wO 2009/047318 A1 |00 0 OO I 0

(12) INTERNATIONAL APPLICATION PUBLISHED

(19) World Intellectual Property Organization Vd”Ij

International Bureau

(43) International Publication Date
16 April 2009 (16.04.2009)

UNDER THE PATENT COOPERATION TREATY (PCT)

) IO O O OO OO

(10) International Publication Number

WO 2009/047318 Al

(51) International Patent Classification:
AGIK 49/04 (2006.01) CO7C 237/46 (2006.01)

(21) International Application Number:
PCT/EP2008/063588

(22) International Filing Date: 10 October 2008 (10.10.2008)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

20075257
20076193

NO
NO

12 October 2007 (12.10.2007)
30 November 2007 (30.11.2007)

(71) Applicant (for all designated States except US): GE
HEALTHCARE AS [NO/NOJ; P.O. Box 4220 Nydalen,
Nycoveien 1-2, N-0401 Oslo (NO).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WYNN, Duncan,
George [GB/GB]; GE Healthcare Limited, The Grove
Centre, White Lion Road, Amersham Buckinghamshire
HP7 9LL (GB). WISTRAND, Lars-Goran [SE/SE]; GE
Healthcare AS, P.O. Box 4220 Nydalen, Nycoveien 1-2,
N-0401 Oslo (NO).

(74) Agents: HELGE, Tove, Aas et al.; GE Healthcare AS,
P.O. Box 4220 Nydalen, Nycoveien 1-2, N-0401 Oslo
(NO).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: CONTRAST AGENTS

(57) Abstract: The present invention
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containing such compounds where
the compounds are iodine containing
compounds. More specifically the
iodine containing compounds are
chemical compounds containing two
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of Rl, R’and R’ independently are
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independently are the same or different and denote C; to Cg straight of branched alkyl moieties substituted by up to 6 -OH groups;
and each R™ independently are the same or different and denote C; to Cg straight or branched alkyl moieties substituted by up to 6
-OH groups. The invention also relates to the use of such diagnostic compositions as contrast agents in diagnostic imaging and in
particular in X-ray imaging, and to contrast media containing such compounds.
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Title: Contrast Agents

Technical Field of the Invention

The present invention relates to a class of compounds and to diagnostic
compositions containing such compounds where the compounds are iodine
containing compounds. More specifically the iodine containing compounds are

chemical compounds containing two linked iodinated phenyl groups.

The invention also relates to the use of such diagnostic compositions as contrast
agents in diagnostic imaging and in particular in X-ray imaging, and to contrast

media containing such compounds.

Description of Related art

All diagnostic imaging is based on the achievement of different signal levels from
different structures within the body. Thus in X-ray imaging for example, for a given
body structure to be visible in the image, the X-ray attenuation by that structure
must differ from that of the surrounding tissues. The difference in signal between
the body structure and its surroundings is frequently termed contrast and much
effort has been devoted to means of enhancing contrast in diagnostic imaging since
the greater the contrast between a body structure and its surroundings the higher
the quality of the images and the greater their value to the physician performing the
diagnosis. Moreover, the greater the contrast the smaller the body structures that
may be visualized in the imaging procedures, i.e. increased contrast can lead to

increased spatial resolution.

The diagnostic quality of images is strongly dependent on the inherent noise level in
the imaging procedure, and the ratio of the contrast level to the noise level can thus

be seen to represent an effective diagnostic quality factor for diagnostic images.

Achieving improvement in such a diagnostic quality factor has long been and still
remains an important goal. In techniques such as X-ray, magnetic resonance
imaging (MRI) and ultrasound, one approach to improving the diagnostic quality
factor has been to introduce contrast enhancing materials formulated as contrast

media into the body region being imaged.

Thus in X-ray early examples of contrast agents were insoluble inorganic barium

salts which enhanced X-ray attenuation in the body zones into which they
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distributed. For the last 50 years the field of X-ray contrast agents has been
dominated by soluble iodine containing compounds. Commercial available contrast
media containing iodinated contrast agents are usually classified as ionic monomers
such as diatrizoate (marketed e.g. under the trade name Gastrografen™), ionic
dimers such as ioxaglate (marketed e.g. under the trade name Hexabrix™),
nonionic monomers such as iohexol (marketed e.g. under the trade name
Omnipaque™), iopamidol (marketed e.g. under the trade name Isovue™), iomeprol
(marketed e.g. under the trade name lomeron™) and the non-ionic dimer iodixanol

(marketed under the trade name and Visipaque™).

