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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. 

ii. 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. 

iii. 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. 

iv. The opponent herewith submits opposition along with supporting facts and 

documentary evidence to oppose the grant of patent for impugned Patent 

Application. 
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v. EVIDENCE RELIED UPON BY THE OPPONENT: 

S.No. Details of Documents Exhibit No. 

01 
Impugned application as filed as national phase 
application in India and published during international 
phase as WO/2007/056546 

Exhibit 02 

02 Amended claim set dated 06, June 2020  Exhibit 03 

03 D1: WO 03/059345 (Jul 24, 2003) Exhibit 04 

04 D2: WO200206253 (Jan 24, 2002) Exhibit 05 

05 D3: WO2004078163 (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 

08 
D6: Christer B. Aakeröy et al, “Building co-crystals 
with molecular sense and supramolecular sensibility”; 
CrystEngComm, 2005, 7(72), 439–448 (June 2005) 

Exhibit 09 

09 

D7: Page 252 of the Chapter 16- Identical and Non-
identical twin drugs in the book titled “The Practice of 
Medicinal Chemistry” edited by Camille Georges 
Wermuth (Jun 11, 2003) 

Exhibit 10 
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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: 
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SUPPORT AND BASIS FOR ESTABLISHING GROUNDS OF OPPOSITION: 

vi. 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 WO2003059345 (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,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-yl]methyl}valine) ((2R,4S)-5-biphenyl-4-yl-4-(3-carboxy-

propionylamino)-2-methylpentanoic acid ethyl ester)]Na3 • x H2O, 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. 
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D1 on page on page 7 disclose: 

 

D1 on page on page 8 further disclose: 

 

 

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: WO200206253 (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, 
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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: 

 

D2 on page on page 4 disclose: 

 

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 
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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: WO2004078163 (Exhibit 06) discloses a pharmaceutical composition 

comprising a co-crystal of an API 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 API (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 API 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: 

 

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)-
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biphenyl-4-yl]methyl}valine) and the present application relates to the compound 

having general structure: 

 
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: 

 
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,4S)-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. Aakeröy 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 
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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-yl]methyl}valine) ((2R,4S)-5-biphenyl-4-yl-4-(3-

carboxypropionylamino)-2-methylpentanoic acid ethyl ester)]Na3 • x H2O, 

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 API and cocrystal former. API 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. 
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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.  

vii. 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”. 
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The claims of impugned application relate to a supramolecular complex of 

Valsartan and Sacubitril and D1-WO2003059345, 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. 

 

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

efficacy. 

Further, D4 discloses and claims valsartan with the IUPAC name (S)-N-

valeryl-N-{[2'-(1H-tetrazole-5-yl)biphenyl-4-yl]methyl}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 
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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. 

viii. 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; 
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- 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.  

ix. 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)(g). 

 

x. 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; 
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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 

mailto:patentconsult.ashu@gmail.com
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Name: Dr. Kanchan Kohli 

 
 

Email   ID: kanchankohli@gmail.com 
 

Academic Qualification: M. Pharma, Ph.D. 

 

Position: Ex professor and Head 
 

Department of Pharmaceutics, 

Jamia Hamdard 

New Delhi-110062 

Nature of job: Teaching and Research 

 

Total Teaching/ Research: 37 years 

 

Specialization: Pharmaceutics 

 

Administrative Experience: 6 years 

 

Research Guidance: Guided 40 Ph.D. (Out of which 4 were                                                        

Inspire fellow) & M. Pharm students 

 

 
RESEARCH INDEX 

 
• Total number of papers published in referred journals = 243 

• Total publications: 236 

• H index = 45 (Source= Google Scholar) 

• Total number of citations = 8830 (Source= Google Scholar) 

• I10 index = 139 (Source= Google Scholar) 
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ORGANIC COMPOUNDS

Background of the Invention

Field of the Invention

The present invention is directed to dual-acting compounds and combinations of angiotensin

receptor blockiers and neutral endopeptidase inhibitors, in particular a dual acting molecule

wherein the angiotensin receptor blocker and neutral endopeptidase inhibitor are linked via

non-covalent ponding, or supramolecular complexes of angiotensin receptor blockers and

neutral endopeptidase inhibitors, also described as linked pro-drugs, such as mixed salts or

co-crystals, aS 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 subject 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 Background Art

Angiotensin II 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 II interacts with

specific receptors on the surface of target cells. Two receptor subtypes for angiotensin II,

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 II antagonists) are now known to prevent angiotensin II 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. 1923 (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 thispeptide [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 substances, 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 different 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:

(a) 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;

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

(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 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 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 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 NH4.

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)-canboxyl-3-phenylpropyl]-(S)-phenylalanyl]-(S)-isoserine; N-[N-[(1 S)-carboxy-2-

phenyl)ethyl]-|S)-phenylalanyl]-(3-alanine; N-[2(S)-mercaptomethyl-3-(2-methylphenyl)-

propionyl]methionine; (c/s-4-[[[1-[2-carboxy-3-(2-rnethoxyethoxy)propyl]-

cyclopentyl]carbonyl]amino]-cyclohexanecarboxylic acid); thiorphan; retro-thiorphan;

phosphoramidon; SQ 29072; N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-

amino-2R-methylbutanoic acid ethyl ester; (S)-c/s-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; A/-(1-(3-(N-f-butoxycarbonyl-(S)-prolylamino)-2(S)-f-butoxy-

carbonylpropyi)cyclopentanecarbonyl)-O-benzyl-(S)-serine methyl ester;

4-[[2-(mercaptomethyl)-1 -oxo-3-phenylpropyl]amino]benzoic acid; 3-[1 -(c/s-4-

carboxycarbonyl-c/'s-3-butylcyclohexyl-r-1-carbamoyl)cyclopentyl]-2S-(2-

methoxyethoxymethyl)propanoicacid; N((2S)-2-(4-biphenylmethyl)-4-carboxy-5-

phenoxyvaleryl)glycine; N-(1-(Nhydroxycarbamoylmethyl)-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;

p-alanine; 3-[1,1'-biphenyl]-4-yl-/V-[diphenoxyphosphinyl)methyl]-/.-alanyl; N-(2-carboxy-4-

thienyl)-3-mercapto-2-benzylpropanarnide; 2-(2-mercaptomethyl-3-

phenylpropionamido)thiazol-4-ylcarboxylic acid; (L)-(1-((2,2-dimethy!-1,3-dioxolan-4-yl)-

methoxy)carbonyl)-2-phenylethyl)-L-phenylalanyl)-p-alanine; /V-[A/-[(L)-[1 -[(2,2-dimethyl-1,3-

dioxolan-4-yl)-methoxy]carbonyl]-2-phenylethyl]-L-phenylalanyl]-(fN)-alanine; N-[A/-[(L)-1-

carboxy-phenylethylJ-L-phenylalanyll^flJ-alanine; A/-[2-acetylthiomethyl-3-(2-methyl-

phenyl)propiottiyl]-methionine ethyl ester; A/-[2-mercaptomethyl-3-(2-methylphenyl)propionyl]-

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-phenylpropyl]amino]cyclopentylcarbonyl]-(S)-isoserine;

N-[1 -[[1 (S)-caifbonyl-3-phenylpropyl]amino]-cyclopentylcarbonyl]-(S)-isoserine; 1,1 '-[dithiobis-

[2(S)-(2-methylbenzyl)-l-oxo-3,1-propanediyl]]-Ns-(S)-isoserine; 1,1'-[dithiobis-[2(S)-(2-

methylbenzyO'l-oxo-S.I-propanediyl]]-d/s-(S)-methionine; A/-(3-phenyl-2-(mercaptomethyl)-

propionyl)-(S)-4-(methylmercapto)methionine; AA[2-acetylthiomethyl-3-phenyl-propionyl]-3-

aminobenzoic acid; N-[2-rnercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid;

N[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-(acetytthiomethyl)-3-phenyl-propionyl]amimo-e-caprolactam; N-(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

(a) 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:

(a) 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

(a) 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 NH4;

said method comprising the steps of:

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

inhibitor (NEPi) in a suitable solvent;

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

(iii) 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:

(a) 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, 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 vascular disease, Raynaud's disease, luminal hyperplasia, cognitive dysfunction

(such as Alzheimer's), glaucoma and stroke comprising administering the afore-mentioned

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

afore-mentiontd 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-

(S)-3'-methyi-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-ylmethyl}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) 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 NH4.

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

consistfng of Na, K and NH4.
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The present invention is also directed to a dual-acting compound, in particular a

supramolecular complex, obtainable by:

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

inhibitor (NEPi) in a suitable solvent;

(ii) dissolving a basic compound of Cat such as (Cat)OH, (Cat)2CO3, (Cat)HCO3 in a

suitable solvent, wherein Cat is a cation preferably selected from the group consisting

of Na, K and NH4;

(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

alternately

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 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 NEPi 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 purpose 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. Ionic 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 present 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 π-π -

stacking. Ionic 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 solvent, 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, olmesartan saprisartan, tasosartan, elisartan, the compound with the

designation E-1477 of the following formula

~£x/N/yV̂_^y^A

NX NH
\ /
N—N

)

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

N jf

\/\X^N-N

v^^/~\
NX NH
\ /
N=N

and

the compound with the designation the compound ZD-8731 of the following formula
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Suitable angidtensin II receptor antagonist also includes, but is not limited to, saralasin

acetate, candesartan 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,

1-161177, 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, Cl-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 I 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; 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; £>/s-L-arginine salt of valsartan in amorphous

form; mono-L-lysine salt of valsartan in amorphous form; d/s-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

61



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

H,C CH H3C CH,
3 \H/ 3

O

H.C CH,
\H/

preferably

Valsartan ((S)-/V-valeryl-A/-{[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 NH4, 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 (I)

R2 O R3 O

II I II
i|C r*Ll f^LJ f^ KILJ OLJ /OLJ \ r* D
no Orig w f i V_» INrl wrl V*/"2)n ^ " M (\\

wherein

R2 is alkyl of 1-7 carbons, trifluoromethyl, phenyl, substituted phenyl, -(CH2)1 to 4-phenyl,

or -(CH2)1 to 4-substituted phenyl;

R3 is hydrogen, alkyl of 1-7 carbons, phenyl, substituted phenyl, -(CH2)1 to 4-phenyl or

-(CH2}1 to 4-substituted phenyl;

R! is hydroxy, alkoxy of 1-7 carbons or NH2;
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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

R2 is benzyl;

R3 is hydrogen;

n is an integer from 1-9; and

RI is hydroxy.

Another preferred neutral endopeptidase inhibitor is (3S,2'R)-3-{1-[2'-(ethoxycarbonyl)-4'-

phenyl-butyl]-oyclopentan-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-[/V-[1(S)-carboxyl-3-phenylpropyl]-(S)-phenylalanyl]-(S)-

isoserine; N-[N-[((1 S)-carboxy-2-phenyl)ethyl]-(S)-phenylalanyl]-p-alanine; N-[2(S)-

mercaptomethyl-3-(2-methylphenyl)-propionyl]methionine; (c/s-4-[[[1-[2-carboxy-3-(2-

methoxyethoxy)propyl]-cyclopentyl]carbonyl]amino]-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-oxopropyl)-(4S)-p-

phenylphenylmethyl)-4-amino-2R-methylbutanoic 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]cydopentyl)-2-(2-methoxyethyl)propanoicacid; A/-(1-(3-(A/-f-butoxycarbonyl-(S)-

prolylamino)-2(S)-f-butoxy-carbonylpropyl)cyclopentanecarbonyl)-O-benzyl-(S)-serine methyl

ester; 4-[[2-(rnercaptomethyl)-1-oxo-3-phenylpropyl]amino]benzoic acid; 3-[1-(cis-4-

carboxycarbonyl-cis-3-butylcyclohexyl-r-1-carbamoyl)cyclopentyl]-2S-(2-

methoxyethoxymethyl)propanoicacid; 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;

(S)-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-
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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-phenylalanyl)-p-alanine; A/-[A/-[(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-

rnethyl-phenyl)propionyl]-methionine ethyl ester; /V-[2-mercaptomethyl-3-(2-

methylphenyl)propionyl]-methionine; N-[2(S)-mercaptomethyl-3-(2-methylphenyl)propanoyl]-

(S)-isoserine; A/-(S)-[3-mercapto-2-(2-methylphenyl)propionyl]-(S)-2-methoxy-(f?)-alanine;

A/-[1-[[1(S)-benzyloxycarbonyl-3-phenylpropyl]amino]cyclopentylcarbonyl]-(S)-isoserine;

A/-[1-[[1(S)-carbonyl-3-phenylpropyl]amino]-cyclopentylcarbonyl]-(S)-isoserine; 1,1'-[dithiobis

[2(S)-(2-methylbenzyl)-1 -oxo-3,1 -propanediyl]]-b/s-(S)-isoserine; 1,1 '-[dithiobis-[2(S)-(2-

methylbenzyl)*1-oxo-3,1-propanediyl]]-bis-(S)-methionine; A/-(3-phenyl-2-(mercaptomethyl)-

propionyl)-(S)-4-(methylmercapto)methionine; /V-[2-acetylthiomethyl-3-phenyl-propionyl]-3-

aminobenzoic acid; A/-[2-mercaptomethyl-3-phenyl-propionyl]-3-aminobenzoic acid;

A/-[1-(2-carboxy 4-phenylbutyl)-cyclopentane-carbonyl]-(S)-isoserine;

A/-[1 -(acetylthiomethyl)cyclopentane-carbonyl]-(S)-methionine ethyl ester;

3(S)-[2-(acetylthiomethyl)-3-phenyl-propionyl]amimo-E-caprolactam; A/-(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-

65



- 18-

propionylamino)-2-methyl-pentanoic acid ethyl ester of formula (II) or the respective

hydrolysed form 5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid.

CH

(II) .

The compound of formula (II) can exist as the (2ft,4S), (2f?,4S), (2fl,4S) or (2fl,4S) isomer.

Preferred is (2/?,4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid

ethyl ester as shown below:

The compound of formula (II) 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 NH4, 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 NH4. 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 NH4, 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 «Xa« ARB scheme (1)

NEPi • XaYb» ARB scheme (2)

NEPi • Zc» ARB scheme (3),

wherein

X is Ca, Mg, Zn or Fe;

YisNa, KorNH4;

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 r, 2+or3+.

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 Pharm Bull, 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, tie 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 (2fl,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-f-butylether, acetonitrile, toluene, and

methylene chloride, 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)]Na1-3 • xH2O, wherein x is 0, 1 , 2 or 3, such as 3, preferably

[ARB(NEPi)]Na3 • xH2O, wherein x is 0, 1 , 2 or 3, such as 3, more preferably

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

ethyl ester]Na$ • x H2O, wherein x is 0, 1 , 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:

• xH20, wherein x is 0 to 3, such as 2.5, preferably

[ARB(NEPi)]NB3 • xH2O, wherein x is 0 to 3, such as 2.5, more preferably

[(N-valeryl-A/-{[2'-(1H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine) (5-biphenyl4-yl-5-(3-

carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester]Na3 • x H2O, in particular [((S)-

AAvaleryl-A/-{[2'-(1H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine) ((2Rl,4S)-5-biphenyl4-yl-5-

(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester]Na3 • x H20, 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-ylrnethyl-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-((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 used to formally calculate the relative molecular

mass, is shown below.
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. 3Na+. 2.5 H20

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)-A/-valeryl-A/-{[2'-(1H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine and

(2f?,4S)-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 shifts 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

Sdegree/minute. The most important reflections in the X-ray diffraction diagram comprise the

following interlattice plane intervals:

The preferred characterization 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'-ylmethyl}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)

4.5, 5.5, 5.6, 9.9, 12.8, 15.7, 17.0, 17.1, 17.2, 18.3, 18.5, 19.8, 21.5, 21.7, 23.2, 23.3, 24.9,

25.3, 27.4, 27.9, 28.0, 30.2.

or with an error limit of ±0.1:

4.45, 5.52, 5.57, 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:

29 in [ s ] : .4.5, 5.6, 12.8, 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-ylmethyl-3-ethoxycarbonyl-1-

butylcarbamoyl)propionate-(S)-3I-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4I-

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

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

Table

measured

2e in [°]

4.45

5.52

5.57

9.94

12.82

1566

17.01

17.12

17.2

18.32

1 •

Intehsity

very

strong

Strong

strong

very

weak

very

strong

very

weak

weak

strong

weak

w®ak

calculated

29 In pj

4.15

5

6.5

9.75

12.6

15.05

16.9

17.1

17.15

18.25

Intensity

very

strong

strong

strong

weak

weak

strong

very

strong

strong

weak

very

measured

20 in [°]

19.76

21.53

21.72

23.17

23.27

24.88

25.3

27.4

27.88

28.04

Intensity

strong

weak

very weak

weak

weak

very weak

weak

weak

very weak

weak

calculated

20 In [°3

19.6

19.8

21.4

23.1

23.15

25.3

27.3

27.9

Intensity

very weak

very weak

very weak

very weak

very weak

very weak

very weak

very weak

very weak
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30.2 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-ylmethyl-3-ethoxycarbonyl-1-

butylcarbamoyl)propionate-(S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-

ylmethyl}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

molecular mass

crystal colour

crystal shape

crystal system

space group

Cell parameters

957.99

colourless

tabular: hexagonal

monoclinic

P2i

a=20.344 A

b=42.018A

c=20.374 A

a = 90°

(3=119.29°
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Y = 90°

volume of unit cell 15190.03 A3

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-ray generator 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, Gottingen)

In three dimensions, the unit cell is defined by three edge lengths a, b, and c, and three

interaxial angles a, (3, und y. In this way, the volume of the unit cell Vc 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,3fl)-1-biphenyl-4-ylmethyl-3-

ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-

ylate)biphenyl-4'-ylmethyl}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

C48H55N6O8Na8 • 2.5 H2O occurring as a result of two asymmetric units on two-fold positions.
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The acentric space group P2t 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-

((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

comprising two asymmetric units is shown in Figure 1.

