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PROCESS FOR THE PREPARATION OF 
GADOBENATE DIMEGLUMINE COMPLEX 

INA SOLID FORM 

0001. The present invention relates to a process for the 
preparation of a Solid form of a polyamino polycarboxylic 
gadolinium complex by a spray-drying procedure. The 
present process enables the collection of a solid form of the 
gadobenate dimeglumine complex which may be employed, 
for example, as a contrast agent in the diagnostic imaging 
field. 

BACKGROUND 

0002 Contrast media are substances used to enhance the 
contrast of structures or fluid within the body in the medical 
imaging field. Among the imaging techniques currently 
employed, the magnetic resonance imaging (MRI) is one of 
the most relevant, due to its efficacy and safety and, in this 
prospect, several contrast media have been developed during 
the last decades. Said MRI contrast media comprise, basi 
cally, a paramagnetic metal (generally gadolinium) which is 
complexed with a poliammino carboxylic chelate, either 
cyclic or acyclic. Examples of said paramagnetic complexes 
are Gd-DTPA, Gd(HP-DO3A) and Gd-BOPTA. In particular, 
the physiologically compatible salt of this latter (i.e. the 
dimeglumine salt see The Merck Index, XII Ed., 2001, Nr 
4344), referred also as gadobenate dimeglumine complex, of 
Formula I below, represents the active ingredient of one of the 
most commonly used MRI contrast agent, commercially 
known as MultiFlance(R). 

Formula (I) 
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0003. MultiHance(R) is obtained for instance as disclosed 
in EPO23O893. 
0004. It has to be noted that the degree of purity is for 
contrast agents, as well as for pharmaceutical compounds in 
general, of a critical issue. In particular for pharmaceutical 
compounds to be injected, quality standards are in fact very 
restricting to fully satisfy all the competent authorities 
requirements. 
0005. In the imaging field, accordingly, the contrast agent 
has to be prepared in a pure, stable and convenient physical 
form and, in the most of the cases, this represents a crucial 
point and a challenge that any manufacturer has to face. A 
suitable physical form should be, for instance, the one that 
allows, first of all, a reliable and practical recovering of the 
compound in the final form ready to be administered, such to 
guarantee a safe and prolonged storage of the product. 
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0006. In this respect, and whenever possible, the solid 
form of a chemical compound is generally preferred. In fact, 
when the product is obtained in a liquid or oily form or in a 
Solution or Suspension thereof, several isolation and purifica 
tion techniques are further employed to convert Such a prod 
uct into the corresponding Solid form (see for instance, Huang 
et al., Advanced Drug Delivery Reviews: 2004:56:321-334). 
0007 Among known processes, the selective precipitation 
from a proper solution, the evaporation of the solvent, the 
lyophilisation and the crystallization from a suitable organic 
Solvent, or from a mixture of solvents, are some examples of 
methodologies widely used to this extent (see for example: 
TUMJ: 2001, 59(3), 53-59 and Palermo et al. Chemical 
Reviews: 1968; Vol. 60; 65-93). 
0008. The cited procedures, taken alone or even in any 
combination thereof, are currently employed, from the bench 
to the industrial scale, when a final solid form of a chemical 
compound is desirable or required, for example for workabil 
ity reasons or for the preparation of a convenient solid drug 
dosage form. Typically, a filtration and a final drying step, 
usually under reduced pressure, are carried out in order to 
collect the product of choice as a dried Solid (see for a general 
reference, Takashi et al. Journal of the Society of Powdered 
Technology, 2006; Vol.43; No.12: 882-889). 
0009 Spray-drying technique represents an alternative 
method to the above, where a solid compound is collected 
starting from a proper solution (usually, an aqueous solution) 
or a Suspension of the same, by a spray-dryer device. This 
technique, however, suffers from some drawbacks, in particu 
lar when applied to molecules with specific chemical fea 
tures, such as for instance, organic complexes or the like. In 
fact, Some structural and/or chemical physical changes may 
be observed, including, among others, polymorphic changes, 
solvate formation or even undesirable glassy forms of the 
product (for a general reference, see for example, Corrigan et 
al., Thermochimica Acta 248; 1995: 245-258). 
0010 We have now surprisingly found that when a proper 
liquid composition of the gadobenate dimeglumine complex 
is subjected to a spray-drying procedure, the Solid form thus 
obtained may be conveniently collected in high and reproduc 
ible yields and, noteworthy, said solid form substantially 
maintains the specifications of the starting liquid composi 
tion, even when the latter is intended for the administration 
and therefore in conformity with the limits and the specifica 
tions required for safety reasons. 

