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Iodinated X-ray contrast media. 

'This invention relates to improvements in an4 

relating to contrast media, and in particular iodinated 

- X-ray contrast media. 
Contrast media may be adininistered in medical 

10 'imaging procedures, for example X-ray, magnetic 

resonance and ultrasound imaging, to enhance the image 

contrast in images of .a subject, generally a human or 

non-human animal body. The resulting enhanced contrast 

enables different organs, tissue types or body 

15 compartments to be more clearly observed or identified. 

In ·x-ray imaging, the contrast media function by 

modifying the X-ray absorption characteristics of the 

body sites ~nto which they distribute. 
Clearly however the utility of a material as a 

20 contrast medium is governed largely by its toxicity, by 

its. diagnostic efficacy, by other adverse.effects it may 

.have on the subject to which it is administered, and by 

its eas·e of st.c:>rage and ease of administration. 

Since such media are conventionally used for 

25 diagnostic purposes rather than to achieve a direct 

therapeutic effect, when developing new contrast media 
there is a general desire to develop media having as 

little as possible an eff~ct on the various biological 
mechanisms of the cells or the body as this will 

30 generally lead to lower animal toxicity and lower. 

adverse clinical effects. 
The toxicity and adverse biological effects of a 

contrast medium are contributed to by the components of 

the medium, e.g. the solvent or carrier as well as the 

35 contrast agent and.its components (e.g. 'ions wh.ere it is 
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ionic) and metabolites. 
The following maj.or contributing factors to . . 

contrast media toxicity and adverse effects have been 
identified: 

.. <~f:~,~~~~i:;,;:,;t;~::;;~"*~~~#tfi~~ef~~;i,'}~~~~~~~~)i;;,::~i;~'.~k~.iJ~ii_!tf.if~f;;-~~!;i~~~~~~t~~*~i~~i*-~~~~~:O'.~~j· _:•."··-<J?:";;,:_:,. 

the chemotoxicity of the contrast agent, 
the osmolality of the contrast medium, and 
the ionic composition (or lack thereof) of "the 
contrast medium. 

10 In coronary angiography, for example, injection 
into the circulatory-· system of contrast media has been 

·· · · · :' associated with several serious effects on cardiac f' 
function. These effects are sufficiently severe as to 
place limitations on the use.in angiography of certain 

15 ·contrast media~ 
In this procedure, for a short period .of time a 

bolus of contrast medium rather than blood flows_ through 
the_ circulatory system and differences in the chemical 
anq physicochemical naj:ure of the contrast medium and 

20 the blood that. it temporarily replaces can·. give· rise to 
undesirable effects, e~g. arrhythmias, QT-prolongation, 
and, especially, reduction in cardiac contractile force 
and occurrence .. _of ventricular fibrillation. There have 
been many investigations into these negative effects on 

25 cardiac function of infusion of contrast media into the 
circulatory system, e.g. during angiography, and means 
for reducing or eliminating these effects have been 
widely sought. 

Early injectable ionic X-ray contrast agents, based 
30 on triiodophenylcarboxylate salts, were particularly 

associated with osmotoxic effects deriving from_the 
hypertonici ty of 'the·· contrast media injected. 

. ' 

· · .... This hypertonicity causes osmotic effects such as 
th~_.draining out of water from red-blood cells, 

35 endo.thelial cells, and heart and blood vessel muscle 
cells. Loss of water makes red bl~od cells stiff and 
hypertonicity, chemotoxicity and non-optimal ionic make-
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up separately or together reduce the contractile force 
of the muscle cells and cause dilation of small blood 
vessel·s and a resultant decrease in blood pressure. 

The osmotoxicity problem was addressed by the 
5 development of the non-ionic triiodophenyl monomers, 

such as iohexol, which allowed the same contrast 
effective iodine concentrations to be attained with 
greatly reduced attendant osmotoxicity effects. 

The drive towards reduced osmotoxicity led in due 
10 course to the develop~ent of the non-ionic 

15 

bis(triiodophenyl) dimers, such as iodixanol, which 
reduce osmotoxicity associated problems still further 
allowing contrast effective iodine concentrations to be 
achieved with hypotonic solutions. 

This ability to achieve contrast effective iodine 
concentrations without ta~ing solution osmolality up to 
isotonic levels (about 300m0sm/kg H20) further enabled 
the contrib~tion to toxicity of ionic imbalance to be 
addressed by the inclusion of various plasma cations, as 

20 discussed for example in W0-90/01194 and W0-91/13636 of 
Nycomed Imaging AS. 

However X-ray contrast media, at commercial high 
iodine concen~~ations of ~out 300 mgI/ml, have 
relatively high viscosities, ranging from about 15 to 

25 about 60 mPas at ambient temperature with the dimeric 
media generally being more viscous than the monomeric 
media. Such viscosities pose problems to the 
administrator of the contrast medium, requiring 
relatively large.bore needles or high applied pressure, 

30 and are particularly pronounced in paediatric 
radiography and in ra~iographic techniques which require . 
rapid, bolus administration, e.g. in angiography. 

The pr~sent invention addresses the viscosity 
problem encountered with the prior art materials and 

35 thus viewed from one aspect the invention provides 
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iodinated acyl compounds, useful as X-ray contrast 
agents, of formula I · 

n 

(wherein n is o or 1, and where n is 1 each_C6R5 moiety 
may be the same or different;_ each group R is a hydrogen f' 
atom, an iodine atom or a hydrophilic moiety M or M1 ,. two 
or three non-adjacent R groups in each C6R5 moiety being 

15 iodine and at least one, and preferabiy two or three, R 
groups in each· C6R5 moiety being M or M1 moieties; X 
denotes a bond or a group providing a 1 to 7, for 
example 1, 2, 3 or 4 atom chain linking two C6R5 moieties 
or, where n is O, X denotes a group R; each M 

20 independently is a non-ionic hydrophilic moiety; and 
each M1 independently represents a C1•4~lkyl group 
substituted by at least one hydroxyl group and 
optionally liBked to the phenyl ring via a carbonyl, 
sulphone or sulphoxide group, at least one R group, 

. . 

25 p:Q!f erably at least two R groups and especially 
preferably at least one R group in each C6R5 .moeity, 
being an M1 moiety; with ~he proviso that where n is zero 
either at least· one M1 group other than a hydrox.ymethyl 
or 1,2-dihydroxyethyl (and optionally other than any 

30 hydroxyethyl) group is present .c:u:: then if one 
. . 

hydrox.ymethyl or. 1, 2-dihydroxyethyl M1 group C and 
_op_tionally any hydroxyethyl groupl is present at least 
on~ nitrogen-attached hydroxylated alkyl (preferably 
c1 • 4-alkyl) moiety-containing M group is.also present) 

35 and isomers, especially stereoisomers and rotamers, 
thereof. 
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It is found that the compounds of the invention 

exhibit .. advantageously low viscosity in aqueous 

solution; this is thought to derive from the presence of 

M1 groups on the phenyl groups, from compound asynnnetry 

s and, in the dimer compounds, from the nature of the 

linker X (especially where X provides a linkage less 
than s atoms in length) • 

Thus for example all 6f the water-soluble monomer 

compounds according to the invention that have been 

10 tested have exhibited viscosities lower than that of 
iohexol. 

The compounds of formula ~ are preferably 

asymmetric. For the monomer ·compounds (where n = O) 

this may be achieved by asymmetric substitution of the· 

15 phenyl ring. For the dimers this can be achieved by the 

use of an asymmetric 2 or more atom chain-forming group 

X and/or by selection of non-identical C6R5 groups, i.e. 

by non-identical substitution of the iodophenyl end 

groups. Asymmetric ~lecules are preferred as they have 

20 been found to have better water-solubility. 

Such non-identical substitution of the_phenyl end 

groups, the ·C6R5 moieties, may be achieved by having 

different nu~~rs or positions of iodine substitution 

and/or by different numbers, positions or identities of 

25 M or M1 substitution. To maximize iodine loading, 

triodophenyl end groups, i.e. groups ~f formula 

30 

35 

R 

( 

are preferred, and in these the two R groups may be the 

same or different, although preferably both represent M 
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or. M1 groups .. 
Where a phenyl end group is disubstituted by 

iodine, it is preferably of formula 

or 

(where each M2 may be the same or different and 

~~~4#.;~~~eii'l;~r.·an Mi or M group, at least one on each .ring:_·... .t' . 
preferably representing an Mi group) . · '.,~-'' '· . 

Generally, diiodophenyl-diiodophenyl dimers will be 

15 less preferred than the diiodophenyl-triiodophenyl or 

triiodophenyl-triiodophenyl dimers, due primarily to 

their reduced iodine loading, i.e. . 4 rather than S or 6 

iodines per dimer molecule. Indeed th~ triiodophenyl­

tr~iodophenyl dimers ~re generally preferred due to 

20 their higher iodine load.ing. 

For the monomers, the triiodophenyl compounds are 
again pref erred .. · 

The solul;>.ilizing groups M may -be any of the noh­

ionizing group·s conventionally used to enhance water 

25 solubility. Suitable groups include for example 

straight chain or branched Ci-i0-alkyl. groups, preferably 

Ci-s groups, optionally with one or more CH2 or CH 

moieties replaced by oxygen or- nitrogen ~toms and 
. . . 

optionally subst·i tuted by one or more groups selected 

30 from oxo, hydroxy, amino, carboxyl derivative, and oxo 

substituted sulphur a_nd phosphorus atoms. Particular 

examples inclu.de; polyhydroxyalkyl, hydroxyalkoxyalkyl. 

·arid hydroxypolyalkoxyalkyl and such groups attached to 

th~. phenyl group via an .amid~ linkage such as 

35 hydroxyalkylamiriocatbonyl, N-alkyl­

hydroxyalkylaminocarbonyl and bis..: 

hydroxyalkylaminocarbonyl groups. Preferred among such 
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groups are those containing 1, 2, ::3:,: 4, 5 or 6, 

~specially 1,· 2 or 3;- hydroxy groups, e.g. 

-CONH-CH2CH20H" 
5 -CONH-CH2CHOHCH20H 

-CONH-CH ( CH20H) 2 
-CON (CH2CH20H) 2 
as well as other groups such as 
-CONH2 

10 -CONHCH3 
-OCOCH3 

-N(COCH3) H 
-N (COCH3) C1_3-alkyl 

-N(COCH3)-mono, bis or tris-hydroxy C1_4-alkyl 

15 -N(COCH20H)-mono, bis or tris-hydroxy C1_4-alkyl 

20 

\. 

-N (COCH20H) 2 
-CON(CH2CHOHCH20H) (CH2CH20H) 
-CONH-C(CH20H) 3 and 
-CONH-CH (CH20H) (CHOHCH20H}. 

In general, the M groups will preferably each 

comprise a polyhydroxy C1_4-alkyl group,_ such as 1, 3-

dihydroxyprop-2-yl or 2,3-dihydroxyprop-l-yl. 

Other suchM groups as are conventional within the 

25 field of triiodophenyl X-ray contrast agents may also be 

used and the introduction of M groups onto iodophenyl 
structures.may be achieved by conventional techniques. 

In general, M1 groups preferably comprise C1_4~ 
alkyl groups substituted by 1, 2, 3 or 4 hydroxy groups 

30 (e.g. hydroxymethyl, 2-hydroxyethyl, 2,3-bishydroxy-

propyl, 1, 3-b.ishydroxyprop-2-yl, 2, 3, 4-trihydroxybutyl, 

. _arid 1, 2, 4-trihyd~oxybut-2-yl) optionally _connected to 

th_e phenyl ring via a CO, SO or 502 group (e.g. COCH20H 

or ·S02CH20H) • 
35 In the dimeric compounds ~f the invention, the 

linker group X is conveniently a bond or a 1 to 7, eg 1, 
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2, 3 or 4, membered chain comprising carbon, nitrogen, 
oxygen or sulphur atoms, e.g. 
a··bond, 

a O, S, N or c one atom chain, 
• =--: :". :- .·~ : .: •.• < .. ":· ~_;·. ·. . ~-· .::·. : · .. 

NS, cc or co two atom chain, a.N~, NC, 
or a NCN, OCN, CNC, oco, NSN,. CSN, coc,· occ or CCC three 
atom chain, 
for example: 
an oxygen atom or a group NR1, CO,. 502 or CR21 ; 

10 a group COCO,. CONR1 , COCR21, SOCRl, S02NR1 , CR21CR21 , 

CR2
1NR1 or CR120; 

a group NR1CONR1 , ocoNR1 , CONR1co,· CONR1CR12, ocoo, 
CR120CR12, OCR12CO, CR12CONR1 , CR12CR12CR12, COCRiR1CO, . 
CR12NR1CR"° 2 ; CR12S02NR1, CR120CO or NR1S02NR1 ; 

15 where R1 is hydroge?l or a C1_6-alkyl or alkoxy group 
. . -

.optionally substituted by hydroxy, alkoxy, oxa or oxo 
(e.g. a polyhydroxyalkyl, formyl, acetyl, hydroxyl, 
alkoxy or hydroxyalkoxy group) and where it is attached 
to a carbon atom R1 may also be a hydroxyl g:roup. 

20 When X provides a 4-7 atom linkage, conventional 
linker groups, such as for example those ·suggested by 
Justesa in W0-93/10078 or Bracco in US-A-4348377 and wo-
94/14478 may be used. 

· In general· such linkages will comprise optionally 
25 aza or oxa substituted alkylene chains optionally 

ca'i:ring. ·R1 substituents, especially such groups 
terminating with imine nitrogen or, more preferably, . . 

carbonyl carbon atoms, preferbly belonging to 
iminocarbonyl functional units within the chain. 

30 Hydroxylated chains, such as are found in iodi.xanol are 
particularly preferred • 

. Examples of' such chains are NCCN, NCCCN, CNCCCNC, 
and-·CNCCN, eg .. 

35 -NR1COCONR1-

-NR1COCR12CO:t:1R1-
~NR1CR12CR10HCR12NR1 -
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-CONR1CR1 CONR1- and . 2 ·.· 

-N (COR1 ) CR1
2CR10HN (COR1 )-, 

eg· ·as found in iotrolan, iofratol, ioxaglic acid and 
iodixanol, or as otherwise indicated in W0-94/14478. 

Advantageously, in the dimer compounds the X group 
is not symmetrical. This may be achieved for example by 
asymmetrical substitution of a symmetrical chain· (e.g. 
N-C-N substituted as NHCONR1 ) or by selection of an 
asymmetric chain (e.g. OCN substituted as OCONR1 ). In 

10 particular, it is preferred that the linker group X 
should be polar and also that it should be hydrophilic. 

Thus examples of pref erred structures according to 
the invention include: 

I 

I 
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5 

10 

15 

*
Ml 1 0 R*I Ml 

II ··I I rN 0 I 

M2 I I M2 
20 

Ml~ 0 RI '>rt·· 
1-x-NRIJL~xl 

M2 I ·: I M2 *
M2 . I O R*I M2. 

· II I 
I CR1 2-S-N 0 . I 

II 
0 . 

M2 I I M2 
25 

30 

35 

SUBSTITUTE SHEET (RULE 26) 
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where each M2 • is M1 . or M, at least one in each compound 

(and preferably on each ring) being M1, 

especially where at least one M2 is a 

C1_4-alkyl group substituted by 1, 2, 3 or 4 hydroxy 

5 groups (e.g. hydroxymethyl, 2-hydroxyethyl, 2,3-

bishydroxy-propyl, 1, 3-bishydroxyprop-2-yl, 2, 3·, 4-

trihydroxybutyl, and 1, 2, 4-trihydroxybut-2-y.l) 

optionally 9onnected to the phenyl ring via a co, so or 

502 group (e.g. COCH20H or S02CH20H) , e.g. a hydroxyalkyl 

10 or hydroxyalkylcarbonyl group, in particular a 

hydroxymethyl, hydroxymethylcarbonyl, 2-hydroxyethyl or 

2-hydroxyethylcarbonyl group, and where R1 is hydrogen, 

hydroxyl, hydroxyalkyl (_e.g. 2-:-hydroxyethyl), acetyl or 

hydroxyalkylcarbonyl. 
15 

20 

25 

30 

35 

Particular preferred compounds are those of formula 

HO~N 

~o 
OH 

I N~oH ('o . 
OH 

o=(~ --'to 
._) OH Hd · 

HO · . . H 

OH 

0 

HN~H 

HO) 

OH <°H HO OH 

)_/\I~ 
I~N~I 

-<\-\u :.r('r 
Hj ~ OH . 

HO~! o~-5ir . OH 

l N . I 

<:N~I I~ S OH 
H HO 
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I 

HO)-
N I 

HO )'=o -COH 

Io-( OH 

I ~-d'~n.-~ 'K, 
Ac Ac~ :-N) I HIJ-N-:. 

<>-\_OH 

The compounds of the invention may in general be 
prepared in two or three stages: (a) dimer formation 

15 (where necessary), · (b) iodination of phenyl groups and 
(c) substitution of phenyl groups and/or optionally 
linker moieties by solubilizing moieties. 

While, in theory, stages (a), (b) and (c) can be 
perfor~ed in any orde+, it will generally be preferred 

20 to perform the -dimer formation step before the 
iodination step and, for reasons of economy, it will be 
preferred to perform the iodination step at as late a 
stage in the $ynthesis as is feasible so as to reduce 
iodine wastage'. The dimer formation stage may itself be 

25 a multi-step procedure with an appropriate activated 
linker first being attached to one monomer before the 
resulting linker-monomer conjugate is reacted with a 
second monomer. Alternatively, dimer formation may be 
by way of reaction of similarly or cooperatively 

30 substitut.ed monomers with the conjugation of the 
monomers leading to dimer formation. 

Where desired the linker group X may be produc.ed by 
ino.dification, e.g. substitution, oxidation or reduction, 
of· .a precursor linker, e.g. in a. precursor monomer. 

35 . For the monomer compounds, especially those where 
ring substitution is asymmetric, i~dine loading will 
generally be effected before or-after partial 
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slibstitution of the phenyl ring with R groups. 

In all cases, conventional synthetic routes 

we1lknown in the literature (eg methods analogous to 

those used and.desc~ibed for the production of the 

5 compounds referred to in W0-94/14478) may be used. 

The compounds of the invention may be used as X-ray 

contrast agents and to ~his end they may be formulated 

with conventional carriers and excipients to produce 

diagnostic contrast media. 

10 Thus -viewed from a further aspect the invention 

provides a diagnostic composition comprising a compound 

of formula I (as defined above) together with at least 

one physiologically tolerable carrier or excipient, e.g. 

in aqueous solution in water for. injections optionally 

15 together with added plasma ions or dissolved oxygen. 

The contrast agent compositions of the invention 

may be at ready-to-use concentrations or may be 

formulated in concentrate form for dilution prior. to 

administration. Generally compositions in·, ready-to-use 

20 form will have iodine concentrations of at least 

lOOmgI/ml, preferably at least ·150 mgI/ml, with 

concentrations of at least 300mgI/ml, e.g. 320 to 400 

mgI/ml being generally preferred. The higher the iodine 

concentration the higher the diagnostic value but 

25 equally the higher the solution's viscosity and 

30 

-. 
osmolality. Normally the maximum iodine concentration 

for a given compound will be determined by its 

solubility, and by the upper tolerable limits for 

viscosity and osmolality. 

For contrast media which are administered by 

injection, the desira~le upper limit for solution 

viscosity at aril.bient temperature (2o•c) is 30mPas; 

hoWever viscosities of up to 50 or even up to 60mPas can 

be ·~olerated although their use in.paediatric 

35 radiography will then generally be contraindicated. For 

contrast media which are to be given by bolus injection, 

e.g. in angiographic procedures, osmotoxi~ effects must 
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be considered and preferably osmolality should be below 
1 Osm/kg H20, especially below 850 mosm/kg H20, in 
-particular within SO or less~ preferably within 10, mOsm· 

of .isotonicity (about 300 mOsm/~g H20). 
With the compounds of the invention, such 

viscosity, osmolality and iodine concentration targets 
can readily be met. Indeed effective iodine 
concentrations may be reached with hypotonic solutions. 
It may thus be desirable to make up solution tonicity by 