Based on the single crystal structure solution, the asymmetric unit of the trisodium [3-

((IS.SfO-l-biphenyl^-ylmethyl-S-ethoxycarbonyl-l-butylcarbamoyOpropionate-(S)-S'-methyl-

2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-ylmethyl}amino)butyrate] hemipentahydrate

supramolecule comprises six each of ARB and NEPi moieties, 18 sodium atoms, and 15

water molecules. Trisodium [3-((1S,3f?)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-

utylcarbamoyl)propionate-(S)-3'-methyl-2)-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-

ylrnethyl}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 Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) spectrometer

(Nicolet Magna-IR 560) showing the following significant bands, expressed in reciprocal

wave numbers (cm"1 ):

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

medium; and (st) = strong intensity.
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Such a compound 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"1):

3061 (m), 2930 (m, broad), 1612 (st), 1523 (m), 1461 (w), 1427 (w), 1287 (st), 1195 (w),

1108 (w), 11063 (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"1. The intensities of the absorption bands

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

Such a compound may also be characterized by distinct melting properties measured by

differential scanning calorimetry (DSC). Using Q1000 (TA Instruments) instrument, the

melting onset temperature 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 suspensions.

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 combination or the dual-acting compound, in particular the complex of the present

invention, diluents 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 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; (3-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 mg, 160

mg/160 rng, 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-4195052, 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 IV)

inhibitors such as LAF237;

b) hypolipideraic 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, bepridil, 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 ifrom 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.

Accordingly, tie 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-ylmethyl-3-

ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-

ylate)biphenyl*4'-ylmethyl}amino)butyrate] hemipentahydrate, e.g. applying the following

methodology:

The antihypertensive and neutral endopeptidase 24.11 (NEP)-inhibitory activities of trisodium

[3-((1S,3f?)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-

methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-ylmethyl}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 Pt 2):428-34,1997). Consequently, these animals

exhibit an angiotensin ll-dependent hypertension. The NEP-inhibitory effect 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'-ylmethyl}amino)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-((1S,3R)-1-biphenyl-4-ylrnethyl-3-ethoxycarbonyl-1-

butylcarbamoyl)propionate-(S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4I-

ylmethyl}amino)butyrate] hemipentahydrate is administered orally as a powder in gelatin mini

capsules. The results are summarized below.

• Trisodium [3-((1 S,3f?)-1-biphenyl-4-ylmethyl-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.3R)-l-biphenyl^-ylmethyl-3-ethoxycarbonyl-l-

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.o.) groups. Baseline 24-hr mean arterial

pressure (MAP) is approximately 170-180 mmHg in all groups. Trisodium [3-((1S,3f?)-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'-

ylmethyl}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):S211-5, 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.o.). 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), 0 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-((1S,3R)-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl)propionate-(S)-3'-

methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4I-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 satt 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-f-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

(a) an angiotensin receptor antagonist;

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

(c) a pharmaceutically acceptable cation;

said method comprising the steps of:

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

inhibitor (NEPi) in a suitable solvent;

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

(iii) 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-f-butylether, acetonitrile, toluene, DMF, NMF and

rnethylene 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, methyl-t-butyl ether-ethanol,

ethanol-heptane, acetone-ethyl acetate, actetone-cyclohexane, toluene-heptane, more

preferably acetone.

Preferably, in step (ii) 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)2C03, (Cat)HCO3, 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 (ii) 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-?-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-f-butylether, 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. 10 to 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 min to 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

to40°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, methyl-f-butylether, acetonitrile, toluene, and methylene chloride and

mixtures of sueh solvents, more preferably isopropyl acetate. Preferably, a minimum amount

of solvent or solvent 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 remodeling, 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 vascular 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 according 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 [valsartan ((2R4S)-5-biphenyl4-yl-5-(3-carboxy-propionylamino)-2-
methyl-pentanoic acid ethyl ester]Na3 • 2.5 H2O

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,4S)-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 H20. 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 mixture 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 mass of the crystalline solid is obtained.

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

(2R,4S)-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]Na3 • 2.5 H2O

The dual acting compound of valsartan and (2f?,4S)-5-biphenyl4-yl-5-(3-carboxy-

propionylamino)-2-methyl-pentanoic acid ethyl ester is prepared by dissolving 22.96 mmol of

(2ft,4S)-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 °C for 1 h. The solids are collected by filtration

under nitrogen over a Buchner funnel, 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,4S)-5-biphenyl4-yl-5-(3-carboxy-
propionylamino)-2-methyl~pentanoic acid ethyl ester]Na3 • 2.5 H2O using seeding

A reactor is charged 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 HCI 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 mbar and 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 mixtuife 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]Na3 • 2.5 H2O 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 (Tj 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 concentrated at an internal temperature at 35 ± 5 °C (Tj 45 ± 5 CC) 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 Buchner

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 iriterlattice plane intervals from the X-ray powder pattern taken with a

Scintag XDS2000 powder diff ractometer for the most important lines for the sample give the

following results:

d in [ 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 26 in [°] are indicated (error limit of ±0.2)

4.5, 5.5, 5.6, 9,9, 12.8, 15.7, 17.0, 17.1, 17.2, 18.3, 18.5, 19.8, 21.5, 21.7, 23.2, 23.3, 24.9,

25.3, 27.4, 27.9, 28.0, 30.2.

Elemental anf lysis

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 (C48H55N6O8Na).SH2O

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

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

Infrared soectroscopy
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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"1):

2956 (w), 1711 (st), 1637 (at), 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"1.

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

and (st) = strong intensity.

Raman spectrpscopy

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 (cm"1):

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"1.

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

and (st) = strong intensity.

High Resolution CP-MAS 13C NMR Spectroscopy

The samples are investigated by high resolution CP-MAS (Cross Polarization Magic Angle

Spinning) 13C NMR spectroscopy using a Bruker-BioSpin AVANCE 500 NMR spectrometer

equipped with a 300 Watt high power 1H, two 500 Watt high power X-amplifiers, necessary

high power pre-amplifiers, a "MAS" controller and a 4 mm BioSolids high resolution Bruker

probe.
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Each sample is packed in a 4mm Zr02 rotor. Critical experimental parameters are 3 msec
13C contact times, 12 KHz spinning speed at the magic angle,, a "ramped" contact time,

using a "SPINAL64" 1H decoupling scheme, a recycle delay of 10 sees 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 13C NMR shows the following significant peaks (ppm):

179.0, 177.9 177.0, 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-

propionylamino)-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 mL 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,4S)-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-

propionylaminq)-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 (2f?,4S)-5-

biphenyl4-yl-5-{3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester free acid, and

12.6 mg of fr/s(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,4S)-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 claims. 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 H2O, wherein x is 0 to 3. 

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

 

3. The  compound  as  claimed  in  claim  2,  which  is  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. 

 

4. 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. 
 

 
 
6. 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) 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; 

(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, Na2CO3, NaHCO3, NaOMe, NaOAc or 

NaOCHO. 

 
Dated this 6th day of June, 2020 

                                                                             
 

 Hemant Singh 
                                                                              Inttl Advocare 

Agent for the Applicant
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(57) ABSTRACT 
The invention relates to biaryl substituted 4-amino 
butyric acid derivatives of formula I 

i: (I) 
Xoc-H-CH-H-NH-c-a-ch-cox 

R CH2-biaryi 

wherein COX and COX" independently represent car 
boxyl or carboxyl derivatized in form of a pharmaceuti 
cally acceptable ester or amide; R1 represents hydrogen, 
lower alkyl, C3-C7-cycloalkyl-lower alkyl, aryl-lower 
alkyl, biaryl-lower alkyl, lower alkoxy, aryl-lower alk 
oxy, aryloxy, N-lower alkylamino, N,N-di-lower alkyl 
amino, N-aryl-lower alkylamino, N,N-di-aryl-lower 
alkylamino, N-arylamino, N,N-diarylamino, lower al 
kanoylamino, aryl-lower alkanoylamino or aroylamino; 
R2 represents hydrogen, hydroxy, lower alkoxy, lower 
alkyl, aryl-lower alkyl, C3-C7-cycloalkyl-lower alkyl, 
amino-lower alkyl, hydroxy-lower alkyl, lower al 
kylthio-lower alkyl, lower alkoxy-lower alkyl, aryl 
lower alkylthio-lower alkyl or aryl-lower alkoxy-lower 
alkyl; biaryl represents phenyl substituted by carbocy 
clic or heterocyclic aryl; A represents a direct bond, 
lower alkylene, phenylene or cyclohexylene; m repre 
sents l or Zero, provided that m represents when A is 
a direct bond; or pharmaceutically acceptable salts 
thereof; pharmaceutical compositions comprising said 
compounds; methods for the preparation of said com 
pounds and for the preparation of intermediates; and 
methods of treating disorders in mammals which are 
responsive to the inhibition of neutral endopeptidases 
by administration of said compounds to mammals in 
need of such treatment. 

11 Claims, No Drawings 
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BIARYL SUBSTITUTED 4-AMINO-BUTYRICACID 
AMIDES 

SUMMARY OF THE INVENTION 

Endogenous atrial natriuretic peptides (ANP), also 
called atrial natriuretic factors (ANF) have diuretic, 
natriuretic and vasorelaxant functions in mammals. The 
natural ANF peptides are metabolically inactivated, in 
particular by a degrading enzyme which has been rec 
ognized to correspond to the enzyme neutral endopepti 
dase (NEP) EC 3.4. 24.1 i, also responsible for e.g. the 
metabolic inactivation of enkephalins. 
The aim of the present invention is to provide novel 

biaryl substituted 4-amino-butyric acid amide deriva 
tives described below which are useful as neutral endo 
peptidase (NEP) inhibitors, e.g. as inhibitors of the 
ANF-degrading enzyme in mammals, so as to prolong 
and potentiate the diuretic, natriuretic and vasodilator 
properties of ANF in mammals, by inhibiting the degra 
dation thereof to less active metabolites. The com 
pounds of the invention are thus particularly useful for 
the treatment of conditions and disorders responsive to 
the inhibition of neutral endopeptidase EC 3.4. 24.11, 
particularly cardiovascular disorders, such as hyperten 
sion, renal insufficiency including edema and salt reten 
tion, pulmonary edema and congestive heart failure. By 
virtue of their inhibition of neutral endopeptidase, the 
compounds of the invention may also be useful for the 
treatment of pain, depression and certain psychotic 
conditions. Other potential indications include the treat 
ment of angina, premenstrual syndrome, Meniere's dis 
ease, hyperaldosteronism, hypercalciuria, ascites, glau 
coma, asthma, inflammations and gastrointestinal disor 
ders such as diarrhea, irritable bowel syndrome and 
gastric hyperacidity. 
The present invention relates to biaryl substituted 

4-amino-butyric acid derivatives of formula I 

O R2 

Xoc-H-CH-H-NH-c-A-CH)-cox 
R CH2-biary) 

(I) 

wherein COX and COX" independently represent car 
boxyl or carboxyl derivatized in form of a pharmaceuti 
cally acceptable ester or amide; R1 represents hydrogen, 
lower alkyl, C3-C7-cycloalkyl-lower alkyl, aryl-lower 
alkyl, biaryl-lower alkyl, lower alkoxy, aryl-lower alk 
oxy, aryloxy, N-lower alkylamino, N,N-di-lower alkyl 
amino, N-aryl-lower alkylamino, N,N-di-aryl-lower 
alkylamino, N-arylamino, N,N-diarylamino, lower al 
kanoylamino, aryl-lower alkanoylamino or aroylamino; 
R2 represents hydrogen, hydroxy, lower alkoxy, lower 
alkyl, aryl-lower alkyl, C3-C7-cycloalkyl-lower alkyl, 
amino-lower alkyl, hydroxy-lower alkyl, lower al 
kylthio-lower alkyl, lower alkoxy-lower alkyl, aryl 
lower alkylthio-lower alkyl or aryl-lower alkoxy-lower 
alkyl; biaryl represents phenyl substituted by carbocy 
clic or heterocyclic aryl; A represents a direct bond, 
lower alkylene, phenylene or cyclohexylene; m repre 
sents 1 or zero, provided that m represents 1 when A is 
a direct bond; or a pharmaceutically acceptable salt 
thereof. 

Pharmaceutically acceptable ester and amide deriva 
tives are preferably prodrug derivatives, such being 
convertible by solvolysis or under physiological condi 
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2 
tions to the free carboxylic acids of formula I wherein 
COX and/or COX" represent carboxyl. 
Compounds of formula I and derivatives thereof, 

depending on the nature of substituents, possess one or 
more asymmetric carbon atoms. The resulting diastere 
oisomers and optical antipodes are encompassed by the 
instant invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The definitions used herein, unless denoted other 
wise, have the following meanings within the scope of 
the present invention. 
The term biaryl represents phenyl substituted by 

carbocyclic aryl or heterocyclic aryl as defined herein, 
ortho, meta or para to the point of attachment of the 
phenyl ring, advantageously para; biaryl is also repre 
sented as the -C6H4-R3 substituent in formulae 
herein. 
Carbocyclic aryl preferably represents preferably 

monocyclic carbocyclic aryl or optionally substituted 
naphthyl. 
Monocyclic carbocyclic aryl represents optionally 

substituted phenyl, being preferably phenyl or phenyl 
substituted by one to three substituents, such being 
advantageously lower alkyl, hydroxy, lower alkoxy, 
lower alkanoyloxy, halogen, cyano, trifluoromethyl, 
lower alkanoylamino or lower alkoxycarbonyl. Mono 
cyclic carbocyclic aryl particularly preferably repre 
sents phenyl or phenyl substituted by lower alkyl, lower 
alkoxy, hydroxy, halogen, cyano or trifluoromethyl. 

Optionally substituted naphthyl represents 1- or 2 
naphthyl or 1- or 2-naphthyl preferably substituted by 
lower alkyl, lower alkoxy or halogen. 

Heterocyclic aryl represents preferably monocyclic 
heterocyclic aryl such as optionally substituted thienyl, 
indolyl, imidazolyl, furanyl, pyridyl, pyrrolyl or N 
lower alkylpyrrolyl. 

Optionally substituted furanyl represents 2- or 3-fura 
nyl or 2- or 3-furanyl preferably substituted by lower 
alkyl. 

Optionally substituted pyridyl represents 2-, 3- or 
4-pyridyl or 2-, 3- or 4-pyridyl preferably substituted by 
lower alkyl, halogen or cyano. 

Optionally substituted thienyl represents 2- or 3-thie 
nyl or 2- or 3-thienyl preferably substituted by lower 
alkyl. 

Optionally substituted indolyl represents preferably 
2- or 3-indolyl or 2- or 3-indolyl preferably substituted 
by lower alkyl, lower alkoxy or halogen. 

Optionally substituted imidazolyl is preferably 1- or 
2-imidazolyl or 1- or 2-imidazolyl preferably substituted 
by lower alkyl. 
Aryl as in aryl-lower alkyl, aryl-lower alkoxy, aryl 

oxy, N-arylamino, N,N-diarylamino, aryl-lower alkoxy 
carbonyl or aryl-lower alkanoylamino is preferably 
phenyl or phenyl substituted by one or two of lower 
alkyl, lower alkoxy, hydroxy, lower alkanoyloxy, halo 
gen, trifluoromethyl, cyano, lower alkanoylamino or 
lower alkoxycarbonyl. 
The term "lower' referred to herein in connection 

with organic radicals of compounds respectively de 
fines such with up to and including 7, preferably up and 
including 4 and advantageously one or two carbon 
atoms. Such may be straight chain or branched. 
A lower alkyl group preferably contains 1-4 carbon 

atoms and represents e.g. ethyl, n- or iso-propyl, n-, iso-, 
sec.- or tert-butyl or advantageously methyl. 
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A lower alkoxy group preferably contains 1-4 carbon 
atoms and represents for example methoxy, n-propoxy, 
isopropoxy, n-, iso-, sec.- or tert.-butoxy or advanta 
geously ethoxy. 

Aryl-lower alkyl is advantageously benzyl or phen 
ethyl optionally substituted by one or two of lower 
alkyl, lower alkoxy, hydroxy, lower alkanoyloxy, halo 
gen or trifluoromethyl. 
Aryl-lower alkoxy represents advantageously e.g. 

benzyloxy, benzyloxy substituted by lower alkyl, lower 
alkoxy, lower alkanoyloxy, halogen or trifluoromethyl, 
or pyridylmethoxy. 
Aryloxy preferably represents phenoxy or phenoxy 

substituted by lower alkyl, lower alkoxy, lower al 
kanoyloxy, halogen or trifluoromethyl. 
N-arylamino and N,N-diarylamino represent advan 

tageously N-phenylamino or N,N-diphenylamino op 
tionally substituted in the phenyl moiety or phenyl moi 
eties by lower alkyl, lower alkoxy, hydroxy, lower 
alkanoyloxy, halogen or trifluoromethyl. 
The term C3-C7-cycloalkyl represents a saturated 

cyclic hydrocarbon radical which contains 3 to 7 and 
preferably 5 to 7 ring carbon and is, most preferably, 
cyclopentyl or cyclohexyl. 
The term cycloalkyl-lower alkyl represents prefera 

bly 1- or 2-(cyclopentyl or cyclohexyl)ethyl, 1-, 2- or 
3-(cyclopentyl or cyclohexyl)propyl, or 1-, 2-, 3- or 
4-(cyclopentyl or cyclohexyl)-butyl. 
Amino-lower alkyl represents preferably amino 

(ethyl, propyl or butyl), particularly omega-amino 
(ethyl, propy or butyl). 
A N-lower alkylamino group preferably contains 1-4 

carbon atoms in the lower alkyl portion and represents, 
for example, N-n-propyl-amino, N-iso-propylamino, 
N-n-butylamino, N-tert.-butylamino and advanta 
geously N-methylamino or N-ethylamino. 
A N,N-di-lower alkylamino group preferably con 

tains 1-4 carbon atoms in each lower alkyl portion and 
represents, for example, N,N-dimethylamino, N-meth 
yl-N-ethylamino and advantageously N,N-die 
thylamino. 

Hydroxy-lower alkyl is for example 2-hydroxyethyl 
and preferably hydroxymethyl. 
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Lower alkylthio as in lower alkylthio-lower alkyl 
represents advantageously C1-C4-alkylthio and prefera 
bly methylthio or ethylthio. 
Lower alkylene represents branched or straight chain 

alkylene of 1 to 7 carbon atoms, advantageously straight 
chain (or linear) alkylene, such as methylene, ethylene, 
propylene, butylene, pentylene or hexylene and most 
preferably straight chain C1-C4-alkylene. 

Phenylene represents preferably 1,3 or 1,4-phenylene, 
advantageously 1,4-phenylene. 

Cyclohexylene represents preferably 1,4-cyclohexy 
lene. 
Halogen (halo) preferably represents fluoro or 

chloro, but may also be bromo or iodo. 
Lower alkanoyloxy advantageously contains 2 to 5 

carbon atoms and is preferably acetoxy, pivaloyloxy or 
propionyloxy. 
Lower alkanoylamino advantageously contains 2 to 5 

carbon atoms and is preferably acetylamino or pro 
pionylamino. 
A lower alkoxycarbonyl group preferably contains 1 

to 4 carbon atoms in the alkoxy portion and represents, 
for example, methoxycarbonyl, n-propoxycarbonyl, 
iso-propoxycarbonyl or advantageously ethoxycarbo 
nyl. 
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Aroylamino is preferably benzoylamino or ben 

Zoylamino substituted on the benzene ring by lower 
alkyl, lower alkoxy, halogen or trifluoromethyl. 

Carboxyl esterified in form of a pharmaceutically 
acceptable ester, represents advantageously a prodrug 
ester that may be convertible by solvolysis or under 
physiological conditions to the free carboxylic acid, 
such being preferably C1-C20-alkoxycarbonyl, advanta 
geously lower alkoxycarbonyl; (amino, acylamino, 
mono-or di-lower alkylamino)-lower alkoxycarbonyl; 
carboxy-lower alkoxycarbonyl, e.g. alpha-carboxy 
lower alkoxycarbonyl; lower alkoxycarbonyl-lower 
alkoxycarbonyl, e.g. alpha-lower alkoxycarbonyl-lower 
alkoxycarbonyl; a-(di-lower alkylamino, amino, mono 
lower alkylamino, morpholino, piperidino, pyrrolidino, 
1-lower alkylpiperazino)-carbonyl-lower alkoxycar 
bonyl; aryl-lower alkoxycarbonyl, preferably option 
ally (halo, lower alkyl or lower alkoxy)-substituted 
benzyloxycarbonyl, or pyridylmethoxycarbonyl: 1-(hy 
droxy, lower alkanoyloxy or lower alkoxy)-lower alk 
oxycarbonyl, e.g. pivaloyloxymethoxycarbonyl; (hy 
droxy, lower alkanoyloxy or lower alkoxy)-lower al 
koxymethoxycarbonyl; bicycloalkoxycarbonyl-lower 
alkoxycarbonyl, e.g. bicyclo[2.2.1]-heptyloxycarbonyl 
lower alkoxycarbonyl, especially bicyclo-2,2,1-hep 
tyloxycarbonylmethoxycarbonyl such as bornyloxycar 
bonylmethoxycarbonyl; 1-(lower alkoxycarbonyloxy)- 
lower alkoxycarbonyl; 5-indanyloxycarbonyl; 3 
phthalidoxycarbonyl and (lower alkyl, lower alkoxy or 
halo)-substituted 3-phthalidoxycarbonyl; polyhydroxy 
lower alkoxycarbonyl or protected polyhydroxy-lower 
alkoxycarbonyl in which polyhydroxy-lower alkoxy 
and protected polyhydroxy-lower alkoxy represent 
preferably dihydroxypropyloxy or trihydroxybutyloxy 
wherein hydroxy groups are free or one or more, as 
appropriate, are protected in form of esters, e.g. a lower 
alkanoyl or a benzoyl ester, in form of ethers, e.g. a 
lower alkyl or benzyl ether, or, in case two vicinal 
hydroxy groups are involved, in the form of acetals or 
ketals, e.g. a lower alkylidene, a benzylidene or a 5- or 
6-membered cycloalkylidene derivative. 

Protected polyhydroxy-lower alkoxycarbonyl ad 
vantageously represents (2,2-dimethyl-1,3-dioxolan-4- 
yl)-methoxycarbonyl. 
Acyl as in acyloxy or acylamino represents prefera 

bly lower alkanoyl, carbocyclic aryl-lower alkanoyl, 
aroyl, lower alkoxycarbonyl or aryl-lower alkoxycar 
bonyl, advantageously lower alkanoyl, Lower alkoxy 
carbonyl for acyl is preferably t-butoxycarbonyl (abbre 
viated t-BOC). Aryl-lower alkoxycarbonyl for acyl is 
preferably benzyloxycarbonyl (abbreviated CBZ). 
Carboxy-lower alkoxycarbonyl represents advanta 

geously e.g. 1-carboxyethoxycarbonyl. 
Lower alkoxycarbonyl-lower alkoxycarbonyl repre 

sents advantageously e.g. 1-(ethoxycarbonyl)ethoxycar 
bonyl. 
Amino-lower alkoxycarbonyl, mono-lower al 

kylamino-lower alkoxycarbonyl, di-(lower)alkylamino 
lower alkoxycarbonyl advantageously represent e.g. 
aminoethoxycarbonyl, ethylaminoethoxycarbonyl, die 
thylaminoethoxycarbonyl. 
Lower alkylidene is preferably isopropylidene. 
Cycloalkylidene is preferably cyclohexylidene. 
Carboxyl esterified in form of a pharmaceutically 

acceptable prodrug ester represents most advanta 
geously C1-C4-alkoxycarbonyl, phenyloxycarbonyl, 
benzyloxycarbonyl optionally substituted on phenyl by 
lower alkyl, lower alkoxy, halo or trifluoromethyl, 
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pivaloyloxymethoxycarbonyl, 1-(C2-C4-alkanoyloxy)- 
ethoxycarbonyl, (2,2-dimethyl-1,3-dioxolan-4-yl)- 
methoxycarbonyl, 5-indanyloxycarbonyl, 3-phthalidox 
ycarbonyl, bornyloxycarbonylmethoxycarbonyl, 1 
(C1-C4-alkoxycarbonyloxy)-ethoxycarbonyl or 3 
pyridylmethoxycarbonyl. 

Carboxyl derivatized in the form of a pharmaceuti 
cally acceptable amide represents preferably carbamoyl 
or N-substituted carbamoyl, advantageously lower 
alkylamino, arylamino, di-lower alkylamino, morpho 
lino, N-lower alkylpiperazino, pyrrolidino, piperidino, 
perhydroazepino, (amino or acylamino)-lower alkyl 
amino or aryl-lower alkylaminol-carbonyl. 

Pharmaceutically acceptable salts are either pharma 
ceutically acceptable acid addition salts for any basic 
compounds of the invention or salts derived from phar 
maceutically acceptable bases for any acidic com 
pounds of the invention. 

Pharmaceutically acceptable salts of basic com 
pounds of the invention are acid addition salts, which 
are preferably such of therapeutically acceptable inor 
ganic or organic acids, such as strong mineral acids, for 
example hydrohalic, e.g. hydrochloric or hydro-bromic 
acid, sulfuric, phosphoric or nitric acid; aliphatic or 
aromatic carboxylic or sulfonic acids, e.g. formic, 
acetic, propionic, succinic, glycollic, lactic, malic, tar 
taric, gluconic, citric, maleic, fumaric, pyruvic, phenyl 
acetic, benzoic, 4-aminobenzoic, anthranilic, 4-hydrox 
ybenzoic, salicylic, 4-aminosalicylic, panoic, nicotinic, 
methanesulfonic, ethanesulfonic, hydroxyethanesul 
fonic, 1,2-ethanedisulfonic acid, benzenesulfonic, p-tol 
uenesulfonic, naphthalenesulfonic, sulfanilic, cyclohex 
ylsulfamic acid, or ascorbic acid. 

Pharmaceutically acceptable salts of the acidic con 
pounds of the invention, e.g. those having a free car 
boxyl group are salts formed with pharmaceutically 
acceptable bases, e.g. alkali metal salts (e.g. sodium, 
potassium salts), alkaline earth metal salts (e.g. magne 
sium, calcium salts), ammonium salts, mono-, di- or 
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tri-lower (alkyl or hydroxyalkyl)-ammonium salts (e.g. . 
ethanolammonium, diethanolamnonium, triethanolam 
monium, tromethamine salts). 
The compounds of the invention, of formula I and 

derivatives thereof may contain several asymmetric 
carbon atoms, depending on the nature of the substitu 
ents. Thus the compounds of the invention exist in the 
form of geometric isomers, racemates, diastereoisomers, 
pure enantiomers or mixtures thereof, all of which are 
within the scope of the invention. 

For example, the compounds of formula I exist in 
isomeric forms, e.g. wherein the asymmetric carbon 
atom on the butyryl chain bearing the R1 and/or biaryl 
methyl groups may either exist in the S or R configura 
tion. The compounds of the invention, e.g. those of 
formula I having said two asymmetric centers exist as 
two different racemic diastereoisoneric forms which 
may be called erythro and threo depending on the rela 
tive orientation of the R1 and biarylmethyl substituents 
of the chain. Each of the two racemates consists of the 
optically active enantiomers (or antipodes) having 
(S,S), (R,R), (R,S) or (S,R) configurations, respectively. 

Preferred is the threo racemic form and particularly 
the enantiomeric form depicted in formula I' 
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H H O R (I") 
V 

XOC-C-CH2-C-NH-C-A-(CH)-COX" 
A 
R CH2-biaryl 

wherein COX, COX, R1, R2, A, biaryl and m have the 
meanings as defined herein above for compounds of 
formula I. The compounds of formulae Ia, Ib, Ic, Id, Ie 
and If given below are present as well, preferably in the 
enantiomeric form depicted in formula I". 

Illustrative thereof, in the above compounds of for 
mula I wherein R1 is lower alkyl, the carbon atom car 
rying said substituent is assigned the (R)-configuration; 
and the carbon atom carrying the biarylmethyl substitu 
ent is assigned the (S)-configuration. 
More particularly, the present invention is concerned 

with and has for its object the compounds of formula Ia 

O R (a) 

Rooc-CH-CH-CH-NH--a-ch)-coor 
k, 

CH2 

R3 

wherein COOR and COOR' independently represent 
carboxyl or carboxyl derivatized in form of a pharma 
ceutically acceptable ester; R1 represents hydrogen, 
lower alkyl, lower alkoxy, N-lower alkylamino, lower 
alkanoylamino, aryl-lower alkyl, aryl-lower alkoxy, 
aryloxy, N-arylamino or aroylamino wherein aryl in 
each case represents phenyl optionally substituted by 
lower alkyl, lower alkoxy, halogen, hydroxy, cyano, 
acyloxy or trifluoromethyl, or aryl represents thienyl or 
furanyl optionally substituted by lower alkyl; R2 repre 
sents hydrogen, hydroxy, lower alkyl or aryl-lower 
alkyl wherein arylindependently has the meaning given 
above under R1; R3 represents phenyl, or phenyl substi 
tuted by lower alkyl, lower alkoxy, halogen, cyano, 
acyloxy or trifluoromethyl; or R3 represents thienyl or 
furanyl optionally substituted by lower alkyl; A repre 
sents a direct bond, lower alkylene, 1,4-phenylene or 
1,4-cyclohexylene; m represents 1 or zero provided that 
m represents 1 when A is a direct bond; or a pharmaceu 
tically acceptable salt thereof. 
Advantageously, R3 is located in the para position. 
Particularly preferred embodiments of the invention 

as described above relate to: 
a) compounds wherein R3 is phenyl or phenyl substi 

tuted by lower alkyl, lower alkoxy, halogen, cy 
ano, acyloxy or trifluoromethyl; 

b) compounds wherein A is lower alkylene, m repre 
sents 1 or zero, and R2 represents hydrogen, lower 
alkyl, hydroxy or lower alkoxy. 

c) compounds wherein R1 represents hydrogen, 
lower alkyl, lower alkoxy or aryl-lower alkyl 
wherein aryl represents phenyl optionally substi 
tuted by one or two of lower alkyl, lower alkoxy, 
halogen, hydroxy, cyano, acyloxy or trifluoro 
methyl; most preferably compounds wherein R 
represents lower alkoxy or lower alkyl. 

A particular embodiment of the invention relates to 
compounds of formula Ib 
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O R2 (Ib) 

Rooc-CH-CH-CH-NH--a-th)-coor 
k Rs 

b-( )-( ; R4 

wherein COOR and COOR' independently represent 
carboxyl or carboxyl derivatized in form of a pharma 
ceutically acceptable ester; R1 is hydrogen, lower alkyl, 
lower alkoxy or aryl-lower alkyl wherein aryl repre 
sents phenyl optionally substituted by lower alkyl, 
lower alkoxy, halogen, hydroxy, cyano, acyloxy or 
trifluoromethyl; R2 represents hydrogen, hydroxy or 
lower alkoxy; R4 and R5 independently represent hy 
drogen, lower alkyl, hydroxy, lower alkoxy, halogen, 
cyano or trifluoromethyl; A represents lower alkylene; 
m represents 1 or zero; or a pharmaceutical acceptable 
salt thereof. 

Particularly preferred are compounds of formula Ic 

O (c) 

ROOC-CH-CH2-CH-NH-C-(CH2)-COOR." 

(). 
R 

wherein COOR and COOR' independently represent 
carboxyl or carboxyl derivatized in form of a pharma 
ceutically acceptable ester; R1 is lower alkyl or lower 
alkoxy; R4 represents hydrogen, lower alkyl, lower 
alkoxy, halogen, or trifluoromethyl; n represents an 
integer 1 through 6; or a pharmaceutical acceptable salt 
thereof. 

Preferred are compounds of formula Ic wherein 
COOR and COOR' independently represent carboxyl, 
C-C20-alkoxycarbonyl, (carbocyclic or heterocyclic 

CH2 
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30 

35 

aryl)-lower alkoxycarbonyl, (di-lower alkylanino, N 
lower alkylpiperazino, morpholino, pyrrollidino, piperi 
dino or perhydrazepino)-C2 to C4-alkoxycarbonyl, 
dihydroxypropyloxycarbonyl protected in form of a 
ketal, 5-indanyloxycarbonyl, 3-phthalidoxycarbonyl, 
bicycloalkoxycarbonyl-lower alkoxycarbonyl, a 
(lower alkoxycarbonyl or di-lower alkylaminocar 
bonyl)-lower alkoxycarbonyl, 1-(lower alkoxycar 
bonyloxy)-lower alkoxycarbonyl or 1-(lower al 
kanoyloxy)-lower alkoxycarbonyl; or a pharmaceuti 
cally acceptable salt thereof. 

Particularly preferred are said compounds of formula 
Ic wherein COOR and COOR' independently represent 
carboxyl, C1-C4-alkoxycarbonyl, 3-pyridylmethox 
ycarbonyl, benzyloxycarbonyl optionally substituted on 
phenyl by lower alkyl, lower alkoxy, halo or trifluoro 
methyl, 5-indanyloxycarbonyl, 1-(C2-C5-alkanoyloxy)- 
ethoxycarbonyl, 3-phthalidoxycarbonyl, (2,2'-dimethyl 
1,3-dioxolan-4-yl)-methoxycarbonyl, bornyloxycar 
bonylmethoxycarbonyl, 1-(C1-C4-alkoxycarbonyloxy)- 
ethoxycarbonyl; or a pharmaceutically acceptable salt 
thereof. 
A preferred embodiment of the invention relates to 

compounds of formula Id 

45 

50 

55 

65 

O (Id) 
2 4. 

HOOC-CH-CH2-CH-NH-C-(CH2)-COOH 

l-C-C) 
wherein R1 is lower alkyl; n is an integer 1 through 4; or 
a pharmaceutically acceptable mono- or di-ester deriva 
tive thereof in which one or two of the acidic hydroxy 
groups of the carboxyl functional groups are esterified 
in form of a mono- or di-pharmaceutically acceptable 
ester; or a pharmaceutically acceptable salt thereof; or 
an optical antipode thereof. 

Preferred are said compounds of formula Id wherein 
R1 is methyl and n is 2; and mono- or di-esters thereof. 
As discussed before, the butyric acid compounds of 

e.g. formula Id exist in two distinct diastereomeric 
forms which may be called erythro and threo. Preferred 
are e.g. the compounds of formula Id as the threo diaste 
reorner (racemate), more particularly as the enantio 
meric form having the R-configuration at C-atom 2 and 
the S-configuration at C-atom 4 and wherein the buty 
ry portion is as depicted in formula Id" 

CH2 

H H O (Id") 
V 

HOOC-C-CH2-C-NH-c-(CH2)-cooH 
A 
R 

CH, ( ) ( ) 
wherein R1 and n are as defined under formula Id; or a 
pharmaceutical acceptable mono-or diester derivative 
thereof; or a pharmaceutical acceptable salt thereof. 

