scale TGS-2 ( Perkin-Elmer Corp. , Norwalk, CT USA ) the water content
was determined as 12.9 %. A total formula was calculated from this (C24H27N503)2' Ca?*e
(3.9 +0.1) H.0.

Using thermogravimetry, in a water-free N, atmosphere, the weight loss, i.e. the water loss

for the tetrahydrate as a function of temperature, was measured at a heating rate of 10

1

Kemin ~'. The results are illustrated in table 1.

Table 1
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25
50
75 05
100 35
125 102
150 12.4
175 12.8
200 12.9
225 12.9
250 13.0
275 132

The solubility of the tetrahydrate of the calcium salt of valsartan in water-ethanol mixtures is

illustrated in Table 2 for a temperature of 22°C.

Table 2

0

10 9
30 14
50 46

A comparison of the solubilities of the two most important salts according to the invention
and the free acid in distilled water is illustrated in Table 3.

Table 3
tetrahydrate of the calcium salt of valsartan 9
hexahydrate of the magnesium salt of 59
valsartan

Further characterisation of the tetrahydrate of the calcium salt of valsartan is effected using
the interlattice plane intervals determined by a X-ray powder pattern. Measurement of the
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X-ray powder patterns was made with a Guinier camera (FR 552 from Enraf Nonius, Delft,
NL) on an X-ray film in transmission geometry, using Cu-Ka, radiation at room temperature.
Evaluation of the films for calculation of the interlattice plane intervals is made both visually
and by a Line-Scanner (Johansson Téaby, S), and the reflection intensities are determined
simultaneously.

The preferred characterisation of the tetrahydrate of the calcium salt of valsartan is
obtained from the interlattice plane intervals d of the ascertained X-ray diffraction diagrams,
whereby, in the following, average values are indicated with the appropriate error limits.
din[A]: 16.12£0.3, 9.9+0.2, 9.4+0.2, 8.03+0.1, 7.7120.1, 7.0320.1, 6.5020.1, 6.33+0.1,
6.20+0.05, 5.87+0.05, 5.74+0.05, 5.67+0.05, 5.20+0.05, 5.05+0.05, 4.95+0.05, 4.73+0.05,
4.55+0.05, 4.33+0.05, 4.15+0.05, 4.12+0.05, 3.95+0.05, 3.91+0.05, 3.87+0.05, 3.35:0.05.

The most intensive reflections in the X-ray diffraction diagram show the following interlattice
plane intervals:

din[A]: 16.1+0.3, 9.9+0.2, 9.410.2, 7.03+0.1, 6.50+0.1, 5.87+0.05, 5.74+0.05, 4.95+0.05,
4.73+0.05, 4.33+0.05, 4.15+0.05, 4.12+0.05, 3.95+0.05.

A preferred method of checking the above-indicated average values of the interlattice plane
intervals and intensities measured by experimentation from X-ray diffraction diagrams with a
Guinier camera, for a given substance, consists in calculating these intervals and their
intensities from the comprehensive single crystal structure determination. This structure
determination yields cell constants and atom positions, which enable the X-ray diffraction
diagram corresponding to the solid to be calculated by means of computer-aided calculation
methods (programme CaRine Crystallography, Université de Compiégne, France). A
comparison of these data, namely the interlattice plane intervals and intensities of the most
important lines of the tetrahydrate of the calcium salt of valsartan, obtained from
measurements with the Guinier camera and from calculating the single crystal data, is
illustrated in Table 4. '

Table 4

1610 | very |16.02| very | 567 | veryweak | 5658 | veryweak
strong strong
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9.89 strong 9.88 very 5.20 very weak 5.199 very weak
strong
9.38 average | 9.37 average 5.05 very weak 5.040 very weak
8.03 weak 8.02 |} average 4.95 average 4,943 weak
7.71 weak 7.70 weak 4.73 weak 4.724 weak
7.03 | average | 7.01 average 4.55 weak 4,539 weak
6.50 | average | 6.49 | average 4.33 weak 4.338 weak
6.33 weak 6.33 weak 4.15 strong 4.150 strong
6.20 very 6.19 |veryweak| 4.12 weak 4.114 weak
weak

5.87 | average | 5.862 | average 3.95 average 3.941 average
5.74 | average | 5.738 | average 3.35 weak 3.349 weak

The invention relates to the crystalline tetrahydrate of the calcium salt of (S)-N-(1-carboxy-2-
methylprop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)biphenyl-4-yimethyl}-amine, a

crystalline solid which is clearly characterised by the data and parameters obtained from
single crystal X-ray analysis and X-ray powder patterns. An in-depth discussion of the
theory of the methods of single crystal X-ray diffraction and the definition of the evaluated
crystal data and the parameters may be found in Stout & Jensen, X-Ray Structure
Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1968) chapter 3.

The data and parameters of the single crystal X-ray structure determination for the
tetrahydrate of the calcium salt of valsartan are contained in Table 5.

Table 5

Crystal data and parameters of the tetrahydrate of the calcium salt of valsartan

Crystal data

sum formula (Ca2aHzz NsO3)#Ca? e 4 H,0
molecular mass 545.65

crystal colour colourless

crystal shape flat prisms
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crystal system
space group
size of the single crystal

dimensions and angle of elementary cell

volume of elementary cell

number of molecules in the elementary cell

F (000)

measurement range of cell parameters (©)

calculated density
linear absorption coefficient

X-ray measurement data

diffractometer

X-radiation ( graphite monochromator )
wavelength

temperature

scan range (6)

scan mode

reflections collected/unique

number of significant reflections (1> 20(l) )

variation in intensity
absorption correction

Structure refinement

method

number of parameters
agreement index (R)

weighted agreement index (Rw)

PCT/EP01/08253

-12-

monoclinic

P2,

0.420.39 ¢ 0.17 mm®
a=10.127(2) A
b= 8.596(2) A
c=132.214(6) A
a=90°

B= 95.34(3) °

y =90°
V,=2792.1(10) A ®
4

1160

7.47-16.50 °

1.298 (gecm™®)
0.274 mm ™

Enraf Nonius CAD4
MoKt

0.71073

295 K
1.27-31.99°
w/20

19384 / 18562
10268

1.7 %

numeric

full matrix, least squares, F?
893

6.2 %

14.4 %
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S factor (Goodness of fit)
number of reflections used
treatment of all hydrogen atoms in the molecule,

including in the water molecules

extinction correction
maximum/minimum residual electron density in
conclusive difference-Fourier calculation

absolute structure parameters

Computer programmes used

SHELXS 86 ( Sheldrick, Gottingen, 1990 )
SHELXL 96 ( Sheldrick, Géttingen, 1996 )
SCHAKAL 86 ( Keller, Freiburg 1986 )
PLATON ( Spek, Acta Cryst., 1990)

141

PCT/EP01/08253

1.085

18562

all found by difference-Fourier
calculation, almost all isotropically
refined, a few theoretically fixed
(riding)

none

0.662/-0.495 (e+A?)

0.00 (4)

The elementary cell is defined by six parameters, namely by the grating constants a, b and

¢, and by the axial angle, namely by a, B, und y. In this way, the volume of the elementary

cell V. is determined. A differentiated description of these crystal parameters is illustrated in

chapter 3 of Stout & Jensen (see above). The details for the tetrahydrate of the calcium

salt of valsartan from the single crystal measurements, especially the atom coordinates, the

isotropic thermal parameters, the coordinates of the hydrogen atoms as well as the

corresponding isotropic thermal parameters, show that a monoclinic elementary cell exists,

its cell content of four formula units Ca®* valsartan® « 4 H.0 occurring as a result of two
g

crystallographic independent units on two-fold positions.

Given the acentric space group P2; determined from the single crystal X-ray structure

determination, a racemate is ruled out. Thus the enantiomeric purity of the S-configuration

for the crystalline tetrahydrate of the calcium salt of (S)-N-(1-carboxy-2-methylprop-1-yl)-N-

pentanoyl-N-[2'-(1H-tetrazol-5-yl)biphenyl-4-yimethyl]-amine is verified. Lo -

An essential feature for the quality of a pure active substance both for the physical-chemical

procedures such as drying, sieving, grinding, and in the galenic processes which are carried
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out with pharmaceutical excipients, hamely in mixing processes, in granulation, in spray-
drying, in tabletting, is the water absorption or water loss of this active substance depending
on temperature and the relative humidity of the environment in question. With certain
formulations, free and bound water is without doubt introduced with excipients and/or water
is added to the process mass for reasons associated with the respective formulation
process. In this way, the pharmaceutical active substance is exposed to free water over
rather long periods of time, depending on the temperature of the different activity (partial

vapour pressure).

A clear characterisation of this property is achieved by means of isothermal measurements
over predetermined time intervals and predetermined relative humidity using dynamic
vapour sorption (DVS-1 from the company Surface Measurement Systems LTD, Marlow,
Buckinghamshire, UK). Table 6 illustrates the mass change, i.e. the water absorption or loss
as a function of relative humidity at 25°C for a sample of 9.5 mg of the tetrahydrate of the
calcium salt of valsartan and for a period of 4 hours. The following cycles of changes in
relative humidity are shown: 40-90; 90-0; 0-90; 90-0 % relative humidity:

Table 6
50 0.04 0 -0.01
60 0.03 10 0.00
70 0.02 20 0.00
80 0.02 30 0.00
90 0.00 40 0.00
80 0.02 50 - 0.00
70 0.02 60 0.01
60 0.02 70 0.00
50 0.02 80 -0.01
40 0.02 90 -0.02
30 0.01 0 -0.02
20 0.01 (starting value) 0.00
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The measurement error of this sorption method based on thermogravimetry is about 0.1%.
Therefore, the tetrahydrate of the calcium salt of valsartan under the conditions employed,
which are realistic from a pharmaceutical-galenic point of view, shows no measurable water
absorption or loss. This is surprising to a large extent, since the tetrahydrate, which has
incorporated about 13% of bound water in the crystal structure, is totally indifferent to water
even at extreme values of relative humidity. This property is crucial in the final stages of
chemical manufacture and also in practice in all galenic process stages of the different
dosage forms. This exceptional stability similarly benefits the patients through the constant
availability of the active ingredient.

The intrinsic dissolving rates of the calcium salt of valsartan at pH 1, pH 4.5 and pH 6.8
show improved values over those of valsartan.

The exceptional stability of the calcium salt of valsartan, especially the tetrahydrate thereof,
towards water may also be shown in stability tests. In these, the water content of the
tetrahydrate of the calcium salt of valsartan remains constant both in an open container and

in a sealed ampoule after four weeks at 40°C and 75% relative humidity.

Owing to the advantageous crystallinity of the calcium salt, especially the tetrahydrate

thereof, this salt is suitable for pressing directly to form corresponding tablet formulations.

In addition, an improved dissolving profile in a tablet can be assured. In studies of the
dissolving profile, it was established that the calcium salt, especially the tetrahydrate
thereof, is released by 100% from a film-coated tablet within 15 minutes.

Of the group of new-type crystalline solids, a magnesium salt hydrate of valsartan is
preferred, in particular the hexahydrate. The thermal behaviour of this salt hydrate in the
region of the melting point shows a certain chemical and physical instability. The thermal
data are thus dependent on the measurement conditions. In the sealed gold specimen
container with an internal free volume of ca. 22 microlitres, with a sample of 2 to 4 mg and
with a heating rate of T, = 10 K min™, the melting point of the hexahydrate of the

magnesium salt of valsarten is 132 + 1.5° Celsius and the melting enthalpy is 56 x 3 kJ'Mol
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'. The melting enthalpy which is about 5 times higher than the free acid of valsartan,
together with the significantly higher melting point of the hexahydrate of the magnesium salt
of valsartan is a measure of the stability of the new-type crystal grating at around room

temperature.

The optical rotation of the hexahydrate of the magnesium salt of valsartan in methanol as a

1% solution at 20°C is [0] ©p = - 14°.

A measurement of the infrared absorption spectrum of the hexahydrate of the magnesium
salt of valsartan in a potassium bromide compressed tablet shows the following significant
bands expressed in reciprocal wave numbers (cm™): 3800 — 3000 (st); 3000 ~ 2500 (st);
1800 — 1500 (st); 1500 — 1440 (m); 1440 — 1300 (m); 1280 — 1240 (w); 1240 — 1190 (w);
1190 — 1150 (w); 1120 — 1070 (w); 1050 ~ 990 (w); 990 — 960 (w); 960 — 920 (w); 920 — 700
(m); 700 — 590 (w); 590 — 550 (w).

The intensities of the absorption bands are indicated as follows: (w) = weak; (m) = medium;
and (st) = strong intensity.

Measurement of the infrared spectrum likewise took place by means of ATR-IR (Attenuated
Total Reflection-Infrared Spectroscopy) using the instrument Spektrum BX from
Perkin-Elmer Corp., Beaconsfield, Bucks, England.

The hexahydrate of the magnesium salt of valsartan has the following absorption bands
expressed in reciprocal wave numbers (cm™):

3378 (m); 3274 (m); 2956 (m); 2871 (w); 2357 (w); 1684 (w); 1619 (st); 1557 (m); 1464 (m);
1419 (m); 1394 (st); 1374 (m); 1339 (w); 1319 (w); 1300 (w); 1288 (w); 1271 (w) 1255 (w);
1223 (w); 1210 (w); 1175 (m); 1140 (w); 1106 (w); 1047 (w); 1024 (w); 1015 (w); 1005 (w);
989 (w); 975 (w); 955 (w); 941 (w); 888 (w); 856 (w); 836 (m); 820 (w); 766 (st); 751 (m);
741 (st); 732 (st).

The intensities of the absorption bands are indicated as follows: (w) = weak; (m) = medium
and (st) = strong intensity.

The most intensive absorption bands of the ATR-IR spectroscopy are shown by the
following values expressed in reciprocal wave numbers (cm™): 3378 (m); 3274 (m);
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2956 (m); 1619 (st); 1557 (m); 1464 (m); 1419 (m); 1394 (st); 1271 (w); 1175 (m); 1015 (w);
975 (w); 836 (m); 766 (st); 751 (m); 741 (st); 732 (st).

The error margin for all absorption bands of ATR-IR is + 2 em™.

The theoretical water content of the hexahydrate of the magnesium salt of valsartan is
19.1%. Using a coupled instrument based on thermogravimetry-Fourier transformation-
infrared-spectroscopy (TG-FTIR, IFS 28 from the companies Netzsch Geratebau GmbH,
Selb, Bayern and Bruker Optik GmbH, Karisruhe ), whilst simultaneously measuring the
weight loss and identifying the material component given up, using infrared spectroscopy
(release of water), the water content was determined at 18.5 %, conforming well with the
theoretical value. For the hexahydrate, this corresponds to a molar ratio of 5.8 + 0.2 mols

H20 per mol magnesium salt.

Table 7 illustrates the water loss of the hexahydrate of the magnesium salt of valsartan
depending on temperature, using the weight loss measured in an N, atmosphere on a
thermogravimetric thermal analysis instrument for a heating rate of 10 K°’min™. From the
TG-FTIR measurement, the correlation of the weight loss is assured solely by the release of

water.

Table 7
50 1.2
75 4.2
100 11.0
125 16.7
150 : 17.7
175 18.3
200 18.5
225 18.7
250 18.9
275 19.3
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The hexahydrate of the magnesium salt of valsartan has a solubility in distilled water at

22°C of 59 g per litre of solution for a pH value of 9.3.

The crystalline form of the hexahydrate of the magnesium salt of valsartan is clearly
characterised by the interlattice plane intervals calculated from the lines in an X-ray powder
pattern. The measurement and analysis methods used are the same as those used for the

tetrahydrate of the calcium salt of valsartan.

This preferred characterisation of the hexahydrate of the magnesium salt of valsartan is
obtained from the interlattice plane intervals d, whereby, in the following, average values
are indicated with the appropriate error limits:

d in [A]: 19.7+0.3, 10.1+0.2, 9.8+0.2, 7.2820.1, 6.48+0.1, 6.00+0.1, 5.81+0.1, 5.68+0.1,
5.40+0.05, 5.22 +0.05, 5.12+0.05, 5.03+0.05, 4.88+0.05, 4.3310.05, 4.22+0.05,
4.18+0.05, 4.08+0.05, 3.95+0.05, 3.46+0.05, 3.42+0.05.

The most intensive reflections in the X-ray diffraction diagram show the following interlattice
plane intervals:

din[A]: 19.7£0.3, 10.11+0.2, 9.8+0.2, 7.2840.1, 5.81+0.05, 5.68+0.05, 5.03+0.05,
4.88+0.05, 4.18+0.05, 4.08+0.05, 3.46 +0.05.

A preferred method of checking the above-indicated average values of the interlattice plane
intervals and intensities measured by experimentation from X-ray diffraction diagrams with a
Guinier camera, for a given substance, consists in calculating these intervals and their
intensities from the comprehensive single crystal structure determination. This structure
determination yields cell constants and atom positions, which enable the X-ray diffraction
diagram corresponding to the solid to be calculated by means of computer-aided calculation
methods (programme CaRine Crystallography, Université de Compiégne, France). A
comparison of these data, namely the interlattice plane intervals and intensities of the most
important lines of the hexahydrate of the magnesium salt of valsartan, obtained from
measurements with the Guinier camera and from calculating the single crystal data, is
illustrated in Table 8.

Table 8
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* measured

Ain[A] ntensity

w19.7 T very 19'.6'36 very strdhg V ”5.12‘ 1B {weall{"

strong

10.11 | average | 10.09 | average 5.03 strong 5.032 |very strong

9.83 | average | 9.84 |verystrong| 4.88 strong 4.878 |very strong

7.28 | average | 7.27 average 4.33 | very weak 4.341 weak
6.48 weak 6.46 weak 4.22 weak 4.215 weak
6.00 weak 6.00 weak 4.18 average 4.181 average

5.81 average | 5.805 | average 4.08 average 4.079 average

5.68 | average | 5.676 strong 3.95 weak 3.946 weak

5.40 very 5.391 | veryweak | 3.46 average 3.463 average
weak

5.22 weak 5.217 weak 3.42 weak 3.428 weak

The invention relates in particular to the crystalline hexahydrate of the magnesium salt of
(8)-N-(1-carboxy-2-methylprop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)biphenyl-4-
ylmethyl}-amine, a crystalline solid which is clearly characterised by the data and
parameters obtained from single crystal X-ray analysis. An in-depth discussion of the
theory of the methods of single crystal X-ray diffraction and the definition of the evaluated
crystal data and the parameters may be found in Stout & Jensen, X-Ray Structure
Determination; A Practical Guide, Mac Millian Co., New York, N.Y. (1968) chapter 3.

The data and parameters of the single crystal X-ray analysis for the magnesium-valsartan-
hexahydrate are given in Table 9.

Table 9

Crystal data and parameters of the hexahydrate of the magnesium salt of vaisartan

Crystal data
sum formula ( Ca4 Har N5 Og) Mg 2* « 6 H,0
molecular mass 565.91
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crystal colour

crystal shape

crystal system

space group

size of the single crystal

dimensions and angle of elementary cell

volume of elementary cell

number of molecules in the elementary cell
F (000)

measurement range of cell parameters (©)
calculated density

linear absorption coefficient

X-ray measurement data

diffractometer

X-radiation ( graphite monochromator )
wavelength

temperature

scan range (6)

scan mode

reflections collected/unique

number of significant reflections (1> 20(l) )
variation in intensity

absorption correction

Structure refinement

method

PCT/EP01/08253

-920 -

colourless

flat prisms
monaoclinic

c2

0.013+0.50 » 0.108 mm®
a= 40.075(8) A
b= 7.400(1) A
c= 10.275(2) A
a=90°

B= 100.85(3)°

y =90°

V. =2992.6(9)A®
4

1208
2.82-11.15°
1.256 (gecm’™®)
0.114 mm ™

Enraf Nonius CAD4
MoKa

0.71073

295 K
1.03-26.00°
w/20

5954 / 5868

1341

<1%

numeric

full matrix, least squares, F?
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number of parameters 243
agreement index (R) 10.7 %
weighted agreement index (Rw) 13.8 %
S factor (Goodness of fit) 1.001
number of reflections used 5868
determination of hydrogen atoms majority according to the "riding"

model, nine H-atoms from water
molecules isotropically refined from
difference-Fourier calculation

extinction correction 0.00098 (10)

maximum/minimum residual electron density in 0.473/-0.614 (e*A®)

final difference-Fourier calculation

absolute structure parameters 0.0(10)

Computer programmes used

SHELXS 86 (Sheldrick, Gottingen, 1990)
SHELXL 96 (Sheldrick, Géttingen, 1996)
SCHAKAL 86 (Keller, Freiburg 1986)
PLATON (Spek, Acta Cryst., 1990)

The elementary cell is defined by six parameters, namely by the grating constants a, b and
¢, and by the axial angle, namely by a, B, und y. In this way, the volume of the elementary
cell V. is determined. A differentiated description of these crystal parameters is illustrated in
chapter 3 of Stout & Jensen (see above).