10 the addition of plasma cations so as to reduce the 

l.S 

20 

25 

30 

toxicity contribution which derives 
effects following bolus inject.ion. 
desirably be included in the ranges 
90/01194 and W0-91/13636. 

from ·ionic imbalance· 
Such cations will 
suggested in WO-

Pref erred plasma cation contents for the contrast 
media of the invention, especially contrast media ,for 
angiography, are as follows: 

sodium 

calcium 

potassium 

magnesium 

2 to 100, especially lS to 7S, 
. . 

particularly 20 to 70, more particularly 
2S to 3S mM 

__ up to 3. O, preferably 0. OS to 1. 6, 
·especially 0.1 to 1.2, particularly O.lS 
to 0.7mM 

up to 2, preferably o.2 to 1.S, esp~cially 
0.3 to 1.2,· particularly 0.4 to 0.9 mM 

up to o .. 8, preferably 0. OS to O. 6 ,· 

especi~lly 0.1 to 0.5, particularly 0.1 to· 
0 .;2S mM 

The plasma cations may be presented, in whole or in 
35 part, as counterions in ionic contrast agents. 

Otherwise they will generally be provided in the form of 
salts with physiologically tolerable counter anions, e •. g. 

~· 
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chloride, sulphate, phosphate, hydrogen carbonate, etc., 

with plasma anions especially_preferably being used. 

Besides plasma cations_, the contrast media may 

contain other counterions where the dimer is ionic and 

such counterions will of course preferably be 

physiologically tolerable. Examples of such ions 

include alkali and alkaline earth metal ions, ammonium, 

meqluni.ine, ethanolamine, diethanolamine, chloride, 

phosphate, and hydrogen carbonate. Other counterions 

10 conventional in pharmaceutical formulation may also be 

used. The compositions moreover may contain further 

components conventional in X-ray contrast media, e.g. 

buffers, etd. 
Publications referred to herein are incorporated 

15 herein by reference. 

•·· 

The invention will now be described further with 

reference to the following non-limiting Examples. 

· Bxample 1; 1. 3. 5-Triiodo-2. 4-di (1. 2, 3-trihydraxy-1-

2 0 pi'opyll - 6 "'. C 3 -bydroxY-1-propen-1-yl) benzene . 

a. 1.3.S-Triiodo-2.4.6-trimetbylbenzene 

Iodine (19.0 g: 75 mmol) was dissolved in carbon 

25 tetrachloride (75 ml). Mesitylene (7.0 ml; 50 mmol} and -. 
bis(trifluoroacetoxy)phenyl iodide (35.5 g, 82 mmol} 

were added and the solution was stirred at ambient 

temperature for 2 hours. The precipitate, which was 

collected by filtration, was washed with cold carbon 

30. tetrachloride and dried. Yield: 20.5 g_ (82 %). 
1H NMR (CDC13 ): 3 .31 (s). 

D. ·1. 3. 5-Triiodo-2. 4. 6-triaceto:xymethylbenzene 

35 Triiodomesitylene (19.5 g, 39 mmol} was added to glacial 

acetic acid. (200 ml}:containing acetic anhydride (400 

ml} and concentrated sulfuric acid (40 ml). Solid 
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potassium permanganate (24.6 g, 156 mmol) was then added 
i1: small portions over a period of 3 h. After stirring 
for 16 h, the solvent was evaporated and water (200 ml) 
was adde.d. The· aqUeous suspension was extracted with 

5 dichlorometha~e (250 ml) and the organic phase was· 
washed _with water (3x50 ml), dried (MgS04) and 
evaporated. The solid resid~e was suspended in acetone 
and the white crystalline product was collected by 
filtration. Yield: 9.3 g (35 t). 

· 10 1H NMR (CDC13 ) : 5. 66 (s, 6H), 2 ~_20 (s, 9H) . 

c. 1.3.5-Triiodo-2.4.6-tribydroXYJDethylbenzene 

1,3,5-Triiodo-2,4,6-triacetoxymethylbenzene (9.3 g, 13:.8 
15 mmol) was suspended in methanol (120 ml) and K2 C03 (0 .32 

g, 2.3 mmoi) was added. The nlixture was stirred at 
ambient temperature for ·16 h, and , after neutralization 
of the solution with 2M aqUeous HCl, the organic 
solvent was evaporated. The residue was suspended in 

20 water and the white solid was collected by filtration 
and washed with water, methanol and ether. Yield: 7.1 g 
(94 %) • 

1H NMR (DMSO-d6): 5.08 (s, 6H), 3.35 (br s, 3H). 

25 d._;.3.5-Triiodobenzepe-2.4.6-trialdeh,yde 

l,3,5-Triiodo-2,4,6-trihydroxymethylbenzene (4.5 g, 8.2 
mmol) was dissolved· in DMSO (80 ml) .T~iethylamine (51. 7 
ml; 371 mmol) and. pyridine·S03 (11.8 g, 74.2 mmol) were 

30 added and the mixture was stirred for two hours. The 
two phases were separated and the lower phase was cooled 
to·o 0 c, poured l.nto· water (150 ml) and stirred for 30 
inirl-at o 0 c. The white solid was collected by 
filtration, washe~ with water and dried. Yield: 3.0 g 

35 (67 t). 
1H NMR (DMSO-d6 ): 9.64 (s). 
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e, 1.3.5-Triiodo-2.4.6-trisf2-prop-l-enoic acidlhenzene 

m~thyl ester 

Sodium hydride (194 mg 80 % i~ mineral oil, 6.5 mmol) 

5 was dissolved in DMSO (13 ml) arid 

triethylphosphonoacetate (1.16 ml, 5.80 nnnol) was ~dded. 

After stirring the· solution for 30 min, 1,3,S­

triiodobenzene-2,4,6-trialdehyde (700 mg, 1.30 mmol) was 

added and the reaction mixture was stirred for 16 h. 

10 Water (200 ml) was then added and the pH was adjusted to 

1 with 2 M aqueous HCl. The slurry was extracted with 

dichloromethane (2x200 ml) and the combined organic 

phases were washed with water (3x50 ml), dried. (MgS04 ) 

and evaporated. Purification by co~umn chromatography 

15 (silica gel CH2Cl2-methanol 99.: 1) gave the pure product 

as a white solid. Yield: .426 mg (44 %} • 

20 

1H ~ (CDC13 }: 7.48 {d, 3H, J 16.2 Hz), 5.95 (d, 3H, J 

16.2 Hz), 4.30 (q, 6H, J 7.2 Hz), ·1.36 (t, 9H, J 7.2 

Hz) . 

f, 1.3.5-Triiodo-2.4.6-trisfl-hydroXYProp-en-3-

yllhenzene 

1,3,S-Triiodo-2,4,6-tris(2-prop-l-enoic acid)benzene 

25 meJ:hyl ester (650 mg, 0.87_mmol) was dissolved in 

toluene (10 ml) and diisobutylaluminium hydride (5.44 ml 

of a 1.2 M solution in to~uene) was added at ~ •c. After 

stirring for 40 min at o •c, the solution was poured 

into methanol {SO ml) and the resulting slurry was 

30 stirred for another 45 min. The solids were filtered off 

and the solution.was evaporated giving a white solid . 
~e~idue which wa~ purified by trituration with diethyl 

eti_ler. Yield: 510 mg (94 %) . 
1H NMR (CD30D): 6.44 (.d, 3H, J 16 .. 0 Hz), 5.57 (dt, 3H, Jd 

35 16.0 Hz, Jt 5.8 Hz), 4.23. (m, 6H). 
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g. L 3. S-Triiodo-2. 4. 6-tris (1-acetoJQ!Prop·.;.en-3-

yllbenzene 

1,3,5-Triiodo-2,4,6-tris(l-hydroxyprop-en-3-yl)benzene 
5 (560 mg, 0.90 mmol) was dissolved i~ a mixture of 

10 

pyridine (8 ml} and acetic anhydride (8 ml) . After 
stirring at ambient temperature.for 16 hours, the 
. sol vent was 
preparative 
(46 %) .• 

evaporated and the residue was purified by 
HPLC (RP-18, CH3CN: H20 80:20). Yield 310 mg 

1H NMR (CDC13 ): 6.46 (dt, 3H, Jd 16.2 Hz, Jt 1.6 Hz}, 
5.68 (dt, 3H, Jd 16.2 Hz, Jt 5.6 Hz}, 4.83 (dd, 6H, Ji 

5.6 Hz, J 2 1.6 az), 2~~2 (s, 9H). 
13CNMR (CDC13 ): 170.6, 146.3, 140.9, 131.5, 98.7, 63.5, 

. 15 20. 9. 

h. 1. 3, 5-Triiodo-2, 4-di Cl. 2, 3-_tribydro:x;y-1-propyl> -6- (3-

_ hydroXl!-1-propen-1-yll benzerie 

20 1,3,5-Triiodo-2,4,6-tris(l-acetoxyprop-en-3-yl)benzene 
(100 mg, 0.133 mmol} was dissolved in formic acid (5 ml} 
containing hydrogen peroxide (0.054 ml). The _mixture was 
stirred at aml;>_ient temperature for 21 hours and the 
solvent was evaporated. Methanol (5 ml) was added 

25 followed by .solid K2C03 , (195. mg) , and, after _stirring for 
1 hour, the solvent was evaporated. The product was 
purified by preparative HPLC (CH3CN: H20 3: 97) . 
1 . . • . H NMR (D20): 6.45 (d, lH, J 16.0 Hz), 5.40-5.55 (m, lH), 
4.54-4.90 (m, llH), 4.23-4.31 (m, 2H), 3.62- 3.91 · (m, 

30 4H) . 

35 

MS (ESP) : 692 (M+) • 

. . 

'EXample 2: 1.3,S-Triiod0-2,4,6.;.triCl.2,3-tribydro:x;y-1-

.prQ,pyl) benzene. 

1,3,5-Triiodo-2,4,6-~ris(l-acetoxyprop-en-3-yl)benzene 

{100 mg, 0.133 mm0l, from Example lg) was dissolved in 

·~ 
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formic acid (5 ml) containing hydrogen peroxide {0.081 

ml) . The mixture was stirred at room temperature for 40 

hours and the solvent was e~aporated. Methanol (5 ml) 
was added followed by solid K2C03 {195 mg) , an, after 

5 stirring for 1 h, the solvent was evaporated. The 
product was purified by preparative HPLC (CH3CN:H20 
3: 97) . 

10 

1H NMR (CD30D): 4.57-4.94 (m, 15 H), 3.b2-3.99 (m, 6H). 

MS (ESP) : 744 (M+l8) . 

·Example 3; N-Acetyl-3-hydro:xymetbyl-5-(2.3-

dibydroxyprqpylaminocarhonyll-N-(2.3-dihydroxYPropyll-

2.4.6-triiodoaniline 

15 a. 1-Hydro:x;ymethyl-3-nitro-5-henzoic aciq methyl ester 

1-Nitroisophthalic acid monomethyl ester (22.5 g; 100 

mmol) was dissolved. in dry THF (675 ml) and BF3 •Et20 
(25.2 ml, 200 mmol) was added. NaBH4 (5.1 g, 135 mmol) 

20 was then added·portionwise during 1 h. After stirring 
for 2 additional h, ethanol (20 ml) was added slowly 
followed by water (200 ml) and diethyl ether (400 ml) . 
The phases we~e separated and the aqueous phase was 
extracted once with diethyl ether (100 ml). The.combined 

25 .o~~nic phases were washed with a saturated aqueous 
solution of NaHC03 , dried (Na2S04 ). and. evaporated. Yield: 
20 g (96 %) . HPLC analysi~ indicated >95 % purity of the 
product. 
1HNMR (CDC13 ): a·.12 (s, 1H), a·.42 (s, lH), 8.32 (s, lH), 

30 4.86 {s, 2H)~ 3.97 (s, 3H), 2.37 (br s, lH). 

b.·1-Hydro:xymetlJYl-3-nitro-5-C2.3-

aihydroxYPrapylaminocarbonyllhenzene 

35 The methyl ester from Example 3a (20.5 g, 97 mmol) was 
mixed_with 2,3-dihydroxypropylamine (9.6 g, 106 mmol) 
and the mixture was heated to 90 °c. After 45 min, the 
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pressure.was reduced to 200 mm Hg and heating was 
continued for 2 h. The· crude product , which was >95 % 
pure according to HPLC analysis, was used without 
further purification .in the next step. Yield: 22·.8 g(87 

5 %) • 

1H NMR (CD30D): 8.57 (s, 1H), 8.38 Cs, 1H), 8.i9 {s, 1H), 
4.77 (s, 2H), 3.81-3.88 {m, 1H), 3.39-3.63 (m, 4H). 

c. 3-Hydraxymethyl-5-(2.3-

10 dihydrms;yprqpylaminocarb6nyl l aniline· 

1-Hydroxymethyl.,-3-·nitro-s- (2, 3-
dihydroxypropylaminocarbonyl)benzene (12.0 g, 44.4 mm.cl) 
was hydrogenated in methanol (150 ml) at 60 psi H2 using 

15 Pd/C (10 t, 100-mg) as the catalyst. The cat~lyst was 
removed by filtration and the residue was evaporated. 
Addition of methanol (10 ml)_precipitated the product as 
a white solid which was ·filtered off and dried. Yield: 
6.6 g (62 t). 

20 1H NMR (CD~OD) : 7. 05-7. 09 (m, 1H) , 6. 98-7. 03 (m; 1H) , . 
6.83-6.87 (m, lH), 4.53 (s, 2H), 3.77-3.-85 (m, 1H), 3.8-
3.59 (m, 4H), 3.32-3.42 (m, lH} 
MS (ESP, m/e) :t-241 ([M+l]+, 100 t). 

2 5 d ._ ~ -Hydrmcymetbyl ~ 5 - < 2 . 3 -dibydro:x;ypro;p.Ylamingcarbonyl l ;_ 

2. 4. 6-triipdpaniline. 

3-Hydroxymethyl-5-(2,3-