SUMMARY OF THE INVENTION 

0011. The present invention discloses a process for the 
preparation of a solid form of the gadobenate dimeglumine 
compound, characterised in that a liquid composition of said 
compound undergoes a spray drying process. 
0012 Preferably, the liquid composition is an aqueous 
composition, more preferably a water Solution, having a con 
centration of at least 0.2 M, more preferably, comprised from 
O.25 M to 0.6 M. 

0013 The liquid composition is fed to the spray-drying 
device and atomized preferably by using a two fluid nozzle or 
a pressure nozzle. The fed rate of the liquid composition 
depends on the type and on the scale of the equipment; as an 
example, and according to a preferred embodiment, it is set 
from about 5 g/min to about 13 g/min on a lab scale equip 
ment, from about 2.5 to 8 kg/h on a pilot plant scale and from 
about 30 to 80 kg/h on an industrial scale plant. 
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0014. The present process is preferably carried out at an 
inlet temperature (T-inlet) of the spray-drying device com 
prised from 140°C. to 280°C., whereas the outlet tempera 
ture (T-outlet) has a value comprised from 70° C. to 120° C. 
0015. In another aspect, the invention relates to the gado 
benate dimeglumine in the solid form, obtainable by the 
present spray-drying process. Preferably, the solid form thus 
obtained is a powder having an average particle size com 
prised from about 1 um to about 200 um, even more prefer 
ably, from about 20 um to 70 um. 
0016. In a further aspect, the present invention relates to a 
kit of parts comprising the gadobenate dimeglumine, 
obtained as a Solid according to the present process, along 
with a physiological acceptable aqueous carrier. 
0017 Finally and according to an additional aspect, the 
present invention refers to a process for the preparation of a 
solid form of the BOPTA ligand, characterised by spray 
drying a liquid solution of said compound. 

DETAILED DESCRIPTION OF THE INVENTION 

0018. The present invention relates to a process for the 
preparation of a Solid form of gadobenate dimeglumine com 
pound of formula (I): 

Formula (I) 

COO 

COO r 
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comprising the spray-drying of a liquid composition of said 
compound. 
0019. According to a preferred embodiment, in the spray 
drying device, the liquid composition containing the active 
ingredient of Formula I is subjected to: 

0020 i) an atomization step, 
0021 ii) a drying operation inside the spray-drying 
chamber by using a co-current flow of a drying gas at a 
Selected temperature, and finally 