The most widely used commercial non-ionic X-ray contrast agents such as those
mentioned above are considered safe. Contrast media containing iodinated
contrast agents are used in more that 20 millions of X-ray examinations annually in
the USA and the number of adverse reactions is considered acceptable. However,
since a contrast enhanced X-ray examination will require up to about 200 ml
contrast media administered in a total dose, there is a continuous drive to provide

improved contrast media.

The utility of the contrast media is governed largely by its toxicity, by its diagnostic
efficacy, by adverse effects it may have on the subject to which the contrast medium
is administered, and by the ease of storage and ease of administration. Since such
media are conventionally used for diagnostic purposes rather than to achieve direct
therapeutic effect, it is generally desirable to provide media having as little as
possible effect on the various biological mechanisms of the cells or the body as this
will lead to lower toxicity and lower adverse clinical effect. The toxicity and adverse
biological effects of a contrast medium are contributed to by the components of the
formulation medium, e.g. the solvent or carrier as well as the contrast agent itself
and its components such as ions for the ionic contrast agents and also by its
metabolites.

The major contributing factors to the toxicity of the contrast medium are identified as
the chemotoxicity of the contrast agent, the osmolality of the contrast medium and

the ionic composition or lack thereof of the contrast medium.

Desirable characteristics of an iodinated contrast agent are low toxicity of the
compound itself (chemotoxicity), low viscosity of the contrast medium wherein the
compound is dissolved, low osmolality of the contrast medium and a high iodine
content (frequently measured in g iodine per ml of the formulated contrast medium

for administration). The iodinated contrast agent must also be completely soluble in



WO 2009/047318 PCT/EP2008/063588
3

the formulation medium, usually an aqueous medium, and remain in solution during

storage.

The osmolalities of the commercial products, and in particular of the non-ionic
compounds is acceptable for most media containing dimers and non-ionic
monomers although there is still room for improvement. In coronary angiography for
example, injection into the circulatory system of a bolus dose of contrast medium
has caused severe side effects. In this procedure contrast medium rather than blood
flows through the system for a short period of time, and differences in the chemical
and physiochemical nature of the contrast medium and the blood that it replaces
can cause undesirable adverse effects such as arrhythmias, QT prolongation and
reduction in cardiac contractive force. Such effects are seen in particular with ionic
contrast agents where osmotoxic effects are associated with hypertonicity of the
injected contrast medium. Contrast media that are isotonic or slightly hypotonic with
the body fluids are particularly desired. Low osmolar contrast media have low renal
toxicity which is particularly desirable. The osmolality is a function of the number of

particles per volume unit of the formulated contrast medium.

In patients with acute renal failure, nephropathy induced by contrast medium
remains one of the most clinically important complications of the use of iodinated
contrast medium. Aspelin, P et al, The New England Journal of Medicine, Vol.
348:491-499 (2003) concluded that nephropathy induced by contrast medium may
be less likely to develop in high risk patients when iodixanol is used rather than a

low-osmolar, non-ionic contrast medium.

The part of the patient population considered as high risk patients is increasing. To
meet the need for continuous improvement of in vivo X-ray diagnostic agents for the
entire patient population, there is a continuous drive in finding X-ray contrast agents
that has improved properties, also with regards to contrast induced nephrotoxicity
(CIN).

To keep the injection volume of the contrast media as low as possible it is highly
desirable to formulate contrast media with high concentration of iodine/ml, and still
maintain the osmolality of the media at a low level, preferably below or close to
isotonicity. The development of non-ionic monomeric contrast agents and in
particular non-ionic bis(triiodophenyl) dimers such as iodixanol (EP patent 108638)
has provided contrast media with reduced osmotoxicity allowing contrast effective
iodine concentration to be achieved with hypotonic solution, and has even allowed

correction of ionic imbalance by inclusion of plasma ions while still maintaining the
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contrast medium Visipaque™ at the desired osmolality (WO 90/01194 and WO
91/13636).

The X-ray contrast media at commercial high iodine concentration have relative high
viscosity, ranging from about 15 to about 60 mPas at ambient temperature.
Generally, contrast media where the contrast enhancing agent is a dimer has higher
viscosity than the corresponding contrast media where the contrast enhancing

agent is the monomer corresponding to the dimer. Such high viscosities may pose
problems to the administrators of the contrast medium, requiring relatively large

bore needles or high applied pressure, and are particularly pronounced in pediatric
radiography and in radiographic techniques which require rapid bolus administration,

e.g. in angiography.