The details for the hexahydrate of the magnesium salt of valsartan from the single crystal
measurements, especially the atom coordinates, the isotropic thermal parameters, the
coordinates of the hydrogen atoms as well as the corresponding isotropic thermal
parameters, show that a monoclinic elementary cell exists, its cell content occurring from
four formula units Mg 2* Valsartan « 6 H,0 .

Given the acentric space group C2 determined from the single crystal X-ray structure
determination, a racemate is ruled out. Thus the enantiomeric purity of the S-configuration
for the crystalline hexahydrate of the magnesium salt of valsartan is proved.
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Table 10 illustrates the mass change, i.e. the water absorption or loss as a function of
relative humidity at 25°C for a sample of 9.5 mg of magnesium-valsartan-hexahydrate and
for a period of 4 hours (h). The following cycles of changes in relative humidity are shown:
40-90; 90-0; 0-90; 90-0 % relative humidity:

Table 10

40 0.06 10 ERE
50 0.14 0 -4.3

60 0.19 10 -0.79
70 0.25 20 -0.14
80 0.41 30 -0.05
90 0.58 40 0.02
80 0.32 50 0.09
70 0.22 60 0.14
60 0.14 70 . 0.20
50 0.08 80 0.28
40 0.16 90 0.51

30 -0.03 0 -3.68
20 -0.07 (starting value) -0.01

The measurement error of this sorption method based on thermogravimetry is about 0.1%.
Therefore, the hexahydrate of the magnesium salt of valsartan under the conditions
employed, which are realistic from a pharmaceutical-galenic point of view, shows weak,
reproducible water absorption or water loss in a range of 20 to 80% relative humidity. This
is surprising to a large extent, since the hexahydrate, which has incorporated about 19%
bound water in the crystal structure, reversibly absorbs or releases water even at extreme
values of relative humidity and is relatively insensitive at an average range of relative
humidity. This characteristic enables an uncomplicated physical-chemical process to be
developed and allows a choice of the best dosage forms for the patients.
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The exceptional stability of the magnesium salt of valsartan, especially the hexahydrate
thereof, towards water may also be shown in stability tests In these, the water content of
the hexahydrate of the magnesium salt of valsartan remains constant both in an open

container and in a sealed ampoule after four weeks at 40°C and 75% relative humidity.

Owing to the advantageous crystallinity of the magnesium sait, especially the hexahydrate

thereof, this salt is suitable for pressing directly to form corresponding tablet formulations.

In addition, an improved dissolving profile in a tablet can be assured. In studies of the
dissolving profile, it was established that the magnesium salt, especially the hexahydrate
thereof, is released by 100% from a film-coated tablet within 15 minutes.

In addition, the magnesium salt of valsartan, especially the hexahydrate thereof, shows an
advantageous compression hardness profile.

Calcium/magnesium mixed salts of valsartan also have advantageous properties, for
example uniform crystal conglomerates may be produced. These may be advantageously
used in the galenic formulation.

The intrinsic dissolving rates of the di-potassium salt of valsartan at pH 1, pH 4.5 and pH

6.8 show improved values over those of valsartan.
A further object of the invention is the preparation of the salts according to the invention.

The salts according to the invention, including amorphous or crystalline forms thereof, may

be prepared as follows:

To form the salt, the process is carried out in a solvent system, in which the two reactants,
namely the acid valsartan and the respective base, are sufficiently soluble. It is expedient
to use a solvent or solvent mixture, in which the resulting salt is only slightly soluble or not
soluble at all, in order to achieve crystallisation or precipitation. One variant for the salt
according to the invention would be to use a solvent in which this salt is very soluble, and to
subsequently add an anti-solvent to this solution, that is a solvent in which the resulting salt
has only poor solubility. A further variant for salt crystallisation consists in concentrating the
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salt solution, for example by heating, if necessary under reduced pressure, or by slowly
evaporating the solvent, e.g. at room temperature, or by seeding with the addition of

seeding crystals, or by setting up water activity required for hydrate formation.

The solvents that may be used are for example C4-Cs-alkanols, preferably ethanol and
isopropanol, as well as C,-Cs-dialkylketones, preferably acetone and mixtures thereof with

water.

The antisolvents for salt crystallisation may be for example C3-C;-alkylnitriles, especially
acetonitrile, esters, especially C,-C-alkanecarboxylic acid-C4-Cs-alkylester, such as ethyl or
isopropyl acetate, di-(C1-Cs-alkyl)-ethers, such as tert.-butylmethylether, furthermore
tetrahydrofuran, and Cs-Cg-alkanes, especially pentane, hexane or heptane.

To produce hydrates, a dissolving and crystallising process is used in particular, or a water-

equilibrating crystallisation process.

The dissolving and crystallising process is characterised in that

(i) valsartan and the appropriate base are brought to a reaction in a preferably water-
containing, organic solvent,

(i) the solvent system is concentrated, for example by heating, if necessary under
reduced pressure and by seeding with seeding crystals or by slowly evaporating, e.g. at
room temperature, then crystallisation or precipitation is initiated and

(iiiy the salt obtained is isolated.

In the dissolving and crystallising process, the water-containing, organic solvent system
employed is advantageously a mixtures of alcohols, such as ethanol, and water, or or alkyl-
nitrile, especially acetonitrile, and water.

The equilibrating crystallisation process for producing hydrates is characterised in that

(i) valsartan and the appropriate base are added to a water-containing organic solvent,
(i) the solvent is concentrated, for example by heating, if necessary under reduced
pressure or by slowly evaporating, e.g. at room temperature,

(i) the residue of evaporation is equilibrated with the required amount of water by
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(a) suspending the residue of evaporation, which is advantageously still warm, and which
still contains some water, in an appropriate solvent or

(b) Dby equilibrating the water excess in the solvent;

whereby in a) and b) the existing or added water is present in a quantity in which the water
dissolves in the organic solvent and does not form an additional phase; and

(iv) the salt obtained is isolated.

The solvent system used as the water-containing organic solvent advantageously
comprises mixtures of suitable alcohols, such as C,-C;-alkanols, especially ethanol, and

water.

An appropriate solvent for equilibration is, for example, an ester such as C,-C;-alkane-
carboxylic acid-Ci-Cr-alkylester, especially ethyl acetate, or a ketone such as di-C4-Cs-
alkylketone, especially acetone.

The equilibration process is notable for example for its high yields and outstanding

reproducibility.

When producing the mono-alkali metal saits according to the present invention,
predominantly amorphous forms are obtained. On the other hand, the di-alkali metal salts
and alkaline earth metal salts of the present invention may also be obtained in crystalline
form and are in the form of hydrates throughout, from appropriate solvents that are
conventionally used in production processes, such as esters, e.g. C,-C;-alkanecarboxylic
acid-C4-Cr-alkylesters, especially ethyl acetate, ketones, e.g. di-C,-Cs-alkylketones,
especially acetone, Cs-Cr-alkylnitriles, especially acetonitrile, or ethers, e.g. di-(C4-Cs-alkyl)-
ethers, such as tert.-butylmethylether, also tetrahydrofuran, or mixtures of solvents. By
using the dissolving and crystallising process, or the water-equilibrating crystallisation
process, the defined hydrates, which are present in crystalline and in polymorphous forms,
may be obtained reproducibly.

The preparation of the hydrate-free bis-dialkylammonium salts of the present invention is
advantageously effected in one step by using an appropriate solvent which is optionally
mixed with an antisolvent. In this way, crystalline salts are obtained.
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As a rule, the amino acid salts of the present invention are obtained in amorphous form.
The processes for forming salts are likewise objects of the present invention.

These salts or salt hydrates according to the invention are obtained for example by
neutralising the acid valsartan with a base corresponding to the respective cation. This
neutralisation is suitably effected in an aqueous medium, e.g. in water or a mixture of water
and a solvent in which valsartan is more soluble than in water. Salts with weaker bases
may be converted into other salts either by treating with stronger bases or by treating with
acids and then neutralising with other bases.

Crystallisation, especially of the alkaline earth salt hydrates, is effected in water or an
aqueous medium, which consists of water and at least one solvent that is miscible or
partially miscible with water, i.e. not too non-polar, e.g. an alkanol such as methanol,
ethanol, propanol, isopropanol, butanol, acetone, methyl ethyl ketone, acetonitrile, DMF,
DMSO. The alkanol portion amounts to about 10 to 90, or 20 to 70, advantageously 30 to
50% by volume. For higher alkanols, the less polar solvent may also be present in lower
concentrations. Owing to the restricted water-solubility of valsartan, the process frequently
takes place in suspensions, or if valsartan is soluble in the other solvent component, in a

solution.

In one embodiment, for example to produce the calcium salt of valsartan, an aqueous
solution of valsartan is neutralised with a calcium hydroxide solution at room temperature
and the solution is left to crystallise. In a preferred procedure, crystallisation is effected
from a solvent mixture of water/ethanol, the ethanol proportion amounting to ca. 30 to 50%
by volume. In an especially preferred form, crystallisation is effected in a closed system by
transporting through a low temperature gradient (especially 1-2°C at 40°C) in 30% by

volume of ethanol.

In a preferred variant, crystallisation may be optimised, e.g. accelerated, by adding at least
one seed crystal.

The salts according to the invention may be used e.g. in the form of pharmaceutical
preparations, which contain the active substance e.g. in a therapeutically effective amount
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of the active substance, optionally together with a pharmaceutically acceptable carrier, for
example with an inorganic or organic, solid or optionally also liquid pharmaceutically

acceptable carrier, which is suitable for enteral, e.g. oral, or parenteral administration.

The invention relates in particular to a pharmaceutical composition, especially in a solid
dosage unit, preferably for oral administration, optionally together with a pharmaceutically

acceptable carrier.

Pharmaceutical preparations of this kind may be used for example for the prophylaxis and
treatment of diseases or conditions which may be inhibited by blocking the AT, receptor for
example

a disease or condition selected from the group consisting of

(a) hypertension, congestive heart failure, renal failure, especially chronic renal failure,
restenosis after percutaneous transluminal angioplasty, and restenosis after coronary artery
bypass surgery,

(b) atherosclerosis, insulin resistance and syndrome X, diabetes mellitus type 2, obesity,
nephropathy, renal failure, e.g. chronic renal failure, hypothyroidism, survival post
myocardial infarction (Ml), coronary heart diseases, hypertension in the eldetly, familial
dyslipidemic hypertension, increase of formation of collagen, fibrosis, and remodeling
following hypertension (antiproliferative effect of the combination), all these diseases or
conditions associated with or without hypertension;

() endothelial dysfunction with or without hypertension,

(d) hyperlipidemia, hyperlipoproteinemia, atherosclerosis and hypercholesterolemia, and
(e) glaucoma.

Primary usages are for the treatment of high blood pressure and congestive heart failure, as

well as post-myocardial infarction.

The person skilled in the pertinent art is fully enabled to select a relevant and standard
animal test model to prove the hereinbefore and hereinafter indicated therapeutic
indications and beneficial effects.

The pharmaceutical activities as effected by administration of representatives of the salts of
the present invention or of the combination of active agents used according to the present
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invention can be demonstrated e.g. by using corresponding pharmacological models known
in the pertinent art. The person skilled in the pertinent art is fully enabled to select a
relevant animal test model to prove the hereinbefore and hereinafter indicated therapeutic

indications and beneficial effects.

These beneficial effects can, for example, be-demonstrated in the test model as disclosed
by G. Jeremic et al. in J. Cardovasc. Pharmacol. 27:347-354, 1996.

For example, the valuable potential of the salts or combinations of the present invention for
the prevention and treatment of myocardial infarction can be found using the following test

model.

Study design
In the study to be performed, permanent coronary artery occlusion (CAO) in rats is used as

a model of acute myocardial infarction. The experiments are carried out with 5 treatment
groups characterized by following features:

* sham-operated animals

* CAO + vehicle

* CAO + a salt according to the present invention,

optionally

* CAO + a salt according to the present invention + a combination partner.

During the study following variables are measured:

* infarct size

* LV chamber volume

* interstitial and perivascular collagen density in spared LV myocardium

* COL-l and COL-lll protein content in spared LV myocardium by Western blot
* cardiomyocytes cross-sectional area and length in sections of LV myocardium
* plasma concentrations of renin and aldosterone

* urine concentration of sodium, potassium and aldosterone

* blood pressure in conscious animals

* LV and carotid blood pressure in anesthetized animals.

Methodology
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Infarct size: Six pym-thick transverse histological sections of the left ventricle are stained
with nitroblue tetrazolium and acquired by a B/W XC-77CE CCD video camera (Sony). The
resulting image is processed on a KS 300 image analysis system (Carl Zeiss Vision) using a
software specifically developed (Porzio et al., 1995). A single operator blinded to treatment
interactively defines the boundaries of the interventricular septum, and the infarcted area on
each section is semiautomatically identified as the area of unstained ventricular tissue. The
software automatically calculates for each component of the ventricular section defined as
the chamber, septum, infarcted area, infarcted LV wall and viable LV wall, a set of

geometric parameters (Porzio et al., 1995).

Histology: Hearts are fixed in situ, by retrograde perfusion with buffered 4% formaldehyde
after arrest in diastole by i.v. injection of 0.5 M KCI. After fixation, the left ventricle (LV) and
the free wall of the right ventricle are separately weighed; LV longer diameter is measured
with a caliper. LV histological sections are stained with hematoxylin & eosin for qualitative
examination and to quantify cardiomyocytes cross-sectional area with a semi-automated
image analysis routine. Interstitial collagen deposition in LV is evaluated on Sirius red

stained sections with a semi-automated image analysis routine (Masson et al., 1998).

Collagen content in LV spared myocardium: LYV tissue in the spared myocardium is
homogenized, subjected to PAGE-SDS electrophoresis and electroblotted onto
nitrocellulose membrane. The blots are exposed to primary antibodies, i.e. rabbit anti-rat
collagen type | or type lll antiserum (Chemicon). The primary antibodies are recognized by
secondary antibodies conjugated to alkaline phosphatase (for colagen type |) or peroxidase
(collagen type Ill).

Left ventricular chamber volume: LV chamber volume is determined iﬁ hearts arrested in
diastole (KCI) and fixed in formalin under a hydrostatic pressure equivalent to the measured
LV end-diastolic pressure. A metric rod is inserted into the LV to measure LV inner length.
The transverse diameters of the LV chamber are measured in two 1-mm thick transverse
sections near to the base and the apex of the ventricle (Jeremic et al., 1996). The chamber

volume is computed from an equation integrating transverse diameters and inner length.
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Systemic and Left ventricular hemodynamics: A microtip pressure transducer (Millar
SPC-320) connected to a recorder (Windograf, Gould Electronics) is inserted into the right
carotid artery to record systolic and diastolic blood preséures. The pressure transducer is
advanced into the LV to measure LV systolic (LVSP) and end-diastolic (LVEDP) pressures,
the first derivative of LV pressure over time (+dP/dt) and heatt rate.

Non-invasive blood pressure: Systolic blood pressure and heart rate are measured by the
tail-cuff method (Letica LE 5002) in conscious rats.

Urine electrolytes, hormones: Rats are individually housed in metabolic cages and 24-h
urine collected on 1 mi HCI 6N. Water intake is measured. Urine catecholamines are
extracted on Bondelut C1g columns (Varian), separated by HPLC (Apex-il C18, 3 pm,
50x4.5 mm analytical column, Jones Chromatography) and quantified with an
electrochemical detector (Coulochem Il, ESA) (Goldstein et al., 1981). Plasma and urine
aldosterone, and plasma angiotensin Il is determined with specific radioimmunoassays
(Aldoctk-2, DiaSorin and Angiotensin Il, Nichols Diagnostics). Urine sodium and potassium
are measured by flamme photometry.

Sample size
10 animals analyzable in each treatment groups are sufficient to detect biologically

significant differences. Only rats with an infarct size of at least 10% of the LV section area
are included in the final analysis.

" Endothelial dysfunction is being acknowledged as a critical factor in vascular diseases. The
endothelium plays a bimodal role as the source of various hormones or by-products with
opposing effects: vasodilation and vasoconstriction, inhibition or promotion of growth,
fibrinolysis or thrombogenesis, production of anti-oxidants or oxidising agents. Genetically
predisposed hypertensive animals with endothelial dysfunction constitute a valid model for
assessing the efficacy of a cardiovascular therapy.

Endothelial disfunction is characterized by, for example, increased oxidative stress, causing
decreased nitric oxide, increased factors involved in coagulation or fibrinolysis such as
plasminogen activating inhibitor-1 (PAI-1), tissue factor (TF), tissue plasminogen activator
(tPA), increased adhesion molecules such as ICAM and VCAM, increased growth factors
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such as bFGF, TGFb, PDGF, VEGF, all factors causing cell growth inflammation and

fibrosis.

The treatment e.g. of endothelian dysfunction can be demonstrated in the following

pharmacological test:

Material and methods

Male 20-24 week-old SHR, purchased from RCC Ldt (Flllingsdorf, Switzeriand), are
maintained in a temperature- and light-controlled room with free access to rat chow (Nafag
9331, Gossau, Switzerland) and tap water. The experiment is performed in accordance
with the NIH guidelines and approved by the Canton Veterinary office (Bew 161,
Kantonales Veterindramt, Liestal, Switzerland). All rats are treated with the NO synthesié
inhibitor L-NAME (Sigma Chemicals) administered in drinking water (50 mg/l) for 12 weeks.
The average daily dose of L-NAME calculated from the water consumed was 2.5 mg/kg/d
(range 2.1-2.7 ).

The rats can be divided into 2 or 3 groups: group 1, control (n = e.g. 40); Group 2, a salt
according to the present invention; n = e.g. 40); for testing combinations Group 3,
combination partner;(n = e.g. 30). The drugs are administered in drinking fluid. The
pressure effect of Ang Il at 1 mg/kg obtained in controls normotensive rats can be reduced
after treatment with a salt according to the present invention (Gervais et al. 1999).

Body weight is measured every week. Systolic blood pressure and heart rate are recorded
by tail cuff plethysmography 3 and 2 weeks before starting the study and at 2 weeks after
drug administration. Urine is collected over a 24 hour period from rats kept in individual
(metabolic) cages the week before starting treatment and at weeks 4 and 12 for volume
measurement and protein, creatinine, sodium and potassium determination using standard
laboratory methods. Atthe same time points, blood samples are withdrawn from the retro-
orbital plexus (maximum 1 ml) for creatinine, Na" and K* assays.

Ten rats from each group are sacrificed at 4 weeks for collection of kidney and heart for
morphological analysis. The remaining rats are sacrificed at 12 weeks. Cardiac and kidney
weight is recorded. Terminal blood sampling is performed in 5 % EDTA at 4 (morphometry
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study) and 12 (end of the study) weeks for aldosterone, determination by

radioimmunoassay using a DPC coat-a-count aldosterone-RIA kit (Bihimann, Switzerland).

Statistical analysis:
All data are expressed as mean + SEM. Statistical analysis is performed using a one-way

ANOVA, followed by a Duncan’s multiple range test and a Newman-Keuls test, 7for
comparison between the different groups. Results with a probability value of less than 0.05

are deemed statistically significant.

An improvement of regression of artherosclerosis without effecting the serum lipid levels
can, for example, be demonstrated by using the animal model as disclosed by H. Kano et
al. in Biochemical and Biophysical Research Communications 259, 414-419 (1999).

That the salts or combinations according to the present invention can be used for the
regression of a cholesterol diet-induced atherosclerosis, can be demonstrated using the test
model described, e.g., by C. Jiang et al. in Br. J. Pharmacol. (1991), 104, 1033-1037.

That the salts or combinations according to the present invention can be used for the
treatment of renal failure, especially chronic renal failure, can be demonstrated using the
test model described, e.g., by D. Cohen et al. in Journal of Cardiovascular Pharmacology,
32: 87-95 (1998).

