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Compound 1 and its effect on soluble guanylate cyclase were described for the first time in

(1).

WO 01/19780. However, WO 01/19780 does not describe any pharmaceutical preparations
suitable for parenteral administration. There is a need, especially for the treatment of patients in
15 intensive care units who are not capable of oral intake, for such an infusion solution which can be

administered parenterally.
There are in particular two reasons in favour of parenteral use:

1) Oral use of the substance is possible, because of the short half-life of the substance, only
with intake several times a day. At the same time, development of a conventional sustained
20 release formulation is impeded by the fact that the substance is absorbed in sufficient

quantities only from the upper part of the gastrointestinal tract.

2) Compound ! is developed for use for acute heart failure. In this case, the active ingredient
is normally administered in the intensive care setting. Oral administration of the drug is
difficult in corresponding intensive care patients. Administration of an i.v. infusion by

25 contrast ensures compliance and makes it possible for the dosage to be accurate and

individually adapted. An i.v. solution is therefore the formulation of choice in this case.
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15  reasonable specifications for the dose of active ingredient (2-20 mg in 50 ml) result in a target
active ingredient concentration in the solution in the range between 0.04 and 0.4 mg/ml. The
solubility of the active ingredient in a suitable vehicle at room temperature ought to be at least a
factor of 3 higher (safety margin), in particular also in order to avoid precipitations from the

solutions during cold storage because the solubility is too low.

20 Because compound 1 has a plurality of ionizable groups (pK.;: 4.0 / pKay: 4.7 / pK,s: 8.3),
experiments were carried out to improve the solubility by adjusting the pH to values greater than
pH 7.4, However, there are limits to increasing the pH due to the use as infusion. Values of pH
above pH 9.0 are borderline in relation to physiological tolerability. The use of customary buffers
and bases did not lead to a usable formulation. Table 1 shows the solubilities of compound 1 in

25  various buffer media.
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Trometamol can in principle be employed in the formulation in a concentration of from 0.002 to
0.2 M. A concentration of 0.01 M has proved to be particularly beneficial. If the concentrations are
too fow, the buffering action is insufficient to ensure a stable formulation. If the concentrations are
too high, there must be a greater expectation of unwanted pharmacological effects, because the
buffer burden on the physiological blood buffer is too great. Trometamol is employed
intravenously in relatively high concentrations as active substance to counter hyperacidity. In this
connection, the manufacturer (Braun, Melsungen) recommends that a concentration of 0.3 M not
10

be exceeded in infusions. Thus, from the pharmacological/toxicological viewpoint, the aim should

be a Trometamol concentration which is as low as possible.

A concentration of 0.5 mg/ml of compound 1 corresponds to a molarity of 0.001 M, so that
complete salt formation for concentrations of up to 0.5 mg/ml is ensured by Trometamol

concentrations of 0.0015 M and above,

15 Whereas the use of trometamol in the solutions is essential for the solubility of compound 1 at

concentrations in the range from about 0.2 to 0.5 mg/mi, it is also advantageous to employ
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Dilution experinments
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Dilution medium NaCl soln | NaCl soln | NaCl soln
Final volume after dilution 251 ml 275 ml 300 ml
pH before dilution 8.51 851 8.51
pH of the dilution medium 6.18 6.21 6.14
pH after dilution 6.40 6.58 6.70
b) With trometamol 0.001 molar:
Mixing ratio 145 1+10 1+250
Dilution medium NaCl soln | NaCl soln | NaCl soln
Final volume after dilution 251 ml 275 ml 300 ml
pH before dilution 8.69 8.69 8.69
pH of the dilution medium 6.25 6.06 6.12
pH after dilution 8.43 8.05 6.61
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It was possible to show In titration experiments that an acid burden of 0.01 N hydrochloric acid in

solutions without trometamol leads to such a large fall in pH even on addition of less than 1 ml to

the total content of a 50 ml infusion bottle that the active ingredient precipitates. On addition of

0.001 M trometamol buffer, precipitations are to be observed on addition of about S ml of 0.0I N

hydrochloric acid, A solution with a trometamol content of .01 M is by contrast stable to

precipitations on addition of acid up to more than 35 ml of 0.01 N hydrochloric acid.

Solutions comprising compound 1 in a concentration of 0.05 mg/ml and trometamol in a

concentration of 0.01 M can be diluted problem-free with standard infusion solutions over a wide

range. The dilution experiments shown in Table 3 were carried out concerning this:

Table 3: Dilutability of solutions comprising compound 1

a) Dilutions with sodium chloride solution:

Mixing ratio 1:2 1:4 1:10 1:20 1:40 1:200
Dilution medium NaCl soln|NaCl soln|NaCl soln{NaCl soln|NaCl soln|NaCl soln
Final volume after dilution 10 ml 20 ml 50 ml 100ml | 200ml | 1000 ml
pH after dilution 8.67 8.65 8.57 8.54 8.40 7.85
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The invention makes it possible to prepare stable and tolerated infusion solutions comprising
compound 1. The infusion solutions can be administered undiluted or diluted, e.g. as bypass
10 infusion with other standard infusion solutions such as isotonic sodium chloride or glucose

solution.

