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(57) L mvention conceme des esters 10des msolubles de

la formule (I), (voir formule ci-haut) dans laquelle R
represente un groupe aliphatique Cq.yo, araliphatique

C7opou aryle Cgnp, a substitution ou sans substitution,
ou un groupe heterocyclique Ciop comportant un ou

plusieurs héteroatomes choisis entre 0,5 et N; R2
represente hydrogene ou un groupe aliphatique Cig,

aryle Cg 10 ou araliphatique C7.9 a substitution ou sans

substitution; et R represente un groupe defim tel que ci-
dessus pour Rl, pouvant €tre identique ou différent de

Rl, ou R? et RS représentent ensemble un groupe
alkylene Cy4 a substitution ou sans substitution, la

molécule contenant au moins un atome d’10de et pouvant
¢tre metabolis€ée en produits solubles dans des fluides
biologiques et physiologiquement acceptables. Les
esters sont utiles en 1imagerie a rayons X et a ultrasons,
notamment 1’1magerie du foie et de la rate.

I*I Industrie Canada  Industry Canada

R1CO.0.CH.O.CO.OR 3

(57) Water msoluble 1odmated esters of formula (1),

(see above formula) 1n which Rl is a substituted or
unsubstituted C1.og aliphatic, C7.yg araliphatic or Cg o

aryl group or a Cyyp heterocyclic group having one or

more hetero atoms selected from O, S and N: R2 1S
hydrogen or a substituted or unsubstituted C1_galiphatic,

Ce-10aryl or C7pparaliphatic group; and R3is a oroup as
defined above for Rl, which may be the same as or

different from Rl, or R% and R3 together represent a
substituted or unsubstituted Cj4 alkylene group, the

molecule containing at least one 10dine atom and being
metabolisable to products which are soluble mm body
fluids and are physiologically acceptable. The esters are
useful 1 X-ray and ultrasound imaging, especially liver
and spleen 1maging.
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ABSTRACT

Water 1insoluble 1odinated esters of formula (I),

R2

R1CO.0.CHO.CO.OR 3

in which Rl 1s a substituted or unsubstituted C1-20 a@aliphatic,
Co_-o0 araliphatic or Cg_,n5 aryl group or a C,.-00 heterocyclilc
group having one or more hetero atoms selected from O, S and N;
RZ 1is hydrogen or a substituted or unsubstituted C4_g
aliphatic, Cg_q10 aryl or C45_5-n araliphatic group; and R3 is a
group as defined above for Rl, which may be the same as or
different from Rl, or R¢ and R3 together represent a
substituted or unsubstituted C;_,4 alkylene group, the molecule
contalning at least one lodine atom and being metabolisable to
products which are soluble in body fluids and are
physiologically acceptable. The esters are useful in X-ray and
ultrasound imagling, especially liver and spleen imaging.
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IODINATED ESTERS

The present invention relates to contrast
agents for medical X-ray and ultrasound imaging,
and to their preparation and use.
It has been proposed to improve the detection
of lesions in the liver and spleen by the use of
5 contrast agents which accumulate in these organs.
A number of substances have been suggested but
there is no such product on the market at the present
time and each of the contrast agents so far proposed
has some disadvantages.
10 Since the reticuloendothelial system of the

liver and spleen is well known to trap particles
by phagocytosis, contrast agents in particulate
form are particularly well adapted for visualisation
of these organs. Emulsions of jiodinated Ol1ls have

15 been proposed in this context, particularly iodinated
ethyl esters of poppy seed oil. (Vermess, M.,
et al, Radiology, 137 (1980) 217). However, these
substances have proved unduly toxic.

Another possibility is to use liposomes containing

20 water soluble iodinated contrast agents. (Havron A.
et al, Radiology, 140 (1981) 507). However, since
only a limited amount of iodine can be incorporated
in each liposome, it is necessary to administer
relatively large amounts of lipids in order to

25 attain adequate contrast enhancement. This tends
to cause emboli in the lung capillaries. Furthermore,
liposomes have been found to be relatively unstable
on storing (Shulkin, P.M., et al, J. Microencapsul.,
1l (1984) 73).

30 Submicron thorium dioxide particles have
been used for liver visualisation and have shown
effective enhancement of contrast in clinical testing

but their use has been discontinued because of the extremely
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lengthy retention of the particles in the liver,
This, in combination with the inherent radiocactivity
Oof thorium, has led to serious adverse side effects,
including neoplasm and fibrosis. (Thomas, S.F.,

5 Radiology, 78 (1962) 435).

It has also been proposed to use particles
comprising the ethyl ester of the water soluble
X-ray contrast agent, iodipamide (Violante, M.R.,
et al, Invest. Radiol., 2, (1984) 133). However,

10 ethyl esters are not sufficiently metabolically
labile and thus would be expected to be retained
ln the liver for a considerable period. 1Indeed,
both this ester and an iodinated ethyl ester of
poppy seed oil gave an increase in lipid vacuoles

15 in the hepatocytes after intravenous administration.

(Vermess et al, Radiology, 137 (1980) 217) and Violante
M.R., Invest. Radiol., 2 (1984) 133). Such morphological
changes indicate an adverse effect on the hepatocytes.
Acyloxyalkyl esters of carboxylic acids contain-
20 ing a tri-iodophenyl group are known as contrast
agents from GB-A-1363847, US-A-4018783 ang GB-A-
2157283. 1In US-A-4018783 the compounds are primarily
suggested for X-ray imaging of the bronchial system,
while in GB-A-2157283 the most preferred use
25 1is in a liposome éarrier 1n lymphography
We have now found that particularly advantageous
contrast agents for the visualisation of the liver
and spleen comprise particulate lipophilic iodine-
containing carbonate esters which are metabolically

30 labile to form water-soluble substances which are
substantially non-toxic and are not retained in
the target organs.

According to the present invention we provide

metabolically labile water-insoluble iodinated esters
35 of the formula (I):

lonwa..rm o
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l;{2
RlCO.O.CH.O.CO.OR3 (I)

in which

R1 1s a substituted or unsubstituted C1-20
aliphatic, Co_op—araliphatic or Ce-20 aryl group
or a C1_20 heterocyclic group having one or more
hetero atoms selected from O, S and N

R2 i1s hydrogen or a substituted or unsubstituted

Cl—6 aliphatic group, C6-10 aryl group or C
araliphatic group;

7-20

R3 1s a group as defined above for Rl, which

may be the same as or different from Rl

or R2 and R3 together represent a substituted

Oor unsubstituted C1-4 alkylene group,

’

the molecule containing at least one iodine
atom and being metabolisable to products which

are soluble in body fluids and are physiologically

acceptable.

Where the group R3 is not joined to R2, the

metabolic products will be RlCOOH, RZCHO, R3OH

and carbon dioxide. Where R3 and R2 together form

an alkylene group, the products will be RlCOOH

and HO(R3.R2)CHO and carbon dioxide.

Aliphatic groups may be straight or
branched, saturated or unsaturated and include,
for example, alkyl and alkenyl groups e.g. methyl,
ethyl, isopropyl, butyl or allyl groups. Araliphatic
groups include monocarbocyclic aryl-alkyl groups:
for example benzyl groups. Aryl groups include
mono- or bi-cyclic aryl groups, for example phenvyl,
tolyl or naphthyl groups. Heterocyclic groups
include 5 or 6- membered heterocyclic groups preferably

having one heteroatom, for example furyl, thienyl
or pyridyl groups.

. . . . . . B L e T I A P L T 0
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Possible substituents in the above hydrocarbon
1 2

groups R, R™ and R3 include hydroxyl, etherified
hydroxyl, esterified hydroxyl, etherified thiol,
N-alkylamino, N—Cl_6-acylamino, N-Cl“6—acyl—N—C
5> alkylamino, carbamoyl and N=C,_¢ alkylcarbamoyl
groups and halogen atoms. It should be noted that

aromatic rings such as phenyl may carry Ci—g alkyl

1-6

groups, as in the tolyl group. Substituents may

be present in combination and thus, for example,
10 N-acyl and N-alkyl groups may carry hydroxy or

etherified or esterified hydroxyl groups.

Etherified hydroxyl groups include C1-5 alkoxy
groups such as methoxy groups. Adjacent hydroxy
groups may be etherified with a single bridging

15 group, such as an acetonide group. Esterified hydroxyl

groups include C1-6 acyloxy groups such as acetoxy
groups.

Halogen atoms include fluorine, chlorine,
bromine and iodine. More than one halogen atom

20 may be present in any particular group, as in the

trifluoromethyl group. It is particularly prefered
that the molecule as a whole carries several iodine
atoms, for example at least three.

It is particularly preferred that at least
25 one of the groups‘R1 and R3 contains an iodinated
phenyl group, preferably a triiodophenyl group.
Such a group may be selected from the very wide
range of such groups present in commercial carboxvylic
acid or non-ionic amide X-ray contrast agents.
30 Such groups include 2,4,6-triiodophenyl groups
having at the 3- and/or S-positions groups selected
from carbamovyl, N-alkylcarbamoyl or N-hydroxyalkylcarbamovyl,
acylamino, N-alkyl-acylamino and acylaminomethyl
groups. In such groupings, acyl groups will commonly
35 be acetyl groups and N-alkylacylamino groups will

commonly be N-methylacetamino groups. N-hydroxy-
alkylcarbamoyl groups will commonly comprise 1,3
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In the group Rl the triiodophenyl group will preferably
be linked directly to a carbonyl group, i.e. the

compound of formula (I) will be an ester of a triiodobenzoic
acid derivative, for example an X—-ray contrast
acid such as metrizoic acid, diatrizoic acid,

lothalamic acid and ioxaglic acid. In the group

R3, however, the triiodophenyl group may be linked

directly to the oxygen atom (the compound then

contains a substituted triiodophenoxy group) or

via a bridging group as in the hydroxyalkylamino,
N-hydroxyalkylcarbamoyl or hydroxyacylamino groups

present in such non-ionic X-ray contrast agents

as iohexol, iopentol, iopamidol, iopromide and metrizamide.

Where such non-ionic contrast agents have multiple

hydroxyl groups, the group RlC0.0.CHRz.O.C0.0— may

be attached at more than one position in the group

R,

It 1s important that the contrast agent according
to the invention is substantially water-insoluble
and thus, when administered in particulate form,
will be entrapped by the liver or spleen. It is
possible for relatively hydrophilic groups, such
as hydroxyl, to be present provided the remainder
of the molecule is sufficiently lipophilic to ensure
minimal overall water—solubility. However, after
metabolic enzymolysis, it is important that the
metabolic products have sufficient water-solubility
at physiological pH to be excreted from the target
organs. They should also themselves be physiologically
acceptable.

We have found that particulate compounds
according to the invention on intravenous administration
appear to be captured by the reticuloendothelial
system of the liver and spleen, the resulting accumula-
tion of particles greatly assisting the imaging
of these organs. On the other hand, the Phagocytosing
cells of the liver (Kupffer cells) contain lysosomes
which possess a broad spectrum of hydrolytic enzymes
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including a number of esterases.

subsequently excreted.

conversion of the compounds into water-soluble products
significantly decreases the risk of toxic reactions.

As compared with liposomes, the particles of
solid contrast agent according to the invention have 3
very much higher iodine content. Thus, to achieve a
desired level of contrast, as provided by a particular
amount of 1odine, a far smaller amount of material has

1s greatly reduced. Furthermore, the particulate

material according to the invention, which is commonly
crystalline, is generally much more stable to storage

The compounds of the invention, due to their
iodine content, provide excellent X-ray image enhance-
ment. Due to the presence of the relatively heavy
iodine atoms, the particles reflect ultrasound

Thus when maximum liver-iodine concentration
1s reached, a concentration "Plateau” is achieved
which allows imaging to be carriegd out over a long
period. When the elimination of the contrast agent
from the liver begins, it proceeds very quickly so
that the contrast agent is eliminated from the body
after a short period.

This profile of liver Uuptake and excretion is
Particularly beneficial and represents a significant
advantage over the prior art.
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The particulate compounds of the invention

also have low toxicity, for example about 4 times

- 7 -

lower than the toxicity of corresponding particulate

ester derivatives in which R3O.CO is replaced bj

R>CO.

The invention also provides injectable contrast
media comprising a compound according to the invention
in particulate form in suspension in a liquid for
injection.

The mean particle size of the contrast agent
will, in general, be within the range 0.002 to
7 microns, preferably 0.01 to 3 microns.

The injectable liquid may be any sterile
physiologically acceptable liquid such as physiological
saline which may usefully contain a physiologically
acceptable stabilising agent such as bovine serum

albumen, human serum albumin, propylene glycol,
gelatin, polyvinylpyrrolidone (for example having
a molecular weight about 30,000 daltons), or a
polysorbate (for example Polysorbate Bdﬁ or combinations
of two or more of these stabilising agents. |

The contrast media may be used in the enhancement
of X-ray and ultrasound images of the liver and/or
spleen of a human or non-human animal subject,
in which method they will be administered intravas-
cularly, normally intravenously, prior to imaging.

The compounds according to the invention
may be prepared in any convenient way. In general,
the compounds will be formed by esterification

of an acid of the formula R1COOH or a functional

derivative thereof with a compound of the formula
X-CHRz.O.CO.OR3, where X 1s a leaving group such

as a halogen atom or a mesyloxy or tosyloxy group.
Where X represents a leaving group, the functional
derivative of the acid of formula RlCOOH will normally
be a salt such as the potassium salt. Such a reaction
will normally be carried out in solution, for example

in a polar solvent such as dimethylformamide.

*Trade-mark
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The compound X-CHR .O.CO.OR3 where X is halogen

may in turn be prepared ‘from R2CHO and a compound
of formula Xl.CO.OR3 whereiln Xl 1s halogen atom
in the presence of a base such as pyridine.

The intermediates X-CHRz.O.CO.OR3 may also

be made by coupling a compound of formula X-CHRZ—

O.CO.Hal with an alcohol of formula R3OH, Hal being

a halogen atom. Where the group R3 contains multiple

hydroxyl groups as in iohexol, it may be desirable

to protect certain of these with, for example,
acetonide groupings, in order to ensure reaction

at a single hydroxyl group. Such acetonide groups
may if desired remain in the final compound according
to the invention. -

The particulate form of the contrast agent
according to the invention may advantageously be
prepared by precipitation from solution in a water-
miscible solvent such as ethanol by admixture with
water, which may conveniently contain a stabilising
agent such as bovine serum albumin, human serum
albumin, gelatin, polyvinylpyrrolidone, propylene
glycol or a polysorbate, with vigorous agitation,
e.g. using ultrasound. In this way, it is possible
to obtain particles of mean diameter of the order
of 1.0 microns. Mechanical crushing or spray drying,
for example to an appropriate particle size is
also suitable. The particles may be dispersed
in the liquid for injection referred to above.

The following Examples are given by way of

l1llustration only. Seronorm’ is a test serum available

from Nycomed AS, Oslo, Norway.

X
Trade-mark
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Example 1

1-(Ethyloxycarbonvloxy)ethyl 5-(N-acet lamino) -

3-(N-acetyl-N-methylamino) -2, 4 6-triiodobenzenecarboxylate

l1-Chloroethyl ethyl carbonate (10.00 g, 66.0 mmol)

was added dropwise during 1.5 hour at room temperature
to a solution of potassium >~ (N-acetylamino) 3- (N-
acetyl—N—methylamino)-2,4,6-triiodobenzenecarboxylate
(40.00g, 60.0 mmol) and sodium iodide (0.89 g,
6.0mmol) in dry dimethylformamide (200 ml). After

at reduced pressure. The residue was dissolved

in chloroform (120 ml) and washed four times with
a saturated sodium hydrogen carbonate solution

and twice with water. After drying with magnesium
sulfate, treatment with activated charcoal and
filtration, the title compound was crystallised

by concentrating the solution at reduced pressure.
Yield: (79%). Purity by HPLC: 99%. lH--NMR (DMSO-
d6) : delta = 1.25 (t, J = 7 Hz, CH3): 1.64 (4,

J = 6 Hz, CH3); 1.67 (s, N(Me)COCH3); 2.05(s, NCOCH3):
2.96 (s, NCH3); 4.21 (q, J = 7 Hz, CH2): 6.97 (q,
J = 6 Hz, CH); 10.10 ppm (s, NH).

Example 2

1-(Ethyloxycarbonyloxy)ethyl S5-(N-acet lamino) -
3-(N-methylaminocarbonyl) -2, 4 6-triiodobenzenecarboxvlate

1-Chloroethyl ethyl carbonate (1.67 g, 11.0 mmol)

was added dropwise at room temperature to a solution

of potassium 5-(N-acetylamino)-3-(N-methylaminocarbonyl)—
2,4,6-triiodobenzenecarboxylate (6.52 g, 10.0 mmol)

and sodium iodide (150 mg, 1.0 mmol) in dry DMF

(50 ml). After stirring at 50°¢ for 24 hours the

solvent was removed at reduced pressure. The residue

was dissolved in chloroform and washed four times
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and twice with water. After drying with magnesium

sulfate and filtration, the solvent was removed

5 Yield: (2.2 g, 38 %). Purity by HPLC: 98%. lp_
NMR (DMSO-d¢): delta = 1.24 (t, J = 7 Hz, CH,) ;
1.63 (d, J = 6 Hz, CH3); 2.03 (s, CHBCO): 2.75
(d, J = 3 Hz, NCH3); 4.21 (q, J = 7 Hz, CH2): 6.93

(q, J = 6 Hz, CH); 8.4-8.7 (m, NHMe); 10.03 ppm
10 (s, NHAC).

Example 3

l-(Ethvloxycarbonvlox )ethvl 3-(alpha- (3~ (N-acetv]-

15 N—methzlamino)-S—(methzlaminocarbOnzlz-2[4,6-

triiodobenzo lamino) -~acetvlamino -3~ (N-(2-hydroxvethvl

aminocarbonzlz-2,4,6-triiodo-benzenecarboleate

1-Chloroethyl ethyl carbonate (0.84 g, 5.5 mmol)

20 was added dropwise at room temperature to a solution
of cesium 3—(alpha-(3—(N~acetyl-N-methylamino)—,
5—(methylaminocarbonyl)-2,4,6-triiodobenzoylamino)-
acetylamino)-5-(N-2-hydroxyethyl)aminocarbonyl)-
2,4,6-triiodo—benzenecarboxylate (7.00 g, 5.0 mmol)

25 and sodium iodide (75 mg, 0.5 mmol) in dry DMF
(25ml). After stirring at 50°C for 24 hours the
solvent was removed at reduced pressure. The residue
was triturated, washed ang filtered repeatedly,
first with CHCl3 and finally with H20, to give

30 the title compound. Yield: (5.7 g, 82%). Both

lH— and 13C

35 d6) of the l-ethyloxycarbonyloxyethy1 group of
the title compound is: delta = 1.24 (t, J = 7

Hz, CHj):; 1.63 (4, J = 6Hz, CHjy): 4.21 (q, J =

7 Hz, CHZ); ©.94 ppm (g, J = 6 Hz, CH). These
chemical shifts are in accordance

’ ’ ’ e L e B O T L T .
. P AR e avaar v alas = =e s vl adera R A e e
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and
not with l-chloroethyl ethyl carbonate which is

the starting material (delta = 1.24 (t, J = 7 Hz,
CH3): 1.76 (4, J = 6 Hz, CH3); 4.21 (q, J = 7 Hz,
5 CH2) 6.51 ppm (q, J = 6 Hz, CH)).

with the title compounds of Examples 1 andg 2,

Example 4

l,3-Dioxolan-2-one-4-yl 5-(N-acet lamino)-3-(N-acetv]-

10 N-methxlamino)—2,4,6-triiodobenzenecarboleate

4-Chloro-1,3-dioxolan-2-one (1.35 g, 11 mmol) was
added at room temperature to a solution of potassium
5—(N-acetylamino)-3-(N-acetyl-N-methylamino)-2,4,6-
15 triiodobenzenecarboxylate (6.66 g, 10 mmol) and
sodium iodide (0.15 g, 1 mmol) in dry DMF (50 ml).
After stirring at 50°C for 6 hours and at room
temperature for 4 days the solvent was removed
at reduced pressure. The residue was dissolved
20 in chloroform (100 ml) and washed four times with

a saturated sodium hydrogen carbonate solution
and finally twice with water. After treatment
with magnesium sulfate the solution was finally

evaporated to dryness. Yield: 5.6 g. Purity by

25 HPLC: 93%.

ly_NMR (DMSO-d¢) : delta = 1.67 (N(CH,)COCH,) ; 2.05 (NCOCH,,) ;

2.96(NCH3): 4.7; 4.9(CH2); 7.02(CH); 10.14 ppm(NH).

Example 5
30

1-(Phenvloxycarbonyvloxv)ethvl d- (N~acetylamino) -

3-(N~-acetyl-N-meth lamino)-2,4 6-triiodobenzenecarbox late.

l-Chloroethyl phenyl carbonate (prepared according
35 to Synthesis 1986, 627) (2.21 g, 11 mmol) was added
at room temperature to a solution of potassium
5—(N-acetylamino)—3—(N-acetyl-N-methylamino)-2,4,6~
triiodobenzenecarboxylate (6.66 g, 10 mmol) and



‘WO 90/07491 PCT/EP90/00053

2045943

- 12 -

potassium iodide (0.17 g, 1 mmol) in dry DMF.
After stirring at 50°C for 6 hours and at room
temperature for 4 days the solvent was removed
at reduced pressure. The residue was suspended

5 1n chloroform (100 ml) and washed four times with
a saturated sodium hydrogen carbonate solution and
twice with water. After drying with magnesium
sulfate the solution was evaporated to dryness.
Yield: 7.3 gq.

10 Purity by HPLC: 98%. lH-NMR (DMSO—d6): delta =
1.68 (N(CH3)COQ§3); 1.74 (CH§§3); 2.05 (NCOCH3);
2.97 (NCHB); 7.05 (CH); 7.25-7.52 (arom.): 10.14
ppm (NH).

15 Example 6

l-(Benzyloxycarbonyloxy)ethyl 5-(N-acet lamino) -

3-(N-acetyl-N-methylamino)-2, 4 6-triiodobenzenecarboxvlate.

20 l1-Chloroethyl benzyl carbonate (Prepared according
to Synthesis 1986, 627), (2.36 g, 11.0 mmol) was
added at room temperature to a solution of potassium
5-(N-acetylamino)-3-(N-acetyl-N-methylamino)-2,4,6-
triiodobenzenecarboxylate (6.66 g, 20 mmol) and

25 sodium iodide (0.15 g, 1 mmol) in dry DMF (50 ml).
After stirring at SO°C for 7 hours and at roonm
temperature for 7 days the solvent was removed
at reduced pressure. The residue was dissolved
in chloroform (100 ml) and washed four times with

30 a saturated sodium hydrogen carbonate solution
and twice with water. After treatment with magnesium
sulfate the solution was evaporated to dryness.

Yield: 6.8 g. Purity by HPLC: 97%

lH-NMR(DMSO—dG): delta = 1.64 (CH§E3)? 1.66(N(CH3)C09§»):

35 2.05 (NCQQQB); 5.23 (CHZ); 7.00 (CH); 7.30-7.45(arom.) ;
10.12 ppm (NH).
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Example 7

l-(Thenyvloxycarbonyloxy)ethvl >~ (N-acetylamino) -

3~ (N-acetyl-N-methylamino)-2,4 6-triiodobenzenecarbox late.

i) 1—Chloroethzl thenyl carbonate:

1-Chloroethyl chloroformate (28.6 g, 0.2 mol) and
2-hydroxymethyl-thiophene (20.6 g, 0.18 mol) were
dissolved in chloroform (220 ml) at 0 °cC. Pyridine
(15.8 g, 0.2 mol) was added dropwise during 35
minutes maintaining the temperature below 10°C.
After stirring at room temperature for 24 hours

the precipitate was filtered off. The organic

Phase was washed three times with 1 normal hydrochloric
acid, once with a saturated sodium hydrogen carbonate
solution and finally twice with water. The organic
solution was dried with magnesium sulfate and the

solvent was removed at reduced pressure. The residue

was distilled in vacuo. Yield: 36.5 g.
ly_NMR (DMSO-d) : delta = 1.76 (CHy): 5.41 (CH,);

6.53 (ggCH3); 7.04, 7.25; 7.59 ppm (thiophene).

ii) 1-(Thenyloxycarbonyloxy)ethyl 5-(N-acet lamino) -

3~(N-acetzl—N-methxlamino)—2£4£6—triiodobenzene

carboxvlate:

1-Chloroethyl thenyl carbonate (2.43 g, 11 mmol)

was added at room temperature to a solution of
potassium 5-(N-acetylamino)—3~(N—acetyl-N-methylamino)-
2,4,6-triiodobenzenecarboxylate (6.66 g, 10 mmol) and
potassium iodide (0.17 g, 1 mmol) in dry DMF. After
stirring at 50 °C for 5 hours angd at room temperature
for 4 days the solvent was removed at reduced pressure.
The residue was suspended in chloroform (100 ml)

and washed three times with a saturated sodium
hydrogen carbonate solution and finally twice with
water. After drying with magnesium sulfate the
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solution was evaporated to dryness. Yield: 7.9 g.
1

Purity by HPLC: 88%. H-NMR (DMSO—d6): delta
1.64 (CH9§3)? 1.65 (N(CH3)COQE3); 2.05 (NCOCH3);

2.95 (NCH3): 5.41 (CH2); 7.00 (QECHB); 7.05; 7.25;:
5> 7.61 (thiophene):; 10.11 ppm (NH).

Example 8

l-(2-Methoxyethyvloxycarbonvlox )ethyl 5-(N-acet lamino) -

10 3-(N-acetvl-N-meth lamino)-2,4 6-triiodobehzenecarbox late.

1) 1-Chloroethyl 2-methoxyethane carbbnate:

l1-Chloroethyl chloroformate (28.6 g, 0.2 mol) ang
15 2-methoxyethanol (13.7 g, 0.18 mol) were dissolved
in chloroform (220 ml) at 0 °cC. Pyridine (15.8 g, 0.2 mol)

was added dropwise during 45 minutes maintaining the
temperature below 12 °C. After stirring at

and finally twice with water. The organic phase
was dried with magnesium sulfate ang the solvent

was removed at reduced pressure. The residue was
25 distilled in vacuo. VYield: 75%. 1H-NMR: delta

1.76 (CHCH3): 3.27 (OCH3); 3.55 (CH OCH3): 4,27

~ —2

(COOCHZ); 6.51 (CH).

11) 1-(2-Methoxyethyvloxvcarbon loxy)ethyl 5-(N-

30 acetylamino)-B-(N-acetzl—N-methzlamino)-2,4,6—

triiodobenzenecarboleate:

1-Chloroethyl 2-methoxyethane carbonate (2.0 g,
11 mmol) was added at room temperature to a solution
35 of potassium 5—(N-acetylamino)-3-(N-acetyl-N-methylamino)-
2,4,6-triiodobenzenecarboxylate (6.66 g, 10 mmol)
and potassium iodide (0.17 g, 1 mmol) in dry DMF.
After stirring at 50 °C for 4 hours and at room
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temperature for 3 days the solvent was removed at
reduced pressure. The residue was suspended in
chloroform (100 ml) and washed three times with
a saturated sodium hydrogen carbonate solution
and finally twice with water. After drying with
magnesium sulfate the solution was evaporated to
dryness. Yield: 7.1 q. Purity by HPLC: 79%.
lH—NMR (DMSO-dG): delta = 1.65 (CHCH,);

1.66 '(N(CH3)CO§_H_3); 2.05 (NCOCH,): 2.96 (NCH,) ;
3.26 (OCH3); 3.55 (g§20CH3); 4.29 (COOCHz):

6.98 (CH); 10.12 ppm (NH). FAB-MS: M+l = 7175.

Example 9

1l-(2-

N~(3,5-bis-((2,2-dimeth 1-1,3-dioxolan~4-
l)-methylaminocarbonvl)-2,4 b-triiodophenvyl)-acetyvlamino

ethyloxycarbonyloxy)ethyl 5-(N-acetvlamino)-3- N-

acetyl-N-methylamino)-2,4 6-triiodobenzenecarboxvlate

(i) 1-Chloroethyl 2-(N—(3,S-bis-((2[2-dimethzl-

l,3-dioxolan-4-v1)-meth laminocarbonyl)-2,4,6-triiodophen 1) -

acetylamino) ethyl carbonate:

1-Chloroethyl chloroformate (0.77 g, 5.5 mmol)

and 5-(N—acetyl-N-(2-hydroxyethyl)amino)-N,N'—bis((2,2-
dimethyl-l,3~dioxolan—4-yl)-methyl)2,4,6-triiodo—
l,3-benzenedicarboxamide (4.36 g, 5 mmol) were
dissolved in dichloromethane (10 ml) at 0 °C.

Pyridine (4.35 mg, 5.5 mmol) was added during 45

min. After stirring at 0 °C for one hour l-chloroethyl
chloroformate (0.77 g, 5.5 mmol) and pyridine (4.35

mg, 5.5 mmol) were added once more. After three

days at room temperature the mixture was washed

four times with 0.1 normal hydrochloric acid, twice

with a saturated sodium hydrogen carbonate solution
and finally once with water. The organic phase
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was dried with magnesium sulfate and the solvent

was evaporated under reduced pressure. Yield 3.8 g.

1i) 1—-(2~ ' ((2,2-dimethyl-1 3-dioxolan-
4-v]1)-methylaminocarbon 1)-2,4,6-triiodophen 1)~

acetylamino) Jethyloxycarbonyloxy)ethvl >—(N-acetvlamino) -

3-(N~-acetyl-N-meth lamino)-2,4,6-triiodobenzenecarbox late:

1-Chloroethyl 2-(N—(3,5—bis—((2,2—dimethyl-l,3—
dioxolan-4—yl)-methylaminocarbonyl)-2,4,6~triiodophenyl)—
acetylamino)ethyl carbonate (3.1 d, 3.3 mmol) was

triiodobenzenecarboxylate (2.00 g, 3 mmol) and
potassium iodide (50 mg, 0.3 mmol) in dry DMF,

After stirring at 50°C for 18 hours ang at room
temperature for one day the solvent was removed

at reduced pressure. The residue was suspended

in chloroform (50 ml) and DMF (5 ml) and washed

twice with a sodium hydrogen carbonate solution

and twice with water. After treatment of the organic

pPhase with magnesium sulfate ang charcoal the solution

was evaporated to dryness. VYield: 2.65 g. FAB-MS:
M+l = 1528.

Example 10

1-(2-(N-(3,5-bis((2,3-dihydroxvoror l)-aminocarbonvyl) -
2,4,6-triiodophenvyl)-acet lamino) ~ethvylox carbonyvlox
ethyl 5-(N-acet lamino)-3-(N-acetyl-N-meth lamino) -

2,4,6-triiodobenzenecarboleate:

l-(2-[N—(3,5-bis((2,2—dimethyl-l,3-dioxolan-4-yl)-
methylaminocarbonyl)-2,4,6-triiodophenyl)—acetylamino]
ethyloxycarbonyloxy)ethyl 5-(N-acetylamino)~3-(N-
acetyl-N—methylamino)-2,4,6-triiodobenzenecarboxylate
(0.5 g, 0.3 mmol) was dissolved in DMF (3.5 ml)
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and water (1.5 ml). 1IN hydrochloric acid (0.6
ml, 0.6 mmol) was added at room temperature. After

stirring at 50°C for 2 hours the solution was evaporated
to dryness. Yield: 0.4 g. FAB/MS: 1490 (M + H+).

Example 11

l-(Ethyloxycarbonyloxy)ethvl 3,5-di(acet lamino) -

214,6—triiodobenzenecarboleate:

1-Chloroethyl ethyl carbonate (1.68 g, 11.0 mmol)
was added at room temperature to a solution of
potassium 3,5-di(acetylamino)—2,4,6-triiodobenzene-
carboxylate (6.52 g, 10.0 mmol) and sodium iodide
(0.30 g, 2.0 mmol) in dry DMF (100 ml). After
stirring at 60°C for 2 hours and at 40°C for 65
hours the solvent was removed at reduced pressure.
The residue was suspended in chloroform (100 ml)

and washed four times with a saturated sodium hydrogen
carbonate solution andg finally twice with water.

After drying with magnesium sulfate the solution
was evaporated to dryness.

Yield: 2.45 g
Purity by HPLC: 98.5%

lH—NMR(DMSO-dG): delta = 1.24(CH,CH,) ; 1.63 (CHCH.,) ;

2.02(COCH3); 4.20(C§2CH3): 6.93(C§CH3): 10.03 ppm (NH).
FAB/MS: 731 (M+H')

Example 12

Phenyloxycarbonyloxyvmethvl 5-(N-acet lamino)-3-
(N-acetyl-N-meth lamino) -2 4,6—triiodobenzenecarbox late:

(1) Chloromethyl phenyl carbonate:

Phenyl chloroformate (9.0 g, 57.5 mmol) was dissolvedqd
in 1,2-dichloroethane (50 ml) and pyridine (0.22 g,
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2.8 mmol) was added dropwise to the stirred solution.
In another reactor, paraformaldehyde (7.0 g, 233.1 mmol)

monomer. The formaldehyde gas was bubbled into

below the surface of the liquid. Stirred at 65°c
for 3 hours. Washed three times with water, dried
(MgSO,) and concentrated. Distillation (Bp. 64-67°C,
leo_3 mbar) yielded 2.7 g product. The product

10 was further purified by flash chromatography (Silikagel
60, petroleum ether/ethyl acetate 95:5).
Yield: 2.1 gq.