0022 iii) a collection step of the thus formed particles. 
0023. Unless otherwise provided, with the term "solid 
form” it is intended not solved or Suspended in any media. 
0024. The term "atomization process” is intended to indi 
cate the formation of micro-particles, usually in the form of 
micro-droplets or the like. By “micro particles' are meant 
particles having a mean diameter size comprised from about 
10 um to 600 um. 
0025. The term “co-current flow” refers to a process where 
the sprayed composition and the drying gas pass through the 
dryer in the same direction, whilst the term “liquid composi 
tion” refers to a solution, or a suspension, of the selected 
compound in any appropriate solvent system, including e.g. 
organic and inorganic solvent and mixtures thereof. 
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0026. Typical examples of said solvent systems are, inter 
alia, aqueous systems such as purified water (e.g. deminera 
lised, distilled or deionised water and the like), or mixtures of 
water and water-miscible solvents. Examples of water-mis 
cible solvents are, for instance, polar solvents, including, but 
not limited to, lower (e.g. C-C) alcohols, acetone, and the 
like. Preferably, the liquid composition is an aqueous com 
position, more preferably water, even more preferably, puri 
fied water. 
0027. The gadobenate dimeglumine of Formula I is 
present in the above liquid composition in any properamount, 
for example so that the nozzle obstruction is prevented. Pre 
ferred concentrations are of at least 0.2 M, more preferably 
from about 0.25 M to about 0.6 M, more preferably from 
about 0.45 M to about 0.55 M (with M meaning the molarity 
of the solution). 
0028. In more detail, in the present process the liquid 
composition is preferably fed to the apparatus at a tempera 
ture from 15° C. to 40°C., more preferably, from about 20° C. 
to about 25°C., and submitted to an atomization process in 
the spray-dryer chamber according to the above step i), by 
using a known atomisation device (located for example at the 
top of said chamber). Examples of Suitable atomization 
devices comprise, among others, a pressure, a rotary, or a two 
fluid nozzle. Particularly preferred are either the two fluid 
nozzle or the pressure nozzle. 
0029. As regards the liquid composition fed rate, preferred 
values for a lab scale equipmentare, from about 5 to 13 g/min, 
more preferably from about 8 to 10 g/min, whereas in case of 
an employment of the present process in a pilot plant, the feed 
rate may be comprised from 2500 and 8000 g/h, preferably 
around 2800-3200 g/h, whereas in case of industrial applica 
tions, the fed rate may range from 30 to 80 kg/h, preferably, 
from 35 to 45 kg/h. 
0030. By “lab scale” it is intended to refer to amounts of 
compound up to about 1 Kg, whereas the terms “pilot plant” 
and “industrial plant” refer to amounts typically from 1 Kg to 
10 kg for the former, and more than 10 Kg for the latter. 
0031. The thus atomised liquid composition is then dried 
in the device by using a co-current flow of a drying gas used 
in the art for similar procedures, such as, for instance, air or 
nitrogen. According to the invention the inlet temperatures of 
the gas (herein referred as Tinlet) is from about 140° C. to 
280° C., preferably the inlet temperature is from 160° C. to 
2000 C. 
0032. Accordingly, the outlet temperature (herein indi 
cated as T-outlet) of the gas is from about 70° C. to about 120° 
C 
0033. The gadobenate dimeglumine is finally recovered in 
a solid form, preferably by passing through a cyclone, in high 
yields of conversion (up to 98%) and with a content of 
residual water comprised between about 0.7% and about 
5.5% (calculated by Karl Fisher titration and herein indicated 
as KF) as detailed in the experimental part herein below. 
0034. The process may be carried out by using a spray 
drying equipment or plant, selected from those commercially 
available, such as, for instance, LAB PLANT SD 04 spray 
dryer or, alternatively in case of industrial scale amounts, a 
MOBILE MINORTM pilot plant. 
0035. As regards to the starting material, a liquid compo 
sition of the gadobenate dimeglumine might be easily pre 
pared by reacting the polyamino carboxylic derivative 4-car 
boxy-5,8,11-tris(carboxymethyll)-1-phenyl-2-oxa-5,8,11 
triazatridecan-13-oic acid (BOPTA) as the ligand, with 
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Gd2O and N-methyl-glucamine (meglumine), as disclosed, 
for example, in EP 0230893 (Bracco Ind Chimica). 
0036 Both GdO and meglumine are commercially 
available, e.g. from Sigma-Aldrich (PN 278513 and M9179 
respectively), whereas the BOPTA ligand may be prepared 
according to methods known to the ordinary practitioner, e.g. 
as disclosed in WO 2007/031390 (Bracco Imaging SpA). 
0037. It is worth noting that the present process for the 
preparation of gadobenate dimeglumine by spray-draying is 
particularly advantageous for the industrial scale as the spray 
dried form may be obtained by employing water as a solvent, 
which is easy to handle and basically not requiring trouble 
Some health or safety precautions. Finally, the overall process 
time is also very convenient; for example, in case of a lab 
scale equipment, the spray drying process allows to obtain up 
to 6-7 g/min of Solid gadobenate, whereas in case of an 
industrial scale plant, up to 40 Kg/h may be obtained. As 
evident from the experimental part herein below (see in par 
ticular Example 2: comparative examples), the process of the 
present invention advantageously enables the preparation of a 
Suitable Solid form of the gadobenate dimeglumine, in a Solid 
form different from the one obtainable by using other com 
monly employed methodologies leading to Solid forms with 
unfavourable handling, workability (gummy, Sticky or glassy 
Solids), and extremely low recovering yields, due to cumber 
Some and time consuming procedures required for their col 
lection. 
0038. Therefore, and according to a further aspect, the 
present invention relates to the spray-dried form of gado 
benate dimeglumine obtainable by the present spray-drying 
process. 
0039. The solid form of the present invention, in particu 