X-ray contrast media containing a chemical compound as the active pharmaceutical
ingredient(s) having two triiodinated phenyl groups linked by a linking group are
usually referred to as dimeric contrast agents or dimers. During the years a wide
variety of jodinated dimers have been proposed. Relevant patent publications
comprises EP 1186305, EP 686046, EP108638, EP 0049745, EP 0023992, WO
2003080554, W02000026179, WO 1997000240, WO 9208691, US3804892,
US4239747, US3763226, US3763227 and US3678152. At this time, one contrast
medium having an iodinated non-ionic dimer as the active pharmaceutical ingredient
is one the market, the product Visipaque™ containing the compound iodixanol. The
compound Hexabrix™, containing the ionic dimeric compound ioxaglic acid is also
on the market.

W092/08691 of Dibra and Bracco proposes symmetrical or asymmetrical 1,3-bis-[3-
(mono- or poly-hydroxy)acylamino-5-( mono- or poly-hydroxyalkyl)aminocarbonyl-
2,4,6-triiodo-benzoyl-amino]-hydroxy or hydroxyalkyl-propanes and exemplifies a
number of these compounds. Tables 1 and 2 provide some test results of the
compounds of Examples 1 and 10 of the patent specification. However, none of the

compounds prepared in W0O92/08691 are developed and brought to the market.

Hence there still exists a desire to develop contrast agents that solves one or more
of the problems discussed above. Such agents should ideally have improved
properties over the soluble iodine containing compounds on the market in one or
more of the following properties: renal toxicity, osmolality, viscosity, solubility,
injection volumes/iodine concentration and attenuation/radiation dose and any

additional adverse effect known or discovered for such iodinated compounds.
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Summary of the Invention

The present invention provides compounds useful as contrast media having desired
properties with regards to at least one of the criteria mentioned above and in
particular to renal toxicity, osmolality, viscosity and solubility. The contrast media
comprises iodine containing contrast enhancing compounds where iodine
containing compounds are chemical compounds containing two linked iodinated
phenyl groups. The iodine containing contrast enhancing compounds can be
synthesized from commercially available and relatively inexpensive starting
materials.

Detailed Description of the Invention

The new compounds of the invention, their use as X-ray contrast agents, their
formulation and production are specified in the attached claims and in the

specification hereinafter.

The contrast enhancing compounds are synthetic chemical compounds of formula (I)

0
RG/MN’RZ
| |
33 31 OH o | O
N N R*
R NN N
o I o OH F'<1| Il|23
N 5
Ry
0
Formula (1)

and salts or optical active isomers thereof ,
wherein

each R' independently are the same or different and denotes a hydrogen atom or a

C, to C, straight of branched alkyl group;

each R? independently are the same or different and denotes a hydrogen atom or a

C to C, straight of branched alkyl group;

each R® independently are the same or different and denotes a hydrogen atom or a

C to C4 straight of branched alky! group;
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each R* independently are the same or different and denote C, to Cq straight of
branched alkyl moieties substituted by up to 6 -OH groups; and

each R® independently are the same or different and denote C, to Cq straight of

branched alkyl moieties substituted by up to 6 -OH groups.

In formula (1) above, the R', R?and R® groups each preferably denote a hydrogen
atom and/or a methyl group. Further, each of the R' groups are preferably the same,
each of the R?groups are preferably the same, and each of the R®groups are
preferably also the same. Most preferred each of the R" groups denotes a methyl
group, each of the R*groups preferably denotes a hydrogen atom and each of the

R® groups preferably denotes a hydrogen atom or methyl group.

The substituents R* each preferably denote a mono-, di- and tri-hydroxylated C; to
Cs straight chain alkyl group. It is further preferred that the alkyl groups carry a
hydroxyl group in the w position and that the alkyl chain is not substituted in the a
position. More preferred R* denotes mono- or di hydroxylated propyl moieties and/or
hydroxyethyl moieties. Still more preferred each R* group is also the same, and

most preferably denoctes a 2,3 di-hydroxypropyl moieties.

The substituent R® preferably denotes a di- and tri-hydroxylated C, to Cs straight
chain alkyl group. It is further preferred that the alkyl groups carry a hydroxyl group
in the w position. More preferred R® are di-hydroxy-ethyl and/or hydroxymethyl
moieties. Still more preferred R® are the same and are 1,2-dihydroxyethyl or

hydroxymethyl moieties

Thus, preferred structures according to the invention include the compounds of
formula (lla) to (lid):
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Formula (lla)
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At an iodine concentration of 320 mg/ml, which is a common concentration for
commercially available iodinated contrast media, the concentration of the compound
of formula (1) will be approximately 0.42 M (Molar). The contrast medium will also be
hypoosmolar at this iodine concentration, and this is an advantageous property with
regards to the nephrotoxicity of the contrast medium. It is also possible to add
electrolytes to the contrast medium to lower the cardiovascular effects as explained
in WO 90/01194 and WO 91/13636.

Compounds of formula (I) also comprises optical active isomers and may exist in
several isomeric forms due to chiral carbon atoms. In addition, the compounds
exhibit exo/endo isomerism due to the restricted rotation of the amide bond caused
by the proximity of the bulk iodine atom. Both enantiomerically pure products as well

as mixtures of optical isomers are included.
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The compounds of the invention may be used as contrast agents and may be
formulated with conventional carriers and excipients to produce diagnostic contrast

media.

Thus viewed from a further aspect the invention provides a diagnostic composition
comprising a compound of formula (1) as described above together with at least one
physiologically tolerable carrier or excipient, e.g. in aqueous solution for injection

optionally together with added plasma ions or dissolved oxygen.

The contrast agent composition of the invention may be in a ready to use
concentration or may be a concentrate form for dilution prior to administration.
Generally compositions in a ready to use form will have iodine concentrations of at
least 100 mg I/ml, preferably at least 150 mg I/ml, with concentrations of at least
300 mg I/ml, e.g. 320 mg !/mi being preferred. The higher the iodine concentration,
the higher is the diagnostic value in the form of X-ray attenuation of the contrast
media. However, the higher the iodine concentration the higher is the viscosity and
the osmolality of the composition. Normally the maximum iodine concentration for a
given contrast media will be determined by the solubility of the contrast enhancing
agent, e.g. the iodinated compound, and the tolerable limits for viscosity and

osmolality.

For contrast media which are administered by injection or infusion, the desired
upper limit for the solution’s viscosity at ambient temperature (20°C) is about 30
mPas, however viscosities of up to 50 to 60 mPas and even more than 60 mPas
can be tolerated. For contrast media given by bolus injection, e.g. in angiographic
procedures, osmotoxic effects must be considered and preferably the osmolality
should be below 1 Osm/kg H,O, preferably below 850 mOsm/kg H.O, and more
preferably about 300 mOsm/kg H,O.

With the compounds of the invention such viscosity, osmolality and iodine
concentrations targets can be met. Indeed, effective iodine concentrations can be
reached with hypotonic solutions. It may thus be desirable to make up the solution’s
tonicity by the addition of plasma cations so as to reduce the toxicity contribution
that derives from the imbalance effects following bolus injection. Such cations will
desirably be included in the ranges suggested in WO 90/01194 and WO 91/13636.

In particular, addition of sodium and calcium ions to provide a contrast medium
isotonic with blood for all iodine concentrations is desirable and obtainable. The

plasma cations may be provided in the form of salts with physiologically tolerable
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counterions, e.g. chloride, sulphate, phosphate, hydrogen carbonate etc., with

plasma anions preferably being used.

The contrast media containing compounds of formula (1) can be administered by
injection or infusion, e.g. by intervascular administration. Alternatively, contrast
media containing compounds of formula (1) may also be administered orally. For
oral administration the contrast medium may be in the form of a capsule, tablet or as

liquid solution.

In a further embodiment the invention provides diagnostic agents comprising a
compound of formula (1) and diagnostic compositions comprising a compound of
formula (1) together with pharmaceutically acceptable carriers or excipients. The

diagnostic agents and composition are preferably for use in X-ray diagnosis.

Hence, the invention further embraces use of a diagnhostic agent and a diagnostic
composition containing a compound of formula (l) in X-ray contrast examinations
and use of a compound of formula (1) for the manufacture of a diagnostic

composition for use as an X-ray contrast agent.

A method of diagnosis comprising administration of compounds of formula (l) to the
human or animal body, examining the body with a diagnostic device and compiling
data from the examination is also provided. In the method of diagnhosis the body

may also be preadministrated with compounds of formula (1).

Furthermore, a method of imaging, specifically X-ray imaging is provided, which
comprises administration of compounds of formula (1) to the human or animal body,
examining the body with a diagnostic device and compiling data from the
examination and optionally analysing the data. In the method of imaging the body

may also be preadministrated with compounds of formula (1).

Preparation

The compounds of the general formula (I) can be synthesized by multistep
procedures from starting materials that are either known from the state of art or that
are commercially available or can readily be produced from commercially available
materials.

Compounds of formula (I) can be synthesized according to this general procedure:
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(i) SOCl, pyr, DCM, 70°C; (i) R°COCI, DMAc; (i) R®NHR® NEt;, DMAc; (iv)
R'NHCH,CHOHCHOHCH,NH R', NEt;, DMAG; (v) NHz;, MeOH

5-amino-2,4,6-triiodo-isophtalic acid available from Aldrich is treated with thionyl
chloride to form the corresponding 5-amino-2,4,6-triiodo-isophthaloyl dichloride (1).
5-Amino-2,4,6-triiodo-isophthaloyl dichloride is next reacted with either
acetoxyacetyl chloride commercially available from Aldrich to form the desired N-
acyl derivatives (2). N-acyl-amino-2,4,6-triiodo-isophthaloyl dichloride is then
reacted with an appropriate amine such as 3-amino-1,2-propanediol to form the
desired mono-amide derivatives (3). The dimer (4) is finally formed by reacting with
an appropriate di-amine such as 1,4 -diaminobutane-2,3-diol with the desired mono-

amide (3), follow by hydrolysis of the protecting groups.
1,4 -diamino-butane-2,3-diol HCI is commercially available, e.g from Fluka.

Preparation of intermediates:

Preparation A
Acetic acid (3,5-bis-chlorocarbonyi-2,4,6-triiodo-phenylcarbamoyl)-methyl ester

0
HN)k/Om/
e

!

o I O
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5-Amino-2,4,6-triiodo-isophthaloyl dichloride was dissolved in dimethyl acetamide
(DAMc) and a solution of acetoxyacetylchloride (2eq) in DMAc was slowly added
with efficient stirring. The reaction mixture was stirred overnight and the following
day, the mixture was slowly poured into stirred ice water. The precipitate was
filtered off and dried to give the desired material. The structure was confirmed by 'H
NMR (CDClI3, 300MHz) : 10.43 (br s, 1H); 4.71 (s, 2H); 2.11 (s, 3H)

Preparation B
Acetic acid 2-acetoxy-1-(3,5-bis-chlorocarbonyl-2.4.6-triiodo-phenylcarbamoyl)-ethyl

ester

Cl Cl
o t O
The structure was confirmed by 'H NMR (CDCls, 300MHz) : 10.45 (br s, 1H); 4.49-
4.30 (m, 3H); 2.13 (s, 3H).

Following this procedure various compounds of formula (2) above can be prepared,
including but not limited to

Acetic acid 2,3-diacetoxy-1-(3,5-bis-chlorocarbonyl-2,4,6-triiodo-phenylcarbamovi)-
propyl ester

0
PN

I
e

Preparation C
Acetic _acid  {3-chlorocarbonyl-5-[(2,3-dihydroxy-propyl)-methyl-carbamovl]-2.4.6-

trilodo-phenylcarbamoyl}-methyl ester
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O
HNJK/Oj\/
I I I 0 OH

Cl N._A_OH

O I O

The bis-acid chloride from the previous step was dissolved in DMAC in a dry flask
under a nitrogen atmosphere. Triethylamine (2eq) was added to the solution
immediately followed by the addition of 3-Methylamino-propane-1,2-diol (2eq). After
stirring overnight, the reaction mixture was concentrated to dryness, and the residue
purified by chromatography using silica gel to give the desired product. The
structure was confirmed by 'H NMR (DMSO-D6, 300MHz) : 10.4 (br s, 1H); 4.70 (s,
2H); 3.89-3.83 (m, 1H); 3.75-3.67 (m, 1H); 3.51-3.42 (m, 2H); 3.25-3.15 (m, 1H),
2.85 (s, 3H); 2.15 (s, 3H)

Preparation D
Acetic acid 2-acetoxy-1-{3-chlorocarbonyl-5-[(2,3-dihydroxy-propyl)-methyl-

carbamovl]-2.4,6-triiodo-phenylcarbamoyl}-ethyl ester
HN O
| |

| OH
N N._A_OH
o I O

The structure was confirmed by 'H NMR (DMSO-D6, 300MHz) : 10.4 (br s, 1H);
4.70-4.65 (m, 3H); 3.89-3.83 (m, 1H); 3.75-3.67 (m, 1H); 3.51-3.42 (m, 2H); 3.25-
3.15 (m, 1H); 2.85 (s, 3H); 2.15 (s, 3H).