Dilute administration is advantageous in that the latitude for adaptations of concentration and

dosage for optimal pharmacotheraphy individually tailored for the patient is relatively large.

The invention thus relates to aqueous pharmaceutical formulations which comprise 4-[{(4-carboxy-
15 butyl)-{2-[(4-phenethylbenzyl)oxy]phenethyl}amino)methylJbenzoic acid (compeound 1) or a salt
thereof. The present invention relates in particular to an aqueous pharmaceutical formulation
which comprises  4-[((4-carboxybutyl)-{2-[(4-phencthylbenzyl)oxy]phenethyl} amino)methyl]-
benzoic acid (compound 1) or a salt thereof and amino-2(hydroxymethyl)-2-propane-1,3-diol

(trometamol).

20 Physiologically acceptable salts may be metal or ammonium salts of the compound (1). Particularly
preferred examples are sodium, potassium, magnesium or calcium salts, and ammonium salts derived
from ammonia or organic amines such as, for example, ethylamine, di- or triethylamine, di- or

tricthanolamine, dicyclohexylamine, dimethylaminoethanol, arginine, lysine or ethylenediamine.

An aqueous pharmaceutical formulation in the context of the present invention is a formulation
25 which substantially comprises water as solvent. However, depending on the infusion volume to be
administered, it may comprise where appropriate water-miscible organic solvents in a proportion

of up to 50% (M/V), preferably less than 30% (M/V), as long as they do not lead to an impairment
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The aqueous pharmaceutical formulation of the invention may in addition to the ingredients used
according to the invention comprise further excipients customary in the field of parenteral
administration forms, such as, for example, acids and bases to adjust the pH, and customary

preservatives, solubilizers and antioxidants.

20 The invention makes it possible to prepare stable and tolerated infusion solutions with the active
ingredient of the compound (1). Easily handled solutions ready for infusion can be formulated. The
solutions can be provided both in the form of glass imfusion bottles or ampoules and in the form of

flexible infusion bags or blown bottelpack® packs etc.
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(1). EasilyZhahdied solutiaon eaq or infusion=can k ) ed. The
sol uti ons cRBicipienter ovi ded both in the formof glass infusion bottles or
anpoul es anHyddciihie L@rnvef flexi bl e i nfusig®dpagsenpr bl own hot belgack(r)
packs etc. WD 2008/ 003414 PCT/ EP2007/ 005625 -8- Exanples Exanple 1: 0.5
mg/ M infusion solution A 50 1 bulk batch conprises: Conposition Function
Mass (g) As¢diwechlerificedi ent Conpound 1 Act fopisity pdjpedeent 27. 0066004 ci pi ent s

Sodium hydroxide solution 0.1 M* pH adjustment 675.0000

Trometamol solubilization, 65.4156
pH stabilization

Water for injections solvent 52 889.18

Total amount for bottling 54 253.80

5  (equivalent to 50 000 ml)

The active ingredient is dissolved in a glass or steel container in the stated amount of sodium

hydroxide solution.

Then, trometamol, hydrochloric acid and 5% of the total amount of water are mixed and stirred

until the trometamol has dissolved. The pH of this selution shouid be between 8.6 and 8.8.

10 In parallel with this, the sodium chloride is dissolved in 90% of the amount of water. The solution
is adjusted to pH 8.0-8.5 with sodium hydroxide solution. The amount of 0.1 N NaOH required for

this 1s recorded.

Finally, while stirring, firstly the trometamol solution and then the active ingredient concentrate
are added. The pH of the solution is checked and adjusted to pH 8.8 with 1 M hydrochloric acid or

15 0.1 M sodium hydroxide solution. Stirring is continued until a clear solution results.

The finished solution is sterilized by filtration through a filter of pore width 0.22 um (Pall Ultipor
Nylon 66) under a gauge pressure of 1.6 bar of nitrogen, bottled in 50 ml glass infusion bottles and
closed with PTFE-laminated chlorobutyl rubber infusion stoppers and aluminium crimped caps.

The bottled solutions containing compound (1) are autoclaved at 121°C for at least 20 minutes.



Hydrochloric acid 1 M pH adjustnent 111.2016 Sodium chloride tonicity
‘adj ust ment 486 206006b3450di um hydr oxi de solution 0.1 M pH adjpustgent76ke29000
Tromet anol sol ubilization, 65.4156 pH stabilization Water for injections
solvent 52 889.18 Total anount for bottligg 54 253.80 5 (equivalent to 50
000 m) The active ingredient is dissolved in a glass or steel container in
the stated f I J [ olution. Then, tronetanol,
hydr ochl ori ?Ig‘gpﬁzgndﬁg&) {lﬂgﬂ{ogigg %gl?munt of water are m xed and stirred
until the trometanol has dissolved. The pH of this solution should be
bet ween 8. 6 AalidnignBsion Potllcqutainet | el with this, the sodiumchloride is
di ssolved in 90% of the anobunt of water. The solution is adjusted to pH
;3. 0- 8. ﬁ Wity sodiim hydr oxi de sol ution. The arpunt of 0.1 N Na¥l u: red

or this | : ; ;
sol uti on andctieieredientct i ve i ngredi ent concentrate are added. The pH of
t he sol uti o€ompoweldétked and adj usted to pH 8ciBewgrddicht M hydr ochb@02x aci d or
15 0.1 M sogjxtiﬁlemgdroxi de solution. Stirring is continued until a clear

olution re - fiod shed solution i by fi t} t hr ough
:1 fiul Iter of orghl\(?\ﬁ]-%at%h&f()pﬂzz m (ISDaI:J IUI ti ;)zr%kﬁéf{}%lﬁﬁ%g) ﬁnd:aér)'tlgﬁ_gggggbe "

pressure of ,1,.6 bar .of nitrogen, bottled in 50 m. glass infusion tles and
closed wit hS?ﬁIlEE-C gﬁl&nat ed chl or obutyl rubttjoentlmlyﬁ?hblg(fngrrﬁt st oppers %29

al um ni um cr.i npe aps. ,The ttled solutio ontaining c u 1) are
aut ocl aved Q?A}R?%X%Ogg? SO&E“"PQQ?YI 20 mi nut es. PP UHBE! 003414&8&0_8956

PCT/ EP2007f Q05625 -9- Exanple 2: 0.05 nglm {nfusion solution AO ‘881 al |

i nf usi on bot TI 4Rt aj ns: SO&Ubll@Z_atlo.n,
pH stabilization

Water for injections solvent 494165
49.5505

Total amount for bottling 50.0 ml = 50.23

Overage 1.0 ml

(in order to ensure removal of 50 ml)

Total amount in bottle 51.0 mi = 51.23

Preparation takes place in analogy to Example 1.



Conposition Function Mass (g) Active ingredient Conpound (1) Active
ingredient Qy8028sfE%ed Pi ents Hydrochloric acid 1 M pH adj usk-aait 87403
0.150 Sodiumchloride tonicity adjustnent 0.450 Sodium hy?r oXi (%egg%(%ét?on
0.1 M pH adjustnment 0.063 - 0.150 Tronetagol solubilization, 0.061 pH
stabilization Water for injections solvent 49.4165- 49.5505 Total anount
for bottlin m = . Qver a OmM (in order to ensure renoval of
50 m) Tot alqzxgﬁgger%f ig'lg%[u%ﬁ%l 1%§Bn%?luéo%1_ 23 Preparation takes place in
anal ogy to Exanple 1. WD 2008/ 003414 PCT/ EP2007/ 005625 -10- Exanple 3:

0. 125 ng/ M Joafitrs pOpullssllwion oom@ives:| i tre of bul k sol ution conpri ses:
Conposition Function Mass (g) Active ingredient Conpound (1) Active

ggg{ﬁ(rjr: gm Og:oéégqﬁonEx_(:l pi ents Hydrochl- oric aC|quétiolgr pH adj USt%QSt( . 2666

Active ingredient

Compound (1) Active ingredient 0.1250
Excipients

Hydrochloric acid 1 M* pH adjustment 2.2666
Sodium chloride tonicity adjustment 9.0000
Sodium hydroxide solution 0.1 M* pH adjustment 3.1250
Trometamol solubilization, 1.3333

pH stabilization

Water for injections solvent 988.8474
Total amount for bottling 1004.70 g

(equivalent to 1000 ml)
5 *to adjust the pH to pH §.8. Amount may vary.

Preparation takes place in analogy to Exampie 1.