The present pharmaceutical preparations which, if so desired, may contain further
pharmacologically active substances, are prepared in a manner known per se, for example
by means of conventional mixing, granulating, coating, dissolving or lyophilising processes,
and contain from about 0.1% to 100%, especially from about 1% to about 50%, of
iyophilisates up to 100% of the active substance.

The invention similarly relates to compositions containing the salts according to the
invention.

The invention similarly relates to the use of the salts according to the invention preferably
for the production of pharmaceutical preparations, especially for the prophylaxis and also
for the treatment of diseases or conditions which may be inhibited by blocking the AT}
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receptor. Primary usages are for the treatment of high blood pressure and congestive heart
failure, as well as post-myocardial infarction.

The invention similarly relates to the use for the prophylaxis and treatment of diseases or
conditions which may be inhibited by blocking the AT, receptor, characterised in that a
patient, including a human patient, requiring such treatment is administered with a
therapeutically effective amount of a salt according to the invention, optionally in
combination with at least one composition for the treatment of cardiovascular diseases and

related conditions and diseases listed hereinbefore or hereinafter.

The invention similarly relates to combinations, e.g. pharmaceutical combinations,
containing a salt of the present invention or in each case a pharmaceutically acceptable salt
thereof in combination with at least one composition for the treatment of cardiovascular
diseases and related conditions and diseases as listed hereinbefore or hereinafter, or in
each case a pharmaceutically acceptable salt thereof. Combinations with other
compositions for the treatment of cardiovascular diseases and related conditions and
diseases as listed hereinbefore or hereinafter, or in each case a pharmaceutically

acceptable salt thereof, are likewise objects of the present invention.

The combination may be made for example with the following compositions, selected from
the group consisting of a:

() HMG-Co-A reductase inhibitor or a pharmaceutically acceptable salt thereof,

(i) angiotensin converting enzyme (ACE) Inhibitor or a pharmaceutically acceptable salt
thereof,

(if) calcium channel blocker or a pharmaceutically acceptable salt thereof,

(iv) aldosterone synthase inhibitor or a pharmaceutically acceptable salt thereof,

(v) aldosterone antagonist or a pharmaceutically acceptable salt thereof,

(vi) dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP) inhibitor or a
pharmaceutically acceptable salt thereof,

(vii) endothelin antagonist or a pharmaceutically acceptable salt thereof,

(viii) renin inhibitor or a pharmaceutically acceptable salt thereof, and

(ix) diuretic or a pharmaceutically acceptable salt thereof.
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HMG-Co-A reductase inhibitors (also called -hydroxy-B-methylglutaryl-co-enzyme-A
reductase inhibitors) are understood to be those active agents that may be used to lower

the lipid levels including cholesterol in blood.

The class of HMG-Co-A reductase inhibitors comprises compounds having differing
structural features. For example, mention may be made of the compounds that are
selected from the group consisting of atorvastatin, cerivastatin, compactin, dalvastatin,
dihydrocompactin, fluindostatin, fluvastatin, lovastatin, pitavastatin, mevastatin, pravastatin,
rivastatin, simvastatin, and velostatin, or, in each case, a pharmaceutically acceptable salt

thereof.

Preferred HMG-Co-A reductase inhibitors are those agents which have been marketed,
most preferred is fluvastatin and pitavastatin or, in each case, a pharmaceutically
acceptable salt thereof.

The interruption of the enzymatic degradation of angiotensin | to angiotensin Il with so-
called ACE-inhibitors (also called angiotensin converting enzyme inhibitors) is a successful
variant for the regulation of blood pressure and thus also makes available a therapeutic

method for the treatment of congestive heart failure.

The class of ACE inhibitors comprises compounds having differing structural features. For
example, mention may be made of the compounds which are selected from the group
consisting alacepril, benazepril, benazeprilat, captopril, ceronapril, cilazapril, delapril,
enalapril, enaprilat, fosinopril, imidapril, lisinopril, moveltopril, perindopril, quinapril, ramipril,
spirapril, temocapril, and trandolapril, or, in each case, a pharmaceutically acceptable salt
thereof.

Preferred ACE inhibitors are those agents that have been marketed, most preferred are

benazepril and enalapril.

The class of CCBs essentially comprises dihydropyridines (DHPs) and non-DHPs such as
diltiazem-type and verapamil-type CCBs.
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A CCB useful in said combination is preferably a DHP representative selected from the
group consisting of amlodipine, felodipine, ryosidine, isradipine, lacidipine, nicardipine,
nifedipine, niguldipine, niludipine, nimodipine, nisoldipine, nitrendipine, and nivaldipine, and
is preferably a non-DHP representative selected from the group consisting of flunarizine,
prenylamine, diltiazem, fendiline, gallopamil, mibefradil, anipamil, tiapamil and verapamil,
and in each case, a pharmaceutically acceptable salt thereof. All these CCBs are
therapeutically used, e.g. as anti-hypertensive, anti-angina pectoris or anti-arrhythmic drugs.
Preferred CCBs comprise amlodipine, diltiazem, isradipine, nicardipine, nifedipine,
nimodipine, nisoldipine, nitrendipine, and verapamil, or, e.g. dependent on the specific
CCB, a pharmaceutically acceptable salt thereof. Especially preferred as DHP is
amlodipine or a pharmaceutically acceptable salt, especially the besylate, thereof. An
especially preferred representative of non-DHPs is verapamil or a pharmaceutically
acceptable salt, especially the hydrochloride, thereof.

Aldosterone synthase inhibitor is an enzyme that converts corticosterone to aldosterone to

by hydroxylating cortocosterone to form 18-OH-corticosterone and 18-OH-corticosterone to
aldosterone. The class of aldosterone synthase inhibitors is known to be applied for the
treatment of hypertension and primary aldosteronism comprises both steroidal and non-
steroidal aldosterone synthase inhibitors, the later being most preferred.

Preference is given to commercially available aldosterone synthase inhibitors or those
aldosterone synthase inhibitors that have been approved by the health authorities.

The class of aldosterone synthase inhibitors comprises compounds having differing
structural features. For example, mention may be made of the compounds which are
selected from the group consisting of the non-steroidal aromatase inhibitors anastrozole,
fadrozole (including the (+)-enantiomer thereof), as well as the steroidal aromatase inhibitor

exemestane, or, in each case where applicable, a pharmaceutically acceptable salt thereof.

The most preferred non-steroidal aldosterone synthase inhibitor is the (+)-enantiomer of the
hydrochioride of fadrozole (US patents 4617307 and 4889861) of formula
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HCI

A preferred steroidal aldosterone antagonist is eplerenone of the formula

spironolactone.

A preferred dual angiotensin converting enzyme/neutral endopetidase (ACE/NEP) inhibitor
is, for example, omapatrilate (cf. EP 629627), fasidotril or fasidotrilate, or, if appropriable, a
pharmaceutically acceptable salt thereof.

A preferred endothelin antagonist is, for example, bosentan (cf. EP 526708 A), furthermore,
tezosentan (cf. WO 96/19459), or in each case, a pharmaceutically acceptable salt thereof.

A renin inhibitor is, for example, a non-peptidic renin inhibitor such as the compound of
formula
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C
i H,C_  CH,

H3C\o H,C CH,

chemically defined as 2(S),4(S),5(S),7(S)-N-(3-amino-2,2-dimethyl-3-oxopropyl)-2,7-di(1-
methylethyl)-4-hydroxy-5-amino-8-[4-methoxy-3-(3-methoxy-propoxy)phenyl}-octanamide.
This representative is specifically disclosed in EP 678503 A. Especially preferred is the

hemi-fumarate salt thereof.

A diuretic is, for example, a thiazide derivative selected from the group consisting of
chlorothiazide, hydrochlorothiazide, methylclothiazide, and chlorothalidon. The most

preferred is hydrochlorothiazide.

Preferably, the jointly therapeutically effective amounts of the active agents according to the
combination of the present invention can be administered simultaneously or sequentially in
any order, separately or in a fixed combination.

The structure of the active agents identified by generic or tradenames may be taken from
the actual edition of the standard compendium “The Merck Index” or from databases, e.g.
Patents International (e.g. IMS World Publications). The corresponding content thereof is
hereby incorporated by reference. Any person skilled in the art is fully enabled to identify
the active agents and, based on these references, likewise enabled to manufacture and test
the pharmaceutical indications and properties in standard test models, both in \)itro and in

vivo.

The corresponding active ingredients or a pharmaceutically acceptable salts thereof may
also be used in form of a solvate, such as a hydrate or including other solvents, used for

crystallization.
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The compounds to be combined can be present as pharmaceutically acceptable salts. If
these compounds have, for example, at least one basic center, they can form acid addition
salts. Corresponding acid addition salts can also be formed having, if desired, an
additionally present basic center. The compounds having an acid group (for example

COOH) can also form salts with bases.

In a variation thereof, the present invention likewise relates to a “kit-of-parts”, for example,
in the sense that the components to be combined according to the present invention can be
dosed independently or by use of different fixed combinations with distinguished amounts
of the components, i.e. simultaneously or at different time points. The parts of the kit of
parts can then e.g. be administered simultaneously or chronologically staggered, that is at
different time points and with equal or different time intervals for any part of the kit of parts.
Preferably, the time intervals are chosen such that the effect on the treated disease or
condition in the combined use of the parts is larger than the effect that would be obtained

by use of only any one of the components.

The invention furthermore relates to a commercial package comprising the combination
according to the present invention together with instructions for simultaneous, separate or
sequential use.

Dosaging may depend on various factors, such as mode of application, species, age and/or
individual condition. For oral application, the doses to be administered daily are between
ca. 0.25 and 10 mg/kg, and for warm-blooded animals with a body weight of ca. 70 kg,
preferably between ca. 20 mg and 500 mg, especially 40mg, 80mg, 160mg and 320mg
based on the free acid.

The invention is illustrated in particular by the examples and also relates to the new
compounds named in the examples and to their usage and to methods for the preparation
thereof.

The following examples serve to illustrate the invention without limiting the invention in any

way.
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For example, the di-potassium salt of valsartan is formed, especially a hydrate thereof. The
di-potassium salt is noted in particular for its marked water solubility. The crystalline
tetrahydrate of the di-potassium salt of valsartan, with a melting point of 135.0°C, may be
mentioned in particular. According to elementary analysis, a certain sample of this hydrate
has a water content of 3.72 mols of water per mol of di-potassium salt. For high relative |
humidity at room temperature, the tetrahydrate is formed and for low values of relative

humidity, the anhydrate of the di-potassium salt is formed.

A magnesium sath of valsartan is similarly produced, in this instance as an amorphous solid
with 3.4% H.0. The temperature of glass transition, as a mean value of the stage of the
specific heat of 0.85 J ¢ [g * ° CJ" is 167 °C. No melting point is observed. Both facts,
namely the glass transition and the absence of a melting point, together with the measured
value of the change in specific heat, confirm that this magnesium salt of valsartan is
practically 100% amorphous. According to a stereo-specific chromatography method, the
enantiomer purity of this amorphous magnesium salt has been determined as 83%.

Example 1:
Production of the calcium salt as the tetrahydrate in situ of (S)-N-(1-carboxy-2-methyl-prop-

1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yImethyl]-amine

21.775 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-
biphenyl-4-ylmethyl]-amine are dissolved at room temperature in 300 ml of ethanol. By
careful addition of 300 ml of water, the ethanol concentration is reduced to 50% by volume.
Using a magnetic stirrer, 3.89 g of Ca(OH), are added slowly in small portions to this clear,
slightly acidic (pH 4) solution, so that the pH value temporarily does not exceed a value of
ca. 8. Because it absorbs CO, from the air, the Ca(OH), used contains traces of CaCOs;
therefore the added amount includes an excess of 5%. After adding the stoichiometric
amount of Ca(OH),, the pH is ca. 6, and after adding the excess it rises to 7. The solution
becomes turbid through the small amount of finely divided CaCOj3 , which is removed
through a folded filter. The product contained in the solution crystallises continuously upon
removal of the alcohol content by allowing to stand at room temperature. The procedure
can be accelerated by using a flat dish in a recirculating air drier at 40°C. After

concentrating to ca. one half, the alcohol content of the solution drops to ca. 10% by
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volume and most of the product crystallises. It is filtered, rinsed for a short time with 10%
by volume ethanol and dried at 40°C until reaching a constant weight. (S)-N-(1-carboxy-2-
methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine calcium
salt tetrahydrate is obtained.

The melting point for the tetrahydrate of the calcium salt of valsartan, produced according to
example 1, for a heating rate of 10 Kemin™ and in a closed specimen container with a small
internal volume is determined as 205°C and the melting enthalpy as 92 kJsMol™ .

The density of the crystals of the calcium-valsartan-tetrahydrate produced according to
example 1, determined by a helium pycnometer, is 1.297 gecm™. This value conforms to
the theoretically calculated value of 1.298 gecm™ calculated from the single crystal structure.
The optical rotation of the tetrahydrate of the calcium salt of valsartan according to

example 1 is measured in methanol as a 1% solution {a] % = +1°.

The enantiomer purity of the salt hydrate produced according to example 1 is determined by
a stereo-specific HPLC method. The stereo-specific separation is achieved by a chiral
column (Chiral AGP). The enantiomer purity is determined as ee = 100%.

Calculation of the interlattice plane intervals from the X-ray powder pattern taken with a
Guinier camera is as follows for the most important lines for this batch of the tetrahydrate of
the calcium salt of valsartan:

din[A]:16.27, 9.90, 9.39, 8.04, 7.71, 7.05, 6.49, 6.34, 6.2, 5.87, 5.75, 5.66, 5.20, 5.05,
4.95, 4.73, 4.55, 4.33, 4.15, 4.12, 3.95, 3.91, 3.87, 3.35.

Elementary analysis gives the following measured values of the elements present in
calcium-valsartan-tetrahydrate and of water. The water evaluation was carried out at 130°C
after expulsion. The findings of the elementary analysis, within the error limits, correspond
to the sum formula (Cz4 Hay NsO3) 2 Ca 2 « 4 H,0.

% found % calculated
C 52.82 52.83
H 6.42 6.47
N 12.91 12.83
o) 20.20 20.53

water 13.25 13.21
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Ca 7.03 7.35

Example 2:
Production of the magnesium salt as the hexahydrate in situ of (S)-N-(1-carboxy-2-methyl-

prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl}-amine

43.55 g of valsartan [(S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-
yl)-biphenyi-4-ylmethyi]-amine] are dissolved at room temperature in 600 ml of 50% by
volume ethanol (from absolute ethanol - see Merck and quarz-bidistilled water). The slightly
turbid solution becomes clear after adding a further 50 ml of 50% ethanol. Using a
magnetic stirrer, 4.03 g or 0.1 M MgO (Merck p.a.) are slowly added in small portions to this
slightly acidic solution with a pH value of 4. The pH value hereby rises to ca. 6. The
process is effected with an excess of 10%, i.e. a further 0.40 g of MgO are added. This
excess is not fully dissolved, and the pH value rises to ca. 7.5. The small residue is filtered
from the solution through a folded filter and washed with 50 ml of 50% ethanol.

The combined clear solution is carefully concentrated at 40°C whilst stirring with a magnetic
stirrer in a large crystallisation dish. Towards the end of this procedure, the solution has a
tendency to harden into a glassy gel. Scratching with a glass rod induces the in situ
crystallisation in this phase, which may be recognised by the white colour of the crystalline
solid thus formed. The product is dried at 50°C in a recirculating air drier until reaching a
constant weight. The yield of magnesium-valsartan-hexahydrate is 53.7 g or 95% based on
the valsartan employed as the free acid.

The melting point for the salt hydrate produced according to example2, namely the
magnesium-valsartan-hexahydrate, for a heating rate of 10 Kemin™ in a sealed sample
container with a small internal.volume, in an amount of 2.24 mg, was measured at 132°C
and the melting enthalpy at 64 kJ*Mol™.

The density of the crystals of the hexahydrate of the magnesium salt of valsartan produced
according to example 2, determined by a helium pycnometer, is 1.273 gecm™. This value
conforms to the theoretically calculated value of 1.256 gecm™ calculated from the single
crystal structure.
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The optical rotation of the magnesium-valsartan-hexahydrate produced according to
example 2 is measured in methanol as a 1% solution [a] %% = - 14 °.

The enantiomer puﬁty of the salt hydrate produced according to example 2 is determined by
a stereo-specific HPLC method. The stereo-specific separation is achieved by a chiral

column (Chiral AGP). The enantiomer purity is determined as ee = 99.6 %.

Calculation of the interlattice plane intervals from the X-ray powder pattern taken with a
Guinier camera is as follows for the most important lines for this batch of the magnesium
valsartan hexahydrate:

din[A]:19.78, 10.13, 9.84, 7.28, 6.00, 5.81, 5.67, 5.21, 5.04, 4.88, 4.21, 4.18, 4.08,
3.95, 3.46, 3.42.

Elementary analysis gives the following measured values of the elements present in the
hexahydrate of the magnesium salt of valsartan and of water. The water evaluation is
carried out at 130°C after expulsion. The findings of the elementary analysis, within the

error limits, correspond to the sum formula ( Cz4 Hz; NsOg) # Mg * « 6 H,0.

% found % calculated
C 51.03 50.94
H 7.00 6.95
N 12.45 12.38
o) 25.02 25.44
water 19.08 19.10
Mg 4.35 4.29

Example 3:
Production of the hydrate of di-potassium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-

pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine (3.5 x 1.0 mole H,0)

5 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine are dissolved whilst heating gently in 11.5 ml of 2 normal potassium
hydroxide solution and mixed with 320 ml of acetonitrile. The mixture is heated for 5
minutes to reflux (turbid solution), left without stirring for 3 days at room temperature
(seeding) and then left for 24 hours at 0°C. The mother liquor is decanted. The
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crystallisate is washed twice with acetonitrile and then dried in the air for 36 hours until
reaching a constant weight. (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-
tetrazol-5-yl)-biphenyl-4-ylmethyl]-amine dipotassium salt hydrate is obtained (3.7 mols
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water per mol dipotassium salt). The melting point in a closed specimen container is 135°C.

Elementary analysis: Cp4 Hzz Ns Oz Kz, 3.72 H,O, molar mass 578.72

% found
49.90
5.92
12.14
18.55
water 11.58

K 13.50

O 2 T O

X-ray diffraction diagram measured with the diffractometer Scintag Inc., Cupertino, CA
95014, US, using CuKo radiation.

% calculated

49.81
6.00

12.10
18.58
11.58
13.51

Reflection lines and intensities of the most important lines of the hydrate of the di-potassium

salt of valsartan, values given in 26 in °:

20in° Intensity
4.6 strong
8.8 medium
9.2 strong
11.1 weak
12.5 weak
14.8 strong
15.3 weak
16.4 medium
17.8 strong
18.2 medium
18.4 medium
18.9 medium
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20.4
21.1
21.3
22.3
22.5
23.1
23.9
25.6
26.6
26.9
28.1
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medium
weak
medium
weak
strong
medium
strong
weak
strong
medium

medium

Preferred are hydrates comprising the medium and strong intensity peaks.

