Title: Contrast Agents Technical Field of the invention The present
invention relates to a class of conpounds and to diagnostic conpositions
cont ai ni ng such conpounds where the conpounds are iodi ne containing
conpounds, Mre specifically the iodine containing conmpounds are chem cal
corrpoundswgaf’?’é{?sﬂg“ng two |inked iodinated phenyl grouBST/NOMYS/PMRENt i on
also relates to the use of such diagnostic conpositions as contrast agents
in diagnostic imaging and in particular in X-ray imging, and to contrast
medi a cont ai ni ﬁguéwg,t,ggm%mgs. Description of Related art Al diagnostic
imaging i s based on the achievenent of different signal |levels from
different strucgtures wi.thin the body. Thus in X-ray inmaging for exanple,
for a given bo?f" ?'Fﬂ\égt'ﬂgé’qtﬂafiﬂéer\‘ﬁ@ ble in the i mage, the X-ray
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resol ution. ThehddiAPRRFiIALsUEH3binp¥urRd, | Mages is strongly dependent on the
i nherent noise level in the imging procedure, and the ratio of the-
contrast level to the noise |level can thus be seen to represent an
effective diagnostic quality factor for diagnostic inmages. Achieving

i nprovenent in Fgﬁt%ndéf%@aﬂ%&i G quality factor has |long been and still
remains an inporta goal . 1n f&chni ques such as X-ray, magnetic resonance
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i odi nated contrast agents are usually classified as ionic nononers such as
diatrizoate (nHFIERAY e ij‘?“t"&ﬁtd?ﬁw?%'eg body slurhdielaneidts sHEH9Ngs ig)hichebni ¢
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wi dely used commercial non-i1onic X-ray contrast agents such as those
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require up to about 200 m contrast nedia adnministered in a total dose,
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and its conponents such as ions for the ionic contrast agents and al sa, by
its netabolites. The major contributing factors to the toxicity of the
contrast nediumare identified as the chenptoxicity of the contrast agent,
t he osnol he contrast nmedium and the ionic ¢ n_or lack

t her eof ‘?btzéte con‘{rast medi um Desijabl e characteri s??@@%‘%ﬂs’ "2Fodi nat ed
contrast agent are |ow toxicity of the conmpound itself (chenotoxicity),
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patients with acute renal failure, nephropathy induced by contrast nedium
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with regards to contrast induced phr ot oxi city
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nmonomneri ¢ cont matdbokigents and in particular non-ionic bis(triiodophenyl)
di mers such as iodi xanol (EP patent 108638) has provided contrast nedia
with reduced oShmmajor contybuding tastonytodbmtoxigdy oldhe eentiastemediern aee idemfiedes at i on
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i oni c inbalance by inclusion of plasma ions e still maintaining the
the ionic composition or lack thereof of the contrast medium.

Desirable characteristics of an icdinated contrast agent are low toxicity of the
compound itself (chemotoxicity), low viscosity of the contrast medium wherein the
compound is dissoived, low osmolality of the contrast medium and a high iodine
conient (frequently measured in mg iodine per mi of the formulated contrast medium

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



4 contrast medium Vi si paque TM at the desired osnolality (WO 90/01194 and
WO 91/13636). The X-ray contrast nedia at conmercial high iodine
concentration have rel ative high viscosity, ranging fromabout 15 to about
60 nPas tenperature. Generally, contrast t he
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be stable under storage in dry formand/or in solution, and ease and
econony i n nmanud patientsaviihsacate raﬁh:lEéih@ﬁﬁéptdﬁﬁtﬂyﬁdd@éﬁb@bbrytrasﬁuédﬁ&ihy The
present disclo [ OV] contrast ne

i nproved pr ope?%rpégg%r\'/ee?fqtﬁ 20 %ﬁﬁgﬂe’a '-Fa”y?cf{'%' ‘5’”889?'8 - bgggi’%‘:’%ne of
the criteria mnmtr@h@ddlaMOﬂepeﬁncP eal p'%hEtNemEagiaanjqumaabf Meigind, tVpl.

osnol ality, vi %ﬁ@ﬁbug@(yéosﬁo%aha% éwattaegh%ahg% LEGsly gaa eI kA ES

i odi ne contalnlng contrast enhancin oun I ne cont al hi ng

conpounds are &f é!%ﬁ'y@cﬁﬁﬁékﬁﬁﬂsh‘%'bﬁﬁ‘cﬁﬁ“ﬁ@fst“&%“ |qdm@e<d 'ﬁ egdriathedhaheny |
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(1) R-N(CHO )élelél tﬁg)neeRd golr }:orlt:t%Lcr)wsl l%p ov}ament of in vivo X-ray diagnostic agents for the

entire patient population, there is a continuous drive in finding X-ray contrast agents

that has improved properties, also with regards to contrast induced nephrotoxicity
(CIN).