lar, presents characteristic features such as a good flowability, 
a good stability (up to 2 years when properly stored, i.e. under 
inert atmosphere) and a good wettability and dissolution rate 
(the solid form is soluble in water even at room temperature in 
a very short frame of time, e.g. few seconds) along with a 
controlled average particle size (misured by using a laser light 
scattering technique, and indicated with D(v.0.5), which 
means the equivalent diameter of the 50% of population, 
expressed as Volume distribution). In fact, by using the pre 
ferred ranges of the operative conditions of the spray drying 
process above disclosed, the obtained solid form of the gado 
benate dimeglumine is characterised in that it is a stable water 
soluble powder having a particle size from 1 um to 200 um. 
Preferably, the powdered gadobenate is obtained as a powder 
having a particle size comprised from 10 um to 150 um, by 
spray-drying a solution of gadobenate having a concentration 
from 0.2 M to 0.8 M, at an inlet temperature comprised from 
100° C. to 250 °C. 
0040. Even more preferably, the spray-driedgadobenate is 
obtained as a powder having a particle size ranging from 
about 20 um to about 70 Lum. 
0041 Said range is conveniently obtained, preferably by 
spray drying a solution of gadobenate having a concentration 
comprised from 0.45 M to 0.55 M, at an inlet temperature 
from 160° C. to 180° C., by using a pressure nozzle. Even 
further, the solid product obtained by the present process 
shows a high final quality (up to 99.9% of purity, according to 
HPLC data), as no impurity formation orthermal degradation 
is detected throughout the process, along with an excellent 
water dissolution rate. To this extent, it has to be noted that the 
powdered gadobenate obtained according to the present 
invention has optimal dissolution characteristics, requiring 
less than 1 mL of water for 1 g of product at room temperature 
(i.e. at a temperature comprised from 20° C. to 30° C.), 
readily occurring in less than one minute. 
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0042. Whenever required, the solid product may be appro 
priately stored using precautions known in the art (e.g. pro 
tective packaging Such as moisture proof bags), satisfactorily 
avoiding the formation of side products or alterations of the 
physical-chemical properties of the solid. In this direction, it 
has been observed that the powdery solid form thus obtained 
may be conveniently stored even for 2 years, retaining the 
required degree of purity and the initial physical properties, 
such as colour, solubility and the like. The present solid form, 
may be readily used, in the preparation of pharmaceutical 
compositions, such as an injectable formulation to be used as 
MRI contrast agent. 
0043. In a further aspect of the present invention, the solid 
gadobenate dimeglumine of Formula I obtained by the 
present process is packaged in a two component kit, prefer 
ably for administration by injection. The kit may comprise a 
first container, containing the spray-dried gadobenate dime 
glumine, and a second container, containing a physiologically 
acceptable aqueous carrier. Examples of Suitable carries are 
water, typically sterile, pyrogens free water (also generally 
indicated as water for injection), aqueous Solution Such as 
saline (which may advantageously be balanced so that the 
final product for injection is not hypotonic), or aqueous solu 
tions of one or more tonicity adjusting Substances Such as 
salts or Sugars, Sugar alcohol, glycols or other non-ionic 
polyol materials (e.g. glucose, Sucrose, glycerol, glycols and 
the like). Said two component kits can include two separate 
containers or a dual-chamber container. In the former case the 
container is preferably a conventional septum-sealed vial, 
wherein the vial containing the solid residue is sealed with a 
septum through which the liquid carrier may be injected using 
an optionally prefilled Syringe. In Such a case, the Syringe 
used as the container of the second component is also used 
then for injecting the contrast agent. In the latter case, the dual 
chamber container is preferably a dual chamber Syringe and 
once the solid has been reconstituted and then suitably mixed 
orgently shaken, the container can be used directly for inject 
ing the contrast agent. 
0044 According to a further aspect, the invention relates 
to the preparation of the kit, wherein the first container com 
prises aliquots of the spray-dried gadobenate dimeglumine 
according to the process described above, followed by com 
bination with a second container comprising aliquots of the 
suitable solvent, to achieve a kit of parts embodiment, ready 
for preparation of the injectable contrast agent. 
0045 Even further, and according to an additional aspect, 
the present invention relies on a process for the preparation of 
a solid form of 4-carboxy-5,8,11-tris(carboxymethyl1)-1- 
phenyl-2-oxa-5,8,11-triazatridecan-13-oic acid (BOPTA 
ligand, see formula II below), characterized by spray-drying 
a liquid composition of said compound. 

Formula (II) 

COO 

COO r 
( ) n/ N------~~ 

ls ls COO Gd3+ COO 

0046. In this respect, it is known in the art the preparation 
of a solid form of the BOPTA by multiple crystallizations 
from acetone/water, next to the elution on a chromatographic 
resin, as disclosed, for instance, in WO 2007/031390 (Bracco 
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Imaging SpA). In particular, said procedure contemplates 
first the isolation of the wet solid BOPTA, and then the final 
drying step under controlled temperature to obtain a final 
Solid product with a satisfactory solvent content. 
0047 Alternatively, we have now found that the isolation 
of BOPTA in a convenient dried solid form may be achieved 
by dissolution of the aforementioned wet solid BOPTA in an 
aqueous medium, so to obtain an aqueous liquid composition, 
and Submitting the latter to a spray-drying procedure. By that, 
the dried solid BOPTA may be readily collected in a short 
timerame, avoiding the drying step, as formerly reported. 
0048. Unless otherwise provided, said process may be 
conveniently performed Substantially using the same devices 
and conditions as previously described for the gadobenate 
dimeglumine spray-drying. 
0049. By analogy, the term “liquid composition' in this 
further aspect of the invention has the same meaning as above, 
i.e. a solution, or even a suspension, of the selected compound 
(in this case BOPTA) in any appropriate solvent system, as 
afore mentioned 
0050. Accordingly, a suitable BOPTA liquid composition 
for the spray-drying process may be obtained by dissolution 
of the wet BOPTA obtained according to W02007/031390 
(Bracco Imaging SpA) in a proper solvent system, as previ 
ously contemplated for the gadobenate dimeglumine spray 
drying process. 
0051. Thus, the isolation of the solid BOPTA may be 
carried out by spray-drying a corresponding liquid solution 
with a concentration preferably ranging from 7% w/w to 14% 
W/w (where 96 W/w means the mass percentage of the com 
pound with respect to the mass of the total composition), at an 
inlet temperature of the device preferably selected from about 
120° C. to 160°C., and an outlet temperature from about 60° 
C. to 95° C. 
0052. The feed rate of the liquid composition is preferably 
selected from about 1200 g/h to 2400 g/h at a feed tempera 
ture ranging from approximately 40°C. to 50° C., by using, 
for instance, a MOBILE MINORTM pilot plant. The collected 
solid BOPTA may be conveniently used, for example, in the 
preparation of paramagnetic complexes, e.g. in the prepara 
tion of the previous mentioned gadobenate dimeglumine, by 
procedures known in the art and formerly reported. 
0053 As set forth in the experimental part herein below, 

all of the obtained data clearly Support the consistency and 
reliability of the process of the present invention, being 
intended for the preparation of a solid form of gadobenate 
dimeglumine of Formula I, by spray-drying a corresponding 
liquid, preferably aqueous, Solution. Moreover, the Solid form 
obtained by the present process, has peculiar features (e.g. 
high stability, purity and dissolution rate) that readily allow 
its isolation and storage, as well as its inclusion in a pharma 
ceutical kits. The invention will be now illustrated in more 
details by the Examples reported in the following Experimen 
tal Part, not to be intended as a limitation of the scope of the 
invention. 