Particularly preferred are compounds of formula Ie 

2 (e) 
ROOC-(CH-CH2-gH-NH-c-(CH2)-COOR." 

l-C-C) CH3 

wherein COOR and COOR' independently represent 
carboxyl or carboxyl esterified in form of a pharmaceu 
tical acceptable prodrug ester; or a pharmaceutically 
acceptable salt thereof. 

Particularly preferred embodiments of the invention 
as described above relate to: 

(a) compounds of the above formula Ie wherein R 
and R' independently represent hydrogen, C1-C4 
alkyl, benzyl optionally substituted on phenyl by 
lower alkyl, lower alkoxy, halo or trifluoromethyl, 
pivaloyloxymethyl, 1-(C2-C4-alkanoyloxy)-ethyl, 
(2,2-dimethyl-1,3-dioxolan-4-yl)-methyl, 5-indanyl, 
3-phthalidyl, bornyloxycarbonylmethyl, 1-(C1-C4 
alkoxycarbonyloxy)-ethyl or 3-pyridylmethyl; or a 
pharmaceutically acceptable salt thereof; 

(b) compounds of the above formula Ie wherein 
COOR is carboxyl; and COOR represents car 
boxyl or carboxyl derivatized in form of a pharma 

CH2 
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ceutically acceptable ester; or a pharmaceutically 
acceptable salt thereof; 

(c) compounds of the above formula Ie having the 
R-configuration at C-atom 2 and the S-configura 
tion at C-atom 4; 

(d) the compound according to the above formula Ie 
wherein COOR is ethoxycarbonyl and COOR" is 
carboxyl, namely being 4-N-(3-carboxy-1-oxo 
propyl)amino-4-(p-phenylphenylmethyl)-2- 
methylbutanoic acid ethyl ester, the (2R,4S)an 
tipode thereof or a pharmaceutical acceptable salt 
thereof. 

The novel compounds of the invention are pharmaco 
logically potent neutral endopeptidase enzyme inhibi 
tors which inhibit e.g. the degradation of atrial natri 
uretic factors (ANF) in mammals. They thus potentiate 
the diuretic and natriuretic effect of exogenous or en 
dogenous ANF in mammals. 
The compounds of the invention are thus particularly 

useful in mammals as diuretic, natriuretic (saluretic) and 
antihypertensive agents for the treatment of e.g. hyper 
tension, congestive heart failure and edema. 
As neutral endopeptidase inhibitors, the compounds 

are also e.g. enkephalinase inhibitors so as to inhibit the 
degradation of endogenous enkephalins and may thus 
also be useful for the treatment of pain in mammals. 
The above-cited properties are demonstrable in vitro 

and in vivo tests, using advantageously mammals, e.g. 
mice, rats, dogs, monkeys or isolated organs, tissues and 
preparations thereof. Said compounds can be applied in 
vitro in the form of solutions, e.g. preferably aqueous 
solutions, and in vivo either enterally, parenterally, 
advantageously intravenously, e.g. as a suspension or in 
aqueous solution. The dosage in vitro may range be 
tween about 10 molar and 109 molar concentra 
tions. The dosage in vivo may range depending on the 
route of administration, between about 0.01 and 50 
mg/kg, advantageously between about 1.0 and 25 
mg/kg. 
The analgesic activity can be determined by measur 

ing the potentiation of the analgesic effects of enkepha 
lin and derivatives thereof, and by classical analgesic 
tests, such as the phenyl-p-benzoquinone induced writ 
ing test J. Pharmacol. Exp. Therap. 125, 237 (1959)) 
and the hot plate test in the mouse J. Pharmacol. Exp. 
Therap. 107,385 (1953). 
The antihypertensive activity can be determined in 

the spontaneously hypertensive rat, Goldblatt rat or 
Goldblatt dog by direct measurement of blood pressure. 
Advantageously, the effect is measured in the DOCA 
salt hypertensive rat and/or renal hypertensive rat or 
dog model. 
The diuretic (saluretic) activity can be determined in 

standard diuretic screens, e.g. as described in "New 
Antihypertensive Drugs", Spectrum Publications, 1976, 
pages 307-321, or by measuring the potentiation of 
atrial natriuretic factor-induced natriuresis and diuresis 
in the rat. 
The potentiation of ANF can also be determined by 

measuring the increase in ANF plasma level achieved. 
The in vitro inhibition of neutral endopeptidase 

(NEP) 3.4.24.11 can be determined as follows: 
Neutral endopeptidase 3.4.24.11 activity is deter 

mined by the hydrolysis of the substrate glutaryl-Ala 
Ala-Phe-2-naphthylamide (GAAP) using a modified 
procedure of Orlowski and Wilk (1981). The incubation 
mixture (total volume 125 ul) contains 4.2 g of protein 
(rat kidney cortex membranes prepared by method of 
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10 
Maeda et al., 1983), 50 mM tris buffer, pH 7.4 at 25°C., 
500 LM substrate (final concentration), and leucine 
aminopeptidase M (2.5 g). The mixture is incubated 
for 10 minutes at 25° C. and 100 ul of fast garnet (250 ug 
fast garnet/ml of 10% Tween 20 in 1M sodium acetate, 
pH 4.2) is added. Enzyme activity is measured spectro 
photometrically at 540 nm. One unit of NEP 24.11 ac 
tivity is defined as 1 nmol of 2-naphthylamine released 
per minute at 25 C. at pH 7.4. IC50 values are deter 
mined, i.e. the concentration of test compound required 
for 50% inhibition of the release of 2-naphthylamine. 

Neutral endopeptidase activity is also determined 
using ANF as a substrate. A trial natriuretic factor de 
grading activity is determined by measuring the disap 
pearance of rat-ANF (r-ANF) using a 3 minute reverse 
phase-HPLC separation. An aliquot of the enzyme in 50 
mM Tris HCl buffer, pH 7.4, is preincubated at 37° C. 
for 2 minutes and the reaction is initiated by the addition 
of 4 nmol of r-ANF in a total volume of 50 ul. The 
reaction is terminated after 4 minutes with the addition 
of 30 ul of 0.27% trifluoroacetic acid (TFA). Forty 
microliters of the mixture is injected into a reverse 
phase-HPLC and analyzed using a C4 cartridge in a 3 
minute, isocratic separation. Twenty-three percent of 
buffer B (0.1% TFA in 80% acetonitrile) is used. Buffer 
A is 0.1% TFA in water. One unit of activity is defined 
as the hydrolysis of 1 nmol of r-ANF per minute at 37 
C. at pH 7.4. IC50 values are determined, i.e. the concen 
tration of test compound required for 50% inhibition of 
the hydrolysis of ANF. 
The test compound is dissolved in dimethylsulfoxide 

or 0.25M sodium bicarbonate solution, and the solution 
is diluted with pH 7.4 buffer to the desired concentra 
tion. 

In vitro testing is most appropriate for the free car 
boxylic acids of the invention. 
The effect of the compounds of the invention on rat 

plasma ANF concentration can be determined as fol. 
lows: 
Male Sprague-Dawley rats (275-390 g) are anesthe 

tized with ketamine (150 mg/kg)/acepromazine (10%) 
and instrumented with catheters in the femoral artery 
and vein to obtain blood samples and infuse ANF, re 
spectively. The rats are tethered with a swivel system 
and are allowed to recover for 24 hours before being 
studied in the conscious, unrestrained state. 

In this assay, plasma ANF levels are determined in 
the presence and absence of NEP inhibition. On the day 
of study, all rats are infused continuously with ANF at 
450 ng/kg/min. iv. for the entire 5 hours of the experi 
ment. Sixty minutes after beginning the infusion, blood 
samples for baseline ANF measurements are obtained 
(time 0) and the rats are then randomly divided into 
groups treated with the test compound or vehicle. Ad 
ditional blood samples are taken 30, 60, 120, 180 and 240 
minutes after administration of the test compound. 

Plasma concentrations are determined by a specific 
radioimmunoassay. The plasma is diluted (x12.5, X25 
and X50) in buffer containing: 50 mM Tris(pH 6.8), 154 
mM NaCl, 0.3% bovine serum albumin, 0.01% EDTA 
One hundred microliters of standards raNF (99-126) 
or samples are added to 100 ill of rabbit anti-raNF 
serum and incubated at 4 C. for 16 hours. Ten thousand 
cpm of IraNF are then added to the reaction mix 
ture which is incubated at 4 C. for an additional 24 
hours. Goat anti-rabbit IgG serum coupled to paramag 
netic particles is added to the reaction mixture and 
bound 25IrANF is pelleted by exposing the mixture to 
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an attracting magnetic rack. The supernatant is de 
canted and the pellets counted in a gamma counter. All 
determinations are performed in duplicate. Plasma 
ANF levels are expressed as a percent of those mea 
sured in vehicle-treated animals which received ANF 
alone (450 ng/kg/min i.v.). 

Illustrative of the invention, N-(3-carboxy-1-oxo 
propyl)-(4S)-(p-phenylphenylmethyl)-4-amino-2R 
methylbutanoic acid ethyl ester at doses of about 1-30 
mg/kg p.o., administered in 10% ethanol/polyethylene 
glycol (PEG) 400, produces significant increases in 
plasma ANF levels. 
The antihypertensive effect can be determined in 

desoxycorticosterone acetate (DOCA)-salt hyperten 
sive rats. 
DOCA-salt hypertensive rats (280-380 g) are pre 

pared by the standard method. Rats underwent a unilat 
eral nephrectomy and one week later are implanted 
with silastic pellets containing 100 mg/kg of DOCA. 
The rats are maintained on 1% NaCl/0.2% KCl drink 
ing water for three to five weeks until sustained hyper 
tension is established. The antihypertensive activity is 
evaluated at this time. 
Two days before an experiment, the rats are anesthe 

tized with methoxyflurane and instrumented with cath 
eters in the femoral artery to measure arterial blood 
pressure. Forty-eight hours later, baseline arterial pres 
sure and heart rate are recorded during a 1 hour period. 
The test compound (30 mg/kg p.o.) or vehicle is then 
administered and the same cardiovascular parameters 
are monitored for an additional 5 hours. 

Illustrative of the invention, N-(3-carboxy-1-oxo 
propyl)-(4S)-(p-phenylphenylmethyl)-4-amino-2R 
methylbutanoic acid ethyl ester at a dose of 30 mg/kg 
p.o., administered in PEG 400, produces a significant 
reduction in blood pressure in the DOCA-salt hyperten 
sive rat model. 
The potentiation of the natriuretic effect of ANF can 

be determined as follows: 
Male Sprague-Dawley rats (280-360 g) are anesthe 

tized with Inactin (100 mg/kg i.p.) and instrumented 
with catheters in the femoral artery, femoral vein and 

O 
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urinary bladder to measure arterial pressure, administer 
ANF and collect urine, respectively. A continuous 
infusion of normal saline (33 ul/min) is maintained 
throughout the experiment to promote diuresis and 
sodium excretion. The experimental protocol consists of 
an initial 15 minute collection period (designated as 
pre-control) followed by three additional collection 
periods. Immediately after completion of the pre-con 
trol period, test compound or vehicle is administered; 
nothing is done for the next 45 minutes. Then, blood 
pressure and renal measurements are obtained during a 
second collection period (designated control; 15 min). 
At the conclusion of this period, ANF is administered (l 
g/kg i.v. bolus) to all animals and arterial pressure and 

renal parameters are determined during two consecu 
tive 15 minutes collection periods. 
Mean arterial pressure, urine flow and urinary so 

dium excretion are determined for all collection peri 
ods. Blood pressure is measured with a Gould p50 pres 
sure transducer, urine flow is determined gravimetri 
cally, sodium concentration is measured by flame pho 
tometry, and urinary sodium excretion is calculated as 
the product of urine flow and urine sodium concentra 
tion. 
The compounds of the invention are thus particularly 

useful as inhibitors of neutral endopeptidase, enhancing 
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the potency and duration of action of artrial natriuretic 
peptide(s). The compounds are therefore particularly 
useful for the treatment of cardiovascular disorders 
such as hypertension, edema and salt retention, and 
cardiac conditions such as congestive heart failure. 
The compounds of the invention of formula I may be 

prepared using the following process which comprises: 
condensing a compound of formula II 

XOC-CH-CH2-CH-NH2 (II) 
R CH2-biaryl 

wherein COX, R1 and biaryl have the meaning as de 
fined above, in temporarily protected form if required; 
with a compound of formula III 

: 
HO-C-A-(CH)n-COX" 

O II (III) 

or a reactive functional derivative thereof, wherein A, 
R2, m and COX" have the meaning as defined above, in 
temporarily protected form if required; and, if tempo 
rarily protecting any interfering reactive group(s), re 
moving said protecting group(s), and then isolating the 
resulting inventive compound; and, if desired, convert 
ing any resulting compound into another compound of 
the invention, and/or, if desired, converting a resulting 
free compound into a salt or a resulting salt into the free 
compound or into another salt, and/or, if desired, sepa 
rating a mixture of isomers or racemates obtained into 
the single isomers or racemates, and/or, id desired, 
resolving a racemate obtained into the optical antipo 
des. 

In starting compounds and intermediates which are 
converted to the compounds of the invention in a man 
ner described herein, functional groups present, such as 
carboxyl, amino and hydroxy groups, are optionally 
protected by conventional protecting groups that are 
common in preparative organic chemistry. Protected 
carboxyl, arnino and hydroxy groups are those that can 
be converted under mild conditions into free carboxyl, 
amino and hydroxy groups without other undesired side 
reactions taking place. 
The purpose of introducing protecting groups is to 

protect the functional groups from undesired reactions 
with reaction components and under the conditions 
used for carrying out a desired chemical transformation. 
The need and choice of protecting groups for a particu 
lar reaction is known to those skilled in the art and 
depends on the nature of the functional group to be 
protected (carboxyl group, amino group etc.), the struc 
ture and stability of the molecule of which the substitu 
ent is a part, and the reaction conditions. 
Well-known protecting groups that meet these condi 

tions and their introduction and removal are described, 
for example, in J. F. W. McOmie, "Protective Groups 
in Organic Chemistry', Plenum Press, London, New 
York 1973, T. W. Greene, "Protective Groups in Or 
ganic Synthesis', Wiley, New York 1984, and also in 
"The Peptides', Vol. I, Schroeder and Luebke, Aca 
demic Press, London, New York, 1965. 
The preparation of compounds of the invention ac 

cording to the above process, i.e. the condensation of an 
amine of formula II with the acid of formula III, or a 
functional reactive derivative thereof, is carried out by 
methodology well-known for peptide synthesis. 

870



5,217,996 
13 

Reactive functional derivatives of compounds of 
formula III are preferably halides, anhydrides such as 
succinic anhydride, glutaric anhydride, or mixed anhy 
drides such as the pivaloyl, alkoxycarbonyl or cyano 
acetyl anhydride. 
The condensation of an amine of formula II with a 

free carboxylic acid of formula III is carried out advan 
tageously in the presence of a condensing agent such as 
dicyclohexylcarbodiimide or N-(3-dimethylamino 
propyl)-N'-ethylcarbodiimide and hydroxybenzo 
triazole in an inert polar solvent such as dimethylform 
amide or methylene chloride, preferably at room tem 
perature. 
The condensation of an amine of formula II with a 

reactive functional derivative of an acid of formula III 
in the form of an acid halide, advantageously an acid 
chloride, anhydride or mixed anhydride, is carried out 
in an inert solvent such as toluene or methylene chlo 
ride, advantageously in the presence of a base, e.g. an 
inorganic base such as potassium carbonate or an or 
ganic base such as triethylamine or pyridine, preferably 
at room temperature. 
The starting materials of formula III are acids or 

functional derivatives thereof known in the art or which 
may be prepared by conventional methods known in the 
a. 

The starting materials of formula II are known or, if 
new, may be prepared according to conventional meth 
ods, e.g., those illustrated by the examples herein. 
For example, the compounds of formula II may be 

prepared by converting a compound of formula IV 

XOC-CH-CH-CH-COOH (IV) 
CH2-biary) 

wherein COX, R1 and biaryl have the meaning men 
tioned above, in temporarily protected form if required, 
into a suitable carboxylic acid amide or carboxylic acid 
azide and then subjecting this compound to a Hofmann 
reaction or to a Curtius rearrangement in a manner well 
known in the art. The compounds of formula IV are 
known, for example, from U.S. Pat. No. 5,021,430 or 
may be prepared analogous to the methods described 
therein. 

In a preferred alternative route, the starting materials 
of formula II may be prepared by 

(a) reducing the carboxylic group of a biarylalanine 
of formula V 

Hooc-H-NH, 
CH2-biary) 

in temporarily protected form if required, to yield 
the respective aldehyde; 

(b) subsequently reacting said aldehyde with a tri 
phenylphosphonium compound of formula VI 

Xoc--PP). (VI) 

(c) hydrogenating the resulting compound of formula 
VII 
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XOC-CECH-CH-NH2: (VII) 
CH2-biaryl 

and, if temporarily protecting any interfering reac 
tive group(s), removing said protective group(s) 
and then isolating the resulting product. In the 
above formulae V, VI and VII, the variables COX, 
R and biaryl have the meaning as defined under 
formula I. The above reaction steps (a), (b) and (c) 
are carried out by methodology well-known in the 
art. 

For example, in step (a) the compound of formula V, 
advantageously an amino protected compound of for 
mula V, is reacted first of all with a hydroxylamine or a 
salt thereof, e.g. with N.O-dimethylhydroxylamine hy 
drochloride; the resulting hydroxylamine amide is then 
reduced to the aldehyde in a conventionel manner, e.g. 
with lithium aluminum hydride. 