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

correction of ionic imbalance by inclusion of plasma ions while still maintaining the



and salts or optical active isonmers thereof, wherein X denotes a C3 to CB
strai ght or branched al kyl ene noiety optionally with one or two CH2

noi eti es replaced by oxygen atons, sul phur atons or Nal groups and wherein
the al kyl ene noiety optionally is substituted by up to six -ORl groups; Rl
denotes a hydrogen or a Cl to Cit straight or branched al kyl group; fe
denotes a hydrogen atom or an acyl fynction; and each 'R ndependently is
the sane or different and denote a triiodinated phenyl group further

substituted by JWo.GhdRmn FRIpWHGS™ iR YeBirdPosholdify qWERImO Poadint frpent  and
denotes a hydrogen atom or a non-ionic hydrophilic noiety, provided that

at |east one RPIGHEEP-in the compound of formula (1) is a hydrophilic

noi ety. I n another aspect, .there . s provided.a.di agnosti.c ent, _conpni si ng
a conmpound of flgerfulay cevtya%@e&@fﬁtﬁe'aﬁ'smgfgﬁl'%% 9°8F?rﬁﬁb°rb€ag’8é?l?wtehr%9he is
provi ded an X- nigyoslya@nginh fromcabandss foiaboutBiiiPasatagbient empewtdeof f or nul a
(I') as defined above together wth a.phar L.cal | I I ers
or excipients. C%pe?ily, cgﬂﬁ?%gge é""s‘fa’g%‘? t tPe‘t ggg&i%ghé)@%giaég@qggﬁg@?gﬁ ° gﬁh&j

- compound of f oniscbsity(than the coeéspopding bondeast media Whenrdbritatrastreahacing
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e.g. in angiography.

X-ray contrast media containing a chemical compound as the active pharmaceutical
ingredient(s)' having two triiodinated pheny! groups linked by a linking group are
usually referred to as dimeric contrast agents or dimers. During the years a wide
variety of iodinated dimers have been proposed. Relevant patent publications
comprises EP 1186305, EP 686046, EP108638, EP 0049745, EP 0023992, WO

. 2003080554, WO2000026179, WO 1867000240, WO 9208691, US3804892,
US4239747, US3763226, US3763227 and US3678152. At this time, one contrast
medium having an iodinated non-ionic dimer as the active pharmaceutical ingredient
is one the market, the product Visipaque ™ containing the compound iodixanpl. The

compound Hexabrix™, containing the ionic dimeric compound ioxaglic acid is also

on the market.

Hence there still exists a desire to develop contrast agents that soives one or more
of the problems discussed above. Such agents shouid ideally have improved
properties over the soluble iodine containing compounds on the market in one or
more of the following properties: renal toxicity, osmolality, viscosity, solubility,
injection volumesfiodine concentration and attenuation/radiation dose and any
additional adverse effect known or discovered for such iodinated compounds. The
agents should be stable under storage in dry form and/for in solution, and ease and

economy in manufacture is an additional desired property.

Summary

The present disclosure provides compounds useful as contrast media having
improved properties over the known media with regards to at least one of the criteria

mentioned above and in particular to renal toxicity, osmolality, viscosity and



RNCHO -X-N(R3)-R (I) Formula (I) and salts or optical active isoners
‘thereof, wherein X denotes a C3 to CB straight of. branched al kyl ene noi ety
optionally with one or two CE-12 noieties replaced by oxygen atons,

sul phur atons or NRI groups and wherein the al kylene noiety optionally is
substituted by up to six -OWNgroups; Rl denotes.a hydrogen atomor a Cl.to
C4 straight of branched al kyl group; R2 denotes a.hydrogen atom or an acyl
function; and each R independently is_ the same or different and denotes a
triiodi nated phenyl group, preferablysa 2,4,6-triiodinated phenyl group,

further substituted by two grouns;Re waeEeidsine@ehtainigicontrist esbansing
different and depluniéy eﬁ?ﬂﬁ%%ﬁ%%éa{%

m-or. a- nonj oni ¢ _hydrophi] i G.noiety,

--provi ded- t hat . atrh&snbs Wherefdige copaining CREIPE! @[ﬁn@‘e&%@'ﬁ'ﬁh{"g‘%& % is a
hydrophilic nmoiety. In faqrt: A Qﬂéﬁﬁ?ﬁ? 3 Theiodink cootaingigeontastt r ai ght
‘C3 to Cs -al kyl e@@w%wg%w y subs iﬁﬁé b ,g,%,%at"gaééi =QR4 9roups.
Mor e preferred'ghmmmageahpothaHQWE‘ Eé? ne c'alné%EV|ng at

| east one - OW gr pr Bl Marfiha afisfalsone hydroxyl group in a.position
that is not vicﬁﬁgﬁﬂygﬁﬁ%%ﬁﬁﬁéﬁﬁygﬂtrogen_atony More preferably the - '
al kyi ene chain is substituted by one to three hydroxyl groups and stil