EXPERIMENTAL PART 

Example 1 

Solid Form of Gadobenate Dimeglumine (Formula I) 
Obtained by Spray-Drying 

0054 Spray-drying devices employed: 
0055 LAB PLANT SD04 spray dryer with co-current 
flow, equipped with a two fluid nozzle. 
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0056) MOBILE MINORTM pilot plant, with co-current 
flow and equipped with two fluid nozzle or pressure nozzle. 
0057. SD size 12.5 plant, with co-current flow and 
equipped with pressure nozzle. 
0.058 Gadobenate Dimeglumine, General Spray-Drying 
Procedure. 
0059. The solution was fed to the spray-drying device at 
room temperature through a two fluid noZZle or pressure 
nozzle, which was located at the top of the chamber, and 
atomized into the chamber. 
0060. At the same time a hot air flow was blown into the 
chamber to dry the atomised particles. 
0061 The powder thus generated were subsequently sepa 
rated from the exhausted air flow by collection through a 
cyclone. 
0062. The solid was gathered in a sample collector located 
at the bottom of the chamber. 
0063. Different conditions (Examples 1a-g) were tested to 
optimize the process variables and also to Support the reli 
ability of the present process. 

Example 1 a 
0064 842 g of a 0.485 Maqueous solution of gadobenate 
dimeglumine of Formula I was fed to Lab Plant SD04 using 
the following parameters: Tinlet 160° C. 
0065 T-outlet 87° C. 
0066. Feed rate: 8 g/min 
0067 310 g of gadobenate dimeglumine as white powder 
was obtained (yield 85%: KF 2.23%). 

Example 1b 
0068. 804 g of a 0.530 M aqueous solution of gadobenate 
dimeglumine of Formula I was fed to Lab Plant SDO4 using 
the following parameters: 
0069 T-inlet 160° C. 
0070 T-outlet 88° C. 
(0071 Feed rate 8.8 g/min 
0072 333 g of gadobenate dimeglumine as white powder 
was obtained (yield 91%; KF 1.74%). 

Example 1c 

0073 790 g of a 0.348 Maqueous solution of gadobenate 
dimeglumine of Formula I was fed to Lab Plant SDO4 using 
the following parameters: 
0074 Tinlet 160° C. 
0075 T-outlet 88° C. 
(0076. Feed rate 5.9 g/min 
0077. 208 g of gadobenate dimeglumine as white powder 
was obtained (yield 81.5%: KF 1.36%). 

Example 1d 

0078 608 g of a 0.535 Maqueous solution of gadobenate 
dimeglumine of Formula I was fed to Lab Plant SDO4 using 
the following parameters: 
0079 T-inlet 1959 C. 
0080 T-outlet 95°C. 
I0081 Feed rate 6.1 g/min 
I0082) 232 g of gadobenate dimeglumine as white powder 
was obtained (yield 83.4%; KF 2.95%). 
I0083. Example le 
I0084 1300 g of a 0.5 M aqueous solution of gadobenate 
dimeglumine of Formula 
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I0085. I was fed to MOBILE MINORTM pilot plant using 
the following parameters: 
0.086 T-inlet 190° C. 
0087 T-outlet 100° C. 
I0088 Feed rate 3.9 kg/h 
0089 406.1 g of gadobenate dimeglumine as white pow 
der was obtained (yield 97%; KF 2.6%). 

Example 1f 

0090 1500 g of a 0.5 M aqueous solution of gadobenate 
dimeglumine of Formula 
0091) I was fed to MOBILE MINORTM pilot plant using 
the following parameters: 
0092 T-inlet 150° C. 
0093 T-outlet 80° C. 
0094) Feed rate 3.0 kg/h 
0095 608.3 g of gadobenate dimeglumine as white pow 
der was obtained (yield 94%; KF 2.2%). 