Table 11:

Crystal data and parameters of the hydrate of the di-potassium salt of valsartan

Crystal data

sum formula

molecular mass

crystal system

space group

a (A)

b (A)

c (A

V (A%

Z

F(000)

Deaie, (g.cm™)

number of reflections for cell parameters
0 range for cell parameters (°)
p (mm™)

Temperature (°C)

crystal shape

(CagH27Ns03)*2K* . x H20 (x=3.5:1.0)
574.78
orthorhombic
P2,2,2
38.555(2)
7.577(1)
10.064(1)
2940.0(5)

4

1212

1.286

25

30-38

3.24

23

prisms
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crystal size (mm)

crystal colour

Data collection

diffractometer

radiation ( graphite monochromator )
wave length (A)

scan mode

scan range (6)

absorption correction

number of measured reflections

number of observed reflections (I>25(1))

h range

k range

| range

number of standard reflections

variation in intensity

Structure refinement
refinement method
number of parameters

R

Rw

S

number of reflections used

treatment of H-atoms

N Omax

extinction correction

maximum/minimum residual electron density in

final difference-Fourier calculation

absolute structure parameters

PCT/EP01/08253

0.63x0.20x0.14

colourless

Enraf Nonius CAD4
CuKa

1.54178

®/20

3-74

none

3450

2867

-48—0

-9-0

-12—0

3 every 120 mins
5%

refinement on F?, complete matrix
341

0.069

0.182

1.57

2867

"riding", apart from those of the water
molecules ,which were ignored

0.24

0.0010(5)

0.815/-0.676(eA”®)
-0.02(4)
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Programmes used
SHELXS86 (Sheldrick, Géttingen),
XHELXL93 (Sheldrick, Géttingen),
SCHAKAL92 (Keller, Freiburg)

Exampie 4:
Production of the di-potassium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-
[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine

25 g of (8)-N-(1-carboxy-2-methyi-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
yimethyl]-amine are dissolved in 200 ml of ethanol. 50 ml of water are added, the solution
cooled to 0°C and then mixed with 57.4 ml of 2 normal potassium hydroxide solution. The
mixture is concentrated by evaporation on a rotary evaporator, evaporated again with each
of toluene and acetonitrile, and dried in a high vacuum for 15 minutes at 50°C. The product
is dissolved in 290 ml of a hot mixture of acetonitrile/water (95:5), mixed with an additional
110 ml of acetonitrile, allowed to cool and seeded at ca. 30°C. The mixture is left to stand
for 4 days at room temperature and filtered by suction. The residue is washed with
acetonitrile/water (95:5) and dried in a high vacuum at 80°C. (S)-N-(1-carboxy-2-methyl-
prop-1-yl)-N-pentanoyl-N-[{2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine dipotassium salt
is obtained as a white powder. Melting point >300°C. |

Elementary analysis: The material obtained is hygroscopic and can be equilibrated in the air
(024 H27 Ns O3 K, 3.96 mols HQO)

C 49.15 49.44
H 6.02 6.0
N 11.91 12.01
o 19.18 19.1
water 12.23 12.24
K 13.4 13.4
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Example 5:
Production of the di-sodium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-
(1H-tetrazol-5-yl)-biphenyl-4-yimethyl}-amine

1 g of (8)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
yimethyi}-amine is dissolved in 50 ml of ethanol, mixed with 2.3 m! of 2 normal sodium
hydroxide solution and concentrated by evaporation, and the residue is evaporated with
each of ethanol and ethyl acetate. The white residue is stirred in hot acetonitrile and filtered
by suction at room temperature. Drying in a high vacuum at 80°C over night yields (S)-N-(1-
carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’~(1H-tetrazol-5-yl)-biphenyl-4-yimethyl}-amine
disodium salt as a white powder. Melting point from 260°C, brownish discolouration at
295°C.

Elementary analysis: The material obtained (hygroscopic) can be equilibrated in the air (Cz4
Hz7 N5 Oz Nay, 5.36 mols HxO, molar mass 576.05)

H 6.60
N 12.16
o) 23.22
water 16.76
Na 7.98
Example 6:

Production of the magnesium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoy!-N-
[2-(1H-tetrazol-5-yl)-biphenyi-4-yimethyl}-amine

5 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2'-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine are added to a suspension of 0.666 g of magnesium hydroxide in 20 ml of
water. 40 ml of methanol are added, then the mixture is stirred for 2 hours at room
temperature and concentrated. The residue is dissolved in methanol, filtered through a
hard filter, concentrated and evaporated with acetonitrile. The product is stirred with hot
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acetonitrile, filtered by suction at room temperature and dried in a high vacuum at 90°C over
night. (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyi-4-
ylmethyl]-amine magnesium salit is obtained as a white powder. Melting point: The sample

becomes brownish upon heating and vitrifies towards 300°C.

Elementary analysis: Cp4 Ho; N5 O3 Mg, 0.89 mols H,O, molar mass: 473.85

C T6126
H 6.13

N 14.88

o

water 3.39

Mg 4.74

Example 7:
Production of the calcium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-
(1H-tetrazol-5-yl)-biphenyl-4-ylmethyll-amine

5 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine are added to a suspension of 0.851 g of calcium hydroxide in 20 mi of
water and then mixed with 200 mi of ethanol. The mixture is stirred for one hour at room
temperature, concentrated by evaporation to dryness (re-evaporation with acetonitrile),
stirred in hot acetonitrile (with a trace each of ethanol and water) and filtered by suction at

room temperature.

0.95 g of the salt are heated to reflux in 20 ml of acetonitrile/water (1:1), whereby the
mixture almost dissolves. The mixture is allowed to cool to room temperature, mixed with
20 ml of acetonitrile, filtered by suction and washed twice with acetonitrile/water (1:1) and

dried over night in a high vacuum at 80°C. Melting point: from 300°C (decomposition).

Elementary analysis: Ca4 Hoy N5 O3 Ca, 1.71 mols H;O, molar mass 504.39 (water

evaluation carried out after expulsion at 150°C).
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C “156.88 57.15

H 6.13 ' 6.08

N 13.89 13.88

[e) 14.94

water 6.12 6.11

Ca 7.94 7.95

Example 8:

Production of the mono-potassium salt of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-
N-[2’-(1H-tetrazol-5-yl)-biphenyl-4-yimethyl]-amine

2 g of (S)-N-(1-carboxy-2-methyl-prop-1-yl)-N-pentanoyl-N-[2’~(1H-tetrazol-5-yl)-biphenyl-4-
ylmethyl]-amine are suspended in 20 ml of water and mixed with 2.296 ml of a 2 normal
potassium hydroxide solution. The mixture is stirred for 30 minutes and mixed with 50 ml of
ethanol, whereupon a colourless solution is obtained. The mixture is concentrated by
evaporation, evaporated once more with acetonitrile and lyophilised from tert.-butanol (with

a trace of water).

Elementary analysis (after equilibration in the air). Cz4 Hz; N5 Oz Ca, 1.69 mols H,O, molar

mass 504.06 (water evaluation carried out after expulsion at 150°C).

C 57.19
H 6.27
N 13.89
0] 14.89
water 6.04
K 7.76

Example 9:
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Production of the magnesium salt as the hexahydrate of valsartan by a water-equilibrating

process.

1600 g of valsartan and 6820 g of isopropanol are stirred to form a suspension in a mixing
container at room temperature, and added to an 80 litre glass receptacle with a stirrer. The
mixing container is rinsed with 3919 g of isopropanol in portions and the rinsing solution
added to the main mixture. After adding 3800 g of deionised water, the mixture is
transformed into a homogeneous solution by stirring. Then, 156.3 g of magnesium oxide,
suspended in 1520 g of deionised water, are added and the suspension supplemented with
1000 g of deionised water. By slowly stirring at room temperature, the magnesium oxide
goes into solution. The pH value of the resulting solution is ca. 7.2. By adding a further

2.5 g of magnesium oxide in small portions, the pH value is raised to ca. 8.3. The resulting

mixture is turbid owing to undissolved particles of unknown type in the magnesium oxide.

This mixture is transferred through a candle filter to a 35 litre enamel boiler and the glass
receptacle and the transfer tube are rinsed with 885 g of isopropanol and 1122 g of
deionised water. For mild concentration, a vacuum is created in the boiler to an initial
theoretical value of 89-100 mbar. With a temperature of the heating medium of 45-50°C
and a boiling temperature of the mixture of 37-40°C, a total of 13.66 kg of aqueous
isopropanol is distilled. By lowering the distillation pressure to a final value of 10 mbar and
simultaneously raising the heating medium temperature to 65°C, the amount of distillate is
increased to a total of 17.12 kg. 9300 g of ethyl acetate, followed by 14.9 g of valsartan Mg
salt hexahydrate as seeding crystals, are added to the boiler content whilst stirring. Finally,
a further 6680 g of ethyl acetate are dispensed in and cooling is effected to room
temperature whilst stirring. The stirring procedure is maintained for at least 24 hours. The
suspension is then filtered through Blchner filters. A moist filter cake is thus obtained. The
boiler is rinsed with 1171 g of ethyl acetate and the rinsing mixture is used to wash the filter
cake. Drying of a partial amount on metal sheets in a vacuum drying chamber at 50 mbar
pressure and 40°C oven temperature for 6.5 hours until reaching a constant weight yields a

dry substance.

The physical data, especially the X-ray powder pattern, correspond to the magnesium
hexahydrate salt of example 2.
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Example 10: ‘
Production of the calcium salt of valsartan as the tetrahydrate.

1600 g of valsartan and 7000 g of ethanol are stitred to form a suspension in a mixing
container at room temperature, and added to a 35 litre enamel boiler with a stirrer. The
mixing container is rinsed with 2000 g of ethanol in portions and the rinsing solution added
to the main mixture. After adding 9000 g of deionised water, the mixture is transformed into
a homogeneous solution by stirring. Then, 272 g of calcium hydroxide, suspended in 1500
g of deionised water, are added and the suspension supplemented with 1300 g of
deionised water. By slowly stirring at room temperature, the calcium hydroxide goes into
solution. The pH value of the resulting solution is ca. 6.9. By adding a further 9.6 g of
calcium hydroxide, the pH value is raised to ca. 10.6. The resulting mixture is turbid owing
to undissolved particles (calcium carbonate) in the calcium hydroxide. This mixture is
transferred through a candle filter to a 35 litre enamel boiler and the glass receptacle and
the transfer tube are rinsed with a solution of 1048 g of ethanol and 1000 g of deionised
water. For mild concentration, a vacuum is created in the boiler to a theoretical value of
100-120 mbar. With a temperature of the heating medium of ca. 50°C and a boiling
temperature of the mixture of max. 44°C, a total of 11.32 kg of aqueous ethanol is distilled.
The dissolved salt crystallises spontaneously during the course of distillation. The
suspension present at the end of distillation is cooled to ca. 5°C whilst stirring, and is stirred
for ca. 16 hours at 5°C. The suspension is then filtered through Blichner filters. The boiler
is rinsed with a mixture of 3600 ml of deionised water and 400 ml of ethanol, the mixture
being cooled to 5°C, and the rinsing mixture is used to wash the filter cake. A moist filter
cake is thus obtained. Drying of a partial amount on metal sheets in a vacuum drying
chamber at 50 mbar pressure and 40°C oven temperature for 24 hours until reaching a

constant weight yields a dry substance.

The physical data, especially the X-ray powder pattern, correspond to the calcium
tetrahydrate salt of example 1.

Example 11:
Hydrate of valsartan disodium salt (2.4 + 1.0 mole Hz0):
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50 ml of 2N sodium hydroxide solution are added dropwise at ca. 25°C to a solution of

21.5 g of valsartan in 200 ml of isopropanol. The clear solution (pH ca. 7.2) is concentrated
under vacuum at ca. 40°C. The amorphous residue of the disodium salt is suspended in
100 ml of isopropanol, and water is removed by concentrating under vacuum once more at
ca. 40°C and degassing. The amorphous residue is suspended in 75 ml of acetone and

2 mi of water at ca. 40°C. At ca. 25-30°C, 200 ml of tert.-butylmethylether are added,
whereby constituents that are initially smeary are gradually transformed into a crystalline
suspension. After stirring over night at ca. 25°C, the suspension is cooled to 10°C and after
ca. 1 hour is filtered by suction whilst excluding atmospheric moisture. Washing then takes
place with 20 ml of tert.-butylmethylether. The moist filier cake is dried over night at

ca. 30 mbar and at 30°C. A colourless, slightly hygroscopic crystal powder is obtained.

Elementary analysis: Cz4 Hzz N5 O3 Nay, 2.44 mols H,O

C |'55.03 55.07
H 6.16 6.14
N 13.38 13.38
O 16.63
water 8.40 8.41
Na 8.67 8.78

X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the
crystalline hydrate of the disodium salt of valsartan measured with the diffractometer

Scintag Inc. Cupertino, CA 95014, US, using CuKa radiation:

20 Intensity
4.7 strong
9.1 strong
13.3 weak
13.7 weak
15.6 medium
16.4 medium
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17.2
17.9
18.7
19.6
21.3
21.9
22.8
24.0
24.8
25.5
26.5
26.8
27.3
27.8
28.6
29.4
29.9
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medium
medium
medium
medium
medium
medium
strong
weak
weak
weak
medium
weak
weak
weak
weak
weak

medium

Example 12:

Hydrate of the valsartan dipotassium salt (3.4 + 1.0 molé H.0):

PCT/EP01/08253
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6.9 g of potassium carbonate are added at ca. 25°C to the solution of 21.7 g of valsartan in

150 ml of acetone and 20 ml of water. After stirring for 2 hours at ca. 25°C, an almost clear

solution is obtained, which is concentrated in a vacuum at ca. 50°C bath temperature.

55 mi of acetone are added to the residue (29.3 g) which contains residual water, and at

ca. 35°C, over the course of ca. two hours, a total of 250 ml of tert.-butylmethylether is

dispensed in. After stirring at ca. 25°C, the easily stirrable crystal suspension is cooled to

10°C, stirred for at least one hour, filtered by suction and washed with 20 ml of

tert.butylmethylether. The moist filter cake is dried over night at ca. 30 mbar and at 30°C.

A colourless, slightly hygroscopic crystal powder is obtained.

Elementary analysis: Cz4 Hzz N5 O3 Kz, 3.42 mols H,0
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c 50.37

H 5.87 5.95

N 12.24 12.22

o) 17.92

water 10.76 10.75

K 13.4 13.64

PCT/EP01/08253

X-ray diffraction diagram measured with the diffractometer Scintag Inc., Cupertino, CA
95014, US using a CuKa radiation.

Reflection lines and intensities of the most important lines of the hydrate of the di-potassium

salt of valsartan, values given in 26 in °:

182

20in° Intensity
4.9 strong
9.4 strong
11.4 weak
12.8 weak
14.0 weak
15.0 weak
15.6 weak
16.6 medium
18.0 weak
18.5 weak
18.9 weak
20.7 weak
21.5 weak
22.0 weak
22.7 medium
23.3 weak
24.1 medium
25.6 weak
25.8 weak
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271 medium
29.4 weak

Preferred are hydrates comprising medium and strong intensity peaks.

Example 13:

Valsartan calcium/magnesium mixed salt:

21.5 g of vaisartan in 200 ml of isopropanol and 100 ml of water are stirred for ca. 3 hours
at ca. 25°C with 1.5 g of magnesium hydroxide and 1.9 g of calcium hydroxide. The
practically clear solution is concentrated in a vacuum at ca. 50°C. A total of 240 mi of ethyl
acetate is added with stirring to the still warm, semi-solid residue which contains residual
water. Upon stirring over night at ca. 25°C, initially sticky constituents are transformed into a
homogeneous suspension. The suspension is filtered by suction and washed with 20 ml of
ethyl acetate. The moist filter cake is dried in a vacuum at 30-40°C. A colourless crystal

powder is obtained.

The X-ray diffraction diagram corresponds to a conglomerate of calcium tetrahydrate and

magnesium hexahydrate from example 1 and 2.

Example 14:

Valsartan bis-diethylammonium salt:

1.5 g of diethylamine are added dropwise at ca. 25°C to the solution of 4.35 g of valsartan
in 60 ml of acetone. After a short time, crystallisation slowly sets in. After stirring over
night, the crystallisate is filtered by suction at ca. 20°C, washed with cold acetone and dried

in a vacuum at ca. 50°C. A colourless crystal powder is obtained.
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water 0.34 0.34
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X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the

crystalline bis-diethylammonium salt

Example 15:

20
4.7
8.5
9.3
10.8
11.3
13.4
14.0
14.3
14.9
17.1
17.4
17.6
18.3
19.0
20.0
21.2
21.6
224
22.7
24.9
252
27.0

Intensity
weak
strong
strong
strong
weak
strong
medium
weak
medium
medium
medium
medium
weak
medium
weak
medium
weak
medium
weak
medium
weak

weak

Valsartan bis-dipropylammonium salt:

2.1 g of dipropylamine are added dropwise at 25°C to the solution of 4.35 g of valsartan in

60 mi of acetone. When crystallisation has set in, the temperature is raised for a brief
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period to 40°C and is allowed to drop to room temperature over ca. 2 hours. After stirring
over night, the crystallisate is filtered by suction, washed twice with 15 ml of acetone and

dried in a vacuum at ca. 40°C. Granular crystals are obtained.

Elementary analysis: Css Hso N7 Os, 0.05 mols H2O

H .9.32 9.33
N 15.36 15.35
0 7.64
water 0.13 0.14

X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the

crystalline bis-dipropylammonium salt

20 Intensity
85 strong
8.9 weak
94 strong
10.0 medium
11.2 weak
11.6 weak
12.5 weak
13.2 strong
13.9 ~ strong
14.3 weak
14.7 weak
156.1 weak
15.6 weak
16.0 weak
17.0 medium
17.9 medium
18.7 strong
19.9 weak
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Example 16:

20.4
20.6
21.0
21.7
22.3
23.1
24.5
25.5
25.8
26.7
28.6

-58 -

weak
weak
strong
weak
medium
strong
weak
medium
weak
weak

weak

Bis-dibutylammonium salt of valsartan:

PCT/EP01/08253
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A solution of 2.15 g of valsartan in 30 ml of acetone is mixed with 1.4 g of dibutylamine at

ca. 25°C. Crystallisation sets in after a short time, and the thick suspension is gradually

diluted with 20 m} of isopropyl acetate over ca. 1 hour. After stirring for 4 hours at ca. 25°C,

the crystals are removed by suction, washed twice with 10 ml of isopropyl acetate and dried

in a vacuum at 50°C. A colourless, slightly hygroscopic crystal powder is obtained.

Elementary analysis: Cso Hsz N7 Og, 0.5 mols H.O

C 68.25 68.30
H 9.79 9.75
N 13.89 13.94
5 8.01
water 1.33 1.33

X-ray diffraction diagram (reflection lines and intensities of the most important lines) of the

crystalline bis-dibutylammonium salt
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20 Intensity

7.5 very strong

8.5 medium

9.7 strong

12.7 strong

13.3 weak

141 strong

15.1 medium

16.4 strong

17.7 weak

18.2 weak

19.5 strong

19.9 medium

205 medium

21.4 medium

21.9 medium

222 medium

226 medium

23.0 strong

23.7 weak

242 weak

24.7 medium

25.7 medium

26.0 weak

26.5 weak

28.8 weak
Formulation example 1:
Directly compressed tablet:
No. Ingredient proportion per batch | proportion per

[a] tablet core [mg]

1 valsartan calcium salt tetrahydrate | 134.24 80
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2 Avicel PH 102 (microcrystalline 60.408 36
cellulose)
lactose (crystalline) 96.1494 57.3
crospovidone 7.551 45
aerosil 200 (silica, colloidal 0.839 0.5
anhydrous)
6 magnesium stearate (vegetable) 6.2086 3.7

Ingredient no. 1 is sieved through a 0.5 mm sieve and mixed for 15 minutes in a Turbula
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with ingredients 1-6. Tablets are compress using a single punch tablet press with punches

of a diameter of 8mm.

Formulation example 2:

" Tablet produced by roller compaction:

No. | Ingredient proportion per proportion per
batch [g] tablet core [mg]

1 valsartan magnesium salt hexahydrate | 400 80

2 Avicel PH 102 (microcrystalline 270 54

cellulose)

3 crospovidone 75 15

4 aerosil 200 (silica, colloidal anhydrous) | 7.5 1.5

5 magnesium stearate 15 3

6 magnesium stearate 7.5 1.5

Ingredients no. 1-5 are mixed for 50 minutes and compacted on a Freund roller compactor.

The band is milled and after admixing ingredient no 6, compressed into tablets using a

single punch tablet press with punches of a diameter of 8mm.
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What we claim is:

1. A salt of valsartan, selected from the group consisting of the monosodium salt, the
monopotassium salt, the disodium salt, the dipotassium salt, the magnesium salt, the
calcium salt, the bis-diethylammonium salt, the bis-dipropylammonium salt, the bis-
dibutylammonium salt, the mono-L-arginine salt, the bis-L-arginine salt, the mono-L-lysine

salt and the bis-L-lysine salt, as well as salt mixtures thereof.

2. Asalt according to claim 1 in crystalline, partially crystalline or amorphous form.
3. The calcium salt ér the magnesium salt of valsartan according to claim 1.

4. The tetrahydrate of the calcium salt of valsartan according to claim 3.

5. The tetrahydrate according to claim 4, characterised by

()  an X-ray powder pattern taken with a Guinier camera comprising the following
interlattice plane intervals:

din[A]: 16.1£0.3, 9.920.2, 9.420.2, 7.03+0.1, 6.50+0.1, 5.87+0.05, 5.740.05, 4.95+0.05,
4.73+0.05, 4.33+0.05, 4.15+0.05, 4.12+0.05, 3.95+0.05; or ' a '
(i) an ATR-IR spectrum having the following absorption bands expressed in reciprorc;al
wave numbers (cm"): ﬂ

1621 (st); 1578 (m); 1458 (m); 1441 (m); 1417 (m); 1364 (m); 1012 (m); 758 (m); 738 (m);
696 (m); 666 (m).

6. The hexahydrate of the magnesium salt of valsartan according to claim 1.

7. The hexahydrate according to claim 6, characterised by

() an X-ray powder pattern taken with a Guinier camera comprising the following
interlattice plane intervals:

din [A] 1 19.7+0.3, 10.11+0.2, 9.8+0.2, 7.28+0.1, 5.81+0.05, 5.68+0.05, 5.03+0.05,
4.8810.05, 4.18+0.05, 4.0810.05, 3.46 +0.05; or '
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(i) an ATR-IR spectrum having the following absorption bands expressed in reciprocal
wave numbers (cm™):

3378 (m); 3274 (m); 2956 (m); 1619 (st); 1557 (m); 1464 (m); 1419 (m); 1394 (st); 1374 (m);
1175 (m); 836 (m); 820 (s); 766 (st); 751 (m); 741 (st); 732 (st).

8. A salt according to one of claims 1-7 in the form of a solvate.
9. A salt according to one of claims 1-8 in the form of a hydrate.

10. A salt according to one of claims 1-9 in a form selected from the group consisting of
(Y acrystalline form;

(i) a partly crystalline form;

(i) an amorphous form; and

(iv) a polymorphous form. S

11. Pharmaceutical preparation containing a compound according to one of claims 1 to 10
and a pharmaceutically acceptable excipient or additive.

12. Pharmaceutical preparation according to claim 11, containing a salt according to one
of claims 1-9 in combination with at least one composition selected from the group
consisting of a:

() HMG-Co-A reductase inhibitor or a pharmaceutically acceptable salt thereof,

(i) angiotensin converting enzyme (ACE) Inhibitor or a pharmaceutically acceptable salt
thereof,

(i) calcium channel blocker or a pharmaceutically acceptable salt thereof,

(iv) aldosterone synthase inhibitor or a pharmaceutically acceptable salt thereof,

(v) aldosterone antagonist or a pharmaceutically acceptable salt thereof,

(vi) dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP) inhibitor or a
pharmaceutically acceptable salt thereof,

(vii) endothelin antagonist or a pharmaceutically acceptable salt thereof,

(viii) renin inhibitor or a pharmaceutically acceptable salt thereof, and

(i) diuretic or a pharmaceutically acceptable salt thereof.
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13. Use of a compound according to one of claims 1 to 10 in the preparation of a
medicament for the prophylaxis or treatment of diseases and conditions which can be
inhibited by blocking the AT, receptor.

14. Process for the manufacture of a salt according to claim 1, characterised in that

(i) valsartan and the appropriate base are added to a water-containing organic solvent,
(i) the solvent is concentrated, for example by heating, if necessary under reduced
pressure or by slowly evaporating, e.g. at room temperature,

(iii) the residue of evaporation is equilibrated with the required amount of water by

(a) suspending the residue of evaporation, which is advantageously still warm, and which
still contains some water, in an appropriate solvent or

(b) by equilibrating the water excess in the solvent;

whereby in a) and b) the existing or added water is present in a quantity in which the water
dissolves in the organic solvent and does not form an additional phase; and

(iv) the salt obtained is isolated.
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entirety for all purposes.

FIELD OF THE INVENTION
The present invention relates to co-crystal APl-containing compositions, pharmacentical

compositions comprising such APIs, and methods for preparing the same.

BACKGROUND OF THE INVENTION

Active pharmaceutical ingredients (AP! or APIs (plural)) in pharmaceutical compositions
can be prepared in a variety of different forms. Such APIs can be prepared so as to have a variety
of different chemical forms including chemical derivatives or salts, Such APIs can also be
prepared to have different physical forms, For exampile, the APIs may be amorphous, may have
different crystalline polymorphs, or may exist in different solvation or hydration states. By
varying the form of an AP, it is possible to vary the physical properties thereof. For example,
crystalline polymorphs typically have different solubilities from one another, such that a more
thermodynamically stable polymorph is less soluble than a less thermodynamicalty stable
polymorph. Pharmaceutical polymorphs can also differ in properties such as shelf-life,
bioavailability, morphology, vapour pressure, density, colour, and compressibility. Accordingly,
variation of the crystalline state of an API is one of many ways in which to modulate the physical
propérties thereof.

It would be advantageous to have new forms of these APIs that have improved
properties, in particular, as oral formulations. Specifically, it is desirable to identify improved -
forms of APIs that exhibit significantly improved properties including increased aqueous
solubility and stability. Further, it is desirable to improve the processability, or preparation of
pharmaceutical formuiations. For example, needle-like crystal forms or habits of APIs can cause
aggregation, even in compositions where the API is mixed with other substances, such that a non-
uniform mixture is obtained. It is also desirable to increase or decrease the dissolution rate of
APl-containing pharmaceutical compositions in water, increase or decrease the bioavailability of
orally-administered compositions, and provide a more rapid or more delayed onset to therapeutic
effect. It is also desirable to have a form of the API which, when administered to a subject,
reaches a peak plasma level faster or slower, has a longer lasting therapeutic plasma
concentration, and higher or lower overall exposure when compared to equivalent amounts of the
APl in its presently-known form. The improved properties discussed above can be altered in a

way which is most beneficial to a specific API for a specific therapeutic effect.
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SUMMARY OF THE INVENTION

It has now been found that new co-crystalline forms of APIs can be obtained which
improve the properties of APIs as compared to such APIs in a non-co-crystalline state (free acid,
free base, zwitter ions, salts, ete.).

Accordingly, in a first aspect, the present invention provides a co-crystal pharmaceutical
composition comprising an API compound and a co-crystal former, such that the API and co-
crystal former are capable of co-crystallizing from a solid or solution phase under crystallization
conditions.

Another aspect of the present invention provides a process for the production of 2
pharmaceutical composition, which process comprises:

(D providing an API which has at least one functional group selected from ether,
thioether, alcohol, thiol, aldehyde, ketone, thioketone, nitrate ester, phosphate ester,
thiophosphate ester, ester, thioester, sulfate ester, carboxylic acid, phosphonic acid, phosphinic
acid, sulfonic acid, amide, primary amine, secondary amine, ammonia, tertiary amine, imine,
thiocyanate, cyanamide, oxime, nitrile, diazo, organchalide, nitro, S-heterocyclic ring, thiophene,
N-heterocyclic ring, pyrrole, O-heterocyclic ring, furan, epoxide, peroxide, hydroxamic acid,
imidazole, and pyridine;

) providing a co-crystal former which has at least one functional group selected
from ether, thioether, alcohol, thiol, aldehyde, ketone, thioketone, nitrate ester, phosphate ester,
thiophosphate ester, ester, thioester, sulfate ester, carboxylic acid, phosphonic acid, phosphinic
acid, sulfonic acid, amide, primary amine, secondary amine, ammonia, tertiary amine, imine,
thiocyanate, cyanamide, oxime, nifrile, diazo, organohalide, nitro, S-heterocyclic ring, thiophene,
N-heterocyclic ring, pyrrole, O-heterocyclic ring, furan, epoxide, peroxide, hydroxamic acid,

imidazole, and pyridine;

3) grinding, heating, co-subliming, co-melting, or contacting in solution the API
with the co-crystal former under crystailization conditions;

4) isolating co-¢rystals formed thereby; and

) incorporating the co-crystals into a pharmaceutical composition.

A further aspect of the present invention provides a process for the production of a
pharmaceutical composition, which comprises:

8 grinding, heating, co-subliming, co-melting, or contacting in solution an API

compound with a co-crystal former, under crystallization conditions, so as to form a solid phase;
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(2) isolating co-crystals comprising the API and the co-crystal former; and

3) incorporating the co-crystals into a pharmaceutical composition.

In a further aspect, the present invention provides a process for the production of a
pharmaceutical composition, which comprises:

0 providing (#) an API or a plurality of different APIs, and (i) a co-crystal former
or a plurality of different co-crystal formers, wherein at least one of the APIs and the co-crystal
formers is provided as a plurality thereof;

) isolating co-crystals comprising the API and the co-crystal former; and

3 incorporating the co-crystals into a pharmaceutical composition.

Solubility Modulation

In a further aspect, the present invention provides a process for modulating the solubility
of an AP, which process comprises:

N grinding, heating, co-subliming, co-melting, or contacting in solution the API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the API and
the co-crystal former; and

@) isolating co-crystals comprising the API and the co-crystal former.

Dissolution Modulation

In a further aspect, the present invention provides a process for modulating the
dissolution of an API, whereby the aqueous dissolution rate or the dissolution rate in simulated
gastric fluid or in simulated intestinal fluid, or in a solvent or plurality of solvents is increased or
decreased, which process comprises:

(D grinding, heating, co-subliming, co-melting, or contacting in solution the API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the API and
the co-crystal former; and

2) isolating co-crystals comprising the API and the co-crystal former.

In one embodiment, the dissolution of the API is increased.

Bioavailability Modulation

In a further aspect, the present invention provides a process for modulating the
bioavailability of an AP, whereby the AUC is increased, the time to Ty, is reduced, the length of
time the concentration of the API is above ¥ Ty is increased, or Cpay is increased, which

process comprises:
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(1) grinding, heating, co-subliming, co-melting, or contacting in solution the API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the API and
the co-crystal former; and

®) isolating co-crystals comprising the API and the co-crystal former.

Dose Response Modulation

In a further aspect the present invention provides a process for improving the linearity of
a dose response of an APL, which process comprises:

(1 grinding, heating, co-subliming, co-melting, or contacting in solution an API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the API and
the co-crystal former; and

@) isolating co-crystals comprising the API and the co-crystal former.

Increased Stability
_ In a still further aspect the present invention provides a process for improving the
stability of a pharmaceutical salt, which process comprises:

(D grinding, heating, co-subliming, co-melting, or contacting in solution the
pharmaceutical salt with a co-crystal former under crystallization conditions, so as to form a co-
crystal of the APl and the co-crystal former; and

) isolating co-crystals comprising the API and the co-crystal former.

Difficult to Salt or Unsaltable Compounds

In a still further aspect the present invention provides a process for making co-crystals of
difficult to salt or unsaltable APIs, which process comprises:

{1 grinding, heating, co-subliming, co-melting, or contacting in solution the API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the AP and
the co-crystal former; and

) isolating co-crystals comprising the API and the co-crystal former.

Decreasing Hygroscopicity

In a still further aspect the present invention provides a method for decreasing the

hygroscopicity of an AP, which meihod comprises:
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(N grinding, heating, co-subliming, co-melting, or contacting in solution the API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the AP and
the co-crystal former; and

2) isolating co-crystals comprising the API and the co-crystal former.,

Crystallizing Amorphous Compounds

In a still further embodiment aspect the present invention provides a process for
crystallizing an amorphous compound, which process comprises:

) grinding, heating, co-subliming, co-meliing, or contacting in solution the API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the API and
the co-crystal former; and

) isolating co-crystals comprising the API and the co-crystal former.

Decreasing Form Diversity

In a still further embodiment aspect the present invention provides a process for reducing
the form diversity of an APL, which process comprises:
(1) grinding, heating, co-subliming, co-melting, or contacting in solution the AP]
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the API and
the co-crystal former; and

2) isolating co-crystals comprising the API and the co-crystal former.

Morphology Modulation

In a still further embodiment aspect the present invention provides a process for
modifying the morphology of an API, which process comprises:

(1) grinding, heating, co-subliming, co-melting, or contacting in solution the API
with a co-crystal former under crystallization conditions, so as to form a co-crystal of the APT and
the co-crystal former; and

2) isolating co-crystals comprising the API and the co-crystal former,

In a further aspect, the present invention provides a co-crystal composition comprising a
co-crystal, wherein said co-crystal comprises an API compound and a co-crystal former, In
further embodiments the co-crystal has an improved property as compared to the free form
(including a free acid, free base, zwitter ion, hydrate, solvate, etc.) or a salt (which includes salt
hydrates and solvates). In further embodiments, the improved property is selected from the group

consisting of: increased solubility, increased dissolution, increased bioavailability, increased dose
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response, decreased hygroscopicity, a crystalline form of 2 normally amorphous compound, a
crystalline form of a difficult to salt or unsaltable compound, decreased form diversity, more

desired morphology, or other property described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 A-B PXRD diffractograms of a co-crystal comprising celecoxib and nicotinamide, with the
background removed and as collected, respectively.

Fig. 2 DSC thermogram for a co-crystal comprising celecoxib and nicotinamide.

Fig. 3 TGA thermogram for a co-crystal comprising celecoxib and nicotinamide.

Fig. 4 Raman spectrum for a co-crystal comprising celecoxib and nicotinamide.

Figs. 5A-B PXRD diffractograms of a co-crystal comprising celecoxib and 18-crown-6, with the
background removed and as collected, respectively.

Fig. 6 DSC thermogram for a co-crystal comprising celecoxib and 18-crown-6.

Fig. 7 TGA thermogram for a co-crystal comprising celecoxib and 18-crown-6.

Figs. 8A-B PXRD diffractograms of a co-crystal comprising topiramate and 18-crown-6, with the
background removed and as collected, respectively.

Fig. 9 DSC thermogram for a co-crystal comprising topiramate and 18-crown-6. .

Figs. 10A-B PXRD diffractograms of a co-crystal comprising olanzapine and nicotinamide (Form
I), with the background removed and as collected, respectively.

Fig. 11 DSC thermogram for a co-crystal comprising olanzapine and nicotinamide (Form I).

Fig. 12 PXRD diffractogram of a co-crystal comprising olanzapine and nicotinamide (Form II).
Figs. 13A-B PXRD diffractograms of a co-crystal comprising olanzapine and nicotinamide (Form
I11), with the background removed and as collected, respectively.

Figs. 14A-D Packing diagrams and crystal structure of a co-crystal comprising olanzapine and
nicotinamide (Form IIT).

Fig. 15 PXRD diffractogram of a co-crystal comprising cis-itraconazole and succinic acid.

Fig. 16 DSC thermogram for a co-crystal comprising cis-itraconazole and succinic acid.

Fig. 17 PXRD diffractogram of a co-crystal comprising cis-itraconazole and fumaric acid.

Fig. 18 DSC thermogram for a co-crystal comprising cis-itraconazole and fumaric acid.

Fig. 19 PXRD diffractogram of a co-crystal comprising cis-itraconazole and L-tartaric acid.

Fig. 20 DSC thermogram for a co-crystal comprising cis-itraconazole and L-tartaric acid.

Fig. 21 PXRD diffractogram of a co-crystal comprising cis-itraconazole and L-malic acid.

Fig. 22 DSC thermogram for a co-crystal comprising cis-itraconazole and L-malic acid.

Fig. 23 PXRD diffractogram of a co-crystal comprising cis-itraconazoleHCl and DL-tartaric acid.
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Fig. 24 DSC thermogram for a co-crystal comprising cis-itraconazoleHCl and DL-tartaric acid.
Fig. 25 PXRD diffractogram of a co-crystal comprising modafinil and malonic acid (Form I).
Fig. 26 DSC thermogram for a co-crystal comprising modafinil and malonic acid (Form I).

Fig. 27 Raman spectrum for a co-crystal comprising modafinil and malonic acid (Form I).

Fig. 28 PXRD diffractogram of a co-crystal comprizing modafinil and malonic acid (Form IT).
Figs. 29A-B PXRD diffractograms of a co-crystal comprising modafinil and glycolic acid, with
the background removed and as collected, respectively.

Figs. 30A-B PXRD diffractograms of a co-crysial comprising modafinil and maleic acid, with the
background removed and as collected, respectively.

Figs. 31A-B PXRD diffractograms of a co-crystal comprising 5-fluorouracil and urea, with the
background removed and as collected, respectively.

Fig. 32 DSC thermogram for a co-crystal comprising 5-fluorouracil and urea.

Fig. 33 TGA thermogram for a co-crystal comprising S-fluorouracil and urea.

Fig. 34 Raman spectrum for a co-crystal comprising 5-fluorouracil and urea.

Figs. 35A-B PXRD diffractograms of a co-crystal comprising hydrochlorothiazide and nicotinic
acid, with the background removed and as collected, respectively.

Figs. 36A-B PXRD diffractograms of a co-crystal comprising hydrochlorothiazide and 18-crown-
6, with the background removed and as collected, respectively.

Figs. 37A-B PXRD diffractograms of a co-crystal comprising hydrochlorothiazide and
piperazine, with the background removed and as collected, respectively.

Figs. 38A-B An acetaminophen 1-D polymeric chain and a co-crystal of acetaminophen and 4,4°-
bipyridine, respectively.

Figs. 39A-B Pure phenytoin and a co-crystal with phenytoin and pyridone, respectively.

Figs. 40A-D Pure aspirin and the corresponding crystal structure are shown in Figures 40A and
40B, respectively. Figures 40C and 40D show the supramolecular entity containing the synthon

and corresponding co-crystal of aspirin and 4,4’-bipyridine, respectively.

Figs. 41A-D Pure ibuprofen and the corresponding crystal structure are shown in Figures 41A
and 41B, respectively. Figures 41C and 41D show the supramolecular entity containing the
synthon and corresponding co-crystal of ibuprofen and 4,4’-bipyridine, respectively.

Figs. 42A-D Pure flurbiprofen and the corresponding crystal structure are shown in Figures 42A
and 42RB, respectively. Figures 42C and 42D show the supramolecular synthon and
corresponding co-crystal of flurbiprofen and 4,4”-bipyridine, respectively. .

Figs. 43A-B The supramolecular entity containing the synthon and the corresponding co-crystal
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structure of flurbiprofen and trans-1,2-bis(4-pyridyl)ethylene, respectively.

Figs. 44A-B The crystal structure of pure carbamazepine and the co-crystal structure of
carbamazepine and p-phthalaldehyde, respectively.

Fig. 45 A packing diagram of the co-crystal structure of carbamazepine and nicotinamide.

Fig. 46 PXRD diffractogram of a co-crystal comprising carbamazepine and nicotinamide.

Fig. 47 DSC thermogram for a co-crystal comprising carbamazepine and nicotinamide.

Fig. 48 A packing diagram of the co-crystal structure of carbamazepine and saccharin.

Fig. 49 PXRD diffractogram of a co-crystal comprising carbamazepine and saccharin.

Fig. 50 DSC thermogram for a co-crystal comprising carbamazepine and saccharin.

Figs. 51A-B The crystal structure of carbamazepine and the co-crystal structure of carbamazepine
and 2,6-pyridinedicarboxylic acid, respectively.

Figs. 52A-B The crystal structure of carbamazepine and the co-crystal structure of carbamazepine
and 5-nitroisophthalic acid, respectively.

Figs. 53A-B The crystal structure of carbamazepine and the co-crystal structure of carbamazepine
and 1,3,5,7-adamantanetetracarboxylic acid, respectively.

Figs. 54A-B The crystal structure of carbamazepine and the co-crystal structure of carbamazepine
and benzoquinone, respectively.

Figs. 55A-B The crystal structure of carbamazepine and the co-crystal structure of carbamazepine
and trimesic acid, respectively.

Fig, 56 PXRD diffractogram of a co-crystal comprising carbamazepine and trimesic acid.

Fig. 57 Dissolution profile for a co-crystal of celecoxib:nicotinamide vs. celecoxib free acid.

Fig. 58 Dissolution profile for co-crystals of itraconazole:succinic acid, itraconazle:tartaric acid
and itraconazole:malic acid vs. itraconazole free base,

Fig. 59 Hygroscopicity profile for a co-crystal of celecoxib:nicotinamide vs. celecoxib sodinm.
Fig. 60 Hydrogen-bonding motifs observed in co-crystais.

Fig. 61 Dissolution profile of several formulations of modafinil free form and modafinil:malonic
acid (Form I).

DETAILED DESCRIPTION OF THE INVENTION

The term “co-crystal” as used herein means a crystalline material comprised of
two or more unique solids at room temperature, each containing distinctive physical
characteristics, such as structure, melting point and heats of fusion, with the exception

that, if specifically stated, the API may be a liquid at room temperature. The co-crystals

10
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of the present invention comprise a co-crystal former H-bonded to an API. The co-
crystal former may be H-bonded directly to the API or may be H-bonded to an additional
molecule which is bound to the API. The additional molecule may be H-bonded to the
API or bound ionically or covalently to the API. The additional molecule could also be a
different API. Solvates of API compounds that do not further comprise a co-crystal
former are not co-crystals according to the present invention. The co-crystals may
however, include one or more solvate molecules in the crystalline lattice. That is,
solvates of co-crysials, or a co-crystal further comprising a solvent or compound that is a
liquid at room temperature, is included in the present invention, but crystalline material
comprised of only one solid and one or more liquids (at room temperature) are not
included in the present invention, with the previously noied exception of specifically
stated liquid APIs. The co-crystals may also be a co-crystal between a co-crystal former
and a salt of an API, but the API and the co-crystal former of the present invention are
constructed or bonded together through hydrogen bonds. Other modes of molecular
recognition may also be present including, pi-stacking, guest-host complexation and van
der Waals interactions. Of the interactions listed above, hydrogen-bonding is the
dominant interaction in the formation of the co-crystal, (and a required interaction
according to the present invention) whereby a non-covalent bond is formed between a
hydrogen bond donor of one of the moicties and a hydrogen bond acceptor of the other.
Hydrogen bonding can result in several different intermolecular configurations. For
example, hydrogen bonds can result in the formation of dimers, linear chains, or cyclic
structures. These configurations can further include exiended (two-dimensional)
hydrogen bond networks and isolated triads (Fig. 60). An alternative embodiment
provides for a co-crystal wherein the co-crystal former is a second APIL. In another
embodiment, the co-crystal former is not an API. In another embodiment the co-crystal
comprises two co-crystal formers. For purposes of the present invention, the chemical
and physical properties of an API in the form of a co-crystal may be compared to a
reference compound that is the same API in a different form. The reference compound
may be specified as a free form, or more specifically, a free acid, free base, or zwitterion;
a salt, or more specifically for example, an inorganic base addition salt such as sodium,

potassium, lithium, calcium, magnesium, ammonium, aluminum salts or organic base
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addition salts, or an inorganic acid addition salts such as HBr, HCI, sulfuric, nitric, or
phosphoric acid addition salts or an organic acid addition salt such as acetic, propionic,
pyruvic, malanic, succinic, malic, maleic, fumaric, tartaric, citric, benzoic,
methanesulfonic, ethanesulforic, stearic or lactic acid addition salt; an anhydrate or
hydrate of a free form or salt, or more specifically, for example, a hemihydrate,
monohydrate, dihydrate, trihydrate, quadrahydrate, pentahydrate, sesquihydrate; or a
solvate of a free form or salt. For example, the reference compound for an API in salt
form co-crystallized with a co-crystal former can be the AP salt form. Similarly, the
reference compound for a free acid API co-crystallized with a co-crystal former can be
the free acid API. The reference compound may also be specified as crystalline or
amorphous.

According to the present invention, the co-crystals can include an acid addition
salt or base addition salt of an API. Acid addition salts include, but are not limited to,
inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
and phosphoric acid, and organic acids such as acetic acid, propionic acid, hexanoic acid,
heptanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid,
malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartatic acid, citric acid,
benzoic acid, o-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, madelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid, p-chlorobenzenesulfonic acid, 2-
naphthalenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, 4-
methylbicyclo[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid, 4,4'-
methylenebis(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutaric
acid, hydroxynaphthoic acid, salicylic acid, stearic acid, and muconic acid. Base addition
salts include, but are not limited to, inorganic bases such as sodium, potassium, lithium,
ammonium, calcium and magnesium salts, and organic bases such as primary, secondary
and tertiary amines (e.g. isopropylamine, trimethyl amine, diethyl amine, tri(iso-propyl)
amine, tri(n-propyl) amine, ethanolamine, 2-dimethylaminoethanol, tromethamine,
lysine, arginine, histidine, procaine, hydrabamine, choline, betaine, ethylenediamine,

glucosamine, N-alkylglucamines, theobromine, purines, piperazine, piperidine,
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morpholine, and N-ethylpiperidine).

The ratio of API to co-crystal former may be stoichiometric or non-stoichiometric
according to the present invention. For example, 1:1, 1.5:1, 1:1.5, 2:1 and 1:2 ratios of
API:co-crystal former are acceptable, '

It has surprisingly been found that when an API and a selected co-crystal former
are allowed to form co-crystals, the resulting co-crystals give rise to improved properties
of the API, as compared to the APl in a free form (inctuding free acids, free bases, and
zwitterions, hydrates, solvates, etc.), or an acid or base salt thereof particularly with
respect to: solubility, dissolution, bioavailability, stability, Cmax, Tmax, processability,
longer lasting therapeutic plasma concentration, hygroscopicity, crystallization of
amorphous compounds, decrease in form diversity (including polymorphism and crystal
habit), change in morphology or crystal habit, etc. For example, a co-crystal form of an
AP is particularly advantageous where the original API is insoluble or sparingly soluble
in water. Additionally, the co-crystal properties conferred upon the API are also useful
because the bioavailability of the API can be improved and the plasma concentration
and/or serum concentration of the API can be improved. This is particularly
advantageous for orally-administrable formulations. Moreover, the dose response of the
API can be improved, for example by increasing the maximum attainable response and/or
increasing the potency of the API by increasing the biological activity per dosing
equivalent.

Accordingly, in a first aspect, the present invention provides a pharmaceutical
composition comprising a co-crystal of an APT and a co-crystal former, such that the API
and co-crystal former are capable of co-crystallizing from a solution phase under
crystallization conditions or from the solid-state, for example, through grinding, heating,
or through vapor transfer {(e.g., co-sublimation). In another aspect, the API has at least
one functional group selected from ether, thioether, alcohol, thiol, aldehyde, ketone,
thioketone, nitrate ester, phosphate ester, thiophosphate ester, ester, thioester, sulfate
ester, carboxylic acid, phosphonic acid, phosphinic acid, sulfonic acid, amide, primary
amine, secondaty amine, ammonia, tertiary amine, imine, thiocyanate, cyanamide, oxime,
nitrile, diazo, organchalide, nitro, S-heterocyclic ring, thiophene, N-heterocyclic ring,

pyrrole, O-heterocyelic ring, furan, epoxide, peroxide, hydroxamic acid, imidazole, and
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pyridine and a co-crystal former which has at least one functional group selected from
ether, thioether, alcohol, thiol, aldehyde, ketone, thioketone, nitrate ester, phosphate ester,
thiophosphate ester, ester, thioester, sulfate ester, carboxylic acid, phosphonic acid,
phosphinic acid, sulfonic acid, amide, primary amine, secondary amine, ammonia,
tertiary amine, imine, thiocyanate, cyanamide, oxime, nitrile, diazo, organohalide, nitro,
S-heterocyclic ring, thiophene, N-heterocyclic ring, pyrrole, O-heterocyclic ring, furan,
epoxide, peroxide, hydroxamic acid, imidazole, and pyridine, or a functional group in a
Table herein, such that the API and co-crystal former are capable of co-crystallizing from
a solution phase under erystallization conditions.

The co-crystals of the present invention are formed where the AP and co-crystal
former are bonded together through hydrogen bonds. Other non-covalent interactions,
including pi-stacking and van der Waals interactions, may also be present.

In one embodiment, the co-crystal former is selected from the co-crystal formers
of Table I and Table II. In other embodiments, the co-crystal former of Table 1 is
specified as a Class 1, Class 2, or Class 3 co-crystal former (see column labeled “class™
Table I). In another embodiment, the difference in pK, value of the co-crystal former and
the API is less than 2. In other embodiments, the difference in pK, values of the co-
crystal former and API is less than 3, less than 4, less than 5, between 2 and 3, between 3
and 4, or between 4 and 5. Table 1 lists multiple pK, values for co-crystal formers having
multiple functionalities. It is readily apparent to one skilled in the art the particular
functional group corresponding to a particular pK, value.

In another embodiment the particular functional group of a co-crystal former
ﬁteracting with the API is specified (see for example Table I, columns labeled
“Functionality” and “Molecular Structure” and the column of Table II labeled “Co-
Crystal Former Functional Group™). In a further embodiment the functional group of the
API interacting with the co-crystal former functional group is specified (see, for exampie,
Tables II and II).

In another embodiment, the co-crystal comprises more than one co-crystal former.
For example, two, three, four, five, or more co-crystal formers can be incorporated in &
co-crystal with an API. Co-crystals which comprise two or more co-crystal formers and

an API are bound together via hydrogen bonds. In one embodiment, incorporated co-
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crystal formers are hydrogen bonded to the API molecules. In another embodiment, co-
crystal formers are hydrogen bonded to either the APY molecules or the incorporated co-
crystal formers.

In a further embodiment, several co-crystal formers can be contained in a single
compartment, or Kit, for ease in screening an API for potential co-crystal species. The
co-crystal kit can comprise 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, or more of
the co-crystal formers in Tables I and II. The co-crystal formers are in solid form or int
solution and in an array of individual reaction vials such that individual co-crystal
formers can be tested with one or more APIs by one or more crystallization methods or
multiple co-crystal formers can be easily tested against one or more compounds by one or
more crystallization methods. The crystallization methods include, but are not limited to,
meli recrystallization, grinding, milling, standing, co-crystal formation from solution by
evaporation, thermally driven crystallization from solution, co-crystal formation from
solution by addition of anti-solvent, co-crystal formation from solution by vapor-
diffusion, co-crystal formation from solution by drown-out, co-crystal formation from
solution by any combination of the above mentioned techniques, co-crystal formation by
co-sublimation, co-crystal formation by sublimation using a Knudsen cell apparatus, co-
crystal formation by standing the desired components of the co-crystal in the presence of
solvent vapor, co-crystal formation by shurry conversion of the desired components of the
co-crystal in a solvent or mixtures of solvents, or co-crystal formation by any
combination of the above techniques in the presence of additives, nucleates,
crystallization enhancers, precipitants, chemical stabilizers, or anti-oxidants. The co-
crystallization kits can be used alone or as part of larger crystallization experiments. For
example, kits can be constructed as single co-crystal former single well kits, single co-
crystal former multi-well kits, multi-co-crystal former single well kits, or multi-co-crystal
former multi-well kits. High-throughput crystallization (e.g., the CrystalMax™ platform)
can be used to construct and customize co-crystal former kits. Multi-well plates (e.g., 96
wells, 384 wells, 1536 wells, etc.), for example, can be used to store or employ an array
of co-crystal formers.

In a further embodiment, the API is selected from an API of Table [V or

elsewhere herein. For pharmaceuticals listed in Table IV, co-crystals can comprise such
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APIs in free form (i.e. free acid, free base, zwitter ion), salts, solvates, hydrates, or the
like. For APIs in Table IV listed as salts, solvates, hydrates, and the like, the API can
either be of the form histed in Table IV or its corresponding free form, or of another form
that is not listed. Table IV includes the CAS number, chemical name, or a FCT or patent
reference (each incorporated herein in their entireties). In further embodiments, the
functional group of the particular API interacting with the co-crystal former is specified.
A specific functional group of a co-crystal former, a specific co-crystal former, or a
specified functional group or a specific co-crystal former interacting with the particular
API may also be specified. It is noted that for Table II, the co-crystal former, and
optionally the specific functionality, and each of the listed corresponding interacting
groups are included as individual species of the present invention. Thus, each specific
combination of a co-crystal former and one of the interacting groups in the same row may
be specified as a species of the present invention. The same is true for other
combinations as discussed in the Tables and elsewhere herein.

In another embodiment of the present invention, the co-crystal comprises an API
wherein the API forms a dimeric primary amide structure via hydrogen bonds with an R?,
{8) motif. In such a structure, the NH, moiety can also participate in a hydrogen bond
with a donor or an acceptor moiety from, for example, a co-crystal former or an
additional (third) molecule, and the C=0 moiety can participate in a hydrogen bond with
a donor moiety from the co-crystal former or the additional molecule. In a further
embodiment, the dimeric primary amide structure further comprises one, two, three, or
four hydrogen bond donors. In a further embodiment, the dimeric primary amide
structure further comprises one or two hydrogen bond acceptors. In a further
embodiment, the dimeric primary amide structure further comprises a combination of
hydrogen bond donors and acceptors. For example, the dimeric primary amide structure
can further comprise one hydrogen bond donor and one hydrogen bond acceptor, one
hydrogen bond donor and two hydrogen bond acceptors, two hydrogen bond donors and
one hydrogen bond acceptor, two hydrogen bond donors and two hydrogen bond
acceptors, or three hydrogen bond donors and one hydrogen bond acceptor. Two non-
limiting examples of APIs which form a dimeric primary amide co-crystal structure

include modafinil and carbamazepine. Some examples of APIs which include a primary
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amide functional group include, but are not limited to, arotinolol, atenolol, carpipramine,
cefotetan, cefsulodin, docapromine, darifenacin, exalamide, fidarestat, frovatriptan,
silodosin, levetiracetam, MEN-10700, mizoribine, oxiracetam, piracetam, protirelin,
TRH, ribavirin, valrecemide, temozolomide, tiazofurin, antiP ARP-2, levovirin, N-
benzylozycarbonyl glycinamide, and UCB-34714.

In each process according to the invention, there is a need to contact the API with
the co-crystal former. This may involve grinding or milling the two solids together or
melting one or both components and allowing them to recrystallize. The use of a
granulating liquid may improve or may impede co-crystal formation. Non-limiting
examples of tools useful for the formation of co-crystals may include, for example, an
extruder or a mortar and pestle. Further, contacting the API with the co-crystal former
may also involve either solubilizing the API and adding the co-crystal former, or
solubilizing the co-crystal former and adding the API. Crystallization conditions are
applied to the API and co-crystal former. This may entail altering a property of the
solution, such as pH or temperature and may require concentration of the solute, usually
by removal of the solvent, typically by drying the solution. Solvent removal results in the
concentration of both API and co-crystal former increasing over time so as to facilitate
crystallization. For example, evaporation, cooling, co-sublimation, or the addition of an
antisolvent may be used to crystallize co-crystals. In another embodiment, a shurry
comprising an API and a co-crystal former is used to form co-crystals. Once the solid
phase comprising any crystals is formed, this may be tested as described herein.

The manufacture of co-crystals on a large and/or commercial scale may be
successfully completed using one or more of the processes and techniques described
herein. For example, crystallization of co-crystals from a solvent and grinding or milling
are conceivable non-limiting processes.

In another embodiment, the use of an excess (more than 1 molar equivalent for a
1:1 co-crystal) of a co-crystal former has been shown to drive the formation of
stoichiometric co-crystals. For example, co-crystals with stoichiometries of 1:1, 2:1, or
1:2 can be produced by adding co-crystal former in an amount that is 2, 3,4, 5, 6, 7, 8, 9,
10, 15, 20, 25, 50, 75, 100 times or more than the stoichiometric amount for a given co-

crystal. Such an excessive use of a co-crystal former to form a co-crystal can be
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employed in solution or when grinding an API and a co-crystal former to drive co-crystal
formation.

In another embodiment, the present invention provides for the use of an ionic
liquid as a medium for the formation of a ¢o-crystal, and can also be used to crystallize
other forms in addition to co-crystals (e.g., salts, solvates, free acid, free base,
zwitterions, etc.). This medium is useful, for example, where the above methods do not
work or are difficult or impossible to control. Several non-limiting examples of ionic
liquids useful in co-crystal formation are: 1-butyl-3-methylimidazolium lactate, 1-ethyl-
3-methylimidazolium lactate, and 1-butylpyridinium hexafluorophosphate.

The co-crystals obtained as a result of one or more of the above processes or techniques
may be readily incorporated into a pharmaceutical composition by conventional means. .
Pharmaceutical compositions in general are discussed in further detail below and may.

further comprise a pharmaceutically-acceptable diluent, excipient or carrier.

In a further aspect, the present invention provides a process for the production of
a pharmaceutical composition, which process comprises:

(1)  providing an API which has at least one functional group selected from
ether, thioether, alcohol, thiol, aldehyde, ketone, thioketone, nitrate ester, phosphate ester,
thiophosphate ester, ester, thioester, sulfate ester, carboxylic acid, phosphonic acid,
phosphinic acid, sulfonic acid, amide, primary amine, secondary amine, ammonia,
tertiary amine, imine, thiocyanate, cyanamide, oxime, nitrile diazo, organohalide, nitro,
S-heterocyclic ring, thiophene, N-heterocyclic ring, pyrrole, O-heterocyclic ring, furan,
epoxide, peroxide, hydroxamic acid, imidazole, and pyridine or of Tabie II or III;

(2)  providing a co-crystal former which has at least one functional group
selected from ether, thioether, alcohol, thiol, aldehyde, ketone, thicketone, nitrate ester,
phosphate ester, thiophosphate ester, ester, thioester, sulfate ester, carboxylic acid,
phosphonic acid, phosphinic acid, suifonic acid, amide, primary amine, secondary amine,
ammonia, tertiary amine, imine, thiocyanate, cyanamide, oxime, nitrile, diazo,
organohalide, nitro, S-heterocyclic ring, thiophene, N-heterocyclic ring, pyrrole, O-
heterocyclic ring, furan, epoxide, peroxide, hydroxamic acid, imidazole, and pyridine or
of Table I, I, or 1I1;
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(3)  grinding, heating or contacting in solution the API with the co-crystal
former under crystallization conditions;
)] isolating co-crystals formed thereby; and

(5)  incorporating the co-crystals into a pharmaceutical composition.

In a still further aspect the present invention provides a process for the production
of a pharmaceutical composition, which comprises:

(1)  grinding, heating or contacting in solution an API with a co-crystal
former, under crystallization conditions, so as to form a solid phase;

(2)  1isolating co-crystals comprising the API and the co-crystal former; and

(3)  incorporating the co-crystals into a pharmaceutical composition.

Assaying the solid phase for the presence of co-crystals of the API and the co-
crystal former may be carried out by conventional methods known in the art. For
example, it is convenient and routine to use powder X-ray diffraction techniques to assess
the presence of co-crystals. This may be affected by comparing the spectra of the API,
the crystal former and putative co-crystals in order to establish whether or not true co-l
crystals had been formed. Other techniques, used in an analogous fashion, include
differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), solid state
NMR spectroscopy, and Raman spectroscopy. Single crystal X-ray diffraction is
especially useful in identifying co-crystal structures.

In a further aspect, the present invention therefore provides a process of screening
for co-crystal compounds, which comprises:

(1)  providing (i} an API compound, and (i7) a co-crystal former; and

(2)  screening for co-crystals of APIs with co-crystal formers by subjecting
each combination of API and co-crystal former to a step comprising:

(a) grinding, heating, co-subliming, co-melting, or contacting in
solution the APT with the co-crystal former under crystallization conditions so as
to form a solid phase; and

(b)  isolating co-crystals comprising the API and the co-crystal former.
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An alternative embodiment is drawn to a process of screening for co-crystal
compounds, which comprises:

(1)  providing (7) an API or a plurality of different APIs, and (i) a co-crystal
former or a plurality of different co-crystal formers, wherein at least one of the API and
the co-crystal former is provided as a plurality thereof; and

(2)  screening for co-crystals of APIs with co-crystal formers by subjecting
each combination of API and co-crystal former to a step comprising

(@)  grinding, heating, co-subliming, co-melting, or contacting in solution the
API with the co-crystal former under crystallization conditions so as to form a solid
phase; and

(b)  isolating co-crystals comprising the API and the co-crystal former,

Some of the APIs and co-crystal formers of the present invention have one or
more chiral centers and may exist in a variety of stereoisomeric configurations. As a
consequence of these chiral centers, several APIs and co-crystal formers of the present
invention occur as racemates, mixtures of enantiomers and as individual enantiomers, as
well as diastereomers and mixtures of diastereomers. All such racemates, enantiomers,
and diastereomers are within the scope of the present invention including, for example, -
cis- and frans-isomers, R- and S-enantiomers, and (D)- and (L)-isomers. Co-crystals of
the present invention can include isomeric forms of either the API or the co-crystal
former or both. Isomeric forms of APIs and co-crystal formers include, but are not
limited to, stereoisomers such as enantiomers and diastereomers. In one embodiment, a
co-crystal can comprise a racemic API and/or co-crystal former. In another embodiment,
a co-crystal can comprise an enantiomerically pure API and/or co-crystal former. In
another embodiment, a co-crystal can comprise an API or a co-crystal former with an
enantiomeric excess of about 50 percent, 55 percent, 60 percent, 65 percent, 70 percent,
75 percent, 80 percent, 85 percent, 90 percent, 95 percent, 96 percent, 97 percent, 98
percent, 99 percent, greater than 99 percent, or any intermediate value. Several non-
limiting examples of stereocisomeric APIs include modafinil, e¢is-itraconazole, ibuprofen,

and flurbiprofen. Several non-limiting examples of stereoisomeric co-crystal formers
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include tartaric acid and malic acid.