Reaction step (b) represents a conventional Wittig 
reaction which may be performed in a manner known in 
the art. 

Reaction step (c) as well represents a commonly 
known hydrogenation reaction which may be per 
formed e.g. with molecular hydrogen in the presence of 
a suitable catalyst such as palladium/charcoal. 

Biarylalanines of formula V are either known in the 
art or can be prepared according to methods reported in 
the art. 
As to the preparation of the biarylalanines of formula 

V as starting materials in optically active form, such can 
be prepared e.g. by resolution or by one of the follow 
ing methods: 

(a) Adapting a method described in Tetrahedron 
Letters 1988, 6075, a biaryimethanol, e.g. 4-biphenylyl 
methanol, is converted to a reactive derivative, e.g. the 
bromide, which is then condensed with an N-acyl deriv 
ative of 2,3-diphenyl-6-oxomorpholine, e.g. the N-car 
bobenzyloxy-(2R,3S)-isomer, in the presence of a strong 
base such as sodium bis-trimethylsilylamide, to yield 
e.g. N-carbobenzyloxy-2(R),3(S),5(S)-6-oxo-2,3-diphe 
nyl-5-(4-biphenylylmethyl)-morpholine. Catalytic hy 
drogenolysis, e.g. using hydrogen and palladium on 
charcoal as catalyst, yields the optically active (S)-(+)- 
4-biphenylalanine. 

(b) Alternatively, using the Pd(0)-catalyzed cross 
coupling reaction described in Tetrahedron Letters 31, 
1665 (1990), J. Organic Chemistry 55,906 (1990) and 
Tetrahedron 45, 6670 (1989) as developed by W. Shieh 
et al, the substantially optically pure chiral biarylala 
nines, of the formula 

NH-CH-COOH 

CH 

or the N-acyl and/or carboxy ester derivatives thereof 
wherein R3 has meaning as defined hereinabove, can be 
prepared by: condensing a reactive esterified optically 
active tyrosine derivative of the formula 
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NH-CH-COOH 

CH2 

wherein the amino and carboxy groups are in protected 
form (as N-acyl and esterified carboxy ester deriva 
tives), and Z represents reactive esterified hydroxy 
(advantageously trifluoromethylsulfonyloxy) with an 
aryl boronic acid in which aryl corresponds to R3 as 
defined above, in the presence of a palladium (0) cata 
lyst, in particular tetrakis(triphenylphosphine)pal 
ladium (0), and in the presence of an anhydrous base 
(such as an alkali metal carbonate), in an inert solvent 
(such as xylene or toluene) at an elevated temperature 
ranging from about 50 to 150 C., and removing any 
protecting groups as required. 
For example, N-t-butoxycarbonyl-tyrosine methyl 

ester is first converted to N-t-butoxycarbonyl-4-tri 
fluoromethylsulfonyloxy-phenylalanine methyl ester 
(N-t-butoxycarbonyltyrosine triflate methyl ester). This 
compound is then condensed with an arylboronic acid 
(e.g. phenylboronic acid) in the presence of anhydrous 
potassium carbonate, and tetrakis (triphenylphosphine) 
palladium (0) complex as catalyst, in toluene preferably 
at an elevated temperature, advantageously at about 
100 to obtain N-t-butoxycarbonyl-4-biphenylalanine 
methyl ester. After N-deacylation, substantially opti 
cally pure 4-biphenylalanine methyl ester is obtained 
with a configuration corresponding to that of the tyro 
sine derivative used as starting material. 
The arylboronic acids are either commercial or can 

be prepared as described in the literature, e.g. J. Org. 
Chem. 49,5237 (1984). 
The triphenylphosphonium compounds of formula 

VI are either known in the art or can be prepared ac 
cording to methods reported in the art. 
Compounds of the invention wherein COX or COX" 

represent carboxyl derivatized in form of a pharmaceu 
tically acceptable amide can also be prepared according 
to the above methods using corresponding starting na-. 
terials wherein COX or COX' represent carbamoyl or 
N-substituted carbamoyl. 
The compounds of the invention so obtained, can be 

converted into each other according to conventional 
methods. Thus, for example, resulting amides or esters 
may be hydrolyzed with aqueous alkalies, such as alkali 
metal carbonates or hydroxides. Resulting free acids 
may be esterified with e.g. said unsubstituted or substi 
tuted alkanols or reactive esterified derivatives thereof 
such as alkyl halides, or diazoalkanes. Free acids are 
also converted into said metal, ammonium or acid addi 
tion salts in conventional manner. 
Thus, any resulting free acid or base can be converted 

into a corresponding metal, ammonium or acid addition 
salt respectively, by reacting it with an equivalent 
amount of the corresponding base, basic salt, acid or ion 
exchange preparation, e.g. said free acids with alkali or 
ammonium hydroxides or carbonates, or e.g. free 
amines with said inorganic or organic acids respec 
tively. Any resulting salt may also be converted into the 
free compound, by liberating the latter with stronger 
acids or bases, respectively. In view of the close rela 
tionship between the free compounds and the salts 
thereof, whenever a compound of the invention, or 
intermediate, is referred to in this context, a correspond 
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ing salt is also intended, provided such is possible or 
appropriate under the circumstances. 
The compounds, including their salts, may also be 

obtained in the form of their hydrates, or include other 
solvent used for the crystallization. Furthermore, the 
functional derivatives of the free acids of formula I, 
wherein the carboxy groups are esterified by identical 
or different radicals may be prepared by condensing a 
free acid of formula I or a mono- or di-ester derivative 
thereof with an esterifying agent of the formula VIII 

R6-Z (VIII) 

wherein Z represents hydroxy or a reactive esterified 
hydroxyl group; and Rérepresents an esterifying radical 
as defined herein for the carboxylic esters (encompassed 
e.g. by COX or COX' representing esterified carboxy), 
in particular said non-aromatic radicals. 
A reactive esterified hydroxyl group, such as Z in a 

compound of the formula VIII, is a hydroxyl group 
esterified by a strong inorganic or organic acid. Corre 
sponding Z groups are in particular halo, for example 
chloro, bromo or preferably iodo, also sulfonyloxy 
groups, such as lower alkyl- or arylsulfonyloxy groups, 
for example (methane-, ethane-, benzene- or toluene-) 
sulfonyloxy groups, also the trifluoromethylsul 
fonyloxy group. 
The esterification of the carboxyl groups, optionally 

in salt form, with a compound of formula VIII wherein 
Z represents a reactive esterified hydroxyl group, is 
performed in a manner known perse, in the presence of 
for example an organic base, such as an organic amine, 
for example a tertiary amine, such as tri-lower alkyla 
mine, for example trimethylamine, triethylamine or 
ethyl-di-isopropylamine, an N,N-di-lower-alkyl-aniline, 
for example N,N-di-methylaniline, a cyclic tertiary 
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amine, such as an N-lower-alkylated morpholine, for 
example N-methyl-morpholine, a base of the pyridine 
type, for example pyridine, an inorganic base, for exam 
ple hydroxides, carbonates, or hydrogen carbonates of 
alkali metals or alkaline-earth metals, for example so 
dium, potassium or calcium hydroxide, carbonate or 
hydrogen carbonate, or a quaternary ammonium base, 
such as a tetraalkylammonium hydroxide, carbonate or 
hydrogen carbonate, for example in which alkyl is e.g. 
methyl, ethyl, propyl, isopropyl, butyl, or the like, or an 
alkali metal salt of bis-trialkylsilylamide (e.g. trimethyl) 
optionally in the presence of a crown ether such as 
18-crown-6 in a suitable inert solvent or solvent mix 
ture, e.g. acetonitrile, toluene, and the like. 
A trifunctional free acid, e.g. of the formula I, or a 

monoester or diester thereof, is preferably first con 
verted into a salt of one of the stated organic or inor 
ganic bases, especially into the sodium or potassium salt, 
and is then reacted with a compound of the formula 
VIII. The compounds of formula VIII are known or 
can be prepared by methods well-known to the art. 
A compound of the formula or VIII wherein Z is a 

reactive esterified hydroxyl group can be prepared in 
situ. For example, a compound of the formula VIII 
wherein Zis chloro can be converted by treatment with 
sodium iodide in a solvent, for example in acetone or 
acetonitrile, into a compound of the formula VIII 
wherein Z is iodo; or esterification can be carried out 
with a chloro compound of the formula VIII in the 
presence of sodium iodide. 

Esterification of a compound with a free carboxyl 
group using in excess an alcohol of formula VIII 
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(wherein Z represents hydroxy) is carried out in a man 
ner known perse, e.g. in the presence of an acid catalyst 
e.g. sulfuric acid or boron trifluoride etherate, prefera 
bly at an elevated temperature, advantageously ranging 
from about 40 C. to 100° C. Alternately, the esterifica 
tion of a compound with a free carboxyl group can be 
carried out with at least an equimolar amount of the 
alcohol in the presence of a condensing agent such as 
dicyclohexylcarbodiimide or N-(3-dimethylamino 
propyl)-N'-ethylcarbodiimide in a polar solvent such as 
methylene chloride, in the presence of a base if re 
quired, e.g. such as 4-(dimethylamino)pyridine. 

Conversely, carboxylic acid esters can be converted 
to compounds of the invention with a free carboxy 
group using methods and conditions generally known in 
the art and illustrated herein. Depending on type of 
ester involved, useful reagents include aqueous acids or 
bases; also anhydrous reagents such as trialkylsilyl ha 
lides, hydrobromic acid in glacial acetic acid; also hy 
drogen and a hydrogenolysis catalyst. For instance, 
trialkyl esters can be converted to the free trifunctional 
acids by treatment with hydrobromic acid in glacial 
acetic acid, e.g. at room temperature or elevated tem 
perature. Also trialkyl esters can be converted to the 
mono esters wherein carboxy only remains esterified, 
by treatment with e.g. trimethylsilyl bromide at room 
temperature. 
Any benzyl esters can be selectively hydrogenolyzed 

with e.g. hydrogen in the presence of a catalyst such as 
palladium on charcoal. 

In the case mixtures of stereoisomers or optical iso 
mers of the above compounds are obtained, these can be 
separated into the single isomers by methods in them 
selves known, e.g., by fractional distillation, crystalliza 
tion and/or chromatography. Racemic products can be 
resolved into the optical antipodes, for example, by 
separation of diastereomeric salts thereof, e.g., for basic 
compounds by the fractional crystallization of d- or 
1-(tartrate, mandelate or camphorsulfonate) salts, or for 
acidic compounds by fractional crystallization of d- or 
1-(alpha-methylbenzylamine, cinchonidine, cinchonine, 
quinine, quinidine, ephedrine, dehydroabietylamine, 
brucine or strychnine)-salts. 
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The above-mentioned reactions are carried out ac 
cording to standard methods, in the presence or absence 
of diluents, preferably such as are inert to the reagents 
and are solvents thereof, of catalysts, alkaline or acidic 
condensing or said other agents respectively and/or 
inert atmospheres, at low temperatures, room tempera 
ture or elevated temperatures, preferably near the boil 
ing point of the solvents used, at atmospheric or super 
atmospheric pressure. 
The invention further includes any variant of said 

processes, in which an intermediate product obtainable 
at any stage of the process is used as a starting material 
and any remaining steps are carried out, or the process 
is discontinued at any stage thereof, or in which the 
starting materials are formed under the reaction condi 
tions, or in which the reaction components are used in 
the form of their salts or optically pure antipodes. 
Mainly those starting materials should be used in said 
reactions, that lead to the formation of those com 
pounds indicated above as being preferred. 
The present invention additionally relates to the use 

in mammals of the compounds of the invention and 
their pharmaceutically acceptable, non-toxic acid addi 
tion salts, or pharmaceutical compositions thereof, as 
medicaments, e.g. as neutral endopeptidase inhibitors, 
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e.g. for the treatment of cardiovascular disorders such 
as hypertension, edema, salt retention and congestive 
heart failure. 
The present invention also relates to the use of the 

compounds of the invention for the preparation of phar 
maceutical compositions especially pharmaceutical 
compositions having neutral endopeptidase inhibiting 
activity, and e.g. antihypertensive or saluretic activity. 
The pharmaceutical compositions according to the 

invention are those suitable for enteral, such as oral or 
rectal, transdermal and parenteral administration to 
mammals, including man, for the treatment of cardio 
vascular disorders, such as hypertension, comprising an 
effective amount of a pharmacologically active com 
pound of the invention or a pharmaceutically accept 
able salt thereof, alone or in combination with one or 
more pharmaceutically acceptable carriers. 
The pharmacologically active compounds of the in 

vention are useful in the manufacture of pharmaceutical 
compositions comprising an effective amount thereof in 
conjunction or admixture with excipients or carriers 
suitable for either enteral or parenteral application. 
Preferred are tablets and gelatin capsules comprising 
the active ingredient together with a) diluents, e.g. lac 
tose, dextrose, sucrose, mannitol, sorbitol, cellulose 
and/or glycine; b) lubricants, e.g. silica, talcum, stearic 
acid, its magnesium or calcium salts and/or polye 
thyleneglycol; for tablets also c) binders, e.g. magne 
sium aluminum silicate, starch paste, gelatin, traga 
canth, methylcellulose, sodium carboxymethylcellulose 
and/or polyvinylpyrrollidone; if desired, d) disinte 
grants, e.g. starches, agar, alginic acid or its sodium salt, 
or effervescent mixtures; and/or e) absorbents, color 
ants, flavors and sweeteners. Injectable compositions 
are preferably aqueous isotonic solutions or suspen 
sions, and suppositories are advantageously prepared 
from fatty emulsions or suspensions. Said compositions 
may be sterilized and/or contain adjuvants, such as 
preserving, stabilizing, wetting or emulsifying agents, 
solution promoters, salts for regulating the osmotic 
pressure and/or buffers. In addition, the compositions 
may also contain other therapeutically valuable sub 
stances. Said compositions are prepared according to 
conventional mixing, granulating or coating methods, 
respectively, and contain about 0.1 to 75%, preferably 
about 1 to 50%, of the active ingredient. 

Suitable formulations for transdermal application 
include an effective amount of a compound of the in 
vention with carrier. Advantageous carriers include 
absorbable pharmacologically acceptable solvents to 
assist passage through the skin of the host. Characteris 
tically, transdermal devices are in the form of a bandage 
comprising a backing member, a reservoir containing 
the compound, optionally with carriers, optionally a 
rate controlling barrier to deliver the compound to the 
skin of the host at a controlled and predetermined rate 
over a prolonged period of time, and means to secure 
the device to the skin. 
A unit dosage for a mammal of about 50 to 70 kg may 

contain between about 10 and 100 mg of the active 
ingredient. The dosage of active compound is depen 
dent on the species of warm-blooded animal (mammal), 
the body weight, age and individual condition, and on 
the form of administration. 
The following examples are intended to illustrate the 

invention and are not to be construed as being limita 
tions thereon. Temperatures are given in degrees Centi 
grade. If not mentioned otherwise, all evaporations are 
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performed under reduced pressure, preferably between 
about 15 and 100 mm Hg. Optical rotations are mea 
sured at room temperature at 589 nm (D line of sodium), 
365 nm or other wavelengths as specified in the exam 
ples. 
The prefixes R and S are used to indicate the absolute 

configuration at each asymmetric center. 
EXAMPLE 1. 

To a solution of N-(3-carbo(t)butoxy-1-oxopropyl)- 
(4S)-(p-phenylphenylmethyl)-4-amino-2R-methyl 
butanoic acid ethyl ester (0.80 g) in 15 ml of CH2Cl2 at 
room temperature are added 3 ml of trifluoroacetic 
acid. The mixture is stirred overnight and concentrated. 
The residue is dissolved in tetrahydrofuran (THF), and 
6.5 ml of 1N NaOH is added. The mixture is concen 
trated and triturated with ether. The solid can be re 
crystallized from methylene chloride-hexane to give 
sodium N-(3-carboxyl-1-oxopropyl)-(4S)-(p-phenyl 
phenylmethyl)-4-amino-2R-methylbutanoic acid ethyl 
ester melting at 159-160° C.; ap20 = -11.4 (metha 
nol). 
The starting material is prepared as follows: 
A solution of a-t-BOC-(R)-tyrosine methyl ester (5.9 

g, 20 mmol) and pyridine (8 mL, 100 mmol) in methy 
lene chloride (30 mL) is cooled to 0-5 C. Trifluorome 
thanesulfonic anhydride (4 mL, 23 mmol) is added at 
O'-5' C., and the resulting mixture is held for another 30 
minutes. The reaction mixture is diluted with water (60 
mL) and methylene chloride (100 mL), and washed 
sequentially with 0.5N sodium hydroxide solution 
(1x50 mL), water (1 x 60 mL), 10% citric acid solution 
(2X75 mL) and water (1X60 mL). The organic phase is 
dried over MgSO4 and concentrated to an oil. The oil is 
purified by column chromatography (silica gel, hex 
ane/ethyl acetate, 2:1 to give methyl(R)-2-(t-butoxycar 
bonylamino)-3-4-(trifluoromethylsulfonyloxy)phenyl)- 
propionate which crystallizes on standing; m.p. 46-48 
C.; a)20D-36.01 (c=1, CHCl3). 