Preparation E
Acetic acid 2,3-diacetoxy-1-{3-chlorocarbonyl-5-[(2,3-dihydroxy-propyl)-methyi-

carbamovyl]-2,4,6-triiodo-phenylcarbamoyi}-propyl ester

o

Y
HN™ "0 ©
! ! OH

1

CI\’;@(N\)\/OH
O | O

The structure was confirmed by NMR and MS.
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Following this procedure various compounds of formula (3) above can be prepared,

including but not limited to:

Acetic acid [3-chlorocarbonyl-5-(2 3-dihydroxy-propylcarbamoyl)-2,4,6-triiodo-

phenylcarbamoyl]-methyl ester

Acetic acid 2-acetoxy-1-[3-chlorocarbonyl-5-(2,3-dihydroxy-propylcarbamoyl)-2.4.6-

triiodo-phenylcarbamoyll-ethyl ester

O~
| |

4 OH
N N._A_OH
0

I O

Acetic acid 2,3-diacetoxy-1-[3-chlorocarbonyl-5-(2,3-dihydroxy-propylcarbamoyi)-

2.4 6-triiodo-phenylcarbamoyl]-propy! ester
0
~© OJ\

0] 0]
ooy
0 0
0]

HN

I
o LA H

Acetic acid {3-[bis-(2,3-dihydroxy-propyl)-carbamovyl]-5-chlorocarbonyi-2.4,6-triiodo-

phenylcarbamoyl}-methyl ester

Preparation F
Acetic acid (3,5-bis-chlorocarbonyl-2,4,6-triiodo-phenylcarbamoyl)-methyl ester (20g,
25.5mmol) was dissolved in dry DMA (100ml) and 2,2,-dimethyl-1,3-dioxolane-4-
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methanaine (6.62ml, 51mmol) was added. The reaction was stirred for 24 hours at
room temperature under nitrogen. The reaction mixture was diluted with ethyl
acetate and washed with ice-water (50ml x 3) and brine. The organics were
collected, dried over MgSQ,, filtered and evaporated to give as brown oil. This was
purified by silica column chromatography eluting with petrol: ethyl acetate to give
acetic acid {3-chlorocarbonyl-5-[(2,2-dimethyl-[1,3]dioxolan-4-ylmethyl)-carbamoyl]-
2,4,6-triiodo-phenylcarbamoyl}-methyl ester (13.85g, 17.5mmol) as a pink solid.
Following this procedure various compounds of formula (3) above can be prepared,

including but not limited to:

Acetic acid {3-chlorocarbonyl-5-[(2,2-dimethyl-[1,3]dioxolan-4-yimethyl)-carbamovyl]-

2.4 6-triiodo-phenylcarbamoyl}-methyl ester

0
NSO

I
I
0O 1| 0

>

The structure was confirmed by Mass Spec (ESI) m/z: Calculated for C1gH13CIN,O,
[M+H]" 791.520 Found 790.84, '"H NMR (DMSO; 300MHz) 8 = 10.35-10.15 (m, 1H,
NH), 9.03-8.87 (m, 1H, NH), 4.70 (s, 2H), 4.25(m, 1H), 4.07 (m, 1H), 3.79 (m, 1H),
3.50-3.10 (m, 2H), 2.15 (s, 3H), 1.36 (s, 3H), 1.23 (s, 3H).

Acetic acid 2-acetoxy-1-[3-chlorocarbonyl-5-(2,3-dihydroxy-propylcarbamoyl)-2,4,6-

triiodo-phenylcarbamovyl}-ethyl ester

ofok

HN O

I I

(O N

The structure was confirmed by Mass Spec (ESI) m/z: Calculated for Cy1H22CIN,Oq
[M+H]* 863.594 Found 862.75, '"H NMR (CDCl;; 300MHz) 8 = 6.39 (s, br, 1H, NH),
5.63 (s, br, 1H, NH), 4.64 (m, 1H), 4.50 (m, 1H), 4.35 (m, 1H), 3.78-3.65 (m, 2H),
3.42 (m, 1H), 2.28 (d, 3H), 2.08 (s, 3H), (s, 3H), 1.43 (s, 3H), 1.33 (s, 3H)
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Example 1

1,3-bis-[2-hydroxyacetylamino-5-[N-methyi-N-{2 3-dihydroxypropyllaminocarbonyl-

2.4.6-triiodo-benzoyl-N-methylaminol-2,3-dihydroxypropane

0
Ho L,
|

Ho © © o

HO\)\/N\ [ /NJ\(\N/ | \N/\(\OH

[
HN\H/\OH
O

1,4-dimethylamine-2,3-butanediol (0.5 eq) and triethylamine (1.2eq) were added to
a solution of acetic acid {3-chlorocarbonyl-5-[(2,3-dihydroxy-propyl)-methyl-
carbamoyl]-2,4,6-triiodo-phenylcarbamoyl}-methyl ester (2.5g,3.27mmol) in DMA
(5mL). The reaction was stirred at ambient temperature until the reaction proceeds
no further. The reaction mixture was extracted into ethyl actetate and washed with
water to remove the DMA. The organic layer was dried over MgS04 and the filtrate
concentrated under vacuum to give the desired compound which was used in the
next step without purification. The crude material was dissolved in the minimum
amount of methanol and treated with aqueous ammonia. The reaction was stirred at
ambient temperature and monitored by LC-MS. Whereupon, the reaction mixture
was concentrated to dryness, dissolved in the minimum amount of water, filtered
and purified by preparative HPLC to give the desired final product. Full deprotection
could also be carried out by refluxing for 1 hour, the crude mixture in 2M agqueous
HCI.