WO 2009/ 008734PCTI NO2008/ 000255 6 nore HQFQﬁFqQIX the al kyl ene chain is a
~ strai ght propyllenee aspactythereds BRVIBhEIPeHRSS (ostii t ut ed by one, two or
- three hydroxyl groups. Particular preferred groups X conprises 2-hydroxy
propyl ene, 2, 3-di hydr ox t 2, 4-di hydroxy pentyl ene and

2, 3,4-tri hydroxy pen%Vméﬁg8_§%§R§%s% py?ticularly t he 2-hydroxy propyl ene
entity. Rl preferably denotes a hydrogen atomor a methyl group, nost '
preferred a hydrogen-atom,Jhe (gubstituent R3 preferably denotes a
hydrogen atom or a residue of an aliphatic organic acid, and in particular
a Cl to C5 or gag{ GaRSirdpficst etis isbmersthgrecfcet yl , propionyl, butyryl,
isobutyryl and val enyl noieties. Hydroxyl ated and net oxyl ated acyl
.noieties are alggeréigasible. In a particularly preferred enbodi nent the IR3

group in the conmpound of formula (1) dengte a hydr N ohds O
noi ety or the axdendtesrlpyCs shgght Ob?”éf‘@egé'ﬁ‘yl?'hee%?'%@%@ﬁn%% %9 o i
moieties replaced by oxygen atoms, sulphur atoms or NR' groups and wherein the

- 1 .
alkylene moiety optionally is substituted by up to six -OR’ groups;
R! denotes a hydrogen or a Cqfo C4 straight or branched alkyl group;

R® denotes a hydrogen atom or an acyl function; and

each R independently is the same or different and denote a triiodinated pheny! group
further substitiuted by two groups R? wherein each R? is the same or different and

i i 2
denotes a hydrogeh atom or a non-ionic hydrophilic moiety, _provnded that at least one R

group in the compound of formula (1} is a hydrophilic moiety.

in énother aspect, there is provided a diagnostic agent comprising a compound of

formula (1) as defined above.

In a further aspect, there is provided an X-ray diagnostic composition comprising a
compound of formula (1) as defined above together with a pharmaceutically acceptable

-carriers or excipients.

in yet another aspect, there is provided a use of a compound of formula (I) as defined

above for the manufacture of a diagnostic composition for use as an X-ray contrast

agent.



Each of the iodinated R groups can be the sane or different and preferably
denote-a 2,4,6-triiodi nated phenyl group, further substituted by two
groups R2 in the remaining 3 and 5 positions in the phenyl noiety. The
~non-ionic hydrophilic noieties may be any of the non-ionizing- groups
conventionally used to enhance water solubility. Hence, the R2
substituents may be the sane or different and shall preferably all denote
a non-ionic hydrophilic noiety conpri $iang esters, am des and am ne
noieties, optionally further substituted by a straight chain or branched
chain COr() alkyl groups, preferably C1.5 alkyl groups, where the alkyl

groups al so myn@ﬁwsdﬁaﬁcﬁummgﬁeﬁﬁom noi eties replaced by oxygen or
nitrogen atonms. T substituents may al so further contain one or nore

groups sel ect edThe new oompournyld pbike inventiing thelsuse as Koy Fortast asgnisy e and oxo
substituted sul g&ém%#&reasfpeaﬁed iEehatRbndd\@aifk it ghtheor  br anched

al kyl groups pre era tal ns to 6 hydroxy groups and nore preferably
1 to 3 hydroxy. gpetﬂfpaﬂonﬂ?éﬁ"@fﬁfe in a further preferred aspect, the R2

substituents are the sane or different, and a
hydr oxyal koxyal kY% coutiast enhapcied eormpayRd %F@n%yn%'ﬁgaﬁ'%}%%%ﬁ%{ygﬁﬁgxng 0
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Formula ()

and salts or opfical active isomers thereof ,

wherein

X denotes a C, to Cs straight of branched alkylene moiety optionally with one or two
CH, moieties replaced by oxygen atoms, sulphur atoms or NR' groups and wherein

the alkylene moiety optionally is substituted by up to six -OR' groups;
R' denotes a hydrogen atom or a C; to C, straight of branched alkyl group;
R® denotes a hydrogen-atom or an acyl function; and

each R independently is the same or differeht and denotes a triiodinated phenyl
group, preferably a 2.4, 6-trilodinated phenyl group, further substituted by two groups
R? wherein each R? is the same or different and denotes a hydrogen atom or a non-
ionic hydrophilic moiety, provