
;e3ez6NTbwi.-, i WO 02/-t-4132 PCT/EPO1 /13939 A PROCESS FOR THE
PREPARATION OF IOPAMIDOL AND THE NEW INTERMEDIATES THEREIN The present
invention relates to a new process for the preparation of 5 iopamidol (i.e.
(S)-N,N'-bis[2-hydroxy-1-(hydroxymethyl)ethyl]-5-[(2-hydroxy
1-oxopropyl)amino]-2,4,6-triiodo-1,3-benzenedicarboxamide) starting from
the corresponding 5-unsubstitued amino derivative and to the new
intermediates obtained in said process. BACKGROUND OF THE INVENTION
(S)-N,N'-bis[2-hydroxy-1-(hydr oxymethyl)ethyl]-5-[(2-hydr oxy-1
oxopropyl)amino]-2,4,6-triiodo-1,3-benzenedicarboxamide of formula (I)
i~~~~~~~w ~~ i~u~mwu~~~~ (" .o.e. 10 which is known as Iopamidol, is one of
the most widely employed non-ionic radiographic contrast agents in the
world. It was first described in GB1472050, where its synthesis by the
process outlined in the following Scheme has been reported: O OH 1, gz/cat
O OH 2. Iodination I ~ ~ ~ I 3. Chlorinatio' O N ~ OH H N ~ OH z z O~ I O O
CI 4. Reaction with (S)-2-(acetyloxy) I ~ I propanoylcloride HzN ~ ~ C1 I o
H ~OH O Cl 5, Amidation with ~ N OH I I 2-amino-1,3-propane I I O '~~ ~ O
il ~OH ~N w CI ~N ~ N--OOH OAc H I O OAc H I O ~I 6. Hydrolysis (I)
CONFIRMATION COPY   WO U2/.l-L132 2 PCT/EPU1/13939 The above process, that
is still widely employed industrially, has anyway several drawbacks. (, One
of them is the introduction of the protected chiral synton (S)-2
{acetyloxy)propanoyl on the 5-amino group at an early stage of the overall
5 process, i.e. before the amidation with 2-amino-1,3-propanediol. Just
introducing this chiral group via reaction of the 5-amino-N,N' bisj2-hydr
oxy- i-(hydr oxymethyl)ethyl]-2,4, b-triiodo-1,3-benzenedi carboxamide with
(S)-2-(acetyloxy)propanoyl chloride would lead to the preferential
acylation of the more reactive hydroxy groups of the carboxamido 



10 substituents, thus causing remarkable wasting of expensive reactant. WO
00l50385 has recently described a process for the preparation of
polyhydroxy compounds (including i.a. iopamidol ) comprising the step of
deacylating, under acidic conditions, an acylated compound having the
formula: O NHR4 O I / I R3 N \ I NHRS O~R6 T O 1S wherein R4 and RS are
optionally acylated dihydroxyallcyl groups, R6 is alkyl and R3 is i.a. a
methyl group. According to WO 00/50385 the acid used in this deacylation
reaction is then removed by batch treatment with an acid scavenging resin;
an aqueous 20 solution of the thus obtained product is purified by passing
through a non ionic polymeric adsorbent resin; the eluate is concentrated
to an oil; and the oil is crystallised from acetonitrile/ethanol or
ethanol. The above method is said to reduce racemization at the chiral
carbon that - according to WO 00/5038S - occurs whenever basic conditions
are   W O 1121:1-1132 PCT/ EPO 1 / 13939 3 employed to remove the R6C0-
protecting group of the chiral substituent. Examples of acyl groups
reported in WO 0Q/50385 are formyl, acetyl, propanoyl, butanoyl, pivaloyl,
pentanoyl, trifluoroacetyl, and benzoyl. For iopamidol, WO 00/S0385
describes the preparation of the starting S acylated compound through
introduction of the R6C0- protected chiral substituent on the S-amino group
of a tetraester of the S-amino-2,4,6-triiodo1,3-benzenedicarboxamide. The
isolated pentacylated product is then converted into iopamidol by the
claimed process that reduires deacy~,ation under drastic acidic conditions.