Example 1g 

0096) 198 kg of a 0.48 Maqueous solution of gadobenate 
dimeglumine of Formula I was fed to a spray dryer SD size 
12.5 plant using the following parameters: 
0097 T-inlet 170° C. 
0.098 T-outlet 100° C. 
0099 Feed rate 40.0 kg/h 
0100 75.6 kg of gadobenate dimeglumine as white pow 
der was obtained (yield 91%; KF 1.7%). 
0101 The powdered gadobenate obtained according to 
Examples 1a-g could be easily dissolved in an aqueous solu 
tion in a very short frame of time as indicated in the above 
description. 

Example 2 

Comparative Examples 

0102 Solid form of gadobenate dimeglumine of Formula 
I obtained by alternative procedures 

Comparative Example 2 

a: Isolation by Water Evaporation 

(0103) In a 1L reactor, BOPTA (73.5g: 143 mmol), N-me 
thyl-glucamine (53.0 g; 271 mmol) and water (700 mL) were 
stirred at 50° C. until complete dissolution. Gd-O (26.15 g; 
72.1 mmol) was added and the suspension was stirred at 80° 
C. for 75 min. At the end the mixture was filtered, the pH was 
adjusted to 7 and the Solution was evaporated under vacuum 
to give a sticky glue-like residue. 
0104. The residue was dried at 25° C. under vacuum (1 
mmHg) with POs obtaining a glassy hard Solid difficult to 
collect and, in case, to re-dissolve, due to its hardness. 

Comparative Example 2 

b: Isolation by Lyophilization 

0105 100 mL of a 0.5 M aqueous solution of gadobenate 
dimeglumine (prepared according to the procedure described 
in the Comparative Example 2a) were lyophilized using a 
Christ Alpha 1-4 lyophilizer for 24 h to give a glassy solid, 
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whose recovery was troublesome and unprofitable, especially 
when applied to industrial scale amounts. 

Comparative Example 2 

c: Isolation by Precipitation 

0106 5 mL of a 0.5 M gadobenate dimeglumine solution 
(prepared according to the procedure described in the Com 
parative Example 2a) were added dropwise to 100 mL of 
2-propanol, under Stirring at room temperature. 
0107 Asticky gummy solid was obtained by precipitation 
into the reactor and its recovery was problematic and annoy 
ing due to the unfavourable consistency of the solid form. 

Comparative Example 2 

d: Isolation by Precipitation 

0108) 4 mL of a 0.5 M gadobenate dimeglumine solution 
(prepared according to the procedure described in the Com 
parative Example 2a) were added dropwise to 100 mL of 
ethanol kept under stirring at room temperature. 
0109. A white gummy solid was obtained by precipitation, 
but also in this case, its recovery was problematic and annoy 
ing due to the unfavourable consistency of the solid form. 

Example 3 

Solid Form of the BOPTA Ligand (Formula II) 
Obtained by Spray-Drying 

0110 Spray-drying device: 
0111 MOBILE MINORTM pilot plant with co-current 
flow and equipped with two fluid nozzle or pressure nozzle 

BOPTA General Spray-Drying Procedure 

0112 The same general procedure as the above gado 
benate dimeglumine spray-drying procedure has been fol 
lowed. 

0113. An aqueous suspension or solution of the BOPTA 
ligand was fed to the spray-dryer at a temperature of about 
45-50° C., with a co-current flow of air and equipped with two 
fluid nozzle. 

0114. The aqueous suspension or solution of the BOPTA 
ligand was obtained by solving an appropriate amount of wet 
solid BOPTA in an aqueous medium. 
0115 The wet solid BOPTA is obtained by working in 
analogy to what disclosed in the afore mentioned W02007/ 
O31390. 