dihydroxypropylaininocarbonyl)aniline (500 mg, 2.1 mm.cl) 

30 was dissolved in water (175 ml) and an aqueous solution 
of KIC12 (70 %~ w_/w) was added in portions of 0.1 ml 
during 8 h. A total· amount of 1.0 ml KICl2 solution was 
aciaed. After a total reaction time of 6 h1 the solution 

. was .. extracted with ethyl acetate (1000 ml) which was. 
· 35 separated and washed ·with an aqueous solution of Na2S20 3 

(O. 2M, 100 ml}. Evaporation followe¢l by purification by 
preparative HPLC gave 432 mg (33 t) of the pure product. 
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1HNMR"(CD30D): 5.10 (s, 2H), 3.90-3.98 (m, lH), 3.72 

(~dd, Ji=0.7 Hz, J 2 =4.2 Hz, J 3=ll.4 Hz), lH), 3.60 (dd, 

J~,;_,6.0 Hz, J 2 =11.4 Hz, lH), 3.49 (ddd, J 1 =1.2 Hz, J 2 =6.0 

·Hz, J3=13.5 Hz·, lH), 3.37 (ddd, J 1 =1.2 Hz, J 2=6.1 Hz, 

5 J 3=13.2 Hz, lH) ~ 2.62 (s, lH), 2.28 and 2.34 (2s, 2H). 

10 

MS (ESP, m/e) : 618 (M+, 100 %) , 640 ( [M+Na]+, 55 %) • 

e. N-acetyl-3-acetoXYJDethyl-5-(2.3-

diaceto:xypropylaminocarbonyll-2.4.6-triiodoaniline 

3-Hydroxymethyl-5-(2,3-dihydroxypropylaminocarbonyl)-

2 , 4, 6 -triiodoaniline ( 3 . 3 g, ·5 . 3 mmol) was suspended in 

glacial acetic acid (12 ml) containing acetic anhydride 

(48 ml) and concentrated sulfuric acid (0.08 ml) .. The 

15 mixture was stirred at 60 ·c for 3 h, allowed to cool to 

room temperature, and CH2Cl2 (100 ml) and water (100 ml) 

were added. The organic phase was washed with water 

(3x50 ml) and a saturated aqueous solution of NaHC03 
(2x50 .ml) . After drying (MgS04 ) and evaporation, the 

20 residue was dissolved in a mixture of CH2Cl2 and methanol 

(9:1) and filtered through a short silica pad and 

evaporated. Yield: 3.o g (71 %) . 
1H NMR (CDC13 )·~ 8.27-8.32 (m, lH), 5.51 (s, 2H), 5.18-

5.22 (m~ lH), 4.17-4.42 (m, 2H), 3.67-3.84 (m, lH), 

25 "3.Al-3.60 {m, lH)' 2.56 (~, 3H)' 2.04-2.14 (8s, 12H). 

MS (ESP, m/e): 786 (M+, 100 %), 809 ([M+Na]•, 81 %) . 

f. N-Acetyl-3-bydrrncymethyl-5-C2.3-

dihydro:xypro,pylaminocarbonyll-N-C2.3-dihydro:xypropyl)-

30 2.4.6-triiodoaniline 

- . 
~-.acetyl-3-acetoxymethyl-5- (2, 3-

.di~cetoxypropylaminocarbonyl) -2,4, 6-triiodoaniline (l.O 

g, ·1. 27 nunol) was suspended in a mixture of methanol ( 6 

35 ml) and wa~er (30 ml) and pH was adjusted to 12.0 using 

a 2 M aqueous solution of NaOH.After stirring for 1 h, 

l-bromo-2,3-propanediol (0.99 g, 6.4 mmol) was added and 
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the pH was adjusted to 11.6 using a 2 M aqueous soluti9n 
·qf HCl. 1-Bromq-2,3-propanediol (0.99 g, 6.4 mmol) was - . 

again added after 16 and 18 h and after 24 h, pH was 
adjust!9d to 6~5 using a 2 M aqueous solution of HCl. 

5 After evaporation, the residue was purified by 
preparatiye HPLC. ·Yield: 0.373 g (40 %) • 

10 

15 

1H-NMR. (D20): 5.20 (s,2H), 3.23-3.99 (m, 12H), 1.7·9 (2s, 
3H). 
MS (ESP, m/e): 734 (M+, 60 %), 756 (CM+Na)+, 100 %) . 

Exaimle · 4. N. N' ..;his Cbydraxyacetyll -3. 5-diamino-2. 4. 6-
triiodobenzylalcohol 

a. 3.5-Diaminohenzyla:tcOhol 

A solution of 3,5-dinitrobenzylalcohol (2.20 g, 11.1 
mmol) in methanol (90 ml) and a Pd/C catalyst (10 %, 100 
mg) was hydrogenated in a Parr apparatus at 60 psi. The 
solution was .filtered.and the solvent was removed by 

20 _evaporation. The crude product was used without 
purification in the ne~t step. 
1H NMR (CDC13 ) : 6 .12-6 .14 (m, 2H) , 5 .. 96-5. 98 (m, ·1H) , 
4.51 (s, 2H), ·~.60 (br s, 4H). 

25 h. 3.5-Diamino-2.4.6-triiodohenzylalcohol 

The crude product from th~ previous example dissolved in 
a mixt:ure of methanol (310 ml) and water (60 ml) and pH 
was adjusted to i.5 using a 4 M aqueous solution of HCl. 

30 A solution of KIC12 (70 %, 1~.2 g) was added dropwise at 
such ·a rate, tha~ the·color disappeared between each 
~qdition. After stirri~g for 5 additional min, the 
precipitate was filtered off and washed with water (3x50 
ml)-~ ether (3x50 ml) and dried. Yield: 4.50 g (80 %) . 

35 1H NMR (DMSO-d5): 5.20 {s, 4H), 4.81-4.94 (m, ·3H). 
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c. 3.5-Diamino..;2,4.6-triiodobenzylacetate 

3,5-Diamino-2,4,6-triiodobenzylalcohol "(4.42 g, 8.56 

mmol) was dissolved in a mixture of pyridine (50 ml) and 

5 acetic anhydride (2.5 ml) and the mixture was stirred at. 

room temperature for 16 h. The solvents were evaporated 

and the residue was washed with ether (3x50 ml). water 

(3x50 ml) and dried. Yield: 4.52 g (95 %) . 

' 1H NMR (DMSO-d,): 5.35 (s, 2H), 5.28 (s, 4H), 2.04 (s, 

10 3H) . 
13C NMR (DMSO-d6 ): 17~.5, 148.1, 139.0, 78.0, 73.6, 70.0, 

20.8. 

d. 3.5-Bis(acetox;yacetylaminol-2.4.6-

15 triiodobenzylacetate 

3,5-Diamino-2,4,6-triiodobenzylacetate (5.58 g, 10 mmol) 

was mixed with acetoxyacetyl chloride (3.22 ~l, 30 mmol) 

and dimethylacetamide· (50 ml) and the mixture was 

20 stirred for 17 h. Ether (600 ml) was added, and after 20 

min, the precipitate was collected, washed with water 

(3x50 ml) and dried. Recrystallization from 

acetonitrile ~ve 3.3 g (44 %) of the pure product. 
1H NMR (DMSO-d,): 10.27 and 10.19 (2s, 2:1, 2H), 5.51 (s, 

25 2H)., 4.66 Cs, 4H), 2.13 (s, 3H), .2.12 (s, 3H), 2.06 (s, 

3H). 

30 

e. N.N•-bis(hydrox;yacetyll-3.5-diamino-2.4.6-

triiodobenzylalcohol 

3,5-Bis(acetoxya~etylamino)-2,4,6-triiodobenzylacetate 

_(1;52 mg, 0.2 mmol) was dissolved in a mixture of 

nie~hanol (6 .ml) and 1 M aqueous NaOH (2 ml) and the 

solution was stirred for 2 h at room temperature. After 

35 neutralization with·l M HCl, the solvents were removed 

by evaporation and the product was purified by 

preparative HPLC. Yield: 105 mg (83 %) . 
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MS (ESP, m/e): 655 ([M+Na]+, 100 t). 

Example 5 .. N. N'-Bis Cbydraxyacetyll -N- (2-hydrexyethyll -
3.5-diamino-2:4.6-triiodohenzylalgohol 

a. N. N'-Bis CacetoXYacetyl) -N- (2-acetoXYetbyll.-3. 5-
diamino-2. 4. 6-triiodobenzylacetat.e 

3,5-Bis(acetoxyacetylamino)-2,4,6-triiodo~enzylacetate 

10 (2.15 g, 2.84 mmol) was dissolved in a mixture of DMS.Q 
(5 ml) and dimethylacetamide (5 ml) containing Cs2C03 

, (1.0 g, 3.07 mmol) and 2-bromoethyl acetate (0.31 ml, 
2.84 ml). The mixture was stirred at room temperature 

. for 48 h, ether· (100 ml) and aqueous NaB2P04 buffer were 
15 added and the organic phase was.washed with water and 

dried. Purification by preparative HPLC gave 520 mg (22 
t) of the product. 
1 . . . H NMR (CDCl3): 7.86 (s, lH), 5.66 (s, 2H), 4.80 (s, 2H)., 
3.81-4.44 (m, 6H); 2.13-2.27 (m, 12H). 

20 MS (ESP, m/e) : 845 ( [M+l] +, 100 %) , 866 ( [M+Na] +, 24 %) • 

b. N.N'-Bis(bydroXYacetyll-N-(2-bydroXYethyll-3.5-

diamino-2.4.6~~riiodobenzylalgohol 

25 N,.N'-Bis(acetoxyacetyl)-N-(2..,;acetoxyethyl)-3,5-diamino-
2,4,6-triiodobenzylacetate (0.50 g, 0.59 mmol) was 
dissolved in a mixture of.methanol (5 ml), water (5 ml) 
and aqueous 1 M NaOH (1 ml) . The solution was stirred 
f ~r 2 h~ pH was adjusted to 2 using aqueous HCl and the 

30 product was purified by preparative HPLC. Yield: 240 .mg 

35 

( 67 %) • 

_1 H. NMR DMSO-d6 ): 9.85 (br s, lH), 5.77 (br s, .lH), 4.79-
5.76 (m, 3H), 3.20-3.71 (m, 6H). 
MS ·"(ESP, m/e) : 676 (M~, 57 t), 698 ( [M+Na] +, 100 t) . 
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Example 6 .. N.N• -Bis <bydrwc;yacetyll-N.~N'-bis (2-

hydraxyetbyll-3.5-diamino-2.4~6-triiodobenzylalcohol 

3,5-Bis(acetoxyacetylamino)-2,4,6-triiodobenzylacetate 
5 "(190 mg, 0.25 mmol), prepared according to Example 4, 

was dissolyed i~ dimethylacetamide (5 ml) under an argon 
atmosphere. 2-Bromoethyl acetate (0.22 ml, 2.0 mmol) and 

. . 
K2C03 (138 mg, 1.0 mmol) were added. After 16 h, DMSO 
(1.5 ml), 2-bromoethyl acetate (0.22 ml, 2.0 mmol) and 

10 K2C03 (138 mg, 1.0 mmol) were added and the suspension 
was stirred for another 24 h. Aqueous NaH2P04 was added 
and the resulting solution was extracted with ether 
(3x25 ml). The combined organic phases were washed ·with 
water (4x20 ml) and then dried (MgS04). The solvent.was 

15 removed by evaporation and the residue, a colorless oil, 
was dissolved in a mixture of methanol (3 ml) an 1 M 
aqueous NaOH (3 ml) . The solution was· stirred for 1 h, 
pH was adjusted to 6 using aqueous HCl and the solvents 
were removed by evapo~ation. Purification by preparative 

20 HPLC gave 60 mg (33 %) of the product. 

25 

MS ·(ESP, m/e) : 720 (M+,. 100 %) , 742 ( [M+Na] +, 36 %) • 

Example 7. N. N'-Bis· CbydroXYacetyll -N- (2. 3-

dihydro:x;yprogyll-3 1 5-diamino-2.4.6-triiodobenzylalcobol 

a. N.N 1 -Bis<aceto:xyacetyll-N-rc2.2-dimethyl-1.3~ 

dioxolane-4-yl > -methyl J -3 ·' 5-diamino- 2 . 4. 6-

triiodobenzylacetate 

30 J;S-Bis(acetoxyacetylamino)-2,4,6-triiodobenzylacetate 
(90 mg, 0.12 mtJ\O~), prepared according to Example 4, was . 
~i.ssolved in a mixture of dimethylacetamide (3 ml) and 
DMf?O (3 ml) . 4-Bromomethyl-2, 2.;.dimethyl-1,·3-:dioxolane 
(0.097 g, o.s mmol) and Cs2C03 {0.10 g, 0.3 mmol) were. 

35 added and the solution was stirred at room temperature 
for 48 h. Aqueous NaH2P04 was added and the solution was 
extracted with ether {3x25 ml) . The combined organic 
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phases were washed with water (3x1S ml) , .:.dried (MgS04 ) 

8:Ild evaporated. Purification by preparative HPLC gave 36 
mg (35 t) of the ~ure product. 
1H NMR. (DMSO-d6 ): 10.30 (br s, lH), 5.53 (s, 2~), 3.61-

5 4.68 (m, 9H), 2.13 (s, 3H), 2.07 (s, 3H), _2.06 (s, 3H), 
~.17-1.34 (m, -6H). 
MS (ESP, m/e): 894 ([M+Na]+, 100 %), 910 ([M+KJ+, 11 %) . 

h. N.N' -Bis,(bydro:x;yacetyll -N- (2. 3-dibydro:x;yprogyll -3. 5-
10 _diamino-2.4.6-triiodohenzylalcohol 

N,N'-Bis (acetoxyacetyl) -N- [ (2, 2-dimethyl-l, 3-dioxolane- f' 
4-yl) -methyll-3, 5-diamino-2·:. 4, 6-triiodobe:pzylacetate (36 
mg, 0.042 nunol) was dissolved in a mixture of methanol 

15 (3 ml) and water (4 ml) and the pH was adjusted to 12 
using a 1 M aqueous solut~on of NaOH. After stirring for 
2 h, pH was adjusted to 1 using 1 M aqueous HCl and 
stirring was continued for 16 h. The solution was 
neutralized with an aqueous NaH2P04 buffer, the solvents 

20 were removed by evaporation and the residue was purified 
by preparative HPLC to give 24 mg (81 %) of the pure . 
product. 
MS (ESP, m/e)-: 704 (M+, · 100 t) , 726 ( [M+NaJ+, 34 %) ~ 

2-S Example 8. N.N' -Bis C2-hydrmc;ygrqpionyll -3. 5-diamino-

2. 4. 6-triiodopenzylalcohol 

30 

a. N. N'-Bis (2-acetrnc;n?rogion,yll -3. 5-diamino-2. 4. 6-

triiodohenzylaqetate 

3, 5-Diamino-2 '· 4,.6-triiodobenzylacetate (2. 79 g, 5. o 
mmol) .was dissoived in dimethylacetamide (25 ml) and 
~~~led to o •c. 2-Acetoxypropionyl chlo~ide (3.73 g, 25 
mmol) was added dropwise and the mixture was stirred at 

35 room temperature for 17 .h. The solvents were eva~orated 
and the residue was triturated with diethyl ether. The 
solid residue was then purified by flash chromatography 
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on silica gel using a mixture of CH2Cl2 and acetoni trile 

(_5:1). as the eluent. Yield: 2.21 g (56 %) • 

1H NMR. (DMSO-d,): 10.20-10.23 (m, 2H), 5.52 (s, 2H), 

5.21-5.24 (m, 2H), 2.06-2.13 (~, 9H), 1~51 (d, J=6.9 Hz, 
5 6H) .. 

h. N.N 1 -BisC2-hydro:xypropionyll-3.5-diaming~2.4.6-

triiodghenzylalcohgl 

10 N,N 1 -Bis(2-acetoxypropionyl)-3,5-diamino-2,4,6-

triiodobenzyiacetate (0.16 g, 9.2 mm.cl) was dissolved in 

a mixture of methanol (5 ml) and water (5 ml) and the 

pH was adjusted to 12 using a 1 M aqueous solution of 

NaOH. After stirring for 15 h, the solution was 

15 neutralized with 1 M HCl and the solvents were removed 

by evaporation. Purification by preparative HPLC gave 

61 mg (46 %) of the pure product. 

20 

MS (ESP; m/e}: 660 (M+, 5 %), 682 ([M+Na]+, 100 %) , 698 

( [M+K] +I · 17 % ) • 

ExamJ;)le 9. N.N'-BisC2-hydro:x;ypro.pi0nyll-N-C2-

hydroX;yethyll-3.5-diaming-2.4.6-triio40henzylalcohol 

a. N. N'-Bis C2-acetg:xypr0:t;tipnyll -N- C2-acetQXYethyll -3. 5-

25 diaming-2.4.6-triiodobenzylacetate 

N,N'-Bis(2-acetoxypropionyl)-3,5-diamino-2,4,6-

triiodobenzylacetate (393 mg, 0.50 mmol) was dissolved 

in a mixture of 
0

dimethylacetamide (4 ml) and DMSO (4 ml) 

30 containing 2-bromoethyl acetate (0.083 g, 0.50 mmol) and 

Cs2C03 (244 mg, Q.75 mmol). The mixture was stirred for 
- ' 

17 h, ·water (20 ml) was added and the mixture was 
... . .. 

ex~racted with ether (3x25 ml) . The combined organic 

·phases were washed with water (3x20 ml), dried· (MgS04 ) 

35 and evaporated. The residue was purified by preparative 

HPLC to give 80 mg (18 %) of pure product. 
1H NMR (CD30D): s .. 12~5.82 (m, 2H), 5,.20-5.42 Cm, 2H), 
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3.55-4.48 .Cm, 4H), 1.90-2.24 Cm, 12H), 1.66 Cd, J=7.l 
H~, 6H). 
MS (ESP, m/el: 1004 ([Mi.Cs]+, 100 %) • 

·b. N.N 1 -Bis(2-hydro'Cnlropioeyil-N-C2-hygroxy:etbyll-3.5-
diamino-2.4.6-trii0dobenzylalcoh01 

N,N 1 -Bis(2-a~etoxypropionyl)-N•(2~acetoxyethyll-3,5-

diamino-2,4,6-triiodobenzylacetate (120 mg, 0.14 mmol) 
10 was dissolved in a mixture of water .C.7 ml) and methanol 

(7 ml) and pH was adjusted to 12 using an 1 M aqueous 
solution of NaOH. The mixture was stirred for 2 h, p.H 
was· adjusted to 7 with aqueous HCl and the solv~nts were 
evaporated. The product was purified by preparative 

15 HPLC. Yie1d.:· ·10 mg (72 %) • 

20 

1H NMR (CD30D): 5.27-5.34 (m, 2H), 4.31-4.41 (m, 1H), 
3.82-4.12 (m, 4H), 3.55-3.73 Cm, lH), 1.51-1.60 {m, 3H), 
1.23-1.32 (m, 3H). 
MS (ESP, m/e): 726 ([M+Na]+, 100 %). 

Example 10, N,N• -Bis C2-bygro2Q!Pro,pionyll -N.N' -his C2-
bydro:x;yeteyll -3. 5-diamino-2. 4. 6-triiodobenzylalcphol 

a. N.N 1 -BisC2-ac:;etaxyprqpionyll-N.N 1 -bisC2-
25 aceto:x;yetbyll -3. 5-diamino-2. 4. 6-trii_o4obenzylacetate 

N,N'-Bis(2-acetoxypropionY,l)-3,5-diamino-2,4,6-
trii6dobenzylacetate (197 mg, 0.25 mmol) was dissolved 
in a mixture of diniethylacetamide (5 ml) and DMSO (1~5 

30 ml) containing 2-bromoethyl acetate (0.11 ml, 1.0 mmol) 
and Cs2C03 (162_ mg, 0.50 mmol). The mixture was stirred 

. ~o~ 67 · h, ~ater (2o . ml) was added and the mixture was 
ex~"racted with ether _(2x75 ml). The combined organic 
pha·ses were washed with water (5x75 ml), dried (Na2S04 ) 

35 and evaporated. The residue ·was purified by preparative 
HPLC to give ·35 mg (15 !fr) of pure prod~ct. 
1H NMR {DMSO-d5): 5.49~5.73 (m, 2H), 4.97-5.22 Cm, 2H), 

.. 
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3.49~4.00 (m, 6H), i.86-12.08 (m, 15H), 1.09-1.58 (m, 

EiH) • 

b. N.N'-BisC2-bydroxYPropionyl>-N;N 1 -bisC2-

5 bydraxyetbylj-3.S~diamino-2.4.6-triiodohenzylalcohol 

N,N 1 -Bis{2-acetoxypropionyl)-N,N 1 -bis(2-acetoxyethyl)-

3,5-diamino-2,4,6-triiodobenzylacetate (175 mg, 0.18 

mmol) was dissolved in a mixture of methanol (8 ml) and 

10 water (8 ml) and pH was adjusted to 12 with 1 M aqueous 

·NaOH. After stirring for 3 h, the solution was 

neutralized with aqueous HCl. Purification by 

preparative HPLC gave 50 mg (37 %) of the pure product. 
1H NMR (CD30D): 5.26-5.38 (m, 2H), 3.44-4.08 (m, 6H), 

15 1.32-1.59 (m, 6H). 

. 20 

MS (ESP' m/e) : 770 { [M+Na] +, 100 %) • . 

Example 11. N.N 1 -BisC2-hydroxYPro.,pionyll-N-C2.3-

dibydroXl!ProP.Yll-3.5-diamino-2.4.6-triiodobenzylalcohol 

a. N.N'-Bis<aceto:x;ypropionyll-N-£(2.2-dimetbyl-1.3-

dioxolane-4-yll-methyll .. 3. 5-diamino-_2. 4. 6-

tri;iodohenzyl"cetate 

25 NrB' -Bis (2-acetoxypropionyl} -3, 5-diamino-2, 4, 6-

triiodobenzylacetate (393 mg, 0.50 mmol} was dissolved 

in a mixture of DMSO (4 ml) and dimethylacetamide (4 ml) 

containing Cs2CO;i (1.80 g, 5.52 mmol) and 4-bromomethyl-

2,2-dimethyl-l,3-dioxolane (1.0 ml). The mixture was 

30· stirred for 7 days and was then worked up analogous to 

EX~mple 7a. Pur~fication by preparative HPLC gave 115 mg 

(46 %) of the pure product. -1H.NMR {CD30D): 5.61-5.5.75 (m, 2H), 5.03-5.44 (m, 2H), 

3.47-4.55 (m, 6H), 1.98-2.23 (m, 9H), 1.30-1.71 (m, 

35 12H) . 
MS (ESP, m/e}: 922 ([M+Na]+, 100 %) . 
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h.. N.N'-BisC2'.'"hydro4Q!Prcpionyll-N-(2,3-dibydro21;yprgpyll-
3_,5-diamino-2,4,6-triiodgbenzylalcghol 

N,N'-Bis(acetoxypropionyl)-N-[(2,2-dimethyi-1,3-
5 dioxolane~4-yl)-methyl]-3,5-diamino-2,4,6-

triiodobenzylacetate (115 mg, 0.13 mmol) was dissolved 
in a mixture of methanol (8 ml) and water (8 ml) and pH 

.was adjusted to 12 with aqueous 1 M NaOH. After 2.5 h, 
pH was adjusted to 1 with 2 M aqueous HCl. After 

10 stirring for 17 h, the solution was neutralized with an 
aqueous NaH2P04 buffer and the sol vents were removed 
evaporation. Purification by preparative HPLC gave 65 mg 
( 6 9 t) of the pure product . 

15 
MS (ESP, m/e) : 756 ( [M+Na] +, 100 %) • 

Example .12. N, N' -:-Bis (2. 3-d"ihydrOJQ!PrQ~ionyll -3. 5-
diamino-2. 4. 6-triigdgbenzylalcghol 

a I N, N'-Bis (2 I 2,,,dimethYl-1r3-dioxolane-4-carbonyll -3 r 5-

20 diamino-2,4.6-triigdgbenzylacetate 

3,5-Diamino-2,4,6-triiodobenzylacetate (3.54 g, 6.3 ' 
mmol) .and 2,2-di~ethyl-1,3-dioxolane'."4-carboxylic acid . . . 

chloride (3.13 g, 19 trimol) were dissolved in 
25 d:iJn.ethylacetamide (4q ml) and the solution was stirred 

for 3.5 h. The solvent was removed by-evaporation and 
the residue was treated w:i:th an aqueous solution of · 
NaHC03 • The crystalline resi~ue was filtered off,. washed 
with water and dried. Purification by flash 

30 chromatography using a mixture o~ CH2Cl2 and CH3CN (3:1) 
as the eluent gay-a 1.90 g (37 %) of the pure product. 
_1a.· NMR CDMSO_.d,) : · 9. 93-10. 02 Cm, 2H) , 5. 30 < s, 2H) , 4. 58 
(t~J=6.2 Hz, lH), 4.29 (t, J=7.3 Hz, 1H), 4.·10 (t, 
J=6·.1. Hz, lH); 2.06 (s, 3H), 1.54 (s, 3H), 1.38 (s, 3H). 

35 MS (ESP, m/e) : 902 ( [M+dimethylacetamideJ+, 100 %) • 
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· b. N. N1 -Bis <2. 3-dihydro:x;ypropionyll -3. S-diamino-2. 4. 6-

t;iiodobenzylalcohOl 

N,N'-Bis(2;2-dimethyl-l,3-dioxolane-4-carbqnyl)-3,5-
5 diamino-2,4,6-triiodobenzylacetate (l.25 g, 1.55 mol) 

was dissolved in a mixture of water (SO ml), methanol 
(25 ml) and concentrated HCl (0.5 ml). After stirring 
for 4 h, the solution was neutralized with aqueous 
NaH2P04 and the solvents were removed by evaporation. The 

10 residue was dissolved in water (10 ml) and the pH was 
adjusted to 12 with aqueous NaOH. After .30 min, the 
solution was again neutralized and the solvent was 
evaporated. The product was purified.by preparative 
HPLC. Y~eld: 483 mg (45 %) . 