More particularly the actual conditions 10 exemplified in WO 00/5038S for
iopamidol are heating the pentacetyl derivative at the reflux temperature
with hydrochloric acid in methanol for 30 hours. SUMMARY OF THE INVENTION
It has now been found, and represents a first object of the present 1 S
invention, that it is possible to carry out the deacylation of a
pentacylated iopamidol, under basic conditions getting a final product,
iopamidol, that has an extremely high optical purity. Furthermore, it has
been found that according to the process of the present invention it is not
necessary to isolate the pentacylated product; 20 more particularly, it has
been Found that introducing the (S)-2 (acetyloxy)propanoyl substituent onto
the S-amino group of a N,N'-bis[2 hydroxy-1-(hydroxymethyl)ethyl]-2,4,6-tr
iiodo-1,3-benzenedicarboxamide wherein the hydroxy groups of the
carboxamido substituents have been suitably acylated and then removing a11
the acyl groups under basic conditions 2S without isolating the
intermediate product, the overall process does proceed with very high
yield. Finally, it has been found that the process according to the present
invention can be employed, with some modification, also when protection of 



WO 02/e132 4 PCTIEP01 / 13939 the hydr oxy groups of the carboxamido
substituents is achieved by conversion of these groups into optionally
2-monosubstituted or 2,2-disubstituted N,N' bis(
1,3-dioxan-5-yl)carboxamides. The new intermediates
5-amino-N,N'-bis(optionally 2-monosubstituted 5 or
2,2-disubstituted-1,3-dioxan-2-yI)-2,4,6-triiodo-1,3-benzenecarbox- amides
(III) as well as the (S)-N,N'-bis(optionally 2-monosubstituted or
2,2disubstituted-1,3-dioxan-2-yl)-S-[2-acetoxy-1-(oxopropyl)amino]-2,4,6tri
iodo-1,3-benzenecarboxamides (IV) represent a further specific object of
the present invention. IO DETAILED DESCRIPTION OF THE PRESENT INVENTION A
first object of the present invention is therefore a process for the
preparation of iopamidol (I) /~ OH O N ~-OH O I ~ I I H OH w N- N OH OH H I
O (I) starting from the compound of formula (II) /~ OH O N ~- OH I , I OH
HzN OH I O (II) which process comprises . 15 a) reacting the compound of
formula (II) with a suitable protecting agent, to give a compound of
formula (III)   w0112/.1132 O NHR I , I HzN ~ I NHR I O (III) wherein -R is
a group of formula A or B O Ri O a 5 OCOR3 B= OCOR3 PCT/EPO 1 /13939
wherein R1 is a hydrogen atom, a C~=C4 straight or branched alkyl group or
a C 1-C4 straight or branched alkoxy group, R~ is a hydrogen atom, a 10
C1~C4 straight or branched alkyl group or a C 1=C4 straight or branched
alkoxy group and R3 is a C~~C4 straight or branched allcyl group, a
trifluoromethyl, or a trichloromethyl group; b) acylating the amino group
in position 5 of the intermediate compound 



of fornlula (III), by reaction with a (S)-2-(acetyloxy)propanoyl chloride
15 to give a compound of formula (IV) O NHR O I , I N ~ I NHR OAc H I O
(IV)   WO 02/e132 6 wherein R is as defined above; and PCT/EP01/13939 c)
removing all the acyl groups present in the compound of formula {IV) under
basic conditions, with prior cleavage of the cyclic protections of the
hydroxy carboxamido substituents under acidic conditions when R S is a
group of foi-lnula A. The compound of formula (II) is a known product and
its preparation can be carried out by any of the known methods, such as
those described in GB 14720S0, CH 6276S3 or US 5,278,311. According to step
a) of the process of the present invention the 10 compound (II) is reacted
with a compound which is suitably selected among aldehydes, ketones
(possibly in the corresponding acetal or ketal related forms), orthoesters,
or anhydrides, depending on the type of protecting group to be introduced.
For instance when -R in the compounds (III) represents a group of 1 S
formula A, the compound (II) will be reacted with a di-(C ~
-C4)allcoxy-methane when both RI and R2 are hydrogen, with the suitably
selected aldehydes or ketones of formula RI CORZ (possibly in the
corresponding acetal or ketal related forms) in the presence of .a small
amount of a tri-(CI-C4)allcyl orthoformate as dehydrating agent when R~ is
a hydrogen atom or a C,=C4 20 str aight or branched alkyl gr oup and Rz is
a C ~=Ca straight or branched alkyl group or with orthoesters of formula
R1C(R2)3 when at least R2 is an allcoxy group. When, on the other hand, -R
in the compounds (III) represents a group of formula B, said group is
typically introduced by reacting the compound (II) 2S with the suitably
selected anhydride of formula (R3C0)20. When -R in the compounds (III)
represents a group of formula A, preferred compounds are those wherein both
R1 and RZ are C,-C4 straight or branched alkyl groups; more preferred are
those wherein both R~ and R2 are   WO 02/i-L132 PCT/EP(11/13939 7 Ct=C4
straight alkyl groups; and even more preferred are those wherein both R1
and R2 are methyl. Another group of preferred compounds (III) wherein -R
represents a group A are those wherein R~ is hydrogen and R2 is a C1~C~
straight alkoxy 5 group. When -R in the compounds (III) represents a group
of formula B, 



10 preferred compounds are those wherein R3 represents a C1=C4 straight or
branched, alkyl group; more preferred are those wherein R3 represents a
C~=C4 straight alkyl group; even more preferred are those wherein R3 is
methyl. The reaction of step a) is carried out in the presence of an
organic solvent selected from the dipolar organic solvents, e.g. N,N
dimethylformamide, N,N dimethylacetamide, and N methyl-2-pyrrolidone, the
inert aprotic organic solvents, and the mixtures thereof. The reaction is
carried out using at least the stoichiometric amount of 15 the reactants
but preferably at least a slight excess of the reactant introducing the
protecting group with respect to the starting compound (II). Needless to
say that if a compound of formula (III) is desired wherein  20 25 R is a
group A, at least two mol of the corresponding aldehyde or ketone (also in
the form of the corresponding acetal or ketal) or orthoester have to be
employed per mol of starting compound (II); while when a compound (III) is
desired wherein -R is a group B then at least four mol of the corresponding
anhydride must be used. In both cases, however, at least a slight excess,
e.g. at least an excess of about 5 % by mol over the stoichiometric amount
is typically employed, a molar excess of up to about 50 % being preferred.