The structure was confirmed by Mass Spec (ESI) m/z: Calculated for CgsHszlsNsO14
[M]" 1520.13 Found 1520.45

Example 2
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1,3-bis-[2,3.-dihydroxypropylamino-5-[N-methyl-N-(2,3-
dihydroxypropyllaminocarbonyi-2,4.6-triiodo-benzoyl-N-methylamino]-2,3-

dihydroxypropane

OH
OH

O~ NH
i I
HQ Oﬁ:@fo on
HO
\)\/N\ | /NJ\/\N/ | \N/\(\OH

OHO 0 OH

1,4-dimethylamine-2,3-butanediol (0.5 eq) and friethylamine (1.2eq) were added to
a solution of Acetic acid 2-acetoxy-1-[3-chlorocarbony!-5-(2,3-dihydroxy-
propylcarbamoyl)-2,4,6-triiodo-phenylcarbamoyl]-ethyl ester (2.5g,2.90 mmol) in
DMA (5mL). The reaction was stirred at ambient temperature until the reaction
proceeds no further. The reaction mixture was extracted into ethyl actetate and
washed with water to remove the DMA. The organic layer was dried over MgSO4
and the filtrate concentrated under vacuum to give the desired compound which
was used in the next step without purification. The crude material was dissolved in
the minimum amount of methanol and treated with agueous ammonia. The reaction
was stirred at ambient temperature and monitored by L.C-MS. Whereupon, the
reaction mixture was concentrated to dryness, dissolved in the minimum amount of
water, filtered and purified by preparative HPLC to give the desired final product.
Full deprotection could also be carried out by refluxing for 1 hour, the crude mixture
in 2M aqueous HCI.

The structure was confirmed by Mass Spec (ESI) m/z: Calculated for CsgHaslsNsO16
[M]" 1580.23 Found 1580.66

Example 3
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N-(2,3-Dihydroxy-propyi)-N'-(4-{[3-(2,3-dihydroxy-propylcarbamoyl)- 5-(2-hydroxy-
acetylamino)-2.4.6-triiodo-benzoyll-methyl-amino}-2,3-dihydroxy-butyl)-5-(2-

hydroxy-acetylamino)-2,4,6-triiodo-N"-methyl-isophthalamide

0
HO\/U\NH

oy O on
OHO o OH

[
HN\”/\OH
0

1,4-dimethylamine-2,3-butanediol (0.5eq) and triethylamine (1.2eq) were added to a
solution of acetic acid {3-chlorocarbonyl-5[(2,2-dimethyl-[1,3]dioxolan-4-
ylmethyl)carbamoyl]-2,4,6-triiodo-phenylcarbamoyl}methyl-ester (2.5g, 3.16mmol) in
DMA (5mL). The reaction mixture was stirred at ambient temperature until the
reaction proceeds no further. The reaction mixture was extracted into ethyl acetate
and washed with water to remove the DMA. The organic layer was dried over
MgS04 and the filtrate concentrated under vacuum to give the desired compound
which was used in the next step without purification. Full deprotection was carried
out by refluxing for 1 hour, the crude mixture in 1:1 mixture of 2M aqueous HCI and
MeOH.

The structure was confirmed by Mass Spec (ESI) m/z: Calculated for C3,H38IgNgO44
[M]"1492.02 Found 1492.69

Example 4
N-(2,3-Dihydroxy-propyl)-N'-{(2S,3R)-4-[3-(2,3-dihydroxy-propylcarbamoyl)- 5-(2-
hydroxy-acetylamino)-2.4,6-triiodo-benzoylaminol-2,3-dihydroxy-butyi}-5-(2-

hydroxy-acetylamino)-2.4,6-triiodo-isophthalamide




WO 2009/047318 PCT/EP2008/063588

19
0
HO L,
| |
o’ © oH
HO A _NH | N SNH | nTS on
OH, o OH

The compound was prepared following the procedure of example 3.
The structure was confirmed by Mass Spec (ESI) m/z: Calculated for C3oHz416NgO14
[M]" 1464.03 Found 1464.65
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Claims
1. Compounds of formula (l)
0]
2
R
I I
R’ R" OH O 1 o0
N ) 4
R Ay N
O I O OH R1| |R3
5
e
@]
Formula (1)

and salts or optical active isomers thereof ,
wherein

each of R', R?and R*® independently are the same or different and denote a

hydrogen atom or a C, to C, straight of branched alkyl group;

each R* independently are the same or different and denote C; to Cg straight of

branched alkyl moieties substituted by up to 6 -OH groups; and

each R® independently are the same or different and denote C; to Cs straight or

branched alkyl moieties substituted by up to 6 -OH groups.