0116. As a general reference, 452 g of an aqueous Solution 
of the carboxylate sodium salt of N-2-(2-aminoethyl) 
aminoethyl-O-(phenylmethyl)serine (0.43 mol) were 
charged in a vessel of 3 L with 92 mL of water. The solution 
was heated to 55° C. and reacted with 356 g of an 80% 
bromoacetic acid aqueous solution. The pH was kept at 11-12 
by 30% (w/w) sodium hydroxide solution. The reaction was 
completed in about 5 hat 55° C. and pH 11-12. The solution 
was cooled to 25°C. and pH was adjusted to 5.5 with 34% 
HCl so to lead to an aqueous solution of the titled compound 
which was eluted on a chromatographic resin, concentrated, 
acidified and subsequently crystallized. After filtration, the 



US 2012/O232151 A1 

wet solid obtained was dissolved in a properamount of water 
and then Subjected to a spray-drying procedure to get a final 
dried solid BOPTA. 

Example 3a 

0117 920 g of a 14.0% (w/w) BOPTA solution was fed to 
MOBILE MINORTM pilot plant at 50° C. using the following 
parameters: 
0118 Tinlet 160° C. 
0119) T-outlet 73° C. 
0120 Feed rate 2400 g/h 
0121 121.5g of BOPTA as white powder was obtained 
(yield 94%; KF 1.5%). 

Example 3b 
0122 930g of a BOPTA suspension (14% w/w) was fed to 
MOBILE MINORTM pilot plant at 45° C. using the following 
parameters: 
(0123 Tinlet 140° C. 
012.4 T-outlet 72° C. 
0125 Feed rate 1750 g/h 
0126 93.8 g of BOPTA as white powder was obtained 
(yield 72%; KF 1.9%). 

1. A process for the preparation of a solid form of gado 
benate dimeglumine compound of formula (I): 

Formula (I) 

COO 

O------. 
N. ... N COO Gd3+ COO 

H gH gH 
Y. 

HC1 OH 
OH OH 

comprising spray-drying a liquid composition of said com 
pound. 

2. The process according to claim 1, wherein said liquid 
composition has a concentration of at least 0.2Mgadobenate 
dimeglumine. 

3. The process according to claim 2, wherein said concen 
tration is comprised from 0.45 M to 0.55 M. 
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4. The process according to claim 1, wherein the liquid 
composition is an aqueous solution. 

5. The process according to claim 4, wherein said aqueous 
Solution is a purified water Solution. 

6. The process according to claim 1, wherein the inlet 
temperature (Tinlet) of the spray-drier is comprised from 
140° C. to 280° C., and the outlet temperature (T-outlet) is 
comprised from 70° C. to 120° C. 

7. The process according to any one of claims 1,4,5 and 16, 
comprising an atomization of the liquid composition by using 
a pressure or a two-fluid nozzle. 

8. A Solid powdery form of gadobenate dimeglumine pre 
pared by the process according to any one of claims 1, 4, 5 and 
16. 

9. The Solid form of gadobenate dimeglumine according to 
claim 8, characterised in that it is a water soluble powder 
comprising gadobenate dimeglumine having a particle size 
from 1 um to 200 um. 

10. The Solid form gadobenate dimeglumine according to 
claim8, characterised in that the particle size is from 20 um to 
70 um. 

11. A pharmaceutical kit comprising a first container con 
taining the spray-driedgadobenate dimeglumine according to 
claim 8, and a second container containing a physiologically 
acceptable aqueous carrier. 

12. The pharmaceutical kit according to claim 11, wherein 
said physiologically acceptable aqueous carrier is water for 
injection. 

13. A process for the preparation of a solid form of 4-car 
boxy-5,8,11-tris(carboxymethyll)-1-phenyl-2-oxa-5,8,11 
triaZatridecan-13-oic acid, comprising spray-drying a liquid 
composition of said compound. 

14. The process according to claim 13, wherein said liquid 
composition is an aqueous solution. 

15. The process according to any one of claims 13-14, 
wherein the concentration of said solution is from 7% w/w to 
14% w/w. 

16. The process according to claim 2, wherein the liquid 
composition is an aqueous solution. 

17. A pharmaceutical kit comprising a first container con 
taining the spray-driedgadobenate dimeglumine according to 
claim 10, and a second container containing a physiologically 
acceptable aqueous carrier. 

c c c c c 


