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1. A process for the preparation of a compound selected from the group
conslsting of 2,4,6,«trliodo-5-aming+N-alkylisophthalamic acid, salts thereof and
gsters theraof, comprising reaction of a substrate selacted from the graup cangisting of 6«
aminosN-alkylisophthalamle acld, salts thareof and estars (hereof with an lgdine hallde
In an aqueous reaction madium, the Improvemant which comprises adding said substrate
and a source of said lodine halide to sald reaction mediym at such respective rates that, at
any Instant substantially throughout the addition eycle, sald substrate ls present In
sfolchilomatric excass over gald lodine hallde, but the atithmatic differance batween the
sumulative amaunt of sald substrata that hds been added to sald medium at sald instant,
oxpressad uf a parcantage of the tatal uilimate charge of sald substrate, and the
cumulative amount of gald source of izciag hatlde that hag been added lo suld medium at
sald Instant, oxpresged as a percantage of the latal ultimate charge of sald sourca of lading
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4 A process ag set forth in claim 1 wharaln the pH of the reaction madium is
malrtained at not greater than about 3 during the course of the reaction,
5. A procass ag sot forth in claim 4 whereln addition of sald source of lading

halide Is commancad Just prior to the addition of sald substeate o said medium so that
gald substeata I8 not axposad 1o & pH of greater than about 3 in sdid reaction madium,
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- Animproved process for preparing a compound selected from amang 2,4,6+trifoda-S-aminoNsalkylisophthalamic acid, |
| salts thereof arid esters thereof. A substrate selected from among $:amino:Nealkylisophthalamle acid, salts thereol and esters |
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- addition: cyele; the substrare Is present In stolchsimetric excess aver the fadine halide, but the difference between the cumulative |
. amount of the substrate that has been added to the mediun at such instant, expressed ng 4 proportion of the (otal ultinate charge |
| of the substeate, and the cumulative amount of the source of lodine halide that has been added ta the medium at such: Instant, ex+
- pressed as a proportian of the total ultimate charge of the source of fodine halide, daes rot exceed 10 %. Further improvenents,
- respectively comprising incorporation of an alkaline buffer and aperation: at relative high dilution, ate ulso disclosed.
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1
PROCESS FOR THE PREPARATION OF
2,4,6-TRIIODO-5-AMINO-N-ALKYLISOPHTHALAMIC ACID

Background of the Invention

This invention relates to the synthesis of 2,4,6-
triiodo-5-amino~-N-alkylisophthalamic acid, and more particu-
larly to an improved process for enhancing yields and im-
proving the quality of the iodinated product,

2,4,6-triiodo~5~amino-N~alkylisophthalamic agid,
or a salt ar ester thereof, is a useful intermediate in the
manufacture of X~ray contrast media. As described, for
example, in Hoey patent 3,145,197, S-acetamido-N~alkyls
2,4,6-triiodoiosphthalamic acld compounds are produced hy
treatment of 2,4,6-triiodo-5~amino~N~igophthalamic- acid
with an acylating agent such as & lower acyl halide or a
lower alkanoic acid in the pregence of a catalyst such as
sulfuric acid or perchloric acid, 1In accordance with the
gcheme described in the Hoey patent, S<nitrolsophthalic
acid is first converted Lo its dialkyl ester and one of the
ester groupe is then selectively hydrolyzed by careful
treatment in a suitable golvent with one equivalent of a
gtrong base such as sodium or potasaium hydrexide, The
monsester is reacted with a primary lower alkylamine to
preduce S=nitro=-N-alkylisephthalamic acid and the latter
intermediate 1s subjected to catalytic hydrogenation to
produce S=amino«Nealkylisophthalamie acid commonly referred
to ag the "reduced half amide' or "RHA".

The RHN ig trifodinated by reaction with a sougce
¢f an fodine halide; preferably a source of fodine monos
chloride such as potassium fadodichlotide (RK1Clyale 1In
accordance with the Hoey procesd, the iodination rdackion
fs effocted with a modest net excegs of iodinating ageut,
typically in hydrochloric acid gsolution. Hewever, while

PCT/US89/01297
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the net overall charge of iodinating agent is in excess,
the Hoey process involves first charging all or a substan-
tial portion of the RHA to an aqueous reaction medium, and
then adding the iodinating agent over a period of time.
Thus, throughout most of the reaction period, there is a
substantial eXcess of RHA in the reaction zone, 1In one
embodiment desnribed by Hoey, the entire RHA charge is
first dissolved in a hydrochloric acid medium and the
iodinating agent thereafter added thereto, In another
embodiment,; RHA is first reacted with lesg than a stoichio=»
metrically equivalent amount of potassium iododichloride in
aqueoug suspengion and, after several hours, sodium
hydroxide and the remainder of the potassium iodedichloride
are added and reaction carried to completion.

The product of the reaction has generally been
found to contain a fraction of mono- and di-icdinated
species, thereby detracting fram both product yield and
product quality,

Hecauge the RHA le typlecally disselved in a
hydrochloric acid medium preparatory to the addition of the
iedinating agent, and becauge hydrochloric or other hydro-
gen halide acid is, in any event, a product of the reaction,
the methads previously known to the art have involved cons
ducting at least a substantial portion of the reaction at
ac.d concentrationg sufficientiy hidgh that the pit of the
reaction medium g negative, Such pH conditions inhibit
khe prodress of the reaction, thue requiring the use of an
ultimate excess of the fodine halide gource to drive the
geaction to completien. &%ince the iodine halide sourde is
net practicably recoverahle from the reaction medium, the
excens {8 effeckively lost, with a reagultant adverne impact
on manufacturing coak. Moreaver, aven with an excess of
fodinating reagent, the reaction ig not alwaye driven fully
to completion go that the quality ol the praduct may be
teae than desired.

PCT/US89/01297




" WO 89/09766 PCT/US89/01297

. 3

3 As the reaction between RHA and iodinating agent
progresses, the iodinated product compound precipitates
from the reaction mixture as a crystalline solid. Acidifi-
cation at the end of the reaction period precipitates the

5 tritodo product remaining in scolution. This product is
recovered from the reaction mass by filtration or centrifu-
gation, The purity of lodinated reaction product and yield

! obtained thereof are dependent on the efficiency of this

geparation, In the conventional process, some difficulty

H 10 has been experienced with effective separation of the pro-

| duct crystals from the reaction medium mather liquor, This
has detracted from the yield commercially achievable in the
manufacture of K-ray contrast media from the 2,4,6~triiodo~
S~amino=N~alkylisophthalamic aci{d produced by iodination of

15 RHA. ]

There has been a need in the art for an improved
process Which affords improved yields and produces a higher
purity 2,4,6~triiodo-5-anino~N-alkylisophthalamic acid
product

20 Summary of the Invention

Among the several objects »f the pregent inven-
tion, therefore, may be noted the provision of an Iimproved
procecs for the manufacture of 2,4,6~trilodo~5«amino~l=
alkylisophthalamic¢ acidy the provision of such a process

25 which affords improved ylelds; the provision of such a
proceas which provides a product of enhanced quality; the
provision af a4 precess which provides faveorable kinetics
and improved produckivity) and the provision of a process
which facllitates manufacture of 2,4,6«tritodo«b=amino~H«

J0 alkylisophthalamic aecid, and the X«ray contrast media fot

. which it {8 an intermediate, at relatively low manufacturing
cost,

S O SN
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Briefly, therefore, the present invention is
directed to an iimprovement in a process for the preparation
of an iodinated product compound selected from among 2,4,6-
triiodo-5-amino-N-alkylisophthalamic acid, salts thereof,
and esters thereof. The process comprises reaction of a
substrate selected from among 5-amino-N-alkylisophthalamic
acid, salts thereof, and esters thereof, with an iodine
halide in an aqueous reaction medium, According to the
improvement, the substrate and a source of the ijodine
halide are added to the reaction medium at such respective
rates that, at any instant during the addition cycle, the
substrate is present in stoichiometric excess over said
iodine halide, but the arithmetic difference between the
cumulative amount of the substrate that has been added to
the medium at said instant, expressed as a proportion of
the total ultimate charge of the substrate, and the cumula-~
tive amount of the source of iodine halide that has been
added to the medium at sald instant, eXpressed as a propor-
tion of the total ultimate charge of i1edine halide saource,
does not exceed 10%,

The present invention is further directed to an
improvement in the aforesald process, in accordance with
which the reaction is carried out in the presence of an
alkaline buffer composition, The proportion of the alka=
line buffer composition is sufficient that the pH of the
reac¢tion medium is maintained between about 0 and about 2
during the course of the reaction.

The invention further includes an improvement in
the aforesald process, in accordance with which a sufficient
proportion of water is maintained in the reaction medium so
that the concentration of the iodinated product compound
does not exceed about, 0,08 moles/liter in the reaction mass
at the conclusion of the fodination reaction, the reaction
maes comprising the combination of the liquid phase com-
prising said reaction medium and any solids that precipitate
during the coursge of the reaction.
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More particularly, the invention comprises a pro-
cess for the preparation of an iodinated compound selected
from among 2,4,6-triiodo-5-amino-N-alkylisophthalamic acid,
salts thereof, and esters thereof. The process comprises
adding to a reaction vessel an aqueous substrate solution
and an aqueous iodine halide charge solution, the substrate
golution containing a substrate selected from among S~amino=
N-alkylisophthalamic acid, salts thereof, and esters there~
of, and said iodine halide charge solution containing a
source of iodine halide. The gubstrate is reacted with the
source of iodine halide in an aqueous medium in the reaction
vessel to produce an iodinated compound, The respective
rates of addition of the substrate golution and iodine
halide charge solution to the vessel are such that, at any
instant substantially throughout the addition cycle, the
substrate is present in excess over the lodine halide, but
the arithmetic difference between the cumulative amount of
substrate that has heen added to said medium at such
instant, expressed as a proportion of the teotal ultimate
charge of the substrate, and the cumulative amount of !ine
{odine halide source that has been added to the medium at
such instant, expressed as a proportion of the total ultie
mate charge of the source of iodine halide, does not exceed
about 10%. Reaction is carried out in the presence of an
alkaline buffer composition, the proportion of the alkaline
buffer composition being sufficient so that the pH of the
reaction medium is maintained hetween about 0 and about 3
during the course of the reaction. The pH of the reaction
medium at the beginning of the reaction ig between about
2,5 and about 3,0, The concentration ¢f the lodinated pres
duct compound does not excead about 0.08 moles/liter in the
reaction mass at the conclusion of the ifodination reaction,
The reaction mass comprises the combination of a ligquid
phase comprising the reaction medium and any solide precis
pitated from the medium during the course of the reaction,
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Other objects and features will be in part appa-
rent and in part pointed out hereinafter,

bescription of the Preferred Embodiments

In accordance with the present invention, it has
been found that limiting the unreacted RHA content of the
iodination reaction system promotes conversion of that sub-
strate to its 2,4,6-trilodo species, thereby minimizing the
meno and di~iodo species in the final reaction mixture and
enhancing the yileld realized in the process, Moreover, it
has been demonstrated that this improvement in conversion
to the triifodo gpecies ig achieved without any significant
increase in the formation of azo compound by products.,
Additiondally, it has been found that, by maintaining the
instantaneous excess of RHA below dbout 10%, high convers«
gion to 2,4,6-triiodo~b=amino-N-alkylisophthalamic acid is
achieved without a significamnt ultimate net excess of iodine
halide. Thus; for egample, by gimultaneously adding subw
strate and lodine halide to an aqueocus reaction medium at
guch respective rates that the instantaneous exeeas of RHA
never exceeds about 10%, the reaction may be driven essénw
tially to completion by the ultimate addition of a cumulg-
tive excess of lodine halide aver RHA of only about 1%,

Several olightly varying computations may be used
to determine the instantanecus excesa of RHA. For example,
the instantaneous excess of RHA may be congidered ap the
difference, at any inotant substantially throughout the
addition cyecle, between the eumulative number of eguivalentso
af RHA that have been added ko the reaction medium at that
ingbant va, the cumulative number of equivalents of iodine
halide gource bhat have been added to the reaction medium
at that instant, expregued as a proportion of the total
ultimate charge of fodine halide gource oever the addition
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cycle, However, since the total ultimate reactor charges
of RHA and iodine halide source are generally equivalent
stoichiometrically, the instantaneous excess of RHA is
preferably defined by the arithmetic difference between the
cumulative amount of RHA that has been delivered to the
reactor at a given instant, expressed as a proportion of
the total ultimate RHA charge, and the cumulative amount of
iodine halide source that has been delivered at that
instant, expressed as a proportion of the total ultimate
iodine halide charge,

Whichever basis of computation is used, the
instantaneous excess of RHA should fall in the range of
between 0 and about 10%, preferably between about 2% and
about 10%, This result {s achieved by simultaneous addi=
tion (co~addition) of the reactants to the reaction medium
and carefully monitoring the proportion of each reactant
charged (or the net exceds of RHA present in the medium),
either on a continuous basis, aor at frequent discrete
intervals of time. It will beé understood, of course, that
where the ultimate charges of RHA and ICl are essentially
equivalent, as ig the case in the preferred embodiments of
the process of the invention, a 2«10% RHA eXcess cannat be
maintained entirely throughout the addition period, Howe !
ever, the desired excess may be maintained through subgtanse :
tially the entire period by, for example, stretching ouk
the ICY addition for & to 10 minutes longer than the RHA
addition, and maintaining the 2-10% excess until that last
S« 10 minutes,

When the reaction is ecarried out by c¢o-addition
of reactantg, the ameunt of hydrechloric acid charged to
the reaction medium ¢an be minimized, thereby reducing the
usage of thig raw material. Minimizing the amount of the
HCl ¢harge alao ¢ontributes to control of the reaction pH
at a level abeove 0, thus enhancing the kinetfics of the
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iodination reaction and helping to drive it to completion
even in the absence of any significant net ultimate excess
of iodine halide. Thus, it has been found that, when the
reaction is carried out by co-addition as described above,
the amount of HCl added to the system can be limited to
that sufficient to establish an initial pH of no greater
than about 3 in the reaction system, During the reaction,
acid is preferably not added to the reaction system. The
pH is preferably adjusted to about 0,3 to 0.7 after the
completion of the reaction to facilitate separation of the
iodinated product by crystallization, Typically, a small
amount of HC1 is added for this purpose,

1t has further been discovered that iodination of
a substrate comprising an S-amino-N-alkylisophthalamic acid
(RHA), or its esters or salts, is promoted by the presence
of an alkaline buffer composition in the reaction medium,
Hydrogen halide, produced as a by=product of the reaction
of an iodine halide with the substrate, is neutralized by
the buffer, thereby maintaining the pH of the reaction
mediuym at between about 0 and about 2., Control of the pH
in thls range essentially eliminates the inhibitory effect
otherwise caused by the generation of HCl ar other hydrogen
halide during the reaction, When the pH is maintained in
the 0 to 2 range, enhancement of the reaction kinetics isa
gufficient that the trilodination reaction can be carried
fully to completion without the necessity of using any
stolchiometric excess of the source of fodine morohalide,
Because the reaction is brought to completion, the product
1e¢ substantially free of partially lodinated intermediates,
and thug product quality {s further improved. 1In turn,
tais product may be converted to commercially valuable
X«ray contrast media in accordance with the process of the
aforesaid Hoey patent, and the supericr quality of the
lodinated RHA intermediate econduces to erhanced quality of
the contrant media product &g well,
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Improved kinetics of reaction also allows a
shortened iodination batch cycle, with conseguent gain in
productivity. An incremental gain in reaction rate is
achieved through the reduction in HCl charge associated

5 with the co-addition of RHA and iodinating agent. However,
by itself, co-addition does not eliminate the need for at
least a slight net excess of iodinating agent in the total
ultimate charge of reactants to the reaction vessel, By
control of pH in the 0-2 range with an alkaline buffer, the

10 excess of iodinating agent may be essentially eliminated,
and the reaction driven to completion in a reasonably shott
batch cycle at a temperature of 75-85°C, 1Increased produc-
tivity and reduced consumption of iodinating reagent pro-
vide significant economies in the manufacturing cost of the

15 triiodo intermediate and the final X-ray contrast media
product,

Preferably, the alkaline buffer composition is an
alkali metal acetate such as sodium acetate, However,
amonium hydroxide as well as a variety of inorganic salts

20 of strong bases and weak aclds can be used, For example,
the alkaline buffer composition may comprise an alkali metal
salt of phosphoric acid or an alkali metal salt of ¢itric
acid. Alkall metal salts of preplonic and other alkanoic
acids may also be used, but these are less preferred because

25 of their relatively high cost, Whatever alkaline buffer
composition is used, it ls incorporated in the reaction
medium in a proportion sufficient to maintain the pit of the
veaction medium between about 0 and about 3 during the
course of the fodination reaction,

30 Ammonium hydroxide has been found highly effecw
tive in decreasing the diqest peried for the reaction te go
ko completion. For ingtance, by providing twe discrete pl
adjustments with ammonium hydroxide during co=addition of
gubstrate and idine halide, the reaection may be brought ke
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completion in 4 hours at 80°C, 1Incorporation of sodim ace~
tate allows the pH to be maintained in the 1-2,5 range
throughout the addition of reactants, and permits the reac~
tion to be completed in 3 hours, 98,5% purity iodinated
product is obtained from the reaction.

The iodinating reagent is iodine chloride or
another iodine halide, fTypically an iodine halide source
is provided by adding both molecular iodine and another
molecular halogen to an alkali metal halide solution, Thus,
for example, molecular iodine and chlorine gas may be added
to a solution of sodium chloride or potassium chloride,
yielding either sodium iododichloride or potassium jododis
chloride, each of which is a source of iodine manochloride,
Preparation of Nalclz or KIClZ in this fashion ig well
known to those skilled in the art, '

In carrying out the preferred process of the in-
vention, an aqueous substrate solution containing S~amino=
N~alkyligophthalamic acid and an agueous ijodine halide
solution or added simultaneously to an aqueous reaction
medium Iin & reaction vessel provided with an agitator, The
aqueous reaction medium may be establiched simply by the
initial mixing of the two reactant solutions, after which
the process proceeds by continued cosaddition to that
medium, Preferably, however, an initial eharge of water,
or of an acidified solution of RHA, ig intreduced inte the
reaction vessel to establish the aqueous medium before co-
addition commences, 1If the initial charge ig distilled
water, addition of the ledinating agent charge solution ig
begun just aslightly ahead of the addition ¢f subotrate
charge solution s0 as to be certain that the RHA 16 not
exposed to a pH above about 3. 1If the initial charge i an
acidified RHA solutioen, the amount of the initial charge i
cantrolled so that it does not contain more than about 104
of Ehe total ulkimate RHA ¢harge, Conveniently, tho pube
strate oolution containg between about O.02 and about 2
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moles per liter of RHA and the iodine halide solution con-
tains between about 0,05 and about 5 moles per liter of
iodine halide or source thereof. At standard dilutions,
the substrate charge solution may typically contain 0.1~0.3
moles/liter RHA, and the iodine halide charge solution may
typlcally contain 0.2-0,5 equivalents/liter iodine halide
source,

Where an initial water charge or RHA solution is
introduced into a reaction vessel, this initial charge isg
preferably heated to an elevated temperature, for example
in the range of 50 to 80°C before co-addition begins.
Thereafter simultaneous introduction of the substrate golus
tion and fodine halide solution to the reaction vegsel is
carried out and completed over & pericd of about 1 hour,
during which the contents of the vessel are stirred to pro=
duce a homogeneous charge mixture, Agitation ig continued
and thig mixture is maintained at an elevated temperature,
typically in the range of 7% to 1009, to camplete the
teaction. ,

The alkaline buffer compogition may be intreduced
into the reaction medium elther prior te or simultanecusly
with the introduction of reasctant golutions. Freferably,
howevey, the buffer compasition fa premixed with the aube
strate charge golution before it is mixed with the jodine
halide selutian,

Where the alkaline buffeér composition Ls an alkali
metal acetate, it is prefersbly prepared in situ by simule
taneously adding glaeclal acetie acid and an aquesus solys
tion of alkali metal hydroxide to the reaction medium or to
the subgtrate charge asolution. Preferably, the alkall
metal hydroxide solutien has a strength of between about
254 and about 70% by weight, mogt preferably abiout 50% by
weight, alkali metal hypdeoxide, lIn niku prepacation of the
alkali metal acetate in trio fachion facilitates plant
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operations since both alkali metal hydroxide solutions and
glacial acetic acid are readily available liquid materials
which are easily handled, thereby avoiding the necess«*v of
mixing solid alkali metal acetate with other liquid process
materials,

hs the lodination reaction progresses, product
2,4,6-trilodo-5~amino-N-alkylisophthalamic acid is precipi~
tated from the aqueous reaction mixture, The progress of
the reactlion may be followed by analysis of samples, prefer-
ably by high presgsure liquid chromatography, At the con-
clusion of the reaction, an alkall metal bisulfite or other
halogen scavenger is added to quench any free iodine halide
rematrning In the system, after which the reaction mixture
is cooled and adjusted to pH of about 0.5 by addition of
hydrechloric acld, Hydrochloric acid addition effects
precipitation of regidual product from the aqueous phage,
Thereafter the reaction mixture is filtered or centrifuged
for recovery of product, and the filter ar centrifuge cake
ts washed with water and dried. ,

It has been found that the separation of iodinated
product compound crystals from the acidified reaction medium
is significantly improved if the reaction ig run in a rela-
tively dilute system, 1In accordance with the cenventional
process, the the total amount of RHUA added to the reaction
medium has been typically equivalent te a concentration of
G.05 to 0,15 noles per liter f£inal reaction mass, while the
ameunt of 1¢1 added hag been equivalent to a concentration
in the netghborhood of 0.15-0.75 moles per liter, thereby
resuleing in the production of 2,4,6=trilodosGaamino«tis
alkyligophthalamic aeid at a concentration in the range of
6,08% ko 0,15 moles per liter in the slurey reaction mass.
In accordinte with the pregent invention, it hat been dige
covear od that separation i cubotantially facilitated; and
the purity of the cosultant ceystalline peoduct enhanced,

PCT/U589/01297
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if the iodinated product compound is produced in a concen-
tration of betweepn about 0.02 and about 0,04 moles per
liter, This result may be achieved either through the use
of relatively dilute reactant solutions, e.qg., a substrate

5 solution having a concentration of between about 0,02 and
about 0,08, preferably about 0.02 to about 0,04, moles per
liter and an iodinating agent solution having an iodine
halide source concentration of between about 0,05 and about
0.1 moles per liter, or by introducing a substantial initial

10 charge of water into the reaction vessel before the addi-

e

tion of reactant solutions is commenced. 1In either case
the sum of the amounts of substrate and iodinated product
preferably does not exceed about 0.08 moles/liter in the
reaction mixture at any time during the cycle.

15 The following examples illustrate the invention.

Example 1

An RHA charge solution was prepared by adding
glacial acetie acid (29 ml) and a 35°Be' sodium hydroxide
golution (50 ml) to a 0. 15363994-solution of S=~amino=N«
methylisophthalamie acid (260 mly 0.206 mole RHA). The pH
af the RHA charge golubtion was 6.5 and the total volume wasg
380 ml,

20

Water (1193 ml) wag charged to a stirred tank
reaction vessel and heated thereln to a temperature of
74°C, fThereafter about 7,5% of the RHA charqge solution
({i¢:; about 28.5 ml) was added to the reaction vesssel,
followed by an amount of hydeochlorie ac¢id sufficient to
adjust the pit in bthe vensel to 1,85, After addition of
HCl, the remainder of the RUA chatq%ysilu&ian and an fedine
manochloride eharge solution (0. 356.’¢F‘Icl in Ha€l solue
tiony 285 ml) 0.625 moles 1€Y1} were added simultancously te
the reaction vessal over a perlod of about 2 hours. The

30
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14 '
schedule of co-addition of charge solutions and the pH of

the contents of the reaction vessel during the course of
the addition are set forth in Table 1, After addition of
the charge solutions was completed, the resulting mixture
was heated under agitation for 3 hours, after which the pH
was 0,97, The reaction mixture was cooled to 65°C and
sodium bisulfite (1,6 g) was added thereto, The bisulfite
treated reaction mixture was cooled to 40°C and the pH was
adjusted to 0,5 with 37% HCl, Precipitated product 2,4,6-
triiodo~5~-amino~N~methyl~isophthalamic acid wag recovered
by filtration, The cake Was washed with water (200 ml) and
dried in an oven at 95°C for three days, Yield was 114,29
gy
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Table 1

t RHA 1Cl ¥ 1C1
remain- Remaining 1left )
RHA ing to to be to be dif-
be added added (ml) added ference _pH

8145 351,58 92.5 285 100 7:5 1,55
8:50 335 88,16 212 95,44 7.28 1,45
9:00 304 80 246 86,32 6,32 1,32
9105 285 75 233 81.75 6.75 1,30
9:10 270 71,1 220 77,19 6,09 1,34
9:21 236 62,11 196 68,77 666 1,40
9130 206 54,01 174 61,05 6.84 1,38
9150 145 38,16 132 46,32 8,16 1,48
10:00 118 30,26 107 37.54 7,28 1.47
10¢10 83 21.48 8% 29,82 7.98 1.48
10:20 52 13.68 64 20,46 8,178 1,50
10430 20 5.26 39 13,68 8,42 1,50
o140 7,80
10150 gddition complete

Example 2

214 6+trilodo=b=anino=N=nethyligophthalamic acid
wag prepared generally in accordance with the procedure
aéscﬁibﬁﬁiiﬁ Example 1. In the preparation of this egample,

- RHA charge golution (260 mlp 0.206 mele RHAD and
ek 1odine monechloride charge solution (281,43 mig
0617 mole 1€)) were utilized, The schedule of simultanee
oty charge solution addition ls set forth in Table 2. After
addition of charge salutions, the resulting mixture wag
heated at 90°¢ for three hours and then cooled to 75%¢,
Sodium btaulfite (1.2% g} wao added to the coaled reaction
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mixture, after which the pH was 1.12. After bisulfite
treatment of the reaction solution, 37% HCl solution was
added thereto to a pH of 0.52, Dry weight of the recovered
product was 114.5 g. Analysis of the product by high pres-
sure liquid chromatography (HPLC) indicated that the pro-
duct contained 97.41% 2,4,6-triido-~5~amino~N~-methyl=~
isophthalamic acid, 0.214% of diiodo species and 1,75% of
monoiodo species,

mls RHA- % RHA ml 1¢Cl % ICl
left left left left %
ko be to be to he to be dif=-

Time added  added  added (ml) added ference  pH

351.5 9245 Q 100 745 149
9105 340 89,47 270 96,43 6,96 147
9¢10 325 85,53 2614 92.89 736 1,41
9120 304 80 246 8741 7.41 1,37
ppt. starting at 9120
9$25 287 155 236 83,86 8,33 142
9:3% 264 6947 218 7746 7:99 1.46
940 247 65 208 73,91 g,91 152
9150 223 28.68 189 67,16 848 1.49
1000 £00 52.63 169 60405 742 142
10410 170 4474 150 5330 8,50 1,53
10625 133 35 122 4335 8.35 1.58
10135 107 28.16 103 36,60 8,44 1.58
10150 6% 17.63 7% 2665 9.02 1.68
67 17.63 70 24487 7.24 1484
11:00 44 11.58 55 16,54 7.96 1+64
11:d6 - 0. 1.60
1i:20 0 114
11:40 T @ 92°C

L 5w
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~2,4,6~-triiodo~5-amino-N-methylisophthalamic acid
was prepared generally in accordance with the procedure
described in Example 2, In this example, however, the ini-
5 tial water charge to the reaction vessel was 1100 ml and
the water was heated to 85°C before addition of charge
solutions was commenced, RHA charge solution (7.5% of
total; 28.5 ml) was then charged and 37% HCl added to a pH
. of 1148{ Next, a portion of the iodine monochloride solu=-
10 tion (7.5% of total; 20 ml) was added and the résulting
mixture was agitated at 85°C for 10~15 minutes, after which
crystallization had begun, Simultaneous RHUA and 1Cl charge
solution ad¢ition was then carried out in accordance with
the schedule set forth in Table 3, After co-addition of
15 charge solutions was completed, the resulting mixture was
heated to 92°C and maintained at that temperature for three
hours, The reaction solution was then cooled to 75°C and
sodium bisulfite (0,89 g) was added. After bisulfite
treatment, the solution was cooled to 35+40°C and the pH
20 adjusted to 0,49 by addition of 37% HCL (35 ml), The ph
- was subsequently observed to rise to about 0.6, and another
portion of 37% HCl (15 ml) wag added to bring the pil down
to 0.5 The crystalline precipitate produ¢t was recovered
by filtration, and the cake was washed with water (200 ml)
25 and dried at 9%°C over a weekend, The dry welght of the
product was 113.84, Analysis of the product by HPLC indi=
cated that it contained 97,76% by weight 214,6«triido=5+
amino«N=methylisophthalamic acid, 1.13% by welght monaiodo
species, and 0,.27% by weldht diiedo species.

R
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Time

RHA

left(ml)

% RHA
left

351.5

7.5 37% HC1

9:13
9:20
9:25
9:36
9:43
9:49
9:57
10:11
10:19
1027
10:38
10:44
11:00

11:12
11:20
1113%
11445

dwneck round bottom flask equipped with a thermometer, pH
probe, subsurface RHA inlet tube, above surface {odine

351.5
started p

started RHA/ICl to maintain 3.

322
310
290
265
230
203
185
154
130
110

94,73
83
53
30
0

92.5

92.5
pt.

84.74
81.58
76,32
69,74
60.53
53.42
48.68
40.53
34.21
28,95
24,93
21.84
13.95

7.89

18
Table 3

icl
left
to be
added

§ IC)
left )
to be d

added ference

PCT/US89/01297

if-

pH

(ml)

281.43

261,43

250
239
226
208
181
162
146
120
lo4
80
80
69
53
40
15
0

Example 4

100

92.89

5%~-4% RHA eXcess.

88.83
84.92
80.30
73.91
64.31
51.56
51.87
42,64
36,95
28.43
28.47
18.83
14,21

7.5

39

4.09
3.34
3.98
4,17
3.78
4,14
3,19
2,11
2,74

Distilled water (1348 ml) was charged to a 2 liter
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chloride inlet tube, stirrer and heating mantle, A thermo-
watch temperature controller was provided for use in con=
trolling the temperature of the contents of the flask.
Each of the reactant solution inlet tubes was fed from a
charge solution source through a Masterflex metering pump
used to control the rate of addition,

The water charge was heated to a temperature of
80~82°C, Over a two hour time period thereafter, a 0,394
g/ml iodine chlaride charge solution (297,09 ml; 117,05 gmsy
0.7210 moles) and a 0.213 gms/ml RHA charge solution (211,17
ml.; 45 gm; 0.2318 mole) were added to the reaction flask,
Introduction of the iodine chloride solution into the reac-
tion medium was begun just prior to the addition of RHA
charge solution to make certain that the pH was sufficient-
ly low tao prevent undesirable reactions, However, immedi~
ately after introduction of lodine chloride solution was
begun, addition of RHA charge solution was commenced; and
addition of the two charge solutions was continued at such
respective rateg that a modest excess of RHA over lodine
c¢hloride prevailed through the ensuing two hour period of
addition, Specifically, the respective rates of addition
were controlled so that, at any instant during the addition
¢ycle, the cumulative amount of RHA that had been added to
the medium, taken as a proportion of the total ultimate
charge of the substrate, exceeded the cumulative amount of
iodine c¢hloride source that had been added to the medium,
takeén as a proportion of the total ultimate charge of the
i{odine ¢hloride source, but the arithmetic difference bew
tween such proportions wag maintained in the range of 0«7%,

When approximately 10% of the RHA had been charged
to the reaction flask, precipitation ¢f fodinated preduct
compound commenced, ., At the conclusion of addition of the
RHA and lodinated chloride charge solution, the pH of the
reaction medium wag in the range of 0.7«0,8, After addition
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of the charge solutions was complete, the reaction mass was
heated to 95°C and maintained at that temperature for three
hours. During this digest period, heat was removed and the
stirrer stopped periodically to allow the taking of reaction
mother liquid samples which were tested for completeness of
reaction, A small amount of sodium bisulfite was added to
each reaction sample prior to its apalysis by high pressure
liquid chromatography (HPLC). At the end of the three hour
reaction period, the reaction mass was cooled to 70°C and
kreated with sodium bisulfite until the reaction mother
liquor gave a negative response to starch paper, The redac-
tion mass was then cooled to 40°C and the filter cake washed
with distilled water (225 ml), The solids recovered by fil-
tration were dried in a vacuum oven avernight at 95-100°¢,
Light cream crystals having a purity of 97.6«97,8% purity
were obtained in a yield of 128,66 gm. Thus the percentage
yield exceeded that of the conventional process by 4.,28%,
HPLC analysis indicated that complete reaction had been
obtajined and, specifically, that the levels of di~ and monos
iodo species were negligible,

HPLC wasg run on the product without dilution and
on the lgolated product at a 2mg/ml level., HPLC conditions
were as followst 5 micron radial compression ¢olumn,
golvent A to B; 5% per mindte, gradient program B, run time
of 25 min.,, f£low set 4,5 and £law 3.0

Exanple 5

Using & procedure similar to that described in
Example 4, & seriey of lodination reactions was run at
varying combinations of temperature, redction time, net
ultimate excess of iodine chloride, and post reactien
treatment dosage of sodium bisulfite. The results of the
runs of thie serles are set forth in Table 4,

PCT/US89/01297
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Exp.

Y. Description

39
43
5
47
53

5%

36

57

Co-addition, No HCl
Co-addition, No BC1
Co-addition, Mo BC1
Co-addition, no HCY

Co-addition, Mo HC1,
2 NHa08 Adjustments

Co-addition, No HCI,

2 NE4OH Adjustments

Co-addition, No HCI,
Na acetate

Co-addition, No HCI,

¥Na acetate

IR 4

Pl
Digest

TIME
DIGEST

TEMP
DIGEST
€

gn
Na

BISULPHITE -

% Reduction
in Yield vs.

Exp. #39

295

95

-1-8
7.8
-1-.B
-7—.8

2.0
2.0
2.58

2.40

3
41725

4.5

Co-addition, buffer, digest time and temperature

95

B0

81

90

80
80
80

80

2.9
1.5

1.17

.43

.35%
.48%

-47%

12
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These results demonstrate the high yields achieved with
minimal excess iodine chloride when operating in accordance
with the co-addition scheme of the process of the invention,
Since operation under co-addition conditions at 3.68% excess
ICI provides a 0,9-1.2% increase in the weight yield of the
iodinated product as compared to operation at the same
excess under standard operating conditions, it may be seen
that co-addition permits the ICl excess to be reduced, for
example, to 1% while still attaining a 0,6-0,9% absolute
increase in product weight yield as compared to the
standard process at the higher ICl excess,

From results such as those summarized ahnyve, the
yield on 1Cl appear to be optimized at an approximately 1%
net ultimate excess of ICl, a digest temperature of 80-92°C,
and a digest period of 5 to 8 hours, )

Example 6

2,4,6~triiodo~5~amino~-N=methylisophthalamic acid
wag prepared generally in accordance with the procedure
described in Example 1, The initial charge to the reaction
vessel comprised water (1320 ml) and 37% hydrochloric acid
(2.5 ml), The concentration of the RHA charge golution was
similar to that of Example 1, but the total valume of RHA
¢harge solution was 111.6 ml. The IG1 charge golution had
a strength of 0.3%2 g/ml and a total volume of 166,2 ml,
The schedule of co~addition of charge solutions and the pH
of the contents of the reaction vessel during the courge of
the addition are set forth In Table 5., After co-addition
was completed, the mixture in the reaction vessel was heated
at 95°C for two and one~half hours, after which the ph was
0.92. By additon of, 37% hydrochlorie¢ acid (20 ml), the pH
wag adjusted ko 0,62. The teaction mixture was cooled to
70°C and sodium blsulfite (0.4 g) was added. 'The produck
obtained by crystallization consisted of very light creams
colored cryatals which were teadily recovered by filtratian,
Yield wag 65,29 ¢.

PCT/US89/01297



4

WO 89/09766 PCT/US89/01297

23

The ammonium salt of 2,4,6~triiodo-5~amino~N-
methylisophthalamic acid (NH,.T1A) was prepared by: dis-
solving a portion of the iodinated product (25 g) in water
(200 ml), by adding 35° Be' sodium hydroxide solution to pH

5 of 4,5-6.,0; heating the resulting solution to 60-70°C;
adding amr-sium chloride (25 g) to the solution; ceoling
the solution to 45°C tao crystalize out the NH4 TIA:
separating the crystals from the mother liquor by filtra=
tion; and washing the filter cake with an aliquot of

10 ammonium chloride solution (0.2 g/ml),
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2
An Example of 2X Dilution with Co-addition
mls RHA t RHA  mls ICI $ ICI %

Time ~Left | Left Left Left differ, B4
5 8350 103 92,5 1662 100 7,5 1.50

9100 97 86,9 155 93,3 6,3 1,45

9110 90 80,7 143 86,0 54 1496

9114 ppt started

9120 84 75,3 130 78,2 2,95 1,46
10 9130 794 66,3 122 3.4 71 146

9140 69 61,8 112 67,38 5.6 1,34

9150 62 55,6 100 60417 4,6 1440

10100 56 50,2 92 85,36 542 1,39

10410 80 44,8 82 49,34 4,5 1,39
15 10:20 44 %94 0 42,18 275 1,30

10126 38,1 347 10 4212 745 130

10438 kI 9.6 63 37,9 8,35 L0

10143 26,5 38 4 328 894 1edd

10154 1 602 W mes em |
2 11440 oteppad WHA0R (added 30 ml of Lt} of 29.8% MH40H. ‘ k

Qver total poeiod)
33140 heat ko 95%¢
12100 T 0 939 = 2:30

SUBSTITUTE SHEET
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In view of the above, it will be geen that the
several objects of the invention are achieved and other
advantageous results attained, |
| As various changes could be made in the above
methods without departing from the scope of the invention,
it is intended that all matter contained in the abave desw
‘cription shall be interpreted as illustrative and not in a

limiting sense, |
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1, A process for the preperation of a compound selected from the group
consisting of 2,4,6,+trliodo-5-amino-N-alkylisophthalamic acld, salts thereof and
esters thereot, comprising reaction of a substrate selected from the group conslsting of 5«
amirio-Nsalkylisophthalamic acld, salts thereof and esters thereof with an lodine hallde
in an aqueous reactlon medium, the improvement which comprises adding sald substrate
and a source of sald lodiné halide ta sald reaction medium at such raspective rales that, at
any ‘Instant substaritially throughout the additien cycle, sald substrate Is present In
stolchlometric excess aqver sald lodina halide, but the arithmalic difference between the
cumulative amount of saig substrate thal has been added to sald medium at sald Instant,
gxpressed as a parcentage of the total ullimate charge of sald subsirate, and the
cumulative amount of sald source of loding halide that has been added to sald medium at
sald Instant, expressed as a percaniage of the total ullimate charge of sald source of loding
halide, does not exceed about 10°%,

2. A process. as set forth In clalm 1 whereln sald arithmetic differance Is
malntaingd at betwaah 2% and 10%.

3. A pracass as set forth in claim 1 wharein the pH of the reaction medium &t the
baglnning of the reaction I$ befween 2.5 and 3.0,

4, A procoss as sel forth a clalm 1 whareln the pH of the reaction medium s
maintained at not graater than about 3 during the course of 1hea reaction.

5. A proces a8 sotb farth In clalm 4 wharaln addition of sald sourca of loding
hallde |§ commaencod Just prlor to tha addition of ald subslrata to sald madium so that
sald subsirale Is not exposad 1o a pH of graatar than abaut 3 [n sald rasction medium.

6. A process as sot focth In claim 1 whargin the cancentration of ald lodinated
praduct ¢c..opound does not excood abaut 0.08 molasditer in the reaction mass at the
canclusion of the lodination reactian, satd reaction mass comprising the combination of &
liquld phase comprising sald reaction medium and any 8olids pracipitatad from said
medium during the course of 14 toaction.



27

7. A process as set forth In claim 6 whaere the concentration of said lodinated
product compound does not exceed about 0.08 moles/iter in the reaction mass at any
time during the lodination reaction cycle,

8. A process as set forth In claim 7 wherein the sum of the concentrations of
sald substrate and sald lodinated product campound In sald reactlon mass does not exceed
about 0,08 moles/liter in the reaction mass at any time during sald reaction cycle.

9. A process as sel forth In claim 6 whereln the reaction Is carrled out in the
presence of an alkaline buffer composition, the proportion of sald alkaline buffer
composition being sufficlent so that the pH of sald reaction medium Is malntained at
between 0 and 3 during the course of the reaction.

10, A process as get forth In ¢laim 9 whereln sald buffer composition Is selected
from the group consisting of alkall metal acetates, ammonlum hydroxide, alkall metal
phosphales and alkall metal citrates.

11, A process as sef forth In claim 10 wherein sald buffer composition comprises
an alkall metal acetate,

12, A process ds set forth In clalm 11 wherein sald alkall metal acetate Is
praduced In sltu by adding an alkall matat hydroxide and glaclal acetic acld to sald
reaction medium.

13, A process as sef forth In claim 12 whareln sald alkall metal hydroxide Is
added In the form of an aqueous solution theraof that contalns belween 26% and 70% by
walght of sald alkall metal hydroxide,

14, A process as sot forth In claim 11 whergln a substrate charga solution
comprising an aqueous olutiort of sald subsirate and an lodine halide charge solution
comptising an aqueous solution contalning a source of sald loding hallde are
simultaneously added to and mixed in & raaction vessel, sald alkall matal acetate belng
provided by Introducing an alkall metal hydroxide and glaclal acelle acld Into sald
substrate charge solution before mixing theraot with sald lodine halide ¢harge olution,
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15, A process as set forth in claim 14 wherein sald alkall metal hydroxide Is
introduced In the form of an aqueous solution thereof that contains between 25% and 70%
by welght of sald alkali metal hydroxide,

16, A process as set forth in claim 10 wherein sald buffer comprises ammonium
hydroxide.
17, A pracess as set forth In claim 16 whereln a substrate charge solution

comprising an aqueous solution of sald substrate and an fodine halide charge solution
comprising an aqueous solution containing a source of sald Itdine halide are
simultaneously added to and mixed In a reaction vessel, ammonium hiydroxide being
Incorporated Into sald substrate charge solution before mixing thereof with sald lodine
halide charge selution,

18, A process as set forth In claim 9 whereln the total charge of sald substrate
and the tolal charge aof sald loding halide added to sald reaction medium over the course of
the reaction are In substantially stolchiomelric equivalence,

19, A pracess as set forth In claim 9 whereln the pH of the reaction medium at the
beginning of the reaction parlad Is batwaen 2.5 and 3,0,

20. A procass as set forth In claim 9 whereln the concentration of sald ladinated
product compound does not exceed about 0.08 moles/liter In the reaction mass at the
concluslon of the ladination reactian, sald reaction mass comprising the comblination of a
liquld phase comprising sald reaction medium and any solids precipitated from sald
medium during the coursa of tha: reaction,

21, A process for the preparation of an lodinated compound selected from the
group conglsting of 2,4,6+rilada-8-amiro-N-alkylisophthalamic acld, salts thereof
and astars therool, the procass comprisings

adding to a reactlon vassal an aqueous substrate solution and an aqueous lodine
hallde charge solution, sald subsirate solution contalning a subsirate selectad from the
graup consisting of S«amino«N.alkylisophthalamic acld, salts theéreof, and esters
thergo!, and sald loding halide charge solution contalning & source of lodine halide; and

e
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reacting sald substrate with sald source of lodine halide in an aqueous medium
in sald vessel to produce sald lodinated compound;

the respective rates of addition of sald substrate solution and said lodine
halide charge solutlon to sald vessel being such that, at any instant substantially
throughout the addition cycle, sald substrate s present in stoichiometric excess over sald
lodine halide, but the arithmetic difference between the cumulative amount of sald
substrate that has been added to said medium, expressed as a percentage of the total
ultimate charge of sald substrate, and the cumulative amount of sald lodine halide source
that has been added to sald medium at sald Instant, expressed as a percentage of the total
ulu'_fmaté charge of sald source of iodine hallde, does not exceed 7.5%, the reaction being
carrled out In the presence of an alkaline buffer composition, the proportion of sald
alkaline buffer composition being sufficlent so that the pH of sald reaction medium Is
malntalned at between 0 and 3 during the course of the reaction, the pH of the reaction
medium at the beginning of the reaction Is between 2,5 and 3.0, and the concentration of
sald lodinated product compound not exceeding about 0,08 moles/liter in the reaction
mass at the concluslon of the lodination reactlon, sald reaction mass comprising the
combination of a liquid phase comprising sald reaction medium and any solids
precipltated from sald medium durlng the coursa of the reaction,

Dated this the 7th day of January, 1992,
MALLINCKRODT, INC.
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