Sodi um hydr oxi de solution 0.1 M pH adjustnent 3.1250 Tromet anol

"sol ubi l'i zat i . pH stabilization Water for injectio

505 pavs. raRdpodiobdes PH BLADH ng 1004.70 g (equival ent ?@Tﬁ%&?}f@% *
to adjust the pHto pH 8.8. Amount nmay ng%: Preparation takes place in
anal ogy to Exanple 1. WD 2008/ 003414 PCT/ EP2007/005625 -11- Cains: 1
Aqueous pharmaceutical fornul ati on which conpri ses

4-1((4-carb tyl)-{2-[(4-

phenet hyl benzyl ) oxy] phenet hyl } am no) net hyl ] benzoi ¢ acid (conmpound 1) or a
salt ther eoﬁ.h anﬂ{qmﬂophlaﬁﬁaédﬁtmlzﬂymmﬂdt%nZWE}[C@Daﬂﬁpr]CslzB-Ad'[(m-caﬁ‘lihd’xﬂb’(ﬁjilﬁl{m[()l-a 5
2. Aqueous pharnmgceuti.ca or ation according to aiml, aracterized in
that it conpris ne%ﬂ%%ﬂgoxe crsthy Ao b DRegeLs L FTBRBIRD G5f S8 BOSS t o
1% (based on t heandamatn(hdroS2RRN I rddane-3,3- A UBQHSaRORr Maceut i cal

formul ation according to Caim1l or 2, characterized in that it conprises
tonicity agents in an anount such that solutions with a tonicity of from 250
to 10 430 AOsnolAkGUaPBaraReetish dormmlateg soeinghigr fldeut.i darackebzeduinathabnt
according to any.@fo{daidfhodnd Q) 3r a GIRHAFLEH 28 9mbiht of BRb0Y to CRBEELSER ufd OM
0.1 to 300 mol /I am no-2( hydr oxymnet hyl ) - 2- propane-1, 3-diol (tronetanol).

5. Aqueous phar neeeut picemppondnl ati on according to any of Clains 1 to 4 for
parenteral 15 administration in humans and animals. 6. Use of

am no- 2( hyds oxy gL OY|,d 5B QRRAP fotmPafiPhocb il B IR ) of 97 cHREERALIINE R it

aqueous
comprises tonicity agents in an amount such that solutions with a tonicity of from 250 to

10 430 mOsmol/kg are obtained.

4, Aqueous pharmaceutical formulation according to any of Claims 1 to 3, characterized in
that it comprises from 0.1 to 300 mmol/l amino-2(hydroxymethyl)-2-propane-1,3-diol

{(trometamol).

5. Aqueous pharmaceutical formulation according to any of Claims 1 to 4 for parenteral
15 administration in humans and animals.
6. Use of amino-2(hydroxymethyl)-2-propane-1,3-diol (trometamol) for preparing an aqueous

pharmaceutical formulation of the compound (1) or of a salt thereof.

7. Process for preparing an aqueous pharmaceutical formulation of the compound (1) or of a
salt thereof, characterized in that amino-2(hydroxymethyl)-2-propane-1,3-diol

20 (trometamol) is used for the formulation.

&. Process for preparing an aqueous formulation of the compound (1) or of a salt thereof, in
which a solution of the compound (1) or of a salt thereof having a concentration of the
compound (1) or of a salt thereof of more than 0.0005% (M/V) up to the saturation
concentration of compound 1 or of the salt thereof at room temperature is brought with an

25 infusion vehicle solution comprising amino-2(hydroxymethyl)-2-propane-1,3-diol

(trometamol) to a use concentration suitable for parenteral administration.

9. Process according to Claim 8, in which a solution of compound (1) having a concentration
of more than 0.0005% (M/V) up to 1% (M/V) (based on the amount of compound 1) is

used.



pharmaceutical fornulation of the conpound (1) or of a salt thereof. 7.
Process for prefaakioisyan aqueous pharmaceutical fornul ation pfribesEameeusnd
(1) or of a salt thereof, characterized in that

am no- 2( hydr oxymet hyl ) - 2- propane- 1, 3-di ol 20 (trometanol) is used for the
formul ation. 8. Process for preparing an aqueous fornul ation of the conpound
(1) or of a,salt thereof, in ich.a solution of the conmpound.(1),.0or of a
Sa ¢ *ther eol®havi 1Y & 4 spussh PilPER: SRkt O P BufiieraTed S BRAgRe G R e Sina

t hereof of nore tHia(babed@RAEOantdh\f cufpdudd tl hef Bat tHaaDIons % Gdndentts att (dHVpfo
compound 1 or of the salt thereof at roomtenperature is brought with an 25
i nfusi on vehi cl e WEIAR 7 BRAICSHBL Os pagpteral administiation.

am no- 2( hydr oxymet hyl ) - 2- propane-1,3-diol (tronetanol) to a use
concentration suitable for parenteral admnistration. 9. Process according
to Caim8, in which a solution of compound (1) having a concentration of
nore than 0.0005% (M V) up to 1% (MN) (based on the anmount of conpound I) is
used. WD 2008/ 003414 PCT/ EP2007/ 005625 -12 10. Use of an aqueous sol ution
of conmpound (1) in water having a concentration of conmpound (1) (based on

t he amount of compound 1) of nore than 0.0005% (MN) up to 1% (MN) to
prepare a nedi canent for parenteral adm nistration.