H-NMR (CDCl,): delta = 5.78 (CH,): 7.18-7.41 ppm
(phenvyl).
15

1i) Phenvloxycarbonvlox methyl 5-(N-acet lamino) -

3-(N-acetvl-N-meth lamino)-2,4 6-triiodobenzenecarbox late:

Chloromethyl phenyl carbonate (0.50 g, 2.7 mmol)

20 was added at room temperature to a solution of
potassium 5—(N-acetylamino)-3—(N-acetyl—N—methylamino)-
2,4,6-triiodobenzenecarboxylate (1.62 g, 2.4 mmol)
and sodium iodide (0.038 g, 0.25 mmol) in dry DMF
(15 ml). After stirring at 50 °C for 5 hours and

25 at room temperatufe for 18 hours the solvent was

removed at reduced pressure. The residue was suspended

and finally twice with water. After drying with

30 magnesium sulfate the solution was evaporated to
dryness.

Yield: 0.67 g

Purity by HPLC: 99.2 ¢

lH-NMR{DMSO—ds): delta = 1.68 (NCH,COCH,);: 2.06

35 (NHCOC§3); 2.97 (NCHB); 6.08 (CH2); 7.28-7.49 (phenyl):
10.14 ppm (NH).
FAB/MS: 779 ((M+H)Y).
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Example 13

1- (Phenyloxycarbonyloxy)-3-phenvlproc 1 5-(N-acetylamino) -
3-(N-acetyl-N-methylamino) -2, 4 6-triiodobenzenecarbox late:

i) l—Chloro—3—Ehenlerogzl phenyl carbonate-

Phenyl chloroformate (0.80 g, 5.1 mmol) and 3-phenyl-
propionaldehyde (0.96 g, 7.2 mmol) were dissolved

10 in 1,2-dichloroethane (5 ml) and pyridine (0.020 g,
0.25 mmol) was added dropwise to the stirregd solution.
Stirred at 80 °C for 2 days. Washed with water
(10 ml), dried (MgSO4) and concentrated. Purified
by flash chromatography (Silikagel 60, petroleum

15 ether/ethyl acetate 95:5).

Yield: 0.45 g

lr-nmr (CDCl3) : delta = 2.43 (CH,CH); 2.87 (CH,CH

6.34 (CH): 7.19-7.41 PPpm (phenyl).

2CH):

20 ii) 1l1-(Phenvloxvcarbon loxy) -3-phenvlpropy] 5-
(N~acetylamino) -3- (N-acet l-N-methylamino)-2,4 6-

triiodobenzenecarboleate:

l—Chloro—B—phenylpropyl pPhenyl carbonate (0.30 g,
25 1.03 mmol) was added at room temperature to a solution

of potassium 5~(N—acetylamino)—B-(N—acetyl—N-methyl~
amino)—2,4,6-triiodobenzenecarboxylate (0.62 g,
0.93 mmol) and sodium iodide (0.014 g, 0.093 mmol)
in dry DMF (5 ml). After stirring at 50 °C for

30 5 hours and at room temperature for 2 days the
solvent was removed at reduced pressure. The residue
was suspended in chloroform (15 ml) and washed
four times with a saturated sodium hydrogen carbonate
solution and finally twice with water. After drying

35 with magnesium sulfate the solution was evaporated
to dryness.



WO 90/07491 PCT/EP90/00053

2045343

Bl aad to LT

- 20 -

Yield: 0.26 q.

Purity by HPLC: 94.4%

lH-NMR (DMSO-d¢) : delta = 1.68 (NCHyCOCH,); 2.06

(NHCOCH,) ; 2.38 (CH,CH) ; 2.83 (CH2CH2CH); 2.98

5 (NCHB); 7.02 (CH); 7.19-7.52 (phenyl); 10.15 ppm (NH).
FAB/MS: 883 ((M+H').

Example 14

10 1l-(Phenvloxvcarbonvlox Jpentyl 5-(N-acet lamino) -

3—-(N-acetyl-N-meth lamino)-2,4,6-triiodobenzenecarbox late:

1) l-ChloroEentzl phenyl carbonate:

15 Phenyl chloroformate (2.0 g, 12.8 mmol) and n-valer-
aldehyde (1.3 g, 15.1 mmol) were dissolved in 1, 2-
dichloroethane (10 ml) and pyridine (0.06 g, 0.76
mmol) was added dropwise to the stirred solution.
Stirred at 80 °C for 1 day. Washed with water

200 (10 ml), dried (MgSO4) and concentrated. Purified

by flash chromatography (Silikagel 60, petroleum
ether/ethyl acetate 95:5).

Yield: 0.26 g
GC/MS: 242.0 (M1).
25 '
11) 1-(Phenyloxycarbonyloxy)pentvl 9~ (N~-acetylamino) -

3—-(N-acetvl-N-meth lamino)-2,4 6-triiodobenzenecarbox late:

30 l1-Chloropentyl phenyl carbonate (0.14 d, 0.58 mmol)
was added at room temperature to a solution of
potassium 5-(N-acetylamino)-3-(N-acetyl-N-methylamino)-
2,4,6-triiodobenzenecarboxylate (0.35 g, 0.53 mmol)
and sodium jiodide (0.008 g, 0.053 mmol) in dry

35 DMF (3 ml). After stirring at 50 °C for 5 hours
and at room temperature for 2 days the solvent
was removed at reduced pressure. The residue was

. - Lang = seues * Mot o wm "~ . * . S 8BS SN D a4 i R SRR B S P N e B e (B TS B Al * o . see . . .. ' v e ' " . . ik - . .
et e .- ~ ' Ny . s " - R - e= . . e " - e = =N L. 11 Ll U TR TR EELETEY I ce e . " B .
. - Edan TEOEN 7T “"mmmmm.a .. Sl . Ny - 1



WO 90/07491 PCT/EP90/00053

-4l 2045543

suspended in chloroform (15 ml) and washed four
times with a saturated sodium hydrogen carbonate
solution and finally twice with water. After drying

with magnesium sulfate the solution was evaporated
5> to drynes.
Yield: 0.04 gq.

Purity by HPLC: 94.8 %

lH-NMR (DMSO-d() : delta = 0.92(CH4CH,); 1.31-1.55

(CH3C§2C§2): l1.68 (NCH3COC§3); 2.04 (CH,CH); 2.05
10 (NHCOCE3): 2.97 (NCH3) ; 6.95 (CH); 7.27-7.49 (phenyl) ;
10.13 ppm (NH).

FAB/MS: 835 ((M+H)').

Example 15
15

l-(Phenvloxycarbonvlox ~l-phenylmethyl 5-(N~acet lamino) -
3-(N-acetyl-N-meth lamino)-2,4 6-triiodobenzenecarbox late:

i) l-Chloro-l-Qhenglmethxl phenyl carbonate:

Phenyl chloroformate (3.0 g, 19.2 mmol) and benzaldehyde
(2.4 g, 23.0 mmol) were dissolved in 1,2-dichloroethane
(15 ml) and pyridine (0.09 g, 1.14 mmol) was added
dropwise to the stirred solution. Stirred at 80°C

25 for two days and at 100°C for one day. Washed
with water (25 ml), the agueous phase was back-
extracted with dichloromethane (25 ml). The combined
organic phases were dried (MgSO4) and concentrated.
Purified by flash chromatography (Silikagel 60,

30 petroleum ether/ethyl acetate 95:5).

Yield: 1.5 gq.

lH—NMR (CDCl3): delta = 7.34 (CH); 7.20-7.61 Ppm

(phenvyl).
GC/MS: 262.1 (M),

20
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11) 1-(Phenyloxycarbonyloxy)-l-phen lmethyl 5-

N-acetylamino) -3~ (N-acetvl-N-meth lamino)-2,4,6-

triiodobenzenecarboxylate:

5 1—Chloro-l—phenylmethyl phenyl carbonate (0.63 g,

2.4 mmol) was added at room temperature to a solution
of potassium 5-(N~acetylamino)-3-(N-acetyl—N-methylamino)—
2,4,6—triiodobenzenecarboxylate (1.44 g, 2.2 mmol )
and sodium iodide (0.034 g, 0.23 mmol) in dry DMF

100 (12 ml). After stirring at 60°C for 2 hours andg
at room temperature for 18 hours the solvent was
removed at reduced pressure. The residue was suspended
in chloroform (20 ml) and washed four times with
a saturated sodium hydrogen carbonate solution

15 and finally twice with water. After drying with

magnesium sulfate the solution was evaporated to
dryness.

Yield: 0.90 gq.

Purity by HPLC: 96.6 $%

20 H-NMR(DMSO-d,): delta = 1.67 (NCH,COCH,) ; 2.05

(NHCOC_I:I_B); 2.96 (NCHB); 7.29-7.54 (phenyl): 7.71
(CH); 10.13 ppm (NH).
FAB/MS: 854 (M+).

25 Example 16

l- (Hexyloxycarbonvloxv)ethvl 3= (N-acetylamino) -

3-(N-acetvl-N-meth lamino)-2,4 6-triiodobenzenecarbox late:

30 i) l-Chloroethxl hexyl carbonate:

l-Chloroethyl chloroformate (10.0 g, 69.9 mmol)

and l-hexanol (6.5 g, 63.6 mmol) were dissolved
in chloroform (80 ml) at 0°cC. Pyridine (5.5 g,

69.5 mmol) was added dropwise during 17 minutes
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The organic
solution was dried with magnesium sulfate and the

solvent was removed at reduced pressure. The residue

> (11.6 g) was distilled in vacuo (Bp. 61-72 °cC,
3x10”3 mbar).

Yield: 9.0 gq.

l-NMR (CDC14) : delta = 0.89 (CH,CH,): 1.28-1.40

(C§2C§2C§2CH3); l1.69 (OCH2C§2): 1.83 (C§3CH)7 4.20 (OCHZ);
10 6.43 ppm (CH).

1i) 1l-(Hexyloxycarbonvlox )ethyl 5-(N-acet lamino) -

3-(N-acetyl-N-meth lamino) -2, 4 6-~triiodobenzenecarbox late:

15 1-Chloroethyl hexyl carbonate (0.47 g, 2.3 mmol)
was added at room temperature to a solution of
potassium 5—(N-acetylamino)-B-(N—acetyl-N-methylamino)-
2,4,6-triiodobenzenecarboxylate (1.51 g, 2.3 mmol)
and sodium iodide (0.036 g, 0.24 mmol) in dry DMF

200 (12 ml). After stirring at 60°C for 3 hours and
at room temperature for 18 hours the solvent was

removed at reduced pressure. The residue was suspended

25 and finally twice with water. After drying with

magnesium sulfate the solution was evaporated to
dryness.

Yield: 0.88 g,

Purity by HPLC: 95. 2%

30 1TH-NMR (DMSO-d,) ; delta = 0.86 (CH.CH.); 1.22-1.3¢

27=3
(C§2C§2Q§2CH3): l1.62 (0CH2C§2); l1.64 (CHC§3)7 1.66
(NCH;COCH,) ; 2.04 (NHCOCH,) ; 2.95 (NCH,;); 4.16
(OCHz): 6.96 (CH); 10.11 ppm (NH) .

FAB/MS: 801 ((M+H) ).
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Particle Preparation 1

Bovine serum albumin, BSA, (0.75g) was dissolved
in distilled water (25.0ml) and filtered through
5 a membrane filter with pore size 0.45 micron.

A filtered solution (0.22 micron) of the product
of Example 1 (0.2g) in 96% ethanol (5.0ml) was
slowly added to the BSA solution under vigorous
stirring over a prolonged period of time. The

10 microparticles formed were centrifuged and washed
repeatedly. The size and size-distribution of
the particles were analysed by Coulter Multisizer
and light- and electron microscopy. The mean diameter

was 2.0 microns, which was also the diameter of
15 the main fraction.

Particle Preparation 2

Bovine serum albumin, BSA, (0.75g) was dissolved
20 in distilled water (25.0ml) and filteregd through

a membrane filter with pore size 0.45 micron.

A filtered solution (0.22 micron) of the product

of Example 1 (0.2g9) in 96% ethanol (5.0ml) was

25 ultrasonic stirrihg over a prolonged period of
time. The microparticles formed were centrifuged
and washed repeatedly. The sjize and size-distribution
of the particles were analysed by Coulter Multisizer
and light microscopy. The mean diameter was 2.0

30 microns, which was also the diameter of the main
fraction.

Particle Preparation 3

35 A solution containing 2% pPolysorbat 80 (Tween 80)
in distilled water was prepared (25.0 ml) and

filtered through a membrane filter (0.45 micron).
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A filtered solution (0.22 micron) of the product
of Example 1 (0.2 g) in 96% ethanol (5.0 ml) was

slowly added to the Tween 80" solution under vigorous
stirring. .

The microparticles formed were centrifuged and
washed repeatedly before reconstitution in sterile
phosphate buffered saline (1.8 ml) containing 0.25%

Tween 80.

The size and size distribution of the particles

were analyzed by Coulter Counter and light microscopy.

The mean diameter by volume was 2 microns.

Particle Preparation 4

A 3% solution of human serum albumin (HSA) in distilled

water was prepared (150 ml) and filtered through

a membrane filter (0.45 micron). A filtered solution
(0.22 micron) of the product of Example 1 (1.2 g)

in 396% ethanol (30.0 ml) was slowly added to the

HSA solution under vigorous stirring.'

The microparticles formed were centrifuged and

washed repeatedly before reconstitution in sterile
phosphate buffered saline (10.7 ml). The size

and size distribution of the particles were analyzed
by Coulter Counter and light microscopy.

The mean dimeter by volume was 2.5 - 3.5 microns.

Particle Preparation 5

A 0.4% solution of human serum albumin (HSA) in
distilled water was prepared (60.0 ml) and filtered
through a membrane filter (0.45 microns). A filtered
solution (0.22 micron) of the product of Example

1 (0.6 g) 1in 96% ethanol (15.0 ml) was slowly added
to the HSA solution under vigorous homogenizing.

The microparticles formed were centrifuged and

washed repeatedly before reconstitution in sterile

*

Trade-mark
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phosphate buffered saline (5.3 ml) containing 0.4% HSA.
The size and size distribution of the particles

were analyzed by Malvern Mastersizer and light
miCroscopy.

5 The mean diameter by volume was 1.45 microns.

Particle Preparation 6

A solution containing 0.4% human serum albumin

10 (HSA) and 2% propylene glycol in distilled water
was prepared (60.0 ml) and filtered through a membrane
filter (0.45 micron).

A filtered solution (0.22 micron) of the product

of Example 1 (0.6 g) 1in 96% ethanol (15.0 ml) was
15 slowly added to the HSA /propylene glycol solution

under vigorous homogenizing.

The microparticles formed were centrifuged and

washed repeatedly before reconstitution in sterile
Phosphate buffered saline (5.3 ml) containing 0.2%
20 propylene glycol.

The size and size distribution of the particles

were analyzed by Malvern Mastersizer and light
microscopy.

The mean diameter by volume was 1.5 - 1.7 microns.
25

Pharmaceutical Formulation 1
————ce=- 1 cal rormulation 1

The particles of Particle Preparation 1 (1.0q)
were dispersed in a sterile filtered isotonic 0.9%
30 sodium chloride/water for injection solution (100m1l)

was achieved.

Pharmaceutical Formulation 2
M
35

The particles of Particle Preparation 1 (1.0gqg)
weére suspended in a sterile filtered 0.9% sodium
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chloride/water for injection solution (l00ml) containing
bovine serum albumin (3.0qg)
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under vigorous stirring
until a homogeneous suspension was achieved.

> Pharmaceutical Formulation 3
e e rlital rormulation 3

10 was achieved.
Pharmaceutical Formulation 4
= ta. rormuliaction 4

The particles of Particle Preparation 1 (2.8g)

was achieved.

In Vitro Biodegradation
20

The powdered product of Example 1 was suspended

in Seronorm (0.5 mg/ml) at pH 7.4 and agitated

at 37°c. As a control the experiment was also performed

in phosphate buffered saline (PBS) at pH 7.4.

25 At different time points samples were taken from

the supernatant after centrifugation of the vial

(4000 rpm, 10 min). The release of Isopaque (5-

(N-acetylamino)-3-(N—acetyl-N—methylamino)-2,4,6—

triiodobenzene carboxylic acid) was analysed by
30 HPLC. After 6 hours 100% of the substance was

hydrolysed. 1In PBS only 1.1% was hydrolysed during
the same period.
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The dose was 200 mg/kg, injection rate 1 ml/min

and concentration 10 mg/ml. 15 min after injection
about 70% of the dose was found in the liver.

This uptake gave 1.4 mg I/9 liver. The iodine
content was stable up to 3 hours P.1i., and then
decreased to 24% after 6 hours. 24 hours p.i.

only 4 % was left in the liver. Bijle and urine

were sampled during the first 3 hours after injection.
Excretion through these routes was 8.1 and 3.4

¥ of the injected dose respectively. All iodine

was excreted as Isopaque (5-(N-acetylamino)-3-(N-
acetyl—N-methylamino)-2,4,6-triiodobenzenecarboxylic
acid). During a 72 hour period all iodine was
excreted via the urine or faeces in equal amounts
(about 50 % through each). To assess embolization

of particles in the lung capillaries iodine content

in this organ was measured. Only 1.3% of the injected
dose was found in the lungs 15 min after injection,
and iodine could not be detected in the lungs 24

hours later. This shows that the Pulmonary trapping
was minimal.

CT Studies in rabbit

Contrast enhancement in the liver was lnvestigated
in rabbits. Anaesthetized animals were placed

ear vein. Particle concentratjon was 28 mg/ml.

A particle dose corresponding to 75 mg I/kg gave
an increase in liver contrast from a basal level

of 75 HU to about 120 HU. Thus, the contrast enhancement

on this dose level was about 35-40 HU. This contrast
enhancement was stable during the observation period
of 15 minutes. The average iodine content in these
livers was 1.1 mg I/g liver. These results were
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injected with iohexol (350 mg I/ml). About B8 times
more 1odine had to be injected in these animals
to achieve the same contrast enhancement of the
liver. With this vascular contrast medium, the

> enhancement was transient, lasting for one or two
minutes.
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CLAIMS:
1. A water—-insoluble i1odinated ester of the
formula (I):
R2
1 ' 3
R"C0O.0.CH.0O0.C0O.0OR (I)

in which

Rl is a substituted or unsubstituted Cy_920
aliphatic, C,_pp-araliphatic or C._,, aryl group
or a C1—20 heterocyclic group having one or more

10 hetero atoms selected from O, S and N:

R2 is hydrogen or a substituted or unsubstituted

C aliphatic, C aryl or C araliphatic group:; and
1-6 3 6-10 720 1
R™ is a group as defined above for R, which

may be the same as or different from Rl,
15 or R2 and R3 together represent a substituted

or unsubstituted C,_, alkylene group,

the molecule containing at least one iodine
atom and being metabolisable to products which

are soluble in body fluids and are physiologically
20 acceptable.

2. An ester as claimed in claim 1 wherein R1
and/or R3 comprises an iodinated phenyl group.

25 3. An ester as claimed in claim 1 wherein Rl
and/or R3 comprises a triiodophenyl group.

4. An injectable contrast medium comprising
a compound of formula (I) as claimed in claim 1

30 in particulate form, in suspension in a liquid
for injection.

5. A composition as claimed in claim 4 wherein

the mean particle size is within the range 0.002
35 to 7 micrometers.
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6. A process for the preparation of an ester
as claimed in claim 1 which comprises esterifying
an acid of the formula RICOOH, wherein Rl 1s as
defined in claim 1, or a functional derivative
5 thereof, with a compound of the formula X-~-CHR2.O.CO.OR3

wherein X is a leaving group andR2 and R3 are
as defined in claim 1.

7. A process for the preparation of a medium
10 as claimed in claim 4 comprising the steps of

i) precipitation of the compound of formula
(I) from solution in a water-miscible solvent

by admixture with water, with agitation:
15 or

ii) mechanically crushing the solid compound
of formula (I): or

20 iii) spray drying a solution of the compound of
formula (I):; and

iv) dispersing the particulate compound in a
liquid for injection.

25
8. Compounds of formula (I) as defined in claim
1l for use in the enhancement of an X-ray or ultrasound
image of the liver and/or spleen of a human or
non-human animal body.

30

9. A method of enhancing an X-ray or ultrasound
image of the liver and/or spleen of a human or

non-human animal subject comprising the intravascular
administration to saig subject, prior to imaging,
35 of a medium as claimed in claim 4.

herstonhaugh & Co.
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