Nitrogen is passed through a suspension of (R)-2-(t- 
butoxycarbonylamino)-3-(4-(trifluoromethylsulfonylox 
y)-phenyl)-propionate (1.75 mmol), phenylboronic acid 
(3.5 mmol), anhydrous potassium carbonate (2.63 
mmol) and toluene (17 mL) for 15 minutes. Tetrakis(tri 
phenylphosphine)palladium(0) is added, and the mix 
ture is heated at 85-90' for 3 hours. The reaction mix 
ture is cooled to 25 C., diluted with ethyl acetate (17 
mL) and washed sequentially with saturated sodium 
bicarbonate (1 X20 mL), water (1 X20 mL), 10% citric 
acid (1 X20 mL), water (1 X20 mL) and saturated so 
dium chloride solution (1 X20 mL). The organic phase 
is concentrated, and the residue is purified by column 
chromatography (silica gel, hexane/ethyl acetate 2:1) to 
yield methyl (R)-2-(t-butoxycarbonylamino)-3-(p- 
phenylphenyl)-propionate which can also be called 
N-(R)-t-butoxycarbonyl-(p-phenylphenyl)-alanine 
methyl ester. 
To a solution of N-(R)-t-butoxycarbonyl-(p-phenyl 

phenyl)-alanine methyl ester (6.8 g) in 60 ml of THF 
and 20 ml of methanol are added 20 ml of aqueous lN 
sodium hydroxide solution. The mixture is stirred for 1 
h at room temperature and then acidified with 21 ml of 
1N hydrochloric acid. The aqueous solution is extracted 
3X with ethyl acetate. The combined organic extracts 
are dried (MgSO4), filtered and concentrated to give 
N-(R)-t-butoxycarbonyl-(p-phenylphenyl)-alanine, m.p. 
98-99 C.; a)20D-18.59 (c=1, methanol). 
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To a solution of N-(R)-t-butoxycarbonyl-(p-phenyl 

phenyl)-alanine (4.8 g) in 70 ml of methylene chloride 
(CH2Cl2) at 0° C. with 1.65 g of N,O-dimethylhydrox 
ylamine HCl, 1.7 g of triethylamine and 2.85 g of hy 
droxybenzotriazole are added 5.37 g of 1-3-(dime 
thylamino)propyl)-3-ethylcarbodiimide hydrochloride. 
The mixture is stirred 17 h at room temperature. The 
mixture is concentrated taken up in ethyl acetate 
(EtOAc) and washed with saturated sodium bicarbon 
ate, NHCl and brine, then dried (MgSO4), filtered and 
concentrated to give N-(R)-t-butoxycarbonyl-(p- 
phenylphenyl)-alanine N.O-dimethyl hydroxylamine 
amide. 
To a 0° C. solution of N-(R)-t-butoxycarbonyl-(p- 

phenylphenyl)-alanine N.O-dimethyl hydroxylamine 
amide (5.2 g) in 250 ml of diethyl ether are added 0.64g 
of lithium aluminum hydride. The reaction is stirred for 
30 min. and quenched with aqueous potassium hydro 
gen sulfate. The mixture is stirred for additional 5 min. 
poured onto 1N HCl, extracted (3x) with EtOAc, 
dried (MgSO4), filtered, and concentrated to give N 
(R)-4-t-butoxycarbonyl-(p-phenylphenyl)-alanine car 
boxaldehyde as a colorless oil. 
To a 0° C. solution of N-(R)-t-butoxycarbonyl-(p- 

phenylphenyl)-alanine carboxaldehyde (4.4 g) in 200 ml 
of CH2Cl2 are added 10 g of carboethoxyethylidene 
phenyl phosphorane. The mixture is warmed to room 
temperature, stirred for 1 h, washed with brine, dried 
(MgSO4), filtered and concentrated. The residue is 
chromatographed on silica gel eluting with (1:2) ether:- 
hexane to give N-t-butoxycarbonyl-(4R)-(p-phenyl 
phenylmethyl)-4-amino-2-methyl-2-butenoic acid ethyl 
ester. 

A solution of N-t-butoxycarbonyl-(4R)-(p-phenyl 
phenylmethyl)-4-amino-2-methyl-2-butenoic acid ethyl 
ester (4.2 g) in 400 ml of ethanol is suspended with 2.0 
g of 5% palladium on charcoal and then is hydroge 
nated at 50 psi for 6h. The catalyst is removed by filtra 
tion and the filtrate is concentrated to give N-t-butox 
ycarbonyl(4S)-(p-phenylphenylmethyl)-4-amino-2- 
methylbutanoic acid ethyl ester as a 80:20 mixture of 
diastereomers. 
To the N-t-butoxycarbonyl(4S)-(p-phenylphenylme 

thyl)-4-amino-2-methylbutanoic acid ethyl ester (4.2 g) 
in 40 ml of CH2Cl2 at 0°C. is bubbled dry hydrogen 
chloride gas for 15 min. The mixture is stirred 2 h and 
concentrated to give (4S)-(p-phenylphenylmethyl)-4- 
amino-2-methylbutanoic acid ethyl ester hydrochloride 
as a 80:20 mixture of diastereomers. 
To a room temperature solution of the above amine 

salt (3.12 g) in 15 ml of CH2Cl2 and 15 ml of pyridine are 
added 13.5 g of succinic anhydride. The mixture is 
stirred for 17 h, concentrated, dissolved in ethyl acetate, 
washed with 1N HCl and brine, and dried (MgSO4) to 
give N-(3-carboxy-1-oxopropyl)-(4S)-(p-phenylphenyl 
methyl)-4-amino-2-methylbutanoic acid ethyl ester as a 
80:20 mixture of diastereomers. 
The above N-(3-carboxy-1-oxopropyl)-(4S)-(p- 

phenylphenylmethyl)-4-amino-2-methylbutanoic acid 
ethyl ester diastereomeric mixture (3.9 g) and N,N- 
dimethylformamide-di-t-butyl acetal (8.8 ml) are heated 
at 80 C. in 40 ml of toluene for 2 h. The mixture is 
poured onto ice-1N HCl, extracted with ether, chro 
matographed on silica gel eluting with (2:1) toluene 
:ethyl acetate to give N-(3-carbo(t)butoxy-1-oxo 
propyl)-(4S)-(p-phenylphenylmethyl)-4-amino-2R 
methylbutanoic acid ethyl ester as the more polar mate 
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rial and the corresponding (S,S) diastereomer as the less 
polar material. 

EXAMPLE 2 

To a solution of N-(3-carboxy-1-oxopropyl)-(4S)-p- 
phenylphenylmethyl-4-amino-(2R)-methylbutanoic 
acid ethyl ester (0.33 g) in 20 ml of (1:1) ethanol:tetrahy 
drofuran (THF) at room temperature are added 5 ml of 
iN sodium hydroxide solution (NaOH) and stirred for 
17 h. The mixture is concentrated, dissolved in water 
and washed with ether. The aqueous layer is acidified 
with N hydrochloric acid (HCl), extracted 3x with 
ethyl acetate (EtOAc), dried over magnesium sulfate 
(MgSO4), filtered and concentrated. The residue is trit 
urated with ether to yield N-(3-carboxy-1-oxopropyl)- 
(4S)-p-phenylphenylmethyl-4-amino-(2R)-methyl 
butanoic acid melting at 158-164 C., a) D20 = -23.5° 
(methanol). 

EXAMPLE 3 

Following the procedures described in Examples 1 or 
2, the following compounds are prepared: 
N-(3-carboxy-1-oxopropyl)-(4S)-(p-phenylphenylme 

thyl)-4-amino-2S-methylbutanoic acid melting at 
165-167 C.; 

N-(3-carboxy-1-oxopropyl)-(4S)-p-(4-methylphenyl)- 
phenylmethyl-4-amino-2R-methyl butanoic acid 
melting at 165-170° C., ap20 = - 18.4 (c = 1, meth 
anol); 

N-(3-carboxy-1-oxopropyl)-(4R)-p-phenylphenylmeth 
yl-4-amino-2S-methylbutanoic acid, ... melting at 
145-149 C.; 

N-(3-carboxyl-1-oxopropyl)-(4R)-p-phenylphenylmeth 
yl-4-amino-(2R)-methylbutanoic acid, melting at 
162-165 C.; 

N-(3-carboxy-1-oxopropyl)-4(S,R)-p-phenylphenyl 
methyl-4-amino-2(S,R)-methylbutanoic acid, meltin 
at 165-167 C.; 

Sodium N-(3-carboxy-1-oxopropyl)-4-(S,R)-p-phenyl 
phenylmethyl-4-amino-2(S,R)-methylbutanoic 
ethyl ester, melting at 165-167 C.; 

Sodium N-(3-carboxy-1-oxopropyl)-(4R)-p-phenyl 
phenylmethyl-4-amino-2S-methylbutanoic acid ethyl 
ester, melting at 117-120° C.; 

N-(3-ethoxycarbonyl-l-oxopropyl)-(4S)-(p-phenyl 
phenylmethyl)-4-amino-2R-methylbutanoic acid, 
melting at 178-190 C.; 

N-(2-carboxy-1-oxoethyl)-(4S)-p-phenylphenylmethyl 
4-amino-2(S,R)-methylbutanoic acid, melting at 
160-161" C.; 

N-(5-carboxy-1-oxopentyl)-(4S)-p-phenylphenylmeth 
yl-4-amino-2R-methylbutanoic acid, melting at 
124-127 C.; 

Sodium N-(3-carboxy-1-oxopropyl)-4-(S,R)-p-phenyl 
phenylmethyl-4-amino-2(S,R)-methoxybutanoic 
acid, melting at 180°-185 C.; 

Sodium N-(3-carboxy-1-oxopropyl)-4-(S,R)-p-phenyl 
phenylmethyl-4-amino-2(S,R)-methoxybutanoic acid 
indanyl ester, melting at 134-136 C.; 

N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmeth 
yl-4-amino-butanoic acid, melting at 163-166 C.; 

N-(3-carboxy-3-hydroxy-1-oxopropyl)-(4S)-p-phenyl 
phenylmethyl-4-amino-2R-methylbutanoic acid, 
melting at 156-170° C. 
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EXAMPLE 4 

Following the procedures described in example 1 
except substituting glutaric anhydride for succinican 
hydride, the following compounds are prepared: 
N-(4-carboxy-1-oxobutyl)-(4S)-p-phenylphenylmethyl 
4-amino-2R-methylbutanoic acid, melting at 
152-155° C. 

Sodium N-(4-carboxy-1-oxobutyl)-(4S)-p-phenyl 
phenylmethyl-4-amino-2R-methylbutanoic acid ethyl 
ester, melting at 68-72 C. 

EXAMPLE 5 

Following the procedures described in example 1 
except substituting carbobutoxyethylidenephenyl phos 
phorane for carboethoxyethylidene phenyl phospho 
rane, the following compound is prepared: 
Sodium N-(3-carboxy-1-oxopropyl)-(4S)-p-phenyl 

phenylmethyl-4-amino-2R-methylbutanoic acid n 
butyl ester, melting at 155-165 C. 

EXAMPLE 6 

To a room temperature solution of N-t-butoxycarbo 
nyl-(4R)-p-phenylphenylmethyl-4-amino-2-methyl-2- 
butenoic acid ethyl ester (0.50 g) in 2 ml ethanol and 4 
ml THF are added 2.0 ml of N NaOH. The reaction is 
stirred until the disappearance of starting material moni 
tored by thin layer chromatography. The mixture is 
concentrated, dissolved in sodium bicarbonate and 
washed with ether. The aqueous layer is acidified with 
3N HCl and extracted (3X) with ethyl acetate. The 
organic extracts are washed with brine, dried (MgSO4), 
filtered and concentrated to give N-t-butoxycarbonyl 
(4R)-p-phenylphenylmethyl-4-amino-2-methyl-2- 
butenoic acid. 
To a room temperature solution of N-t-butoxycarbo 

nyl-(4R)-p-phenylphenylmethyl-4-amino-2-methyl-2- 
butenoic acid (0.30 g) in 10 ml of CH2Cl2 are added 
0.123 g of dimethyl aminopyridine, 0.203 g of 5-indanol 
and 0.387 g of 1-3-(dimethylamino)propyl)-3-ethylcar 
bodiimide hydrochloride. The mixture is stirred over 
night, and then is concentrated and taken up in ethyl 
acetate. The organics are washed with saturated sodium 
bicarbonate (2x), 1N HCl (2x) and brine (2x), dried 
(MgSO4), filtered, concemtrated and chromatographed 
on silica gel eluting with (1:4) ethyl acetate:hexane to 
give N-t-butoxycarbonyl-(4R)-p-phenylphenylmethyl 
4-amino-2-methyl-2-butenoic acid indanyl ester. This 
material is converted to sodium N-(3-carboxy-1-oxo 
propyl)-(4S)-p-phenylphenylmethyl-4-amino-2R 
methylbutanoic acid indanyl ester melting at 60-65 C. 
according to the procedures described in example 1. 

EXAMPLE 7 

To a solution of (4S)-p-phenylphenylmethyl-4-amino 
2-methylbutanoic acid ethyl ester hydrochloride (0.84 
g) in 10 ml of methylene chloride are added 0.58 g of 
adipic acid mono methyl ester, 0.293 g of triethylamine, 
0.49 g of hydroxybenzotriazole and 0.928 g of 1-3- 
(dimethylamino)propyl)-3-ethylcarbodiimide hydro 
chloride. The reaction is stirred at room temperature 
overnight. The mixture is concentrated and the residue 
is taken up in ethyl acetate. The organics are washed 
with sodium bicarbonate, lN HCl, brine, dried 
(MgSO4), filtered and evaporated. The residue is chro 
matographed on silica gel eluting with (1:2) ethyl aceta 
te:hexane to give the more polar diastereomer N-(5-car 
bomethoxy-1-oxopentyl)-(4S)-p-phenylphenylmethyl 
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4-amino-2R-methylbutanoic acid ethyl ester. The less 
polar (S,S) diastereomer is also isolated. 
To a solution of N-(5-carbomethoxy-1-oxopentyl)- 

(4S)-p-phenylphenylmethyl-4-amino-2R-methyl 
butanoic acid ethyl ester (0.58 g) in 10 ml of THF and 
10 ml of ethanol are added 4.0 ml of N NaOH. The 
reaction is stirred overnight. The mixture is concen 
trated taken up in water and washed with ether (2X). 
The aqueous layer is acidified with 2N HCl and ex 
tracted with ethyl acetate (2x). The organics are dried 
(MgSO4), filtered, concentrated and recrystallized from 
methylene chloride-ether to give N-(5-carboxy-1- 
oxopentyl)-(4S)-p-phenylphenylmethyl-4-amino-2R 
methylbutanoic acid, melting at 124-127 C. 

EXAMPLE 8 

Preparation of 1,000 capsules each containing 50 mg 
of the active ingredient, as follows: 

N-(3-carboxy-1-oxopropyl)-(4S)- 50.00 g 
(p-phenylphenylmethyl)-4-amino-2R 
methylbutanoic acid ethyl ester sodium salt 
Lactose 187.00 g 
Modified starch 80.00 g 
Magnesium stearate 3.00 g 

Procedure: All the powders are passed through a 
screen with openings of 0.6 mm. The drug substance is 
placed in a suitable mixer and mixed first with the mag 
nesium stearate, then with the lactose and starch until 
homogenous. No. 2 hard gelatin capsules are filled with 
300 mg of said mixture each, using a capsule filling 
machine. 
Analogously capsules are prepared, containing about 

10-100 mg of the other compounds disclosed and exem 
plified herein, e.g. the compounds of examples 1-5. 
What is claimed is: 
1. A compound of formula Ie 

O 
2 4. 

ROOC-CH-CH2-CH-NH-C-(CH2)2-COOR' 

CH3 ( ) ( ) 
wherein COOR and COOR' independently represent 
carboxyl or carboxyl esterified in form of a pharmaceu 
tical acceptable prodrug ester, or a pharmaceutically 
acceptable salt thereof. 

CH2 
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2. A compound according to claim 1 wherein R and 

R" independently represent hydrogen, C1-C4-alkyl, 
benzyl optionally substituted on phenyl by lower alkyl, 
lower alkoxy, halo or trifluoromethyl, pivaloylox 
ymethyl, 1-(C2-C4-alkanoyloxy)-ethyl, (2,2-dimethyl 
1,3-dioxolan-4-yl)-methyl, 5-indanyl, 3-phthalidyl, bor 
nyloxycarbonylmethyl, 1-(C1-C4-alkoxycarbonyloxy)- 
ethyl or 3-pyridylmethyl; or a pharmaceutically accept 
able salt thereof. 

3. A compound according to claim 1 wherein COOR." 
is carboxyl; and COOR represents carboxyl or carboxyl 
derivatized in form of a pharmaceutically acceptable 
ester; or a pharmaceutically acceptable salt thereof. 

4. A compound according to claim 1 having the R 
configuration at C-atom 2 and the S-configuration at 
C-aton 4. 

5. A compound according to claim 1, being N-(3-car 
boxy-1-oxopropyl)-4-(p-phenylphenylmethyl)-4-amino 
2-methylbutanoic acid ethyl ester, the (2R,4S)-antipode 
thereof, or a pharmaceutical acceptable salt thereof. 

6. A compound according to claim 4 being N-(3-car 
boxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl-4- 
amino-(2R)-methylbutanoic acid or a pharmaceutically 
acceptable salt thereof. 

7. A compound according to claim 4 being N-(3-car 
boxy-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4- 
amino-(2R)-methylbutanoic acid ethyl ester or a phar 
maceutically acceptable salt thereof. 

8. A neutral endopeptidase inhibiting pharmaceutical 
composition comprising an effective neutral endopepti 
dase inhibiting amount of a compound of claim 1, in 
combination with one or more pharmaceutically ac 
ceptable carriers. 