15 · 1H NMR (9.6.5-9.83 (m, 2H), 5.77 (s, 2H), 5.20 Cs, iH), 
4.95-5.03 Cm, 2H), 4.81 (s, 2H), 4.00-4.08 (m, 2H), 
3.72-3.82 Cm, 2H), 3.50-3.63 (m, 2H). 
MS (ESP, m/e): 692 (M+, 62%), 714 ([M+Na]•, 100%). 

20 Example 13. N.N 1 -Bis(2.3-dibydr'"Qa)rqgionyll-N-(2~ 

bydro:x;yethyll-3.S-diamino-2.4.6-triiodobenzylalcohol 

N,N 1 -Bis(2,2-d~methyl-l,J-dioxolane-4-carbonyl)-3,?­

diamino-2,4,6-triiodobenzylacetate (204 mg, 0.25 mmol) 
25 was dissolved in a mixture of dimethylacetamide (4 ml) 

and DMSO ( 2 . 5 · ml) containing Cs2C03 C 650 mg, 2 . O mmol l 
and 2-bromoethyl acetate .(0.035 ml, 0.31 mmol). After 
stirring for 1 w~ek, ether (150 ml) and a NaH2P04 buffer 
(100 ml) were added, the organic phase was separated and 

30 the aqueous phase was extracted with ether (150 ml) . The 
combined organic;phases were then ~ashed with water 
(6xlOO ml), dried (Na2S04 ) and evaporated. The residue 
was dissolved in a mixture.of methanol (20 ml) and water 
c2~·ml} and pH was adjusted to 12 with aqueous NaOH. 

35 After stirring ·for l h, the pH was adjusted to 1.5 with 
concentrated HCl and stirred for another 16 h. The 
solution was neutralized with aqueous NaH2P04 and the 
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solvents were evaporated .. Preparative HPLC gave 55 mg 
<?O %) of the pure product. 

MS. (ESP, m/e) : 736 · (M+, 28 %) , 758 ( [M+Na] +, 100 %} •· 

5 Example 14. N.N' -Bis (2. 3-di}Jydro:gypro.pio:nyll -N. N'-bis C2-
hydro.xyetbyll -3. 5-diamino-2. 4. 6-triiodobenzylalcohol 

10 

N,N 1 -Bis(2,2-dimethyl-1,3•dioxolane-4-carbonyl)-3~5-

diamino-2,4,6-triiodobenzylacetate _(204 mg, 0.25 mmol) 
was dissolved in a mixture of dimethylacetamide ( 5 ml) 
and DMSO (1.S ml) containing K2C03 (276 mg, 2.0 mmol) and 
2-bromoethyl ·acetate (0.44 ml, 4.0 mmol). After stirring 
for 48 h, an aqueous NaH2P04 buffer. was added and the 
mixture was extracted with ether (2x150 ml). The 

lS combined organic phases were washed with water (6x100 
ml), dried (Na2 S04) and evaporated. The solid residue was 
dissolved in a mixture of methanol· (12 ml) and water (12 
ml) and the pH was adjusted to 12 with aqueous NaOH. 

20 

.· .. ···.: .... ·-;'" 

25 

After stirring for 18·h, the solution was acidified with 
-concentra~edHCl (0.70 trll) and stirring was continued 
fQ.~ .. e Jllolution was neutralized and the sol vent: 

< ·· :/"'' ,~:. .. :·~vaporation. The ·product w~s pu:r;i;±;·:;'''. , . ·t~~~?'Y' 
. preparatiiTe HP:LC. Yield: 98 mg (SO %) • .. 

MS (ESP, m/e): 802 {[M+Na]+n 100 %) . 

Example 15i N.N'-Bis(2.3-dibydro:?Q!Pro.pio:nyll-N-C2.3-
dihydro:?Q!Pro,p,yll -3. 5-di~no-2. 4. 6-triiodobenzylalcohol 

N,N' -Bis (2, 2-dimethyl-1, 3-d~oxol_ane-4-carbonyl) -3, s-
30 diamino-2, 4, 6-triiodobenzylacetate. (408 mg, O .so mmol) 

was dissolved ~n.a mixture of dimethylacetamide (4 ml) 
and DMSO (4 ml) containing Cs2C03 (1.80 g, S.S2 mmol} and 
2,·~~dimethyl-1,3-dioxolane-4-carboxylic acid chloride 
(2 .·o ml). After stirring _fo.r 8 days, aqueous NaH2 P04 (100 

. •.,.,;J;.,~.? .... ml) was added and the mixture was extracted with diethyl 
· ;·:·:c'(:;r~:::·:p/>;:):·-;.",··~th~~- · (:ixiso ·ml) •. The combined organic ~li~~:~~::_.~~~e·'"· ·' · ·· · 

washed with water (6x100 ml), dried (Na2S04) and 
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evaporated. The residue was dissolved in a mixture of ·. 

~ethanol (10 ml) and water (10 ml) and pH was adjusted 

to 12 with aqueous NaOH .. After stirring for 2 h, 

concentrated HCl (1.0 ml) was added and stirring was 

5 continued for 16 ~- After neutralization, the solvents 

were evaporated and the residue was purified by 

preparative HPLC. ·Yield: 149 mg (39 %) • 

MS (ESP, m/e) : 766 (M+, 60 %) , 788 C [M+Na] +, 100 %) • 

10 Example 16. Oxalic bisf3-hydraxymetbyl-5-(2.3-

15 

dibydroxYPrQp,ylaminocarbonyl> -.2. 4, 6-triiodpbenzeneamidel 

a. 3-Ac@tmc;ymetbyl-5-C2.3-diacet02Q!Progylaminocarbonyl>-

2.4.6-triiodoaniline 

3-Hydroxymethyl-5-(2,3-dihydro:Xypropylaminocarbonyl)-

2,4,6-triiodoanili~e (1.89 g, 3.06 mmol) prepared 

according to Example 3d, was dissolved in a mixture of 

acetic anhydride (5 ml) and pyridine (5 ml) • The· mixture 

. 20 was. stirred at room temperature for 24· h, cH2Cl2 (100 ml) 

was added and the solution was washed with water (3x25 

ml), with a saturated aqueous solution of NaHC03 , dried 

(Na2S04 ). and eyaporated. The product was purified by 

flash chromatography on silica gel using a mixture of 

25 Cli:aC12 and methanol (98:2) as the eluent. Yield: 1.30 g 

(57 %) • 

1H NMR (CDC13 ): 6.10-6.25.(m, lH), 5.48 (s, 2H), 5.20-

5.28 (m, 1H), 4.22-4.43 (m, 2H), 3.53-3.89. Cm, 2H), . . 

2.06-2.13 (m, 9H). 

30 MS (ESP, m/e): 744 (M+, 100 %) . 

b. Oxalic hisf3-hydrnxyrnethyl-5-l2.3-

diSydr~rop,ylaminocarhonyll-2.4,6-triiodphenzeneamideJ 

3 5 3-Acetoxymethyl-5- ( 2 ,3--diacetoxypropylaminocarbonyl )· -

2,4_,6-triiodoaniline (100 mg, 0.134 mmol) was dissolved 

in d:ioxane (1.0 ml) and the solution was heated to 90 
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0 c. Oxalyl. chloride ( o. 096 mmol) was added:.· ·and the 
m~xture was stirred at 78 °c for 17 h. After cooling to 

I • ' 

room temperature, water (1.0 ml)· .was added and pH was 
adjusted to 12 with aqueous NaOH. ·After stirring for 4 

5 h, the solution was neutralized, the solvents were 
evaporated and the residue was purified by preparative 
HPLC. Yield: 14 mg (16 %). 

10 

1H NMR(CD30D}: 5.24 (s, 2H}, 3.38-4.03 (m, lOH}. 
MS (ESP. m/e) ·: 1290 (M+, 33 %} , 1312 ( [M+Na] +; 100 %) • 

ExaJQP19 17. Malanie bis[3-J;lYdroxYIDethyl-5-(2.3-
dihydrod(;yprQJ;>ylaminocarbonyll-2.4.6-triiod8benzeneamidel 

3-Acetoxymethyl-5-(2,3-diacetoxypropylaminocarbonyl}-
15 2,4,6-triiodoaniline (100 mg, 0 .. 134 mmol) prepared 

according to Example 16a, was dissolved in dioxane (1.0 
ml) and malonyl chloride (0.097 mmol} was added. The 
mixture was stirred at 90 •c for 2 h and the solution 
was allowed to cool to room temperature. Water (1 ml) 

20 was added and pH was adjusted to 12 with aqueous NaOH. 
~fter stirring at 60 °C for 18 h, the solution was 
neutralized and the solvents were evaporated. The 
product was pu~ified by preparative HPLC. Yield: 34 mg 
(39 %) • 

25 MS.. .CESP, m/e) : 1304 (M+, 68 %) , . 1326 C (M+Na] +, 100 %} • 

30 

ExaJQPle 18. N.N•-diacetyl~N.N 1 -bis[3-hydrox.ymethyl-5-

C2.3-dihydrcxypro~ylaminocarbonyll-2.4.6-triiod0J;>henyll-

1.3-diamino-2-bydroxYPro.pane 

N-acetyl-3-aceeoJcyll\ethyl-5-(2,3-
' 

ac~toxypropylaminocarbonyl)-2,4,6-triiodoaniline (300 
~g ~- o • 3 8 mmol) preparE!d according to .Example 3e was 
dis:solved in a mixture of water (1.2 ml) and methanol 

35 (0.2 ml} and pH was adjusted to 12 with aqueous NaOH. 
Epichorohydrine (0.28 mmol} was added and the mixture 

.was.stirred at room temperature ~or 65 h. The solution· 
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was neutralized and the product was isolated by 

p~eparative HPLC. Yield: 60 mg (20 %) .· 

MS (ESP, m/e): i398 ([M+Na]+, 100 %) . 

5 ExamPle 19. N-£3-h,ydrox;ymetbyl-5-(2.3-

dibydroXYPr~laminocarbonyll~2.4.6-triiodophenyll­

N' [3. 5-his (2. 3-dihydrcxypropylaminocarhonyll -2. 4. 6-

triiodophenyll urea 

10 a. N- [3-acetox;ymet_byl-5- (2. 3..; 

diaceto:x;ypro;gylaxninocarhonyl)-2.4.6-triiodophenyll­

N' £3. 5-his {2. 3-dihac;:eto:x;yprgpylaminocarhonyll -2. 4. 6-

triiodo.phenyllurea 

15 3,5-Bis(2,3-diacetoxypropylaminocarbonyl)-2,4,6-

triiodoaniline (260 mg, 0.30 mmol) was dissolved in 

dioxane (1.0 ml) and a solution of phosgene in toluene 

(1.93 M,1.8 ml} was added. The flask was tightly sealed 

and then heated to 60' •c for 17 h. After cooling to room 
'• 

20 temperature, the solvent was distilled off at reduced 

pressure. Dioxane (3 ml} was added and distilled off 

again~ This procedure was repeated twice. Dioxane (1 ml) 

was added fol~owed by 3-acetoxymethyl-5-(2,3-

diacetoxypropylaminocarbonyl} -2, 4, 6""._triiodoaniline 

25 (0..245 g, 0.31 mmol}, prepared according to Example 16a, 

and Hg (OCOCF3 } 2 (20 mg) . ·The mixture was stirred for 16 h 

at room temperature, the .solvent was evaporated and the 

residue was pur~fied by preparative HPLC. Yield: 0.192 g 

(39 %} • 

30 MS (ESP, m/e}: 1643 (M+, 100 %), 1665 ([M+Na]+, 34 %} . 

. 
p. N-C3-hydrox;ymetbyl-5-C2.3-

·-diJlydro:x;ypro;gylaminocarhonyll-2.4.6-triiodo;ghenyll-

·. N' [·3 I 5-his {2 r 3-dih,yd:co:x;ypropylaminocarhonyll -2 I 4 I 6-

35 triiodophenyllurea 

The product from Example 19a was dissolved in a mixture 
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of methanol (5 ml) and water (5 ml) and the pH was 
a~justed to 12 using a 2 M aqueous solution of NaOH. 
After stirring for 2 h, the pH was adjusted to 6. 5 using 
aqueous HCl and the solvents were evaporated. The 

5 product was purified using preparat~ve HPLC. Yield: 68 
mg (44 %) • - . 
MS (ESP, m/e):" 1349 (~+, 15 %), 1.37~ ([M+Na]+, 100 %). 