2. Compound as claimed in claim 1 wherein each R', R?and R® denote a

hydrogen atom and/or a methyl group

3. Compound as claimed in claims 1 and 2 wherein each of the R'groups are
the same, each of the R? groups are the same, and each of the R*groups are the

same.

4, Compound as claimed in claims 1 to 3 wherein each R" denotes a methyl
group, each R?*denotes a hydrogen atom, and each R®denotes a hydrogen atom or

methyl group.
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5. Compound as claimed in any of the preceding claims wherein each R*

denotes a mono-, di- and tri-hydroxylated C; to Cg straight chain alkyl group.

6. Compound as claimed in claim 5 wherein R* carry a hydroxyl group in the w

position and is not substituted in the a position.

7. Compound as claimed in claims 5 and 6 wherein all R* are the same and are

2,3-dihydroxypropyl moieties.

8. Compounds as claimed in any of the previous claims R® denotes a di- and

tri-hydroxylated C, to Cq straight chain alkyl group.

9. Compound as claimed in claim 8 wherein the alkyl groups carry a hydroxyl
group in the w position.

10. Compound as claimed in claims 8 and 9 wherein R® are di- or tri

hydroxylated propyl moieties and/or di-hydroxy-ethyl moieties.

11. Compound as claimed in claims 8 to 10 wherein each R’ are the same and

are 1,2-dihydroxyethyl or hydroxymethyl moieties.

12. Compound as claimed in any of the preceding claims being

1,3-bis-[2-hydroxyacetylamino-5-[N-methyl-N-(2,3-dihydroxypropyl)aminocarbonyl-
2,4,6-triiodo-benzoyl-N-methylaminol-2,3-dihydroxypropane;
1,3-bis-[2,3,-dihydroxypropylamino-5-[N-methyl-N-(2,3-
dihydroxypropyl)aminocarbonyl-2,4,6-triiodo-benzoyl-N-methylamino}-2, 3-
dihydroxypropane;
N-(2,3-Dihydroxy-propyl)-N'-(4-{[3-(2,3-dihydroxy-propylcarbamoyl)- 5-(2-hydroxy-
acetylamino)-2,4,6-triiodo-benzoyl]-methyl-amino}-2,3-dihydroxy-butyl)-5-(2-
hydroxy-acetylamino)-2,4,6-triiodo-N'-methyl-isophthalamide; and
N-(2,3-Dihydroxy-propyl)-N'-{(2S,3R)-4-[3-(2,3-dihydroxy-propylcarbamoyl)- 5-(2-
hydroxy-acetylamino)-2,4,6-triiodo-benzoylamino]-2,3-dihydroxy-butyl}-5-(2-
hydroxy-acetylamino)-2,4,6-triiodo-isophthalamide
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13. A diagnostic agent comprising a compound of formula (1) as defined in any
of the preceding claims.

14. A diagnostic composition comprising a compound of formula (1) as defined in
any of the preceding claims together with a pharmaceutically acceptable carriers

or excipients.

15. An X-ray diagnostic composition comprising a compound of formula (1) as
defined in any of the preceding claims together with a pharmaceutically

acceptable carriers or excipients.

16. Use of a diagnostic agent and a diagnostic composition containing a
compound of formula (1) as defined in any of the preceding claims as in X-ray

contrast examinations.

17. Use of a compound of formula (1) as defined in any of the preceding claims
for the manufacture of a diagnostic composition for use as an X-ray contrast

agent.

18. A method of diagnosis comprising administration of compounds of formula (I)
as defined in any of the preceding claims to the human or animal body,
examining the body with a diagnostic device and compiling data from the

examination.

19. A method of diagnosis comprising examining a body preadministered with
compounds of formula (1) as defined in any of the preceding claims with a

diagnostic device and compiling data from the examination.

20. A method of imaging, specifically X-ray imaging, comprising administration
of compounds of formula (I) as defined in any of the preceding claims to the
human or animal body, examining the body with a diagnostic device and

compiling data from the examination and optionally analysing the data.
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