The reaction is typically carried out at room temperature but lower or
higher temperatures may as well be employed. As an example, temperatures in
the range of from about 5 C to about 60 C proved to be suitable fox step
a). The introduction of the protecting group in step a) is preferably
carried   WO 02/e132 PCT/EP(I1/1393') g out under slightly different
reaction conditions depending on the particular reactant employed, The
person skilled in the art 'will be aware of these differences and will be
able to optimise the reaction conditions on the basis of his personal
knowledge. S As an example, when in the compound (III) -R is a group of
formula A, then step a) in the above process will be preferably carried out
in the presence of an acidic catalyst. More particularly the reaction will
be preferably canied out in the presence of from about 0.1 to about 2 mol
of an acid per mol of compound of formula (II). Suitable acids that can be
employed in this step are 10 for instance sulfuric acid, hydrochloric acid,
methanesulfonic acid, p toluenesulfonic acid, or carboxylic acids, such as
formic acid, acetic acid, or propionic acid. For the preparation of the
most preferred compound of formula (III) wherein -R is an A group wherein
R~ and R~ are both methyl groups, the 1S preferred reactant is acetone in
the presence of a. small amount of a tri (C1~C4)allcyl orthoformate or
2,2-dimethoxypropane, while fox the preparation of the compounds of formula
(III) wherein -R is an A group wherein R1 is hydrogen and RZ is a C~=CQ
straight alkoxy group, the preferred reactants are the corresponding
tri-(C1=C4)straight alkyl orthoformates. 20 In the actual practice, in the
above case, the reaction will be preferably carried out by dripping a
mixture of an excess over the stoichiometric of the suitably selected
ketone/lcetal or orthoformate together with a catalytic amount, typically
about 0.1 mol per mol of compound of formula (II), of a strong acid,
preferably sulfuric or methanesulfonic acid, into a solution of the 2S
compound of formula (II) in a Bipolar aprotic solvent, typically N,N
dimethylacetamide. Once the reaction, that may take from few minutes to 30
hours to be 



complete, is over, the protected compound of formula (III) wherein -R is a
WO 02/.l-t132 9 PCT/EPU 1 /13939 group of formula A is isolated, through
neutralisation of the acidic catalyst, precipitation of the desired
compound (III) by the addition of a diluted (generally 3 % by weight)
solution of bicarbonate, and purification of the precipitate by
crystallisation from ethanol and water. 5 On the other hand, when in the
compound (III) -R is a group of formula B, then step a) in the above
process will be preferably carried out in the presence of a catalyst. More
particularly it wilt be generally carried out in the presence of a small
catalytic amount (typically from S x 10-4 to 5 x 10-l mol per mol of
starting compound (II)) of 4-(dimethylamino)pyridine, The reaction 10
solvent may be selected - as indicated above - among the dipolar aprotic
organic solvents, the inert non hydroxylated organic solvents and the
mixtures thereof. When -R is a group B, also weakly basic or ganic
solvents, such as pyridine, may be employed. In the actual practice the
reaction to get the compounds of formula (III) 15 wherein -R is a compound
of formula B will be preferably carried out by dripping a mixture of an
excess over the stoichiometric of the suitably selected anhydride (R3C0)20
and a catalytic amount, typically from 0.01 to 0.1 mol per mol of compound
of formula (II), of 4-(dimethylamino)pyridine in a solution of the starting
compound of formula (III) in N,N dimethylacetamide. 20 The
4-(dimethylamino)pyridine may be added to the reaction mixture as such or
supported on a resin. Once the reaction, that typically may take from a
couple of hours to one day, depending on the reaction conditions employed,
is complete, the protected compounds of formula (III) wherein -R is a group
of formula B are 25 precipitated from the reaction mixture by dilution with
water or/and ethanol and isolated by filtration. Step b) in the overall
process outlined above consists in the acylation reaction of the primary
amino group of the compounds of formula (III), with   WO 02/-4A32 10
PCT/EPO1/13939 at least 1 mol of (5')-2-(acetyloxy)propanoyl chloride to
give the compounds of formula (IV). The reaction is usually carried out in
an inert dipolar aprotic solvent such as N,N-dimethylacetamide,
N,N-dimethylformamide, 1-methyl-2 5 pyrrolidone and the like solvents and
in presence of an acid. Acids that can suitably be employed in step b) are
for instance hydr ohalic acid that can easily be intr oduced into the
reaction mixture as the hydrohalide salts of the dipolar aprotic solvents
employed, such as the N,N dimethylacetamide hydrochloride or - preferably -
by bubbling the anhydrous 10 hydrogen chloride gas into the reaction
mixture. The acid is typically employed in an amount of from about 0.1 to
about 0.4 mol per mol of product of formula (III). The temperature for this
step of the reaction is generally comprised between about 5 and about 60 C.