Example 20, N~Hydro:x:yacetyl-3-(1.2-dihydroxyethyll-5-

10 (2.3-dihydroxn>ro;gylaminocarbonyll-2.4.6-triiodoaniline 

a, 3-Nitro-5- (2;,.trimethyls~lylyinyllhenzoic acid methyl 
ester 

15 A .mixture of ~-iodo-5-nitro)Jenzoic acid methyl ester 
(307 mg, 1. O mmol) , Pd (OAc) 2 (67 mg, O. 30 mmol), 
triphenylphosphine (0.032 g, 0.60 mmol), AgN03 <.110 mg, 
1 . O . tnmOl) , triethylami11e ( O .167 ml, 1. 2 mmol) a.nd 
.vinyltrimethylsilane ·(O. 309 ml, 2. O mmol) was dissolved 

20 .in acetonitrile (10 1111> ·and the solution was heated ~o 
60. 0 c in a clos~d vessel fo~ 48 h. The precipitated 

. salts were filtered off and the filtrate was evaporated. 
The residuew~s chromatographed on silica gel using a 
mixture of ethyl acetate and heptane (1:11) as the· 

25 elJ,lent. Yield: 210 ~g (75 %). 

30 

1H NMR (CDCl3): 8.70-8.73 (m, lH), 8.36-8.47 (m, 2H}, 
6.93 (d, J=l9.2 Hz, 1H), ~~75 (d, J=l9.2 Hz, lH), 3.99 
( s, 3H) , 0 . 2 0 ( s, 9H) ~ 

MS (APci, m/e): 279 (M+, 100 %) . 

b, 3-Nitro~S-yigylhenzoic acid methyl ester 

3-~itro-5-(2-trimethylsilylvinyl)benzoic acid methyl 
ester (2.44 g, 8.71 mmol) was dissolved in ace~onit;rile 

. . 
35 (150 ml), the solution was heated.to reflux temperature 

and HCl gas was bubbled through the solution until the 
starting material.had disappeared according to HPLC 

• 
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analysis. The solution was allowed tb cool and the 

s_olvent was removed by evaporat:i;on. The residue was >95 

% pure according to HPLC and was used without further 

purification. Yield: 2. 02 g ( 89 %) • 

5 1H NMR (CD3CN): 8.64 Cs, lH), 8.54 (s,· lH), 8.45 (s, lH), 

6.96 (dd, J 1=10.8 Hz, J 2=17.4 Hz, lH), 6.11 (d, J=l7.4 

Hz, lH), 5.59 (d, J=l0.8Hz, lH), 4.00_(s, 3H). 

c. 3-Nitro-5- (1.2-dihydrrnc;yethyllhenzoic acid methyl 

10 ester 

3-Nitro-5-vinylbenzoic acid methyl ester (2.02 g, 9.76 

mmol) was dissolved in a mixture of acetone and water 

(200 .ml, 9:1), and, .after cooling to O •c, Os04 (60 mg, 

15 0.24 mmol) was added followed by N-methylmorpholine-N­

oxide (2.34 g, 20.0 mmol). After stirring for 46 hat 

room temperature, an aqueous solution of Na2S205 (3.7 g) 

in water (150 ml) was added and the solution was 

acidified with dilute· aqueous HCl. The volume of the 

20 solution was reduced to 150 ml by evaporation and the 

residue was extracted with ethyl acetate (3xl00 ml) . The 

combined organic phases were evaporated and the residue 

was purified by column chromatography on silica gel 

using ethyl acetate as the eluent. Yield: 1.60 g· (60 %) • 

25 1ll.NMR (CD3CN): 8.62-8.66 (m, lH), 8.44-8.48 (m, lH), 

8.36-8.40 (m, lH), 4.88-4.94 (m, lB) ,· 3.98 (s, 3H), 

3.60-3.79 (m, 4H). 

d. 1-{2.3-Dihydrruc;yprq;pylaminocarbonyll-3-nitro-5-(1.2-

30 dihydroxy:ethyllbenzene 

_3-.Nitro-5- (1, 2-dihydroxyethyl)benzoic acid methyl ester 

co:~40 g, 1.69 mmol) and 2,3-dihydroxypropylamine (0.17 

g, ·1.86 mmol) were dissolved in methanol (2 ml) and the 

35 solution was stirred at 75 °C for 1 h •. The pressure was 

then reduced to 200 nnn Hg and stirring was continued at 

95 •c for 2 h. The crude reaction mixture was purified 
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by preparative HPLC. Yield: o .40 g (78 %) • 

M~ (ESP. m/e): 299 ([M-1]+, 100 %) . 

PCT/GB95/02265 

e. 3-(2.3-DibYdhexypro,pylaminocarbonyll-5-(1.2-
5 dihydho:x;yetbyllaniline 

1~.(2, 3-Dihydroxypropylaminocarbonyl) -3-nitro-s- (1, 2-

dihydroxyethyl)benzene (0.40 g, 1.32 nunol) was dissolved 
in a mixture of methanol (40 ml) and water (20 ml) . The 

10 solution was hydrogenated at 60 psi u.sing a Pd/C . 
catalyst (10 t, so. mg). The solution was filtered 
through celite and the solvents were removed by 
evaporation. The product was >95 % pure by HPLC analysis 
and was used without further purification. 

-15 MS (ESP, m/e): 271 ( [M+1]+, 100 t), 293 ( [M+Na]+, 45 %) • 

- f . · 3 - ( 2 . 3 -Dibydhox:xPro.gylaminocarhonyl l - 5 - C 1 . 2 -

dibydraxyetbyll-2.4.6-triodoaniline 

20 3-(2,3-Dihydroxypropyla~nocarbonyl)-5-(1,2-

dihydroxyethyl)aniline (0.37 g, 1.35 mmol) was dissolved 
in a mixture of methanol (30 ml) and water (90 ml) .. 
KIC12 (1.37 g;: 4.05 mmol) was added and the solution was 
stirred at 35 •c for 24 h. Additional KIC12 {1.0 mmol) . . . 

25 was_ added, and stirring was continued at 60 •c for 72 h. 
An_ aqueous solution of Na2S205 (1.0 g -in 50 ml) was added 
and the solvents were removed by evaporation. 
Purification by preparative HPLC gave 87 mg (10 %) of 
the pure product. 

30 1H NMR (CD30D): 8.60 (m, lH), 5~38-5.47 (m, lH), 3.96-
4.26 (m, 3H)~ 3.30-3;84 (m, 10 H). 

' . 

MS- (ESP, m/e) : 648 (M+, 15 t) , 670 ( [M+Na] +, 100 t) . - . . 

g. -N-Hydro:x;yacetyl-3 - ( 2 -. 3 -dibydho:2Q!Pro.gylaminocahbonyl) -
35 5~(1.2-dihydhoxyethyll-2.4.6-thiodoaniline 

3-(2,3-Dihydroxypropyla~inocarbonyl)-5-(1,2-· 

• 
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dihydroxyethyl)-2,4,6-triodoaniliiiei(o.059 d, 0.091 

tI¥llOl) was mixed with acetoxyacetyl chloride (1.0 ml) 

containing N,N-diniethylacetamide (0.4 ml) and the 

mixture was stirred at 60 •c .for 48 h. The mixture was 

5 allowed to cool to room temperature, water was added and 

the solvent·s were removed by evaporation. The residue 

was dissolved in a mixture of methanol (10 ml) and water 

(5 ml) and an aqueous solution of NaOH (5 M, 1 ml) was 

added. The solution was stirred at room temperature for 

10 1 h, the solution was neutralized witq aqueous HCl and 

the solvents were evaporated. Purification by HPLC gave 

the pure product. 
MS (ESP, m/e): 706 (M+, 100 t). 

15 Bxample 21. 3.S-Dilhydro:x;yacetylaminol-2.4.6-

triiodoacetophenone 

a. 1. 3-Diamino-5- (1-bydrox:yethyllbenzene 

20 3,~-Dinitroacetophenone (2.02 g, 9.5 mmol) which had 

been prepared according to the literature procedure .CY. 

Nagase et al., Macromol. Chem. Rapid Conun. (_1990) 11, 

185-191) was dissolved in methanol (100 ml) and 

hydrogenated at 60 psi using a Pd/C cat~lyst (5 %, 100 

25 mg) .. The catalyst was filtered off and the solvent was 

removed by evaporation. The product was used without 

purification in the next step. Yield: 1.22 g {84 %) . 
1H NMR (CDC13 ): ~.20 (d, J=2.0 Hz, 2H), 6.08 (t, J=2.0 

Hz, lH), 4.90 (br s, 4H), 4.62 (q, J=7 .o Hz, lH), 3 .·37 

30 (d, J=7.0 Hz, 3H). 
MS (ESP, m/e) :- lpl ( [M-1] +, 100 t) • 

b. 1.3-piamino-2.4.6-triiodoacetophenone 

35 l,3-Diamino-5-(1-hydroxyethyl)benzene (1.18 g, 7.72 

mmol) was dissolved in a mixture of methanol and water 

(5:1, 168 ml) containing 1 M aqueous HCl (16 ml)~ An 
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aqueous solution of KIC12 (7.31 g, 30.9 mmol) was added 
qµickly, and, after stirring for 50 min, the solid was 
fiitered off, washed with water and dried. The product . 
was pure by TLC and 1H NMR analysis. Yield.: 3 . 62 g ( 89 

5 %) • 
1H NMR CDCl3): 4.86 (br s, 4H), 2.62 (s, 3H). 
13C NMR (CDC13): 204.7, 151.1, 146.8, 28.7. 
MS (APci, m/e): 528 (M+, 100 %) . 

10 c. 1.3-piCacetox;yacetylamino)-2.4.6-triiodoaceto.phenone. 

1,3-Diamino-2,4,6-t;riiodoacetophenone (1.8 g, 3.41 nnnol) 
was dissolved in dimethylacetamide (15 ml) containing' 
acetoxyacetyl chloride (1.1 ml, 10.2 mmol) and the 

15 solution was stirred for 65 h at r~om temperature. The 
solvents were removed by evaporation and the residue was 
purified by preparative HPLC. Yield: 1.69 g (68 %) . 
1H NMR DMSO•d6 ): 10.13-10.27 (m, 2H), 4.65 (s, 4H), 2.56 
(s, 3H), 2 .12 (s, 6H) ; . 

20 . MS(ESP, m/e): 750 ([M+Na]+, 100 %), 766 ([M+K]+, 26 %) . 

d.· 1.3-DiChydrox;yac;etylamino)-2.4.6-triiodoaceto.phenone. 

l,3-Di(acetoxyacetylamino)-2,4~6-triiodoacetophenone 

25 (Q.171 g, 0.23 nnnol) was dissolved in a mixture of 
methanol (30 ml) and water (5 ml) containing 2 M aqueous 
NaOH (3 ml). The solution.was stirred for 90 min and was 
then neutralized. using a strongly acidic cation exchange 
resin. The solvents were removed by evaporation and .the 

30 residue was purified by preparative HPLC. Yield: 98 mg 
(54 %) • 

MS (ESP, m/e): 644 (M+," 100 %), 666 ([M+Na]+, 95 %) . 
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Examgle 22 ." · i~ 5-Di <hydrms;yacetylatrtliio> -1-bydroxYacetyl-
2 .. 4.6.;.triiodobenzene 

a. 3.S-Pi<aceto:x;yacetylaminol-1-brom,oacetyl-2.4.6-
. 5 triiodobenzene 

l,3-Di(acetox.yacetylamino)-2,4,6-triiodoacetophenone 
(0.20 g, 0.279 mmol) was dissolved in glacial acetic 
acid and bromine (0.044 g, 0.28 mmol) was added. The 

10 reaction was stirred at 2.5 h at 75 •c and then allowed 
to cool. The solvents were removed by evaporation and 
~he residue was used directly in the next step. 
MS (ESP, m/e): 806 (M+, 100 %), 808 (M+, 98 %} . 