9. A neutral endopeptidase inhibiting pharmaceutical 
composition according to claim 8 comprising an effec 
tive neutral endopeptidase inhibiting amount of N-(3- 
carboxy-1-oxopropyl)-4-(p-phenylphenylmethyl)-4- 
amino-2-methylbutanoic acid ethyl ester, the (2R,4S)- 
antipode thereof, or a pharmaceutical acceptable salt 
thereof. 

10. A method of treating cardiovascular disorders 
which comprises administering to a mammal in need of 
such treatment an effective neutral endopeptidase inhib 
iting amount of a compound of claim 1 in combination 
with one or more pharmaceutically acceptable carriers. 

11. A method of treating cardiovascular disorders 
according to claim 10 which comprises administering to 
a mammal in need of such treatment an effective neutral 
endopeptidase inhibiting amount of 4-N-(3-carboxy-1- 
oxopropyl)-amino4-(p-phenylphenylmethyl)-2-methyl 
butanoic acid ethyl ester, the (2R,4S)-antipode thereof 
or a pharmaceutical acceptable salt thereof. 

k 
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Molecular recognition is typically associated with molecules in solution, but such events are also responsible for

organizing molecules in the solid state. Translating principles of molecular recognition to solid-state assembly

of heteromeric molecular solids is of key importance to the development of versatile, reliable and practical

supramolecular synthesis. In this article we provide an overview of some modular and transferable strategies

for the synthesis of binary and ternary supermolecules and co-crystals based upon a hierarchy of intermolecular

interactions, notably hydrogen bonds.

Introduction

What is the most likely outcome when a homogeneous solution
containing two different molecular solutes is allowed to
evaporate to dryness? Unless a chemical reaction driven by
the formation of covalent bonds takes place between the two
solutes, one would, as a rule, expect the appearance of two
separate molecular solids. This is a manifestation of the
inherent structural selfishness of molecules,1 and it is relied
upon every time recrystallization is employed as a method of
purification. Recrystallization processes represent essential
steps during covalent synthetic procedures and are performed
on a daily basis in every synthetic laboratory around the
world. In the supramolecular laboratory, however, the very
same process provides the supramolecular chemist with an
opportunity to move in a completely different direction—a

co-crystallization is a deliberate attempt at bringing together
different molecular species within one periodic crystalline
lattice without making or breaking covalent bonds. Recrys-
tallization and co-crystallization processes are, in essence, only
distinguishable by their intents. The goal of the former is a
homomeric product, whereas the latter procedure strives for a
heteromeric product: success for the former means failure for
the latter. In general, the odds are stacked firmly in favor of a
homomeric product, Scheme 1, so how do we go about
developing reliable, effective, and versatile synthetic methods
for the directed assembly of heteromeric co-crystals? This
article will attempt to provide some practical suggestions by
outlining supramolecular synthetic strategies based upon
modular hydrogen-bond driven approaches to the design and
synthesis of binary and ternary supermolecules and co-crystals.

Covalent vs. non-covalent synthesis

Covalent synthesis has become an enormously powerful
discipline2 because organic chemists have been able to establish
reproducible links between molecular structure, reactivity, and
reaction pathways through systematic studies of innumerable
organic reactions. The explicit correspondence between
chemical functional groups and their reactivity has provided
a foundation for highly efficient construction of new molecules
of enormous variety and complexity. The arrival and on-going
development of synthetic organic chemistry arguably represent
one of the most important scientific stories of the 20th century.
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The history of organic synthetic chemistry has produced
reliable methods for chemical transformations, and names like
Grignard, Wittig and Suzuki are prominent members of the
collective that the experienced synthetic chemist has labeled
‘‘Named reactions’’. Each individual reaction can often be
described in a concise yet comprehensive manner—‘‘…this is
the transformation of A into B, by treatment with X and Y’’.
These recipes, which often involve specific catalysts and
reagents that facilitate covalent coupling reactions between
two different molecular fragments, play a crucial role in every
aspect of synthetic chemistry.

In contrast, supramolecular synthesis3 has not reached
anywhere near the same level of sophistication, and despite
much progress4,5 we do not yet have access to a ‘dictionary’
that allows us to translate from molecular structure to
supramolecular assembly. We have so far only converted a
fraction of our considerable understanding of solution-based
molecular recognition phenomena into practical solid-state
targeted crystal engineering. Specifically, there is much to be
done when it comes to the preparation of molecular co-crystals,
a synthesis that requires the assembly and spatial organization
of different molecular building blocks within the same periodic
crystalline lattice. However, there is no doubt that if we could
employ our extensive knowledge of molecular structure/
function and apply it to the directed assembly of supramo-
lecular species, then we will have taken a crucial step towards
new materials that are faster, cheaper, smarter, or more
efficient than current alternatives. In addition, we would gain
new insight that is directly applicable to molecular-recognition
driven biological catalysis and reactivity.

What is a co-crystal?

Crystal engineering is, by definition, a highly interdisciplinary
area, which goes some ways towards explaining why unambig-
uous definitions and systematic nomenclatures have yet to be
developed, let alone fully embraced, within this field. The term

co-crystal is certainly not well-defined, and in the current
literature we encounter terms like molecular complexes, co-
crystals, molecular adducts, molecular salts, clathrates, inclu-
sion compounds, etc., that often are meant to describe one and
the same family of chemical compounds. The purpose of this
article is not to propose new definitions or to weigh in on the
current semantic/semiotic debate,6 but it will be necessary to
delineate the scientific realm of this Highlight. This article will
then adhere (reasonably strictly) to the following rules/
definitions:

1. Only compounds constructed from discrete neutral
molecular species will be considered as co-crystals. Conse-
quently, all solids containing ions, including complex
transition-metal ions, are excluded.7

2. Only co-crystals made from reactants that are solids at
ambient conditions will be included.8 Therefore all hydrates
and other solvates are excluded which, in principle, eliminates
compounds that are typically classified as clathrates or
inclusion compounds (where the guest is a solvent or a gas
molecule).

3. A co-crystal is a structurally homogeneous crystalline
material that contains two or more neutral building blocks that
are present in definite stoichiometric amounts.

At this point we are essentially left with two families of
compounds: binary donor–acceptor complexes and hydrogen-
bonded co-crystals. This article will focus heavily upon
representatives from the latter category.9

Examples of binary co-crystals

There are, strictly speaking, no ‘‘discrete’’ aggregates within a
solid-state framework but it is nevertheless possible to classify
an assembly as being 0-D, 1-D, 2-D or 3-D depending upon the
type of intermolecular interactions that are present within and
between collections of certain molecules.

Some examples of 0-D assemblies, Scheme 2, in co-crystals
include heteromeric carboxylic acid : carboxylic acid dimers

Scheme 1 Recrystallization (homomeric) or co-crystallization (heteromeric)?

Scheme 2 Four 0-D motifs found in co-crystals created by heteromeric hydrogen-bond interactions.
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(1 : 1),10 pyridine : carboxylic acid dimers (1 : 1),11

2-aminopyrimidine : carboxylic acid trimers (1 : 2),12 pyridine
: bis(hydroxymethyl)biphenyl trimers (2 : 1),13 bipyridine :
carboxylic acid trimers (1 : 2),14 2-aminopyrimidine : carboxylic
acid tetramers (2 : 2),12,15 bipyridine : resorcinol tetramers (2 :
2),16 3,5-dinitrobenzoic acid : nicotinic acid tetramers (2 : 2),17

isonicotinamide : carboxylic acid tetramers (2 : 2),18 2-pyridone
: carboxylic acid pentamers (4 : 1),19 melamine : thymine
tetramers (1 : 3),20 melamine : barbital hexamers (3 : 3),21 and

tripenylphosphine oxide with a variety of hydrogen-bond
donors (1 : 1).22,23

More complex, multicomponent, co-crystals containing
0-dimensional motifs also include several elegant examples of
capsules held together by hydrogen bonds,24 Fig. 1.

Examples of co-crystals containing chains, ribbons, and
other infinite 1-D motifs, Scheme 3, include: bipyridine :
dihydroxybenzene,26 melamine : cyanuric acid,27 bipyridine :
(fluorinated)dibromobenzene,28 bipyridine : (diiodobenzene,
tetraiodoethylene or diiodine),29 2-aminopyridine : dicar-
boxylic acid,30 triaminopyrimidine : barbituric acid,31

2-aminopyrimidine : dicarboxylic acid,32 1,2,3-trihydroxyben-
zene : hexamethylenetetramine,33 diols : diamines34, bis-
benzimidazole : dicarboxylic acid,35 and 2-amino-5-nitropyri-
midine : 2-amino-3-nitropyridine.36

Many infinite 2-D assemblies have also been constructed
including (but not limited to): piperazine : carboxylic acid,37

trithiocyanuric : bipyridine,38 pyridyloxamide : dicarboxylic
acid,39 picolylaminocyclohexenone : dicarboxylic acid,40 tria-
zine : uracil,41 tris-(4-pyridyl)triazine : trimesic acid,42 bipyr-
idine : ureylene dicarboxylic acid,43 and isonicotinamide :
dicarboxylic acid,18,44 Fig. 2.

Finally, some examples of 3-D motifs in binary co-crystals
include tetrabromoadamantane : hexamethylenetetramine,45

Fig. 2 A central hexameric motif in the hydrogen-bonded 2-D
network in a diaminotriazine : uracil co-crystal.41

Fig. 1 Binary co-crystal containing a capsule held together by
multiple carboxylic acid–aminopyrimidine interactions.25

Scheme 3 Four 1-D motifs generated by heteromeric hydrogen-bond interactions.
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carbamazepine : tetracarboxylic acid-adamantane46 1,4-di-
iodotetrafluorobenzene : hexamethylenetetramine,29 and iodo-
form : hexamethylenetetramine,47 Fig. 3.

From pattern recognition to synthons and practical
crystal engineering

The whole notion of structural motifs and patterns within a
solid framework is closely linked to the idea that some
intermolecular interactions are more important than others.48

The challenge of recognizing and classifying motifs generated
by multiple intermolecular interactions was addressed by Etter
et al,49 using a system based upon graph-set notation that allow
structural motifs to be described in a consistent and ‘user-
friendly’ way. The graph-set approach uses four principal
motifs: chains (C), dimers (D), rings (R), and intramolecular
hydrogen bonds (S), as descriptors of hydrogen-bonded
molecular solids. Although this notation may not provide an
unambiguous assignment of every structural arrangement, it is
flexible enough to facilitate a systematic description of a wide
range of structures. An indication of the impact that this
nomenclature has had is provided by the fact that two of the
early graph-set publications49,50 have together received more
than 1,100 citations (SciFinder Scholar, American Chemical
Society 2005). An explanation for this success can undoubtedly
be found in the appealing simplicity of this approach, and
descriptors such as R2

4(8) (an eight-membered ring with four
hydrogen-bond donors and two hydrogen-bond acceptors) and
R2

2(8) (e.g. the carboxylic head-to-head dimer), have become
widely recognizable.

In the context of structural motifs and pattern preferences,
an intriguing and very helpful analogy between covalent and
supramolecular synthesis has been captured with the term
‘supramolecular synthon’,51 a robust, transferable connector
that can be used for linking molecules together using non-
covalent interactions. Synthons describe recognition events
that take place when molecules assemble into supermolecules
and offer an important illustration of the conceptual
similarities between retrosynthetic organic synthesis and
supramolecular assembly.52

One of the attractions of supramolecular chemistry is the
extraordinary potential for synthesis of new materials that can
be achieved much more rapidly and more effectively than with
conventional covalent means. For supramolecular synthesis to
advance, it is obviously important to characterize, classify, and
analyze structural patterns, space group frequencies, and

symmetry operators.53 However, at the same time we also
need to bring together this information with the explicit aim of
improving and developing supramolecular synthesis—the
deliberate combination of different discrete molecular building
blocks within periodic crystalline materials. Why be concerned
with the assembly of different molecular components within a
solid? Broadly speaking, the interplay and communication
between molecules within a solid framework provide many of
the properties that are uniquely characteristic of a pure
compound. The ability to change key physical properties e.g.

solubility, crystal morphology, mechanical stability, etc., of a
specialty chemical while retaining its essential bio-physical or
molecular activity is of enormous commercial and fundamental
interest. Examples of how this can be achieved are regularly
demonstrated through the conversion of a pharmacologically
active molecule into its chloride or acetate salt.54 Access to
reliable and versatile synthetic strategies for co-crystals can
furnish alternative approaches to materials design and
preparation that may offer better control (and tunability) of
fundamental physical properties of a wide range of specialty
chemicals.

Synthesis of co-crystals and the supramolecular yield

The fact that 4-bromo-4’-cyanobiphenyl55 and 4-bromobenzo-
nitrile56 form crystal structures where the molecular compo-
nents are aligned in a head-to-tail fashion with relatively short
Br…N contacts indicates that there are stabilizing intermo-
lecular interactions between cyano and bromo moieties,57

Fig. 4. However, there are no known examples of successful
synthesis of binary co-crystals driven by CN…Br interac-
tions.58 Such interactions can organize molecules within a
lattice but have yet to bring about the assembly of heteromeric
co-crystals.59 There is clearly a difference between observing a
large number of short-contacts in molecular crystal structures
composed of only one type of building block and translating
such interactions into useful synthetic tools for constructing
heteromeric architectures.

Much current work in organic crystal engineering is now
geared towards synthesizing co-crystals using supramolecular
reactions based upon reliable synthons and, so far, the majority
of organic molecular co-crystals have been assembled via

conventional (stronger) hydrogen bonds. Weaker hydrogen
bonds and many other intermolecular interactions such as,
nitro…iodo, cyano…nitro, halogen…halogen, etc., have not
yet been found to be broadly useful tools for construction of co-
crystals. The success and efficiency for any set of supramole-
cular reactions can be judged by the frequency of occurrence of
desired intermolecular interactions and connectivities in the
resulting solid. The probability that a certain motif will appear
in a crystalline lattice is, in many ways, a measure of the yield of

a supramolecular reaction. Just as a covalent synthetic chemist
searches for ways in which a specific reaction can be promoted
or prevented, a supramolecular chemist tries to identify the
experimental regime where a synthon prevails despite competi-
tion from other non-covalent forces.

Fig. 4 A chain of molecules organized in a head-to-tail manner in
4-bromobenzonitrile.

Fig. 3 The 3-D network in an iodoform : hexamethylenetetramine
co-crystal.47
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Heteromeric interactions are better than homomeric

interactions

A survey of hydrogen-bonded co-crystals in the CSD60 reveals
that most of them have been prepared using strategies that
utilize suitable combinations of chemical entities (or functional
groups) located on different molecules such that they would
prefer to interact and bind heteromerically, Scheme 4, rather
than with themselves (homomerically).61

The most widely used synthons for the directed assembly of
binary co-crystals have contained a carboxylic acid in
combination with a suitable N-containing heterocycle. For
example, there are three co-crystals in the CSD with pyrazine,62

seven with phenazine,63 sixteen with 4,4’-bipyridine,64 one with
pyrimidine,65 and nine co-crystals with either azapyrine,
quinoline, phenanthroline,66 and a benzoic acid–based
counterpart. In every case, the expected/intended carboxylic
acid…N(heterocycle), O–H…N, hydrogen bond is present. For
slightly more complex heterocycles (i.e. with added substituents
capable of hydrogen bonding) the results are still very
consistent; 11 of 12 carboxylic acid : isonicotinamide co-
crystals contain an acid…pyridine interaction67—a good
example of a high-yielding supramolecular reaction.

There are, in fact, very few occurrences of binary hydrogen-
bond based co-crystals that do not contain a primary
intermolecular interaction that heteromerically link discrete
building blocks. Two such examples include 4-nitrobenzamide :
pyrazinecarboxamide (1 : 1) 1,68 and 3,5-dintrobenzoic acid :
4-(N,N-dimethylamino)benzoic acid (1 : 1).69 The latter was the
only example, in a series of ten acid…acid co-crystals, where
two homomeric dimers were formed in preference to one
heteromeric dimer.70

The overriding conclusion from the extensive data available
in the CSD is clear. In order to convince two different discrete
chemical species to coexist in a molecular co-crystal there needs
to be some specific molecular-recognition based reason for
their solid-state union.68 Although individual structures that
defy rationalization will appear from time to time, there is no
doubt that the important ‘big picture’ reveals structural trends,
patterns of behavior, and reproducible motifs that, when
combined, can be developed into a library of high-yielding
supramolecular reactions.

Do polymorphic compounds make good

co-crystallizing agents?36

A good co-crystallizing agent (CA) should be able to form
heteromeric intermolecular interactions with the target mole-
cule that are more favorable than the homomeric interactions
that may exist.18 The CA must also have the ability to ‘tolerate’
the presence of a different molecular building block within the
same crystalline lattice, which makes it reasonable to search for
co-crystallizing agents amongst polymorphic compounds.71

Polymorphism means that a compound is found in more than
one crystalline manifestation which,72 in turn, indicates that
such compounds display a degree of structural flexibility. In
other words, the multidimensional potential-energy surface
that describes the thermodynamics governing the molecular
recognition processes that eventually leads to crystal growth is
likely to contain many accessible local energy minima.

The suggestion that polymorphic compounds are more likely
to form co-crystals than compounds that never display
polymorphism is somewhat difficult to quantify. However,
from a practical perspective it would be extremely useful to
have access to reliable guidelines for how we might focus and
target a search for reliable co-crystallizing agents for a specific
family of compounds. This challenge prompted us to examine
four polymorphic compounds:36 isonicotinamide 2, 2-amino-5-
nitropyrimidine73 3, 4-chlorobenzamide 4,74 and maleic
hydrazide 5,75,76 and several co-crystals thereof. The reason
for selecting 2–5 (apart from the fact that they are all
polymorphic) was that they are all potentially capable of
engaging in several well-defined and robust intermolecular
hydrogen-bond interactions, Scheme 5.