15 Preferably, however, the reaction is carried out at room temperature or
a 



temperature slightly above room temperature (about 45-50 C). The reaction
of step b) is typically complete in a time comprised between about 2 and
about 20 hours, depending on the solvent employed and the reaction
conditions adopted. 20 In the following step c) all the acyl groups which
are present in the intermediate compound of formula (IV) are removed under
basic conditions, with prior cleavage of the cyclic protections under
acidic conditions when R is a group of formula A. In particular when a
compound (IV) is employed wherein -R is a group 25 of formula A, the basic
hydrolysis to remove the acetyl protecting group of the
5-[(2-hydroxy-1-oxopropyl)amino] is preceded by cleavage of the cyclic
protections of the carboxamido hydroxy groups under acidic conditions. When
on the other hand a compound (IV) is employed wherein -R is a   VVO
02Lt~132 11 PCT/EPU1113939 group of formula B, a11 the acyl groups, i.e.,
the acetyl protecting group of the 5-[(2-hydroxy-1-oxopropyl)amino]
substituent as well as the four R3C0 groups, are removed in one single step
under basic conditions. The basic hydrolysis is carried out typically in
water or in a mixture of 5 water and an organic solvent miscible therewith
such as a C 1-C4 straight or branched alkanol, or a dipolar aprotic organic
solvent such as N,~V dimethylformamide, N,N-dimethylacetamide,
1-methyl-2-pyrrolidone, and the like solvents. The pH of the reaction
mixture is maintained between 10 and 11 by the 10 addition of a strong
inorganic base such as NaOH or KOH, typically as an aqueous solution
thereof. The reaction is preferably carried out at room temperature but
temperatures of from about 10 C to about 60 C proved to be useful. As
indicated above, when in the compound of formula (IV) -R is a 15 group of
fonnula A, the basic hydrolysis of the acetyl group has to be preceded by
the cleavage of the cyclic protections of the hydroxy groups of the
carboxamido substituents under acidic conditions. This is easily achieved
by the addition of a strong cation exchange resin, preferably Duolite
C20MB, Amberlite IR120 or Amberjet 1200 (Rohm 20 & Haas) or of an aqueous
solution of a strong mineral acid, e.g. hydrochloric or sulfuric acid, to a
solution of the compound of formula (IV) wherein -R is a group A, in water
or in a mixture of water and an organic solvent miscible therewith such as
a C1-C4 straight or branched alkanol, or a dipolar aprotic organic solvent
such as N,N dimethylformamide, N,N dimethylacetamide, 1 25
methyl-2-pyrrolidone, and the like solvents. The amount of acid required in
this step is comprised between about 0.2 and about 0.4 mol of acid per mol
of compound of formula (IV) wherein -R is a group A. The reaction is
preferably carried out at a temperature slightly  



WO 02/i-4132 PCT/EPO1/13939 12 above room temperature, e.g. comprised
between about 40 C and about 55 C, and is typically complete in 2 to 5
hours depending on the reaction conditions employed. The hydrolysis under
basic conditions to yield the end iopamidol is then 5 just obtained by
adding an aqueous solution of NaOH or KOH directly thereto in such an
amount to keep the pH between about 10 and about 11. The isolation of the
product of formula (I) from the basic aqueous 10 solution thus obtained, is
usually carried out by passing the solution on a system of ionic exchange
resins and optionally through a nanofiltration unit, as described for
example in US-A5,81 l,581 or EP-A-888,190, followed by crystallization of
the product (I) from a lower alkanol, as described for instance in
US-A-5,571,941. . A further specific object of the present invention are
the intermediate 15 compounds of formula (III) and (IV), wherein -R is a
group of formula A O NHR I , I HZN w I NHR I O (III) 0 NHR ~ I , I ~N w I
NHR lOAe H I O (I'~ O R R= A ~ ~~' O wherein R, is a hydrogen atom, a C
1-C4 straight or branched alkyl group or a C 1-C4 straight or branched
alkoxy group, and Rz is hydrogen, a C 1-C4 straight or branched alkyl group
or a C1~C4 straight or branched alkoxy group. 20 Preferred among the
compounds of formula (III) and (IV} wherein -R is a group A are those
wherein Rl and R2 are C1-C4 straight or branched allcyl groups; more
preferred are those wherein both R~ and R2 are C1=C~ straight alkyl groups;
and even more preferred are those wherein both RI and RZ are   WO
(12/-4-t132 13 methyl. PCT/EP111 /13939 Another group of preferred
compounds (III) and (IV) wherein -R represents a group A are those wherein
R1 is hydrogen and Rz is a C1=C4 straight alkoxy group. 5 The following