15 b. 3.S-pi<aceto:x;yacetylaminol-1-aceto:x;yacetyl'-2.4.6-

triiodobenzene 

3,5-Di(acetox.yacetylamino}-l-bromoacetyl-2,4,6-
triiodobenzene (10 mg; 0.12 mmol) was converted into. the 

20 co~responding acetate by heating to 110 •c in glacial 
acetic acid (5 ml) containing sodium acetate (l mmol) 
and AgOCOCF3 (O.ll g, 0.5 mmol) for 16 h. The product was 
purified by preparative HPLC. The yield was not 
determined. 

25 MS.. .(ESP, m/e} : ·786 (M+, 100 %} • 

c'. 3 Is-pi (hydro:x;yacet'l('la'Qlino) -1-bydro:x;yacetyl-2 I 4 I 6-

triiodobenzene 

. 30. Hydrolysis of 3,5-di(acetoxyacetylamino}-l­
acetox.yacetyl-2,~,6-triiodobenzene was carried out 
~alogous to Example 4e. The crude product was purified 
by.preparative HPLC. The yield was not determined. 
MS "(ESP, ·m/e): 687 ([M+HCOOH]+, 100 %). 

35 
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Example 23 I 3 I s~ni (hydrq:x;yacetylamino) -1- (1. 2-

qihydro:xyethyll -2. 4. 6-ttiiqdqbenzene 

a, 3.5-Dinitrqphen;ylethanol 

3,5-Dinitroacetophenone (3.27 g, 0.0156 mol) was 
dissolved in a mixt~re of absolute ethanol (75 ml) and 
THF (37.5 ml) and the mixture was ·cooled to -10 °C. NaBH4 
(0.30 g, 7.9 mmol) was added and the mixture was stirred 

10 for 1 h at -10 °C. Water (80 ml) an~ ethyl ac~tate were 
added, the phases were separated and the organic phase 
was washed with water (80 ml) and dried (Na2S04) . The 
solvents were removed by evaporation and. the residue was 
purified by chromatography on neutral alumina using a 

15 mixture of pentane and ethyl aceta~e (i:l) as_the 
eluent. Yield: 2.52 g (76 %) . 

20 

1H NMR (CDC13): 8.95 (t, J=2.0 Hz, lH), 8.60 (d, J=2.0 
Hz, 1H), 8.59 {d, J=2.0 Hz, 1H), 5.15 {q, J=7.5 Hz, 1H), 
1.61 (d7 J= 7.5 Hz, 3H). 

b. 3.S-Dinitrostyrene 

3,5-Dinitroph~nylethanol (1.0 g, 4.7 mmol) was mixed 
with P20 5 (1.0 g, 0.71 mmol) and. the stirred mixture ·was 

25 he.a.tad to 100 °c. After 3 h, the mixture was allowed to 
cool to room temperature and water (0.4 ml) was added. 
The pH was adjusted to 9 ~sing 1 M aqueous NaOH and 
extracted with diethyl ether (2x25 ml) . The combined 
organic phases were dried (Na2S04 ) and evaporated. The 

30 crude product was .used without further purification in 
the next step~. . 
1H-NMR CDC13 ): 0:92 (t, J~2.0 Hz, lH), 8.56 (d, J=2.0 Hz, 

I 0 

2H"f, 6.86 {dd, J 1= 18.4 Hz, J 2=10.9 Hz, lH), 6.08 {d, 
J=l8.0 Hz, 1H), 5.67 (d, J=l0.9 Hz, 1H). 

35 
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c. 1~<1.2-nifu,aro:x;yetbyl)-3.5-dinitfbbenzene 

3,5-Dinitrostyrene (0.50 g, 2.58 nnnol) was dissolved in 
a mixture of acetone and water (8:1, 70 ml) and the 

5 solution was cooled to O •c. Os04 (0.046 g, 0.18 mmol) 
and NMO (0.60 g, 5.15 nnnol) were added and the solution, 
was s~irred at room temperature for 16 h. A solution of 
Na2S·20 5 {l.5 g) in water (120 ml) was added and the 

·organic solvent removed by evaporation. The aqueous 
10 phase was extracted with ethyl acetate (2x70 ml) and the 

combined organic phases were dried (Na2S04 ) and 
evaporated. The product was purified by preparative 
HPLC. Yield: 0.44 g (75 %) . 
1H NMR (CD3CN): 8.87 (t, J=2.0 Hz, lH), 8.63 (t, J=2.0 

lS Hz, 2H), 4.98 (t, J=6.0 Hz, lH), 3.64~3.79 (m, 2H), 2.34 

20 

( s, 2H) . 
MS (ESP-, m/e) : 227 (M-, so %) , 197 ( [M-CH20] - , 100 %) • 

d. 1-Cl.2-Pihydro:x;yeth,yll-3.5-diaminobenzene 

1-(1,2-Dihydroxyethyl)-3,5-dinitrobenzene (0.10 g, 0.44 
mmol) was dissolved in methanol (35 ml) and 
hydrogenation was carried out at 60 psi using a .Pd/C 
catalyst (10 %, so mg). The catalyst was filtered off 

25 and the solution was evaporated. Yield: 0.074 g (100 %) . 
1H NMR (CD30D): 6.14 (d, J=2.0 Hz, 2H)·, 6.06 (t, J=2.0 
Hz, 1H), 4.98 (br s, 6H),·4.43-4.SO (m, lH), 3.52-3.57 
(m, 2H) . 

MS (ESP, m/e): 170 (M•, 100 %), 210 ([M+K]•, 18 %) . 
30 

e. 1-(1.2-Dibydro:x;yetbyll-3.5-diamino-2.4.6-

_triiodobenzene 

. 

1-('1,2-Dihydroxyethyl)-3,5-diaminobenzene (0.0584 g, 
35 0.242 mmol) was dissolved in a mixture of methanol (5 

ml) .and aqueous 2 M HCl (1.2 ml) and a solution of KIC12 

(70 % in water, 0.97 mmol) was added in one portion. 
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After stirring for 20 min at room temperature, a 10 % 
~queous NaHS03 solution (0.2 ml) was added, the solvents .. 
were removed by evaporation and the residue was purified 
by preparative HPLC. Yield: 31.4 mg (24 %) . 

5 1H NMR (CD30D): 5.56-5.63 (m, lH), 4.03-4.12 (m, lH), 
3.79-3.87 (m, lH), 5.06 (br s, 4H). 

10 

f. · 1- Cl. 2-DihydroxYethyll -3. 5-di Cbydroxyacetylaminol -
2.4.6-triiodohenzene 

l-(l,2-Dihydroxyethyl)-3,5-diamino-2,4,6-triiodobenzene 
is acylated with acetoxyacetyl chloride using for 
example such a procedure as described.in Example 4d." The 
crude product is then.hydrolyzed analogous to Example 4e 

15 to give the final product. Purification of the crude 
product is carried out.using preparative HPLC . 

• < . 
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Claims 

1. Compounds of formula I 

R R R R 

R x R . (I) 

R R R R 

n 

(wherein n is O or 1, and where n is 1 each C6R5 moeity 

may be the same or different; each group R is a hydrogen. 

atom, an iodine atom or a hydrophilic moiety M or Mi, two 

15 or three non-adja~ent R groups in each C6R5 moiety being 

iodine and at least one R group in each C6R5 moiety being · 

Mor Mi moieties; X denotes a bond.or a group providing a 

1 to 7 atom chain linking two C6R5 moieties or, where n 

is O, X denotes a group R; each M independently is a 

20 noz:i-ionic hydrophilic moiety; and each Mi independently 

represents a Ci_4alkyl group substituted by at least one 

hydroxyl group and optionally linked to the phenyl ring 

·via a carbonyi:, sulphone or sulphoxide group, at . least 

one R group being an Mi moeity; with the proviso that 

25 where n is zero either at least one Mi group other than a 

hydroxymethyl or 1, 2·-dihydroxyethyl group is present .w: 
then if one hydroxymethyl· or 1,2-dihydroxyethyl Mi group 

is present at lepst one nitrogen-attached hydroxylated 

a;Lkyl moiety-containing M group is also present) ·and 

30 isomers thereof. 

2. Compounds as claimed in claim 1 wherein n is 1. 

3 . Compounds as claimed in claim 2 wherein at least 

35 one R group in e·ach C6R5 moiety is an Mi moiety. 
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4. Compounds ·as claimed in claim 2 wherein.Xis· an 
asymmetric group. 

5. Compounds as claimed in claim 2 wherein the two C6R5 
5 groups are different. 

10 

15 

20 

25 

6. Compounds as claimed in claim 1 wherein n is zero 
and the phenyl ring is asymmetrically substituted. 

7. Compounds as claimed in claim 2 wherein one C6R5 

group is of formula 

I 

where each M~ independently is a group M or M1
• 

8. Compounds as claimed in claim 2 wherein one C6R5 

group is of formula 

30 where each M2 independently is a group M or M1 
• 

. 9. Compounds as claimed in claim 2 wherein each C6R5 

graup ~s of formula 
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where each M2 independently is a group M or M1 • 

10. Compounds as claimed in claim 1 wherein the M 

groups are straight chain or branched C1_10-alkyl groups 

with one or more CH2 or CH moieties replaced by oxygen or 

nitrogen atoms or substituted by one or more groups 

15 se~ected from oxo, hydroxy, amino, carboxyl derivative, 

and oxo substituted sulphur and phosphorus atoms. 

20 

11. Compounds as claimed in claim 1 wherein the M 

groups are groups selected from· 

-CONH-CH2CH20H, 

-CONH-CH2CHOHCH20H, 

-CONH~CH (CH20H}:2, 

-CON (CH2CH20H) 21 

25 -CONH2, 

-CONHCH3 , 

-OCOCH3 , 

-N(COCH3)H, 

-N (COCH3) C1"".'3-alkyl, 
30 -N(COCH3)-mono, bis or tris-hydroxy C1_4-alkyl, 

-N (COCH20H) -mono,; bis ·or tris-hydroxy C1_4-alkyl,· 

:'.'.'N.(COCH20H) 21 

-c9N (CH2CHOHCH20H) cca2ca20H), 

-CONH-C(CH20H)3 and 
35 -CONH~CH(CH20H) (CHOHCH20H). 
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12. Compounds as claimed in claim 1 wherein the Mi 
groups are selected from Ci_4-alkyl groups substituted by 
1, 2, 3 or 4 hydroxy groups and optionally connected to 
the phenyl ring via a· co, so or S02 group. 

13. Compounds as claimed in claim 1wherein the Mi 
· ~roups are selected from hydroxymethyl, 2-hydroxyethyl, 
2,3-bishydro:Xy-propyl, 1,3-bishydroxyprop-2-yl, 2,3,4-
trihydroxybutyl, 1,2,4-trihydroxybut-2-yl, COCH20H and 

10 S02CH20H. 

14. Compounds as claimed in claim 1 wherein n is.1 and 
X is ·a bond, an oxygen atom or a· group NRi, CO, S02,· 
CR2i, COCO, CONRi, COCRl, SOCR2i, S02NRi, CRlCR2i, CR2iNRi, 

1s CR120, NRicoNRi, ocoNR.i, coNRico, coNR1 CRi2, ocoo, 
. CR1 20CR1 2, ocR.i2CO, CR1 2CONRi, cRi2CRi2CRi2, cocRiR.1CO, 

CRi2NRiCRi2, CRi2S02NRi, CR120CO .or NR1S02NRi,. where R1 is 
hydrogen or a C1 _6 -alkyl or alkoxy group optional.ly 
substituted by hydrqxy4 alkoxy, oxa or oxo and where it 

20 is attached to a carbon atom Rimay also be a hydroxyl 
group. 

15. Compounds .. as claimed in claim 1 wherein n is 1 and 
x is -NRicocoNJi1 -, . -NRicocRi2coNRi~ ·, -NRicR12cRioHcRi2NRi-, 

25 -CONRicRi2CONR1 -, or -N(CORi)CR12CRiOHN(COR1 )- where Riis 
as defined in claim 14. 

16. A diagnostic composition comprising a compound of 
formula I as defined in any preceding claim together 

30 with at least one physiologically tolerable carrier or 
excipient. 