Three of the four polymorphic compounds examined in this
study36 readily form co-crystals, e.g. 2-hexeneoic acid :
isonicotinamide, 2-amino-5-nitropyrimidine : 2-amino-3-nitro-
pyridine, and 3-dimethylaminobenzoic acid : 4-chlorobenza-
mide. The structural behavior of 2–4 supports the suggestion
that polymorphs make good co-crystallizing agents (provided
that solubility differences are not too large). However, we were
unsuccessful in preparing any co-crystals with maleic hydra-
zide, despite the fact that it exists in three different polymorphs.
We tried a range of crystallization techniques as well as an
extensive series of molecular compounds that, in principle,
could form complementary hydrogen-bond interactions with a
2-pyridone moiety, Scheme 6.

Scheme 5 Molecules capable of forming a variety of hydrogen-
bonded synthons: isonicotinamide, 2, 2-amino-3-nitropyridine, 3,
?4-chlorobenzamide, 4, and maleic hydrazide, 5.

Scheme 4 Four dimeric motifs constructed via heteromeric inter-
molecular interactions.

Scheme 6 Three examples of known synthons that could facilitate the formation of co-crystals involving maleic hydrazide.
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Synthon flexibility

The failure to produce any co-crystals with 5 may cast doubts
on the notion that polymorphic compounds make good co-
crystallizing agents, unless there is a significant structural
difference in the polymorphic behavior between 2–5. We
decided to take a closer look at all the polymorphs 2ab, 3a–c,
4a–c, and 5a–c using graph-set notation in order to uncover
possible reasons for the unwillingness of 5 to participate in
molecular co-crystals. The two polymorphs of isonicotinamide,
2a and 2b, display very different intermolecular connectivities.
In 2a there is an amide…amide head-to-head interaction as
well as the commonly occurring N–H…O link between
adjacent dimers resulting in a C(4)R2

2(8) motif. However, the
primary intermolecular forces in 2b are significantly different as
there is a catemeric amide…amide hydrogen bond, C(4), as well
as an amide…pyridine interaction, C(7). A classification of the
three polymorphs of 3 reveals that the expected intramolecular
amine…nitro hydrogen bond is present in all three forms. 3b
and 3c have identical intermolecular connectivities and the
primary hydrogen-bond motifs are thus best described with the
same graph-set notion, R2

2(12)R2
2(8)S(6). In 3a, however, there

are infinite hydrogen-bonded ribbons, yielding the graph-set
notation R2

2(10)R2
2(8)S(6). In the structures of 4a and 4c the

amide moieties form amide–amide catemers, C(4)R2
2(8)R2

4(8).
The difference between the two structures lies in the arrange-
ment of aromatic rings with respect to one another. While the
graph set notation for 4b is similar to 4a and 4c, the larger
hydrogen-bonded ring creates a two-dimensional network,
C(4)R2

2(8)R4
6(16). In contrast, all three polymorphs of 5, the

one compound that would not readily produce co-crystals,
contain identical hydrogen-bonded ladders: R2

4(14)R2
2(8),

Fig. 5.
The fact that these three polymorphs all contain the same

extended networks was also noted in the original paper: ‘‘Three

forms of MH (maleic hydrazide) provide a unique example of

polymorphic structures built of similar hydrogen-bonded aggre-

gates. The same hydrogen-bonded supramolecular aggregates

organize into different lattices of different symmetries…’’.76b

A detailed structural examination of 2–5 has enabled the
identification of significant differences, in terms of molecular
recognition patterns, between the different polymorphs that, in
turn, may provide practical guidelines for ranking candidates
that are potentially suitable as co-crystallizing agents.

Co-crystals are not necessarily easy to prepare since such
heteromeric systems are only likely to appear if the non-
covalent forces between different molecules are more favorable
than those that exist between molecules in the corresponding
homomeric crystals. An important consideration when
attempting to prepare co-crystals is to choose a co-crystallizing
agent that is already known to be polymorphic. However,
structural flexibility alone is not always enough. It may be
equally important to select molecules that can adopt alternative
packing patterns as well as display synthon flexibility—an
ability to participate in several different robust and well-
defined intermolecular interactions that can satisfy the
demands of multiple hydrogen-bond donors/acceptors on a
variety of molecules.

Beyond binary co-crystals: The need for
supramolecular reagents

Through systematic structural studies of families of molecular
solids we and many others have sought to examine the
competition and balance between different intermolecular
interactions.77–79 It is becoming clear that under certain
conditions it is possible to carefully manipulate the way in
which molecules recognize and bind by ‘tuning’ the strengths of
site-specific complementary hydrogen-bond functionalities. We
have tried to forge some of this knowledge about intermole-
cular forces into a practical tool for making ternary and higher-
order co-crystals. Central to this approach is the availability of
molecular building blocks that can provide supramolecular
directionality, selectivity and reliability. Such building blocks,
supramolecular reagents (SR’s), contain two or more different
binding sites, attachment points, that can be used to selectively
attract, bind and organize two or more different molecules into
a supermolecule with predictable connectivity and shape. The
supramolecular reagent is the hub for the assembly process and
will become part of the supermolecule—this heteromeric
aggregate will also appear in the resulting crystalline solid
enabling the synthesis of co-crystals of increasing complexity.

In order to establish how far this relatively simple modular
supramolecular concept can be extended, we have attempted to
design ternary supermolecules with predictable connectivity
and stoichiometry,80 Scheme 7.

Since hydrogen bonds frequently form in a hierarchical
fashion (best-donor to best-acceptor, second best-donor to
second best-acceptor, etc.),81,82 the chances of producing a new
binary co-crystal are greatly improved by positioning the best
hydrogen-bond donor and the best hydrogen-bond acceptor on
different molecular building blocks.68 The physical validity of a
best-donor/best-acceptor classification or interpretation of
hydrogen-bond interactions can be rationalized in terms of a
desire of the system to maximize multiple electrostatic
interactions. The centerpiece of our first deliberate attempt
at making ternary co-crystals using a best-donor : best-acceptor
approach was isonicotinamide.80 This molecule readily recog-
nizes and binds to carboxylic acids to form 1 : 1 binary co-
crystals that contain a robust and reproducible heteromeric
hydrogen-bonded motif, Fig. 6.

The best donor (carboxylic acid) and the best acceptor
(pyridine nitrogen) form an intermolecular O–H…N hydrogen

Scheme 7 General description of a coupling reaction of two different
molecules and a supramolecular reagent (SR) resulting in 1 : 1 : 1
ternary supermolecules.

Fig. 5 The primary hydrogen-bond motifs in the three known
polymorphs of maleic hydrazide display the same connectivity.
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bond, and the tetrameric supermolecule is completed through a
self-complementary amide–amide interaction. Isonicotinamide
is a good example of a supramolecular reagent suitable for
constructing ternary co-crystals: it has two distinctly different,
yet relatively strong, hydrogen-bond moieties, it shows good
‘structural flexibility’ since it is polymorphic, and it also
displays ‘synthon flexibility’ as the two known polymorphs
display different hydrogen-bond interactions. The primary
hydrogen bond in this system is the acid–pyridine interaction
and, since hydrogen bonds have large electrostatic compo-
nents, the strength of this interaction is governed by the acidity
of the carboxylic acid donor.83

The ‘weaker’ link in the tetrameric motif shown in Fig. 6 is
the amide…amide interaction. Since many reported structures
contain heteromeric amide…acid hydrogen bonds (in pre-
ference to the corresponding homomeric options),84 our plan
was to replace it with a more favorable heteromeric
acid…amide interaction, allowing us to bring in a third
component in a specific manner. By offering two different
carboxylic acids to isonicotinamide, we expected the stronger
acid to interact preferentially with the best acceptor (the
pyridine nitrogen atom) and the weaker acid to form a
heteromeric motif with the remaining amide moiety. This
supramolecular design strategy was put to the test by allowing
equimolar amounts of a weaker acid, a stronger acid, and
isonicotinamide to react in an aqueous solution.

Compound 6, 3,5-dinitrobenzoic acid : isonicotinamide :
3-methylbenzoic acid (1 : 1 : 1), contains the desired three-
component supermolecule with the expected connectivity. The
stronger acid (pKa ~ 2.8)85 interacts with the pyridine nitrogen
atom, and the weaker acid (pKa ~ 4.3) competes successfully
for the amide moiety and forms a heteromeric hydrogen-
bonded motif, Fig. 7.

Compound 7, 3,5-dinitrobenzoic acid : isonicotinamide :
4-(N,N-dimethyl)aminobenzoic acid (1 : 1 : 1), is also a ternary
co-crystal with the intended three-component supermolecule.
The acid–pyridine nitrogen interaction persists, and the weaker
acid (pKa ~ 6.5) forms a heteromeric motif with the amide
moiety, Fig. 8.

Finally, 3,5-dinitrobenzoic acid : isonicotinamide :
4-hydroxy-3-methoxycinnamic acid 8, is also a 1 : 1 : 1 ternary
co-crystal with the same primary supramolecular connectivity
as in 6 and 7, Fig. 9. The desired trimer persists even in the
presence of the potentially disrupting OH-moiety on the
weaker acid (pKa ~ 4.4).

All three structures, 6–8, contain ternary supermolecules
synthesized with the aid of a suitable supramolecular reagent
that employs a hierarchy of hydrogen-bond interactions for the
desired intermolecular organization and assembly. Although
these forces are weaker than covalent interactions, it is clearly
possible to assemble more than two different building blocks in
a preconceived manner. To date we have been able to
crystallographically characterize about a dozen ternary co-
crystals based upon the acid : isonicotinamide : acid
combination. In each and every case, the connectivity of the
observed supermolecule is consistent with the underlying
supramolecular synthetic strategy and is readily rationalized
through differences in pKa values—this reaction, with
isonicotinamide as the supramolecular reagent seems to
proceed with a very high supramolecular yield.

Despite its success, however, isonicotinamide is not suffi-
ciently versatile to make it an ideal supramolecular reagent.
First, it is capable of forming self-complementary ami-
de…amide and amide…pyridine hydrogen bonds, which
makes it inherently difficult to combine isonicotinamide with
molecules that lack moieties that can compete successfully with
the hydrogen-bonding capabilities of the amide functionality.
Second, since the two binding sites on isonicotinamide are
attached to the same backbone, it is impossible to tune the
electronics of the two sites independently, which reduces the
versatility. Consequently, there is a need for second-generation
SR’s that can be refined in such a way that they offer more
opportunities for modular supramolecular synthesis of
ternary co-crystals through enhanced structural selectivity
and specificity.

In this context, we recently presented86 a series of
asymmetric bis-heterocycles where two different binding sites
(hydrogen-bond acceptor sites) are linked by a methylene
bridge in order to provide increased solubility in a range of
solvents. The two binding sites have significantly different
basicities,87 which means that their ability to accept hydrogen
bonds vary. They also lack strong hydrogen-bond donors and,
consequently, homomeric intermolecular interactions will be
weak and less likely to prevent the desired heteromeric
interactions, Scheme 8.

Fig. 7 The ternary supermolecule in 6.

Fig. 6 Primary motif typical of the majority of 1 : 1 isonicotinamide :
carboxylic acid co-crystals.18

Fig. 8 The ternary supermolecule in 7.

Fig. 9 The ternary supermolecule in 8.

Scheme 8 An asymmetric ditopic supramolecular reagent with two
different binding sites (hydrogen-bond acceptors) that can be
electronically modified independently through suitable covalent
substituents.
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Even though pKa/pKb values do not provide direct measures
of hydrogen-bond strength, hydrogen-bond abilities and free
energies of complexation have been correlated with pKa values
and, within closely related classes of compounds, such
comparisons frequently yield correct qualitative results.88,89

The basicity of each heterocycle can also be independently
altered through suitable covalent substitution, which provides
a practical handle for fine-tuning differences in intermolecular
reactivity. Tunability is particularly important as it creates a
versatile supramolecular reagent with the potential for a high
degree of transferability. The ability of these SR’s to form
ternary supermolecules with predictable connectivity was put
to the test by allowing each SR to react with pairs of different
carboxylic acids in a 1 : 1 : 1 ratio.90 The target in each case is a
crystal structure containing a 1 : 1 : 1 ternary supermolecule
where the primary intermolecular interactions can be rationa-
lized according to the best donor/best acceptor protocol.

The crystal structure of 9 contains two crystallographically
unique ternary supermolecules with identical connectivity,
Fig. 10.

The primary intermolecular interactions in this structure are
the O–H…N hydrogen bonds between the stronger acid (3,5-
dinitrobenzoic acid) and the more basic nitrogen atom of the
benzimidazol-1-yl ring, and the O–H…N hydrogen bonds from
the weaker acid (4-nitrobenzoic acid) to the less basic nitrogen
atom of the pyridyl moiety.

The crystal structure of 10 shows the presence of a ternary
1 : 1 : 1 supermolecule with the same connectivity as that found
in 9, Fig. 11.

The primary synthons comprise an O–H…N hydrogen bond
between the stronger acid, 3,5-dinitrobenzoic acid, and the
most basic heterocyclic moiety, and a second O–H…N

interaction between the weaker acid, 3-N,N-dimethylamino-
benzoic acid, and the less basic acceptor, the pyridyl moiety.

The crystal structure of 11 contains a 1 : 1 : 1 supermolecule
with the desired connectivity, Fig. 12. The best acceptor, the
benzimidazol-1-yl moiety, forms an O–H…N hydrogen bond
with the best donor, the stronger acid. The second-best
acceptor, the pyridyl moiety, binds to the weaker acid via an
O–H…N hydrogen bond.

All three structures, 9–11, contain ternary supermolecules
constructed through the deliberate use of directional inter-
molecular synthetic operations. The supramolecular reagents
each have two binding sites that differ primarily in their
basicity, but neither site is otherwise biased or predisposed
towards interacting preferentially with either of the two
competing carboxylic acids. The differences in basicity are
translated into supramolecular reactivity and selectivity that
subsequently carry over into the solid state, which demon-
strates that supramolecular assembly can be controlled by fine-
tuning individual binding sites. This raises the possibility that a
solution to the problem of making non-covalent one-pot
synthesis ‘‘sequential’’ may be to devise modular assembly
processes based upon a hierarchy of intermolecular interac-
tions derived from molecular properties and structural trends.

Codicil

Even though molecular recognition is typically associated with
molecules in solution, such interactions are also responsible for
organizing molecules in the solid state. Translating principles
of molecular recognition to solid-state assembly of heteromeric
molecular solids is of key importance to the development of
versatile and reliable strategies for practical supramolecular
synthesis. In this article we have attempted to outline some
modular and transferable supramolecular design strategies
based upon a hierarchy of intermolecular interactions. The
starting point for these efforts is provided by a body of readily
available structural information that subsequently allows for
the identification of suitable supramolecular reagents. The
effectiveness of these compounds as active and reliable builders
of heteromeric supramolecular aggregates can eventually be
evaluated and quantified using the supramolecular yield,
Scheme 9.

Fig. 10 One of the two ternary supermolecules in the crystal structure
of 9. The stronger acid binds to the stronger base (left-hand side), and
the second-best acid binds to the second-best base (right-hand side).

Fig. 11 The ternary supermolecule in the crystal structure of 10. The
stronger acid binds to the stronger base (left-hand side), and the weaker
acid binds to the weaker base (right-hand side).

Fig. 12 The ternary supermolecule in the crystal structure of 11. The
stronger acid binds to the stronger base (left-hand side), and the
second-best acid binds to the second-best base (right-hand side).

Scheme 9 Design, implementation, and evaluation of supramolecular synthesis of co-crystals.
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The supramolecular synthetic strategies presented herein
will, without a doubt, generate several unexpected results;
however, through covalent synthesis we have unlimited
opportunities for modulating the electronic and geometric
details of each binding site on a supramolecular reagent such
that a variety of chemical functionalities can be targeted for
binding. In this way we can build a team of SR’s where each
member is capable of affecting the assembly of new super-
molecules with a high degree of specificity and reliability,
thereby clearing a path towards practical and transferable
guidelines for versatile supramolecular synthesis. We are
currently probing the limits and limitations of this hierarchical
approach to non-covalent synthesis by examining the structural
reactivity of libraries of supramolecular reagents containing
multiple binding sites with easily adjustable differences in
hydrogen-bond donating/accepting capabilities. Given the
dramatic developments in supramolecular chemistry over the
recent decades it is inevitable that much more complex
supermolecules and higher-order co-crystals will be synthesized
through an improved awareness of the balance and competi-
tion between intermolecular interactions. Such progress will
undoubtedly also deepen our understanding of a range of
fundamental events such as biomolecular activity, crystal-
lization processes, and physico-chemical signaling mechanisms.
In addition, supramolecular reactions of this type may have
important ramifications for the pharmaceutical industry91

(circumventing patents, modifying crystal habit and bioavail-
ability, and facilitating processing), and may also lead to new
strategies for chiral separation.

Acknowledgements

We are grateful for financial support from NSF (CHE-
0316479) and Kansas State University.

References and notes

1 J. D. Dunitz, in Perspectives in Supramolecular Chemistry: The
Crystal as a Supramolecular Entity, ed. G.R. Desiraju, Wiley,
Amsterdam, 1995.

2 E. J. Corey, Chem. Soc. Rev., 1988, 17, 111; K. C. Nicolaou and
E. J. Sorensen, Classics in total synthesis, Wiley-VCH, Weinheim,
1996.

3 J.-M. Lehn, Supramolecular Chemistry, VCH, Weinheim, 1995.
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Growth Des., 2001, 2, 485; C. B. Aakeröy, A. M. Beatty,
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