examples are only aimed at further illustrating the present invention in
some of its preferred embodiments but should not be interpreted as a
limitation to the scope thereof. Example 1 Preparation of
5-amino-N.N'-bis(2.2-dimethyl-1,3-dioxan-5-~1)-2,4,6-triiodo 



10 1.3-benzenedicarboxamide f,(IIII: -R = a group A wherein Rl and R2 =
meth 1 2,2-Dimethoxypropane (9.5 mL, 77.S mmol) and 98% sulfuric acid (0.25
g, 2.6 mmol) are dripped into a 0.5 L vessel containing a solution of the
compound of formula (II) (18.3 g, 25.9 mmol) (prepared as described in GB
1472050) in dimethylacetamide (90 mL) stirred at room temperature. After 15
20 hours under stirring the solution is neutralised with NaHC03 and
concentrated under vacuum. Acetone (250 mL) and 3 % aq. NaHC03 (50 mL) are
then added to the obtained oily residue and the solid is recovered by
filtration and crystallized from 70% ethanol to give the compound of the
title (13 g, 16.5 mmol after drying). 20 Yield: 64 The 1H-NMR, 13C-NMR, IR
and MS are consistent with the indicated structure. Example 2 Preparation
of 5-amino-N.N'-bis(2-ethoxy-1,3-dioxan-5-vl)-2,4,6-triiodo-1,3 25
benzenedicarboxamide f~IIII: -R = a group A wherein R1 is hydrogen and R2
is ethox Methanesulfonic acid (0.27 g, 2.8 mmol) and triethyl orthoformate
(9.25 g, 62.4 mmol) are dripped in 1 hour into a solution of the compound
of   WO 02/i-4132 14 PCT/EPU 1 /13939 formula (II) (20 g, 28.4 mmol)
(prepared as described in GB 1472050) in N,N dimethylacetamide (l50 mL)
stirred at 25 C. After 1 hour the solution is neutralised with NaHC03. The
solvent is evaporated under vacuum and the oily residue is taken up with
aq. 5 % NaHC03 (300 mL). 5 The solid thus obtained is filtered and
crystallized twice from 70% ethanol to afford the compound of the title
(14.7 g, 18.7 mmol). Yield: 66 The 1H-NMR, 13C-NMR, IR and MS are
consistent with the indicated structure. 10 , Example 2 bis Alternative
preparation of of 5-amino-N.N'-bis~2-ethoxy-1,3-dioxan-5-vll
2.4,6-triiodo-1.3-benzenedicarboxamid~,(III~,: -R = a group A wherein R~ is
hYdro en and R2 is ethox Triethyl orthoformate (18.6 g, 125.5 mmol) is
added over 3 min to a 15 solution of the compound of formula (II) (40 g, 57
mmol) and methanesulfonic acid (0.5S g, 5.7 mmol) in N,N-dimethylacetamide
(400 mL), stirs ed at room temperature. After 15 min, the reaction mixture
is neutralized with 1M NaOH (5.7 mL, 5.7 mmol) and N,N dimethylacetamide is
distilled to give an oily residue. The latter is poured into 1 % aq. NaHC03
causing the 20 formation of a white precipitate that, after 15 h under
stirring, is recovered by filtration, washed with H20 and dried. The solid
is then suspended in absolute ethanol (600 mL), refluxed for 3 hours and
allowed to cool to room temperature. The solid is recovered by filtration,
washed with EtOH (30 mL) and dried to afford the compound of the title (40
g, 48.95 mmol) as a white 25 solid. Yield: 86 %. The 1H-NMR, 13C-NMR, IR
and MS are consistent with the indicated structure.   WO U2/.L.t132 15
Example 3 



PCT/ E PU 1 /13939 Preparation of N
N'-bis~2-acetyloxy-1-[(acetvloxylmethvl]ethyl]-5-amino 2 4 6-triiodo-1
3-benzenedicarboxamide ((IIII: -R is a group B where R3 is meth 1 5 Acetic
anhydride (9 mL, 95 mmol) is dripped into a suspension of the compound of
formula (II) (7 g, 10 mmol) (prepared as described in GB 1472050) in
pyridine (40 mL) stirred at 25 C. After 3 hours, the solution obtained is
added dropwise to deionized water (0.3 L) and the precipitate is recovered
by filtration, washed with 5 % acetic acid, then with deionized 10 water,
and finally dried under vacuum at the temperature of 40 C for 12 hour to
obtain the compound of the title (7.86 g, 9 mmol). Yield: 90 The 1H-NMR,
13C-NMR, IR and MS are consistent with the indicated structure. 15 Example
3 bis Alternative pre,_paration of NRT'-bis[2-acetyloxy-1
y[(acetyloxylmethyllethyli 5-amino-2 4 6-triiodo-1 3-benzenedicarboxamide
((IIII: -R is a gloLtp B where R3 is meth 1 The compound of formula (II)
(l486 g, 2.1 mol) is loaded into a 10 L 20 reactor containing N,N
dimethylacetamide ( 1.7 L) and 4-dimethylamino pyridine (12.9 g) is then
added thereto. Acetic anhydride (0.9 kg, 8.82 mol) is dripped therein over
about 1 hour keeping the temperature below 30 C. The xeaction mixture is
stirred at room temperature for 20 hours, and then diluted with 96% ethanol
(7.5 L). The precipitate is filtered, washed with 96% ethanol 25 (2 x 1L)
and dried to give the compound of the title (1715 g, 1.96 mol). Yield: 94
The 1H-NMR, 13C-NMR, IR and MS are consistent with the indicated structure.