Co-crystals comprising enantiomerically pute components (e.g., API or co-crystal
former) can give rise to chemical and/or physical properties which are medulated with
respect to those of the corresponding co-crystal comprising a racemic component. For
example, the modafinil:malonic acid co-crystal from Example 10 comprises racemic
modafinil. Enantiomerically pure R-modafinil:malonic acid can conceivably be
synthesized via the same or another method of the present invention and is therefore
included in the scope of the invention. Likewise, enantiomerically pure S-
modafinil:malonic acid can conceivably be synthesized via a method of the present
invention and is therefore included in the scope of the invention. A co-crystal comprising
an enantiomerically pure component can give rise to a modulation of, for example,
activity, bioavailability, or solubility, with respect to the corresponding co-crystal
comprising a racemic component. As an example, the co-crystal R-modafinil:malonic
acid can have modulated properties as compared to the racemic modafinil:malonic acid
co-crystal.

As used herein and unless otherwise noted, the term “racemic co-crystal” refers to
a co-crystal which is comprised of an equimolar mixture of two enantiomers of the API,
the co-crystal former, or both. For example, a co-crystal comprising a stereoisomeric
API and a non-stereoisomeric co-crystal former is a “racemic co-crystal” when there is
present an equimolar mixture of the API enantiomers. Similarly, a co-crystal comprising
a non-stereoisomeric API and a stereoisomeric co-crystal former is a “racemic co-crystal”
when there is present an equimolar mixture of the co-crystal former enantiomers. In
addition, a co-crystal comprising a stereoisomeric API and a stereocisomeric co-crystal
former is a “racemic co-crystal” when there is present an equimolar mixture of the API
enantiomers and of the co-crystal former enantiomers.

As used herein and unless otherwise noted, the term “enantiomerically pure co-
crystal” refers to a co-crystal which is comprised of a stereoisomeric APl or a
stereoisomeric co-crystal former or both where the enantiomeric excess of the
stereoisomeric species is greater than or equal to about 90 percent ee.

In another embodiment, the present invention includes a pharmaceutical

composition comprising a co-crystal with an enantiomerically pure API or co-crystal
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former wherein the bioavailability is modulated with respect to the racemic co-crystal. In
another embodiment, the present invention includes a pharmaceutical composition
comprising a co-crystal with an enantiomerically pure API or co-crystal former wherein
the activity is modulated with respect to the racemic co-crystal. In another embodiment,
the present invention includes a pharmaceutical composition comprising a co-crystal with
an enantiomerically pure API or co-crystal former wherein the solubility is modulated
with respect to the racemic co-crystal.

As used herein, the term “enantiomerically pure” includes a composition which is
substantially enantiomerically pure and includes, for example, a composition with greater
than or equal to about 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent enantiomeric

CACCES.

Solubility Modulation

In a further aspect, the present invention provides a process for modulating the
solubility of an AP, which process comprises:

(1)  grinding, heating, co-subliming, co-melting, or contacting in solution the
APT with a co-crysial former under crystallization conditions, so as to form a co-crystal
of the API and the co-crystal former; and

(2)  isolating co-crystals comprising the API and the co-crystal former.

In one embodiment, the solubility of the API is modulated such that the aqueous
solubility is increased. Solubility of APIs may be measured by any conventional means
such as chromatography (e.g., HPLC) or speciroscopic determination of the amount of
API in a saturated solution of the API, such as UV-spectroscopy, IR-spectroscopy,
Raman spectroscopy, quantitative mass spectroscopy, or gas chromatography.

In another aspect of the invention, the API may have low aqueous solubility.
Typically, low aqueous solubility in the present application refers to a compound having
a solubility in water which is less than or equal to 10 mg/ml, when measured at 37
degrees C, and preferably less than or equal to 5 mg/ml or ! mg/mL. Low aqueous
solubility can further be specifically defined as less than or equal to 200, 800, 700, 600,
500, 400, 200, 200 150 100, 90, 80, 70, 60, 50, 40, 30, 20 micrograms/mL, or further 10,
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5 or 1 micrograms/mL, or further 900, 800, 700, 600, 500, 400, 300, 260 150, 100 90, 80,
70, 60, 50, 40, 30, 20, or 10 ng/mL, or less than 10 ng/mL when measured at 37 degrees
C. Aqueous solubility can also be specified as less than 500, 400, 300, 200, 150, 100, 75,
50 or 25 mg/mL. Asembodiments of the present invention, solubility can be increased 2,
3,4, 5,7, 10, 15, 20, 25, 50, 75, 100, 200, 300, 500, 750, 1000, 5000, or 10,000 times by
making a co-crystal of the reference form (e.g., crystalline or amorphous free acid, free
base or zwitter ion, hydrate or solvate), or a salt thereof. Further aqueous solubility can
be measured in simulated gastric flnid (SGF) or simulated intestinal fluid (SIF) rather
than water. SGF (non-diluted) of the present invention is made by combining 1 g/L
Triton X-100 and 2 g/L. NaCl in water and adjusting the pH with 20 mM HCI to obtain a
solution with a final pH=1.7 (SIF is 0.68% monobasic potassium phosphate, 1%
pancreatin, and sodium hydroxide where the pH of the final solution is 7.5). The pH of
the solvent used may also be specified as 1,1.1,1.2,1.3,1.4,1.5,1.6,1.7,1.8,1.9, 2, 2.1,
22,23,24,25,2.6,2.7,2.8,2.9,3,3.5,4,4.5,5,55,6,6.5,7,7.5,8,85,9,9.5, 10,
105,11, 11.5, 12, 12.5, 13, 13.5, or 14 or any pH in between successive values.

Examples of embodiments includes: co-crystal compositions with an aqueous
solubility, at 37 degrees C and a pH of 7.0, that is increased at least 5 fold over the
reference form, co-crystal compositions with a sclubility in SGF that is increased at least
5 fold over the reference form, co-crystal compositions with a solubility in SIF that is

increased at least 5 fold over the reference form.

Dissolution Modulation

In another aspect of the present invention, the dissolution profile of the API is
modulated whereby the aqueous dissolution rate or the dissolution rate in simulated
gastric fluid or in simulated intestinal fluid, or in a solvent or plurality of solvents is
increased. Dissolution rate is the rate at which API solids dissolve in a dissolution
medium. For APIs whose absorption rates are faster than the dissolutton rates (e.g.,
steroids), the rate-limiting step in the absorption process is often the dissolution rate.
Because of a limited residence time at the absorption site, APIs that are not dissolved
before they are removed from intestinal absorption site are considered useless. Therefore,

the rate of dissolution has a major impact on the performance of APIs that are poorly
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soluble. Because of this factor, the dissolution rate of APIs in solid dosage forms is an

important, routine, quality control parameter used in the API manufacturing process.
Dissolution rate = K S (C,-C)

where K is dissolution rate constant, S is the surface area, C; is the apparent solubility,

and C is the concentration of APT in the dissolution medium. For rapid API absorption,

C,-C is approximately equal to C,. The dissolution rate of APIs may be measured by

conventional means known in the art.

The increase in the dissolution rate of a co-crystal, as compared to the reference
form (e.g., free form or salt), may be specified, such as by 10, 20, 30, 40, 50, 60, 70, 30,
90, or 100%, orby 2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 40, 50, 75, 100, 125, 150, 175,
200, 250, 300, 350, 400, 500, 1000, 10,000, or 100,000 fold greater than the reference
form (e.g., free form or salt form) in the same solution. Conditions under which the
dissolution rate is measured is the same as discussed above The increase in dissolution
may be further specified by the time the composition remains supersaturated before
reaching equilibrium solubility.

Examples of above embodiments include: co-crystal compositions with a
dissolution rate in aqueous solution, at 37 degrees C and a pH of 7.0, that is increased at
least 5 fold over the reference form, co~crystal compositions with a dissolution rate in
SGF that is increased at leas.t 5 fold over the reference form, co-crystal compositions with

a dissolution rate in SIF that is increased at least 5 fold over the reference form.

Bioavailability Modulation
The methods of the present invention are used to make a pharmaceutical API

formulation with greater solubility, dissolution, and bicavailability. Bioavailability can be
improved via an increase in AUC, reduced time t0 Tmax, (the time to reach peak blood
serum levels), or increased Cpax. The present invention can result in higher plasma
concentrations of API when compared to the neutral form or salt alone (reference form).
AUC is the area under the plot of plasma concentration of API (not logarithm of the
concentration) against time after APT administration. The area is conveniently determined
by the "trapezoidal rule”: The data points are connected by straight line segments,

perpendiculars are erected from the abscissa to each data point, and the sum of the areas
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of the triangles and trapezoids so constructed is computed. When the last measured
concentration (Cn, at time t,) is not zero, the AUC from 1, to infinite time is estimated by
Co/ket.

The AUC is of particular use in estimating bioavailability of APIs, and in
estimating total clearance of APIs (Cly). Following single intravenous doses, AUC =
D/Cly, for single compartment systems obeying first-order elimination kinetics, where D
is the dose; alternatively, AUC = Cy/k.,, where k is the API elimination rate constant.
With routes other than the intravenous, for such systems, AUC = F - D/Cly, where F is the
absolute bioavailability of the API.

Thus, in a further aspect, the present invention provides a process for modulating
the bioavailability of an API when administered in its normal and effective dose range as
a co-crystal, whereby the AUC is increased, the time to Ty is reduced, or Cyax is
increased, as compared to a reference form, which process comprises:

(1)  grinding, heating, co-subliming, co-melting, or contacting in solution the
APT with a co-crystal former under crystallization conditions, so as to form a co-crystal
of the API and the co-crystal former; and

{2)  isolating co-crystals comprising the API and the co-crystal former.

Examples of the above embodiments include: co-crystal compositions with a time
10 Tinax that is reduced by at least 10% as compared to the reference form, co-crystal
compositions with a time t0 Tmay, that is reduced by at least 20% over the reference form,
co-crysial compositions with a time to Ty that is reduced by at least 40% over the
reference form, co-crystal compositions with a time to Ty that is reduced by at least
50% over the reference form, co-crystal compositions with a T, that is reduced by at
least 60% over the reference form, co-crystal compositions with a Ty, that is reduced by
at least 70% over the reference form, co-crystal compositions with a Ty that is reduced
by at least 80% over the reference form, co-crystal compositions with a Ty, that is
reduced by at least 90% over the reference form, co-crystal compositions with a Cpgy that
is increased by at least 20% over the reference form, co-crystal compositions with a Cex
that is increased by at least 30% over the reference form, co-crystal compositions with a

Crnax that is increased by at least 40% over the reference form, co-crystal compositions
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with a Cpay that is increased by at least 50% over the reference form, co-crystal
compositions with a Crqx that is increased by at least 60% over the reference form, co-
crystal compositions with a Crq that is increased by at least 70% over the reference
form, co-crystal compositions with a Cy,,, that is increased by at least 80% over the
reference form, co-crystal compositions with a Cmax that is increased by at least 2 fold,
3 fold, 5 fold, 7.5 fold, 10 fold, 25 fold, 50 fold or 100 fold, co-crystal compositions with
an AUC that is increased by at least 10% over the reference form, co-crystal
compositions with an AUC that is increased by at least 20% over the reference form, co-
crystal compositions with an AUC that is increased by at least 30% over the reference
form, co-crystal compositions with an AUC that is increased by at least 40% over the
reference form, co-crystal compositions with an AUC that is increased by at least 50%
over the reference form, co-crystal compositions with an AUC that is increased by at
least 60% over the reference form, co-crystal compositions with an AUC that is increased
by at least 70% over the reference form, co-crystal compositions with an AUC that is
increased by at least 80% over the reference form or co-crystal compositions with an
AUC that is increased by at least 2 fold, 3 fold, 4 fold, 5 fold, 6 fold, 7 fold, 8 fold, 9 fold,
or 10 fold. Other examples include wherein the reference form is crystalline, wherein the
reference form is amorphous, wherein the reference form is an anhydrous crystalline

sodium salt, or wherein the reference form is an anhydrous crystalline HCI salt.

Dose Response Modulation
In a further aspect the present invention provides a process for improving the dose

response of an AP, which process comprises:

(1) grinding, heating, co-subliming, co-melting, or contacting in solution an
APl with a co-crystal former under crystallization conditions, so as to form a co-crystal
of the AP1 and the co-crystal former; and

(2)  isolating co-crystals comprising the API and the co-crystal former.

Dose response is the quantitative relationship between the magnitude of response

and the dose inducing the response and may be measured by conventional means known

in the art. The curve relating effect (as the dependent variable) to dose (as the

26



WO 2004/078163 PCT/US2004/006288

independent variable) for an API-cell system is the "dose-response curve”. Typically, the
dose-response curve is the measured response to an API plotted against the dose of the
API (mg/kg) given. The dose response curve can also be a curve of AUC against the
dose of the API given.

In an embodiment of the present invention, a co-crystal of the present invention
has an increased dose response curve or a more linear dose response curve than the

corresponding reference compound.

Increased Stability

In a still further aspect the present invention provides a process for improving the
stability of an API (as compared to a reference form such as its frec form or a salt
thereof), which process comprises:

(1)  grinding, heating, co-subliming, co-melting, or contacting in solution the
pharmaceutical salt with a co-crystal former under crystallization conditions, so as to
form a co-crystal of the API and the co-crystal former; and

(2)  1solating co-crystals comprising the API and the co-crystal former.

In a preferred embodiment, the compositions of the present invention, including
the API or active pharmaceutical ingredient (API) and formulations comprising the API,
are suitably stable for pharmaceutical use. Preferably, the API or formulations thereof of
the present invention are stable such that when stored at 30 degrees C for 2 years, less
than 0.2 % of any one degradant is formed. The term degradant refers herein to
product(s) of a single type of chemical reaction. For éxample, if a hydrolysis event
occurs that cleaves a molecule into two products, for the purpose of the present invention,
it would be considered a single degradant. More preferably, when stored at 40 degrees C
for 2 years, less than 0.2 % of any one degradant is formed. Alternatively, when stored at
30 degrees C for 3 months, less than 0.2% or 0.15 %, or 0.1 % of any one degradant is
formed, or when stored at 40 degrees C for 3 months, less than 0.2 % or 0.15 %, or 0.1 %
of any one degradant is formed. Further alternatively, when stored at 60 degrees C for 4
weeks, less than 0.2 % or 0.15 %, or 0.1 % of any one degradant is formed. The relative
humidity (RH) may be specified as ambient (RH), 75 % (RH), or as any single integer
between 1 to 99 %.
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Difficult to Sali or Unsaltable Compounds
In a still further aspect the present invention provides a process for making co-

crystals of unsaltable or difficult to salt APIs which process comprises:

(D) grinding, heating, co-subliming, co-melfing, or contacting in solution an
API with a co-crystal former under crystallization conditions, so as to form a co-crystal
of the API and the co-crystal former; and

(2)  isolating co-crystals comprising the API and the co-crystal former.

Difficult to salt compounds inciude bases with a pKa less than 3 or acids with a
pKa greater than 10, Zwitter ions are also difficult to salt or unsaltable compounds

according to the present invention.

Decreasing Hygroscopicity
In a still further aspect, the present invention provides a method for decreasing the

hygroscopicity of an API, which method comprises:

(1)  grinding, heating, co-subliming, co-melting, or contacting in solution the
API with a co-crystal former under crystallization conditions, so as to form a co-crystal
of the API and the co-crystal former; and

(2)  isolating co-crystals comprising the API and the co-crystal former.

An aspect of the present invention provides a pharmaceutical composition
comprising a co-crystal of an API that is less hygroscopic than amorphous or crystalline,
free form or salt (including metal salts such as sodium, potassium, lithivm, calcium,
magnesium) or another reference compound. Hygroscopicity can be assessed by
dynamic vapor sorption analysis, in which 5-50 mg of the compound is suspended from a
Cahn microbalance. The compound being analyzed should be placed in a non-
hygroscopic pan and its weight should be measured relative to an empty pan composed of
identical material and having nearly identical size, shape, and weight. Ideally, platinum
pans should be used. The pans should be suspended in a chamber through which a gas,
such as air or nitrogen, having a controlled and known percent relative humidity (%oRE)

is flowed until eqilibrium criteria are met. Typical equilibrium criteria include weight
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changes of less than 0.01 % over 3 minutes at constant humidity and temperature. The
relative humidity should be measured for samples dried under dry nitrogen to constant
weight (<0.01 % change in 3 minutes) at 40 degrees C unless doing so would de-solvate
or otherwise convert the material to an amorphous compound. In one aspect, the
hygroscopicity of a dried compound can be assessed by increasing the RH from 5 to 95 %
in increments of 5 % RH and then decreasing the RH from 95 to 5 % in 5 % increments
to generate a moisture sorption isotherm. The sample weight should be allowed to
equilibrate between each change in % RH. If the compound deliquesces or becomes
amorphous above 75 % RH, but below 95 % R, the experiment should be repeated with
a fresh sample and the relative humidity range for the cycling should be narrowed to 5-75
% RH or 10-75 % RH, instead of 5-95 %RH. If the sample cannot be dried prior to
testing due to lack of form stability, than the sample should be studied using two
complete humidity cycles of either 10-75 % RH or 5-95 % RH," and the results of the
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second cycle should be used if there is significant weight loss at the end of the first cycle.

Hygroscopicity can be defined using various parameters. For purposes of the present
invention, a non-hygroscopic molecule should not gain or lose more than 1.0 %, or more
preferably, 0.5 % weight at 25 degrees C when cycled between 10 and 75 % RH (relative
humidity at 25 degrees C). The non-hygroscopic molecule more preferably should not
gain ot lose more than 1.0 %, or more preferably, 0.5 % weight when cycled between 5
and 95 % RH at 25 degrees C, or more than 0.25 % of its weight between 10 and 75 %
RH. Most preferably, a non-hygroscopic molecule will not gain or lose more than 0.25 %
of its weight when cycled between 5 and 95 % RH.

Alternatively, for purposes of the present invention, hygroscopicity can be defined
using the parameters of Callaghan et al., “Equilibrium moisture content ofpharmaceutical
excipients”, in Api Dev. Ind. Pharm., Vol. 8, pp. 335-369 (1982). Callaghan et al.

classified the degree of hygroscopicity into four classes.

Class 1: Non-hygroscopic  Essentially no moisture increases occur at relative
humidities below 90 %.
Class 2; Slightly hygroscopic Essentially no moisture increases occur at

relative humidities below §0%,
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Class 3: Moderately hygroscopic ~ Moisture content does not increase more
than 5 % after storage for 1 week at relative humidities below 60 %,
Class 4;: Very hygroscopic Moisture content increase may occur at relative

humidities as low as 40 to 50 %.

Alternatively, for purposes of the present invention, hygroscopicity can be defined
using the parameters of the European Pharmacopoeia Technical Guide (1999, p. 86)
which has defined hygrospocity, based on the static method, after storage at 25 degrees C
for 24 hours at 80 % RH:

Slightly hygroscopic: Increase in mass is less than 2 percent m/m and equal to or
greater than .2 percent m/m.

Hygroscopic: Increase in mass is less than 15 percent m/m and equal to or greater
than 0.2 percent m/m.

Very Hygroscopic: Increase in mass is equal to or greater than 15 percent m/m.

Deliquescent: Sufficient water is absorbed to form a liquid.