WO 112/.1.1132 16 Example 4 PCT/EPII1 /13939 Preparation of ~S)-N
N'-bis[2-acetyloxX 1-[(acetyloxylmeth~]ethyl]-5-[(2
acetyloxy-1-oxopropyl)amino]-2,4.6-triiodo-1.3-benzenedicarboxamide (IV):
R is a ~ oup B wherein R3 is meth 1 5 The compound prepared in Example 3 (
11 g, 12,6 mmol) is dissolved in N,N dimetylacetamide (200 mL) containing
gaseous HCl (0.055 g, 1.5 mmol) and the solution is maintained at a
temperature comprised between 15 and 17C. (S)-2-(Acetyloxy)propanoyl
chloride (4.75 g, 31.5 mmol) is dripped therein over 30 min. and the
obtained reaction mixture is stirred at 23 C for 10 20 hours. The solvent
is then evapor ated under vacuum and the oily residue is taken up with 4 %
aq. NaHC03 (250 mL). The obtained precipitate is recovered by filtration,
washed and dried to yield the compound of the title (9.9 g, 10 mmol).
Yield: 80% 15 The IH-NMR, I3C-NMR, IR and MS are consistent with the
indicated structure. Example 5 Preparation of
(S)-N,N'-bis(2,2-dimeth~l-1,3-dioxan-5-~)-5-[(2-acetyloxy-1
oxourouyllamino]--2 4 6-triiodo-I 3-benzenedicarboxamide ~(IVI: -R - a 20
group A wherein R1 and R2 are methvll The compound prepared in Example 1
(15 g, I9 mmol) is dissolved in N,N dimethylacetamide (80 mL) containing
HCl gas (0.073 g, 2 mmol). (S)-2 (Acetyloxy)propanoyl chloride (8 g, 53
mmol) is dripped over 30 min into the 



obtained solution cooled to 15 C. After two hours at the same temperature,
25 the reaction mixture is allowed to warm up to room temperature and
stirred for additional 12 hours. The solvent is then evaporated under
vacuum and the residue is taken up with 4 % NaHC03 (130 mL). The solid
obtained is f ltered, washed and dried to give the compound of the title
(14 g, 15,6 mmol).   W O 112/.l-4132 PCT/EP111 /13939 17 Yield: 82 The
1H-NMR, 13C-NMR, IR and MS are consistent with the indicated structure.
Example 6 5 Preparation of nSJ-N.N'-bisj2-h d~rox~1-(hydroxymethyl
ethyl]-5-f(2 hvdroxy-1-oxopronyl~amino]-2
4,6-triiodo-1,3-benzenedicarboxamide (Il
(S)-N,N'-Bis[2-acetyloxy-1-[(acetyloxy)methyl]ethyl]-5-[(2-acetyloxy
1-oxopropyl)amino]-2,4,6-triiodo-1,3-benzenedicarboxamide (4.9 g, 5 mmol)
prepared in Example 4 is admixed with deionized water (30 mL) and methanol
10 (30 mL). The suspension is warmed to 50 C, then 2M NaOH (12.8 mL) is
dripped therein over a period of 4 hours, keeping the pH of the mixture in
the range of from 10 to 11. The solution is purified on ion exchange resins
columns and the neutral eluate thus obtained is concentrated under vacuum
and the residue is crystallized from ethanol to give the compound of the
title 15 (2.8 g, 3.6 mmol) Yield: 72%. .1436- - 5.15 (40 % H20). The
1H-NMR, 13C-NMR, IR and MS are consistent with the indicated structure. 20
Example 7 Alternative preparation of ~S)-N N'-bis~2-h~dr ox~ 1
~hydroxymethyl)ethyl]-5
~2-hydroxy-1-oxopronyllamino]-2,4,6-triiodo-1,3-benzenedicarboxamide (Il
0.2 M HCl (15 mL) is added to a solution of (S)-N,N'-bis(2,2-dimethyl
1,3-dioxan-5-yl)-5-[(2-acetyloxy-1-oxopropyl)amino]--2,4,6-triiodo-1,3 25
benzenedicarboxamide (9 g, 10 mmol) prepared as described in the Example 5,
in methanol (60 mL), and the obtained mixture is stirred at 50 C for 2
hours, and then cooled to 40 C. 1M NaOH (14 mL) is then dripped therein
over a period of 2 hours to keep the pH between 10.5 and 11.   WO 02/-1A32
18 PCT/EP01 / 13939 After two hours, the reaction mixture is cooled to room
temperature and purified on ionic exchange resins. The neutral eluate thus
obtained, is concentrated and the residue obtained is crystallized from
ethanol (80 mL). The solid is filter ed and dried to give the compound of
the title (I) (7 g, 9 5 mmol). Yield: 90 The 1H-NMR, 13C-NMR, IR and MS are
consistent with the indicated structur e. 



Example 8 10 Alternative preparation of Sl-NN'-bisf2-h
derv-1-(hydroxymeth~yethyl]-5 f(2-hydroxy-1-oxoprop~
amino]-2,4,G-triiodo-1.3-benzenedicarboxarnide (I1
5-Amino-N,N'-bis(2,2-dimethyl-1,3-dioxan-5-yl)-2,4,6-triiodo-1,3
benzenedicarboxamide prepared as in Example 1, is reacted as described in
Example 5. The (S)-N,N'-bis(2,2-dimethyl-1,3-dioxan-5-yl}-S-[(2-acetyloxy
15 1-oxopropyl)amino]--2,4,6-triiodo-1,3-benzenedicarboxamide obtained from
the reaction is not isolated, but directly deprotected according to the
method described in Example 7 above to give the compound of the title.
Yield: 74 %. The 1H-NMR, 13C-NMR, IR and MS are consistent with the
indicated 20 structure. Example 9 Alternative preparation of yS,~-N
N'-bi~2-h droxy-1-(hvdrox n~xl)eth~l~ 5
j(2-hydrox~-1-oxouropyllamino,-2,4,6-triiodo-1,3-benzenedicarboxamide (Il
(S)-2-(Acetyloxy)propanoyl chloride ( 16.5 g, 110 mmol) is added, over 25 a
period of 20 min, to a stirred solution of N,N'-bis[2-acetyloxy-1
[(acetyloxy)methyl] ethyl]-5-amino-2,4,6-triiodo-1,3-benzenedicarboxamide
(53.3 g, 61.1 mmol) in N,N-dimethylacetamide (75 mL) while keeping the
temperature of the reaction mixture below 30 C. An additional amount of (S)
WO 02/e132 PCT/EPO1/13939 19 2-(acetyloxy)propanoyl chloride (0.9 g, 6.0
mmol) is added after 24 and 30 hours and the reaction mixture is stirred at
the same temperature for further 15 hours. The reaction mixture is then
concentr ated to half volume and diluted with a 1:1 mixture of
water/methanol (360 mL). The resulting suspension is 5 heated to 45 C and
2M NaOH (225 mL, 450 mmol) is added over 30 min. After 2 h the hydrolysis
is complete, the solution is concentrated to half volume, extracted with
CH2C12 (6 x 100 mL) and loaded onto two ion exchange resin columns (Dowex
C350, H+ form, 200 mL; Relite MGl, OH- form, 160 mL) that are eluted with
water. The eluate is evaporated and 10 the solid residue (49 g) thus
obtained is crystallized from ethanol (450 mL). The recovered solid (40.5
g) is dissolved in H20 (400 mL) and the solution loaded onto an Amberlite
XAD-16.00 resin column (160 mL) that is eluted with water. The eluate is
evaporated and the residue dr ied to afford Iopamidol (40.0 g, 51.5 mmol)
as a white solid. 15 Yield: 84 J436 ~ - 5.17 (40 % H20). Example 10
Alternative ~re~aration of~~S)-N.N'-bis[2-hvdroxv-1-(hvdroxvmethvllethyll-5
f f 2-l~droxv-1-oxopropyllamino]-2,4,6-triiodo-1,3-benzenedicarboxamide (Il
20 (S)-2-(Acetyloxy)propanoyl chloride (16.5 g, 110 mmol) is added, over 20
min, to a stirred solution of
N,N'-bis[2-acetyloxy-1[(acetyloxy)methyl]ethyl]-5-amino-2,4,6-triiodo-1,3-b
enzenedicarboxamide (53.3 g, 6I.1 mmol) in N,N dimethylacetamide (75 mL)
while keeping the - temperature of the reaction mixture below 30 C. A
further amount of (S)-2 25 (acetyloxy)propanoyl chloride (0.9 g, 6.0 mmol)
is added after 24 and 30 hours and the reaction mixture is stirred at the
same temperature for additional 15 hours. 5M NaOH (90 mL, 450 mmol) is
dripped over a period of 2 hours into the reaction mixture vigorously
stirred at 45C. After two hours the   WO 02/-4A32 PCT/EPO1/13939 20 



mixture is concentrated under vacuum and reintegrated with additional N,N
dimethylacetamide (200 mL). After two hours at room temperature the
resulting suspension is filtered and the solid washed with
N,Ndimethylacetamide (2 X 20 mL). The mother liquors, combined with the 5
washings, are concentrated to an oily residue, which is diluted with water
(200 mL) and nanofiltered. The retentate is loaded onto an Amberlite
XAD-16.00 resin column ( 160 mL) that is eluted with water. The eluate is
concentrated and loaded onto two ion exchange resin columns (Dowex C350 15
mL, Relite~ MG1 10 mL). The eluate is concentrated and the solid residue is
10 crystallized from ethanol to afford Iopamidol (4l.2 g, 53 mmol)) Yield:
87% 43G - - 5.19 (40 % H20).   WO 02/e132 21 CLAIMS 1. Process for the
preparation PCT/EP01 /13939 of (S)-N,N'-bis[2-hydroxy-1
(hydroxymethyl)ethyl]-5-[(2-hydroxy-1-oxopropyl)amino]-2,4,6-triiodo-1,3 5
benzenedicarboxamide of formula (I) /~ OH O N ~- OH O I ~ ~ I H OH N w N OH
OH H I O (I) starting from the compound of formula (II) /~ OH O N ~-- OH I
/ I OH H N \ I N a I t OH I O (II) which process comprises a) reacting the
compound of formula (II) with a suitable protecting agent, to give a
compound of formula (III) O NHR I , I H N ~ I NHR 2 II I O (III) 10 wherein
-R is a group of formula A or B CONFIRMATION COPY   WO l12/~~ 132 22 O A- ~
~ R i 0 OCOR3 B= OCOR3 PCT/EPf11/13939 



5 wherein R1 is a hydrogen atom, a C~=C4 straight or branched alkyl group
or a C 1=C4 straight or br anched alkoxy gr oup, R2 is hydrogen, a C ~ =C4
straight or branched alkyl group or a C 1-C4 straight or branched alkoxy
group and R3 is a C1=C4 straight or branched alkyl group, a trifluoromethyl
or a trichloromethyl group; 10 b) acylating the amino group in position 5
of the intermediate compound of formula (III), by reaction with a
(S)-2-(acetyloxy)propanoyl chlor ide to give a compound of formula (IV) O
NHR O I , I NHR OAc H I O (IV) wherein R is as defined above; and c)
removing all the acyl groups present in the compound of formula (IV) 15
under basic conditions, with prior cleavage of the cyclic protection under
acidic conditions when R is a group of formula A 2. The process of claim 1
wherein, in the intermediate compound of formula (III) obtained in step a),
-R is a group A. 3. The process of claim 2 wherein R1 and RZ are C1-C4
straight alkyl 20 groups. 4. The process of claim 1 wherein, in the
intermediate compound of formula (III) obtained in step a), -R is a group
B.   VV O ll2/~.~ 132 PCT/ EPO 1 /13939 23 S. The process of claim 4
wherein R3 is a Cl=C4 straight alkyl group. 6. The process of claim 2
wherein step a) is carried out by reacting the compound of formula (II)
with at least 2 mol per mol of compound (II) of a compound selected from
di-(C1-C4)all~oxy-methane, aldehydes and ketones of 5 formula R~COR2
(possibly in the corresponding acetal or ketal related forms) wherein Rl is
a hydrogen atom or a C1=C4 straight or branched alkyl group and R2 is a
C1-C4 straight or branched alkyl group and orthoesters R~C(RZ)3 when at
least R2 is an allcoxy group, in the presence of from about 0.1 to about 2
mol of an acid per mol of compound of formula (II). 10 7. The process of
claim 4 wherein step a) is carried out by reacting the compound of formula
(II) which at least four mol of an anhydride (R3C0)20 per mot of compound
of formula (II) in the presence of catalytic amounts of
4(dimethylamino)pyridine in a dipolar aprotic organic solvent. 8. The
process of claim 1 wherein the acylation of step b) is carried out by I S
reacting the compounds (III) with at Ieast one mol of (S)-2-(acetyloxy)
propanoyl chloride in an inert dipolar aprotic solvent and in presence of
from about 0.1 to about 0.4 mol per lnol of product of formula (III) of an
acid. 9. The process of claim 2 wherein removal of the acyl group of the
compound of formula (IV) wherein -R is a group of formula A under basic 20
conditions according to step c) is carried out in water or in a mixture of
water and an organic solvent miscible therewith, keeping the pH of the
reaction mixture between 10 and 11 by the addition of a str ong inorganic
base, and is preceded by cleavage of the cyclic protections of the
carboxamido hydroxy groups under acidic conditions. 25 10. The process of
claim 4 wherein removal of all the acyl groups under basic conditions of
step c) is carried out in water or in a mixture of water and an organic
solvent miscible therewith keeping the pH of the reaction mixture between
10 and 11 by the addition of a strong inorganic base. 



W O 112/-~-4132 24 PCTIE P111 / 13939 11. The process of claim 10 wherein
the organic solvent miscible with water is selected from the group
consisting of C,=C4 straight or branched alkanols and the dipolar aprotic
organic solvents and the pH of the reaction mixture is maintained between
10 and 11 by the addition of an aqueous 5 solution of NaOH or KOH. 12. The
process of claim 1 wherein the intermediate of formula (IV) obtained in
step b) is further reacted without being isolated. 13. A compound of
formula (III) or (IV) O NHR I , I HZN ~ I NHR I O (III) O NHR O I , I N w I
NHR OAc H I O (IV) O R _- A O wherein -R is a group A wherein RI is a
hydrogen atom, a C~=C4 straight or 10 branched alkyl group or a C 1-C4
straight or branched alkoxy group, and R2 is hydrogen, a Ct=C4 straight or
branched alkyl group or a C 1=C4 straight or branched alkoxy group. 14. A
compound of claim 13 wherein RI and R2 are both a C1-C~ straight or
branched alkyl group. 15 15. A compound of claim 14 wherein R1 and R2 are
both a C1-C4 straight alkyl group. 16. A compound of claim 15 wherein R1
and RZ are both methyl. 17 A compound of claim 13 wherein RI is hydrogen
and R2 is a C 1-C4 straight alkoxy group. 20 18. Use of a compound of claim
13 as intermediate in a process for the manufacture of iopamidol (I).
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