Co-crystals of the present invention can be set forth as being in Class 1, Class 2,
or Class 3, or as being Slightly hygroscopic, Hygroscopic, or Very Hygroscopic. Co-
crystals of the present invention can also be set forth based on their ability to reduce
hygroscopicity. Thus, preferred co-crystals of the present invention are less hygroscopic
than a reference compound. The reference compound can be specified as the API in free
form (free acid, free base, hydrate, solvate, etc.) or salt (e.g., especially metal salts such
as sodium, potassium, lithium, calcium, or magnesium). Further included in the present
invention are co-crystals that do not gain or lose more than 1.0 % weight at 25 degrees C
when cycled between 10 and 75 % RH, wherein the reference compound gains or loses
more than 1.0 % weight under the same conditions. Further included in the present
mvention are co-crystals that do not gain or lose more than 0.5 % weight at 25 degrees C
when cycled between 10 and 75 % RH, wherein the reference compound gains or loses

more than 0.5 % or more than 1.0 % weight under the same conditions. Further included
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in the present invention are co-crystals that do not gain or lose more than 1.0 % weight at
25 degrees C when cycled between 5 and 95 % RH, wherein the reference compound
gains or loses more than 1.0 % weight under the same conditions. Further included in the
present invention are co-crystals that do not gain or lose more than 0.5 % weight at 25
degrees C when cycled between 5 and 95 % RH, wherein the reference compound gains
or Joses more than 0.5 % or more than 1.0 % weight under the same conditions. Further
included in the present invention are co-crystals that do not gain or lose more than 0.25 %
weight at 25 degrees C when cycled between 5 and 95 % RH, wherein the reference
compound gains or loses more than 0.5 % or more than 1.0 % weight under the same
conditions.

Further included in the present invention are co-crystals that have a
hygroscopicity (according to Callaghan et al.) that is at least one class lower than the
reference compound or at least two classes lower than the reference compound. Included
are a Class 1 co-crystal of a Class 2 reference compound, a Class 2 co-crystal of a Class 3
reference compound, a Class 3 co-crystal of a Class 4 reference compound, a Class 1 co-
crystal of a Class 3 reference compound, a Class 1 co-crystal of a Class 4 reference
compound, or a Class 2 co-crystal of a Class 4 reference compound.

Further included in the present invention are co-crystals that have a
hygroscopicity (according to the European Pharmacopoeia Technical Guide) that is at
least one class lower than the reference compound or at least two classes lower than the
reference compound. Non-limiting examples include; a slightly hygroscopic co-crystal
of a hygroscopic reference compound, a hygroscopic co-crystal of a very hygroscopic
reference compound, a very hygroscopic co-crystal of a deliquescent reference
compound, a slightly hygroscopic co-crystal of a very hygroscopic reference compound,
a slightly hygroscopic co-crystal of a deliquescent reference compound, and a

hygroscopic co-crystal of a deliquescent reference compound.

Crystallizing Amorphous Compounds

In a further aspect, the present invention provides a process for crystallizing an

amorphous compound, which process comprises:
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) grinding, heating, co-subliming, co-melting, or contacting in solution the
API with a co-crystal former under crystallization conditions, so as to form a co-crystal
of the API and the co-crystal former; and

(2)  isolating co-crystals comprising the API and the co-crystal former.

An amorphous compound includes compounds that do not crystallize using

routine methods in the art.

Decreasing Form Diversity
In a still further embodiment aspect the present invention provides a process for

reducing the form diversity of an API, which process comprises:

(1)  grinding, heating, co-subliming, co-melting, or contacting in solution the
API with a co-crystal former under crystallization conditions, so as to form a co-crystal
of the APT and the co-crystal former; and

(2)  isolating co-crystals comprising the API and the co-crystal former.

For purposes of the present invention, the number of forms of a co-crystal is
compared to the number of forms of a reference compound (e.g. the free form or a salt of

the API) that can be made using routine methods in the art.

Morphology Modulation
In a still further aspect the present invention provides a process for modifying the

morphology of an API, which process comprises:

(1) grinding, heating, co-subliming, co-melting, or contacting in solution the
API with a co-crystal former under crystallization conditions, so as to form a co-crystal
of the API and the co-crystal former; and

(2)  1isolating co-crystals comprising the API and the co-crystal former.

In an embodiment the co-erystal comprises or consists of a co-crystal former and
a pharmaceutical wherein the interaction between the two, e.g., H-bonding, occurs
between a functional group of Table III of an APT with a corresponding interacting group

of Table III. In a further embodiment, the co-crystal comprises a co-crystal former of
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Table I or II and an AP1 with a corresponding interacting group of Table III. In a further
embodiment the co-crystal comprises an API from Table IV and a co-crystal former with
a functional group of Table III. In a further embodiment, the co-crystal is from Table I or
II. In an aspect of the invention, only co-crystals having an H-bond acceptor on the first
molecule and an H-bond donor on the second molecule, where the first and second
molecules are either co-crystal former and API respectively or API and co-crystal former
respectively, are included in the present invention. Table IV includes the CAS number,
chemical name or a PCT or patent reference (each incorporated herein in their entireties).
Thus, whether a particular API contains an H-bond donor, acceptor or both is readily
apparent.

In another embodiment, the co-crystal former and API each have only one H- .
bond donor/acceptor. In another aspect, the molecular weight of the API is less than
2000, 1500, 1000, 750, 500, 350, 200, or 150 Daltons. In another embodiment, the
molecular weight of the API is between 100-200, 200-300, 300-400, 400-500, 500-600, .
600-700, 700-800, 800-900, 900-1000, 1000-1200, 1200-1400, 1400-1600, 1600-1800, or
1800-2000. APIs with the above molecular weights may also be specifically excluded
from the present invention.

The hydrogen bond donor moieties of a co-crystal can include, but are not limited
to, any one, any two, any three, any four, or more of the following: amino-pyridine,
primary amine, secondary amine, sulfonamide, primary amide, secondary amide, alcohol,
and carboxylic acid. The hydrogen bond acceptor moieties of a co-crystal can include,
but are not limited to, any one, any two, any three, any four, or more of the following:
amino-pyridine, primary amine, secondary amine, sulfonamide, primary amide,
secondary amide, alcohol, carboxylic acid, carbonyl, cyano, dimethoxyphenyl, sulfonyl,
aromatic nitrogen (6 membered ring), ether, chloride, organochloride, bromide,
organobromide, and organoiodide. Hydrogen bonds are known to form many
supramolecular structures including, but not limited to, a catemer, a dimer, a trimer, a
tetramer, or a higher order structure. Tables V-XXI list specific hydrogen bond donor
and acceptor moieties and their approximate interaction distances from the
electromagnetic donor atom through the hydrogen atom to the electromagnetic acceptor

atom. For example, Table V lists functional groups that are known to hydrogen bond
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with amino-pyridines. Amino-pyridines comprise two distinct sites of hydrogen bond
donation/acceptance. Both the aromatic nitrogen atom (Npy) and the amine group (NH:)
can participate in hydrogen bonds. The ability of a given functional group to participate
in a hydrogen bond as a donor or as an acceptor or both can be determined by ingpection
by those skilled in the art.

The data included in Tables V-XXI are taken from an analysis of solid-state
structures as reported in the Cambridge Structural Database (CSD). These data include a
number of hydrogen bonding interactions between many functional groups and their

associated interaction distances.

Table V- Hydrogen bonding functional groups with amino-pyridines and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation
(angstroms)
Primary Amide (to NH;) 3.07 N/A N/A
Primary Amide (tc Npy) 2.97 N/A N/A
Secondary Amide 2.75-3.17 N/A N/A
(tD N-Hz)
Secondary Amide 2.70-3.20 292 0.07
{to Npy)
Carboxylic Acid 2.72-3.07 2.89 0.08
(to NH;)
Carboxylic Acid 2.54-2.82 2.67 0.05
{to Npy)
Water (to NH,) 2.72-3,15 2.94 0.09
Water (to Npy) 2.65-3.15 2.87 0.10
Alcoho] (to NH;) 2.78-3.14 2.96 0.08
Alcohol {(to Npy) 2.63-3.06 2.79 0.07
Primary Amine 2.85-3.25 3.05 0.07
Secondary Amine 2.83-3.25 2.93 (.05
Carbonyi 2.87-3.10 2.95 (.07
Sulfoxo 2.70-3.10 2.90 (.08
Ether 2.84-3.20 3.05 0.07
Ester (C-O-C) 3.09 N/A N/A
Ester (C=0) 2.85-3.16 3.00 0.08
Aromatic N 2.78-3.25 3.04 0.07
Cyano 2.83-3.30 3.09 0.12
Nitro 2.85-3.28 3.08 0.11
Chloride 3.10-3.45 3.25 0.08
Bromide 3.27-3.48 3.39 : 0.05
Table VI- Hydrogen bonding functional groups with primary amines and associated interaction distances
Funetional Group Interaction Distances Mean Standard Deviation
{angstroms)
Primary Amide 2.73-3.20 2.98 0.13
Secondary Amide 2.65-3.20 297 0.09
Carboxylic Acid (0=C) 2.74-3.15 2.94 0.09
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Carboxylic Acid (OH) 2.72-3.12 2.95 0.11
Amino-pyridine 3.10-3.24 3.22 0.02
Sulfonamide 2.86-3.17 3.02 0.11
Water 2.65-3.17 2.95 0.10
Alcohol 2.63-3.26 2.98 0.15
Carbonyl 2.64-3.15 295 0.09
Sulfoxo 2.70-3.10 2.92 0.0%
Sulfonyl 2.93-3.12 3.13 0.12
Ether 2.95-3.25 3.05 0.11
Ester (C-0-C) 2.90-3.20 3.11 0.07
Ester (O=C) 2.74-3.27 3.04 0.12
Aromatic N 2.92-3.26 3.07 0.07
Cyano 2.83-3.30 3.02 0.06
Nitro 2.75-3.17 3.05 0.08
Chloride 3.07-3.50 3.28 0.09
Bromide 3.23-3.60 343 0.08

Table VII- Hydrogen bonding functional groups with primary sulfonamides and associated interaction

distances

Functional Group Interaction Distances Mean Standard Deviation
(angsiroms)

Water 2.87 N/A N/A
Alcohol 2.85-3.07 2.94 0.06
Primary Amine 2.85-3.20 3.02 0.10
Secondary Amine 2.85-3.20 3.03 0.10
Sulfonyl 2.85-3.20 3.03 0.12
Ether 2.90-3.20 3.07 (.08
Ester 2.85-3.12 2,99 0.07
Cyano 3.00 N/A N/A
Nitro 3.00-3.20 312 0.07
Chloride 3.20-3.32 3.26 0.03

Table VIII- Hydrogen bonding functional groups with primary amides and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation
(angsiroms)
Secondary Amide 2.70-3.15 2.935 0.07
Carboxylic Acid (OH) 2.40-2.80 2.560 0.06
Carboxylic Acid (C=0) 2.80-3.25 2.961 0.09
Amino-pyridine (NH,) 2.90-3.20 3.069 0.00
Amino-pyridine 2.80-3.10 2.972 0.00
{Aromatic N)

Aromatic N 2.90-3.21 3.069 0.07
Water (to C=0) 2.60-3.00 2.813 0.08
‘Water (to NH,) 2.70-3.07 2.945 0.07

Alcohol (to C=0) 2.50-3.00 2.753 0.07
Alcohol (to NH,) 2.70-3.10 2.965 0.06
Secondary Amine 2.80-3.10 2.967 0.07

{to C=0)
Secondary Amine 3.00-3.15 3.079 0.03

(tO NH-)
Carbonyl 2.80-3.15 2.993 0.08
Sulfonyl 2.90-3.00 2.920 0.00
Ether 2.80-3.10 2.960 0.07
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Ester (C=0) 2.70-3.05 2.932 0.05
Cyano 3.00-3.30 3.117 0.07
Nitro 2.90-3.07 3.020 0.03
Chloride 3.10-3.60 3.340 0.08
Bromide 3.30-3.30 3.550 0.11

Table IX- Hydrogen bonding functional groups with s

econdary amides and associated interaction distances

Fungtional Group Interaction Disiances Mean Standard Deviation
(angstroms)
Primary Amide 2.70-3.15 2.935 0.07

Carboxylic Acid (C=0) 2.70-3.10 2.920 0.09

Carboxylic acid (OH) 2.40-3.05 2.606 0.05

Amino-pyriding 2.70-3.20 2.920 0.07
(Aromatic N)

Amino-pyridine (NH,) 2.75-3.17 2.920 0.08
Sulfonamide (5=0) 2.50-3.20 3.110 0.16
Sulfonamide (NH,) 2.70-3.00 2916 0.05

Aromatic N 2.60-3.15 2,955 0.09
Water (to C=0) 2.40-3.10 2.840 0.09
Water (to NH») 2.60-3.10 2.887 0.10

Alcohol (to C=0) 2.50-3.04 2.773 0.09
Alcohol (to NH,) 2.50-3.20 2.933 0.11
Primary Amine 2.65-3.20 2.970 0.09
Secondary Amine 2.60-2.15 2.932 0.11
Carbonyl 2.70-3.07 2.937 0.08
Sulfonyl 2.60-3.25 3.080 0.09
Ether 2.70-3.16 2,992 0.09

Ester 2.80-3.16 2.986 0.09
Cyano 2.50-3.30 3.120 0.09
Nitrg 2.80-3,10 2.993 0.08
Chloride 2.90-3.40 3.261 0.15
Bromide 3.10-3.50 3.3%4 0.1]

Table X- Hydrogen bonding functional groups with al

cohols and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation
(angstroms)
Primary Amide (C=0) 2.50-3.00 2.753 0.07
Primary Amide (NH,) 2.70-3.10 2.965 0.06
Secondary Amide 2.50-3.04 2773 0.09
(C=0)
Secondary Amide (NH;) 2.50-3.20 2.933 0.11

Carboxylic Acid (C=0) 2.50-3.00 2.792 0.08

Carboxylic Acid (OH) 2.40-2.90 2.649 0.05

Amino-pyridine 2.60-3.06 2.790 0.07
{Aromatic N)

Amino-pyridine (NH;) 2.75-3.15 2.960 0.08
Sulfonamide 2.80-3.07 2.940 0.06
Aromatic N 2.50-3.00 2977 0.08

Water 2.40-3.03 2.787 0.10
Primary Amine 2.60-3.15 2.897 0.13
Secondary Amine 2.60-3.15 2.888 0.13
Carbonyl 2.40-3.05 2.805 0.11
Sulfonyl 2.40-3.15 2.870 0.10
Ether 2.40-3.00 2.841 0.08
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Ester 2.50-3.10 2.852 0.10
Cyario 2.40-3.10 2.873 0.09
Nitro 2.45-3.05 2.935 0.08
Chloride 2.60-3.30 3.093 0.07
Bromide 3.00-3.50 3.258 0.07

Table XI- Hydrogen bonding functional groups with carboxylic acids and associated interaction distances

Funectional Group Inieraction Distances Mean Standard Deviation
(angstroms)
Priinary Amide (NH) 2.80-3.25 2.961 0.09
Primary Amide (C=0) 2.40-2.80 2.560 0.07
Secondary Amide (NH) 2.70-3.10 2.920 0.09
Secondary Amide 2.40-3.05 2.606 0.05
(C=0)
Amino-pyridine 2.50-2.80 2.670 0.05
{Aromatic N}’
Amino-pyridine (NH;) 2.70-3.00 2.8%0 0.08
Aromatic N 2.54-2.94 2.658 0.06
Water (to C=0) 2.50-3.00 2.830 0.07
Water (to OH) 2.40-3.00 2.626 0.11
Alcohol (to C=0) 2.50-3.00 2.792 £.08
Alcchol (to OH) 2.50-2.90 2.649 0.05
Primary Amine 270-3.10 2.959 0.09
(to C=0)
Primary Amine (to OH) 2.70-3.10 2.828 0.12
Secondary Amine 2.70-3.10 2.909 0.11
(to C=0)
Secondary Amine 2.70-3.10 2,727 0.12
(to OH)
Carbonyl 2.40-3.00 2.696 0.08
Ether 2.50-3.00 2,751 0.12
Ester (C=0) 2.40-3.05 2.672 0.07
Estey (C-O-C) 2.40-3.10 2.990 N/A
Cyano 2.50-2.80 2.746 0.09
Nitro 2.70-3.05 2.942 0.10
Chloride ' 2.80-3.20 3.00 0.05
Bromide 3.00-3.30 3.150 0.05

Table XII- Hydrogen bonding functional groups with carbonyls and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation
_(angstroms)

Primary Amide 2.83-3.15 3.96 0.06
Secondary Amide 2.70-3.07 2.93 0.08
Carboxylic Acid 2.40-3.00 2.70 0.08
Amino-pyridine 2.87-3.10 2.95 0.07
Secondary Sulfonamide 2.76-3.22 2.949 0.12
Water 2.55-3.05 2.82 0.10
Alcohol 2.40-3.05 2.80 0.01
Primary Amine 2.64-3.15 2.959 0.09
Secondary Amine 2.64-3.15 2.87 0.01
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Table XIiI- Hydrogen bonding functional groups with cyano groups and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation
(angstroms)

Primary Amide 3.01-3.30 3.15 0.09
Secondary Amide 2.90-3.30 3.13 N/A
Carboxylic Acid 2.57-3.00 275 0.09
Amino-pyridine 2.84-3.33 3.10 0.12
Primary Sulfonamide 2.99 N/A N/A
Secondary Sulfonamide 2.83-3.00 2.90 0.07
Water 2.78-3.20 2.98 0.01
Alcohol 2.72-3.13 2.89 0.09
Primary Amine 2.84-3.27 3.08 ) 0.09
Secondary Aming 2.84-3.30 3.09 (.12

Table XTV- Hydrogen bonding functional groups with sulfonyl groups and associated interaction distances

Functional Gromp Interaciion Distances Mean Standard Deviation
{angstroms)
Primary Amide 292 N/A N/A
Secondary Amide 2.95-3.25 3.08 0.09
Primary Sulfonamide 2.85-3.10 3.00 0.10
Secondary Sulfonamide 2.85-3.20 3.04 N/A
Water 2.84-3.00 2.50 0.05
Alcohol 2.65-3.15 2.87 0.1

Primary Amine 2.93-3.32 3.13 0.12
Secondary Amine 2.75-3.32 3.05 0.12

Table XV- Hydrogen bonding functional groups with aromatic N and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation
(angstroms)

Primary Amide 2.90-3.21 3.07 0.07
Secondary Amide 2.60-3.15 2,96 0.09
Carboxylic Acid 2.54-2.94 2.66 0.06
Amino-pyridine 2.70-3.20 3.04 0.07
Water 2.60-3.15 2.91 0.09
Alcohol 2.50-3.00 2.78 0.08
Primary Amine 2.92-3.26 3.07 0.07
Secondary Amine 2.73-3.25 3.02 0.10
Table XVI- Hydrogen bonding functional groups with ethers and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation

(angstroms)

Primary Amide 2.80-3.10 2.97 0.08
Secondary Amide 2,70-3.16 2.99 0.09
¢ Carboxylic Acid 2.50-3.02 2.75 0.12
Amino-pyridine 2.80-3.20 3.05 0.07
Sulfonamide 0-3.20 3.07 0.08
Water 2.40-3.15 2.94 0.12
Alcohol 2.40-3.00 2.84 0.08
Primary Amine 2.75-3.25 3.05 0.11
Secondary Amine 2.60-3.25 3.05 0.13
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Table XVII- Hydrogen bonding functional groups with chlorides and associated interaction distances

Functional Group Interaction Distances Mean Standard Deviation
(angstroms)
Primary Amide 3.10-3.60 3.34 0.08
Secondary Amide 2.90-3.30 3.18 0.06
Carboxylic Acid 2.80-3.30 3.00 0.05
Amino-pyridine 3.10-3.45 3.25 0.08
Sulfonamide 0-3.35 3.26 0.03
Water 2.70-3.30 3.17 0.06
Alcohol 2.50-3.30 3.09 0.07
Primary Amine 3.00-3.50 3.28 0.09
Secondary Amine 2.90-3.40 3.20 0.10
Table XVIi- Hydrogen bonding functional groups with organochlorides and associated interaction
distances
Functional Group Interaction Distances Mean Siandard Deviation
(angstroms)

Primary Amide 3.18-3.21 3.20 0.02
Secondary Amide 3.20-3.27 3.25 0.03
Carboxylic Acid 2.90-3.23 3.17 0.07
Amino-pyridine 3.28-3.33 3.31 0.03
Sulfonamide 0-3.50 N/A N/A
Water 2.79-3.26 3.14 0.15
Alcohol 2.90-3.29 3.17 0.09
Primary Amine 3.21-3.29 3.25 0.05
Secondary Amine 3.26-3.30 3.28 0.02

Table XIX- Hydrogen bonding functional groups with bromides and associated interaction distances

Funetional Group Interaction Distances Mean Standard Deviation
{(angstroms)

Primary Amide 3.30-3.80 3.55 0.11
Secondary Amide 3.10-3.80 3.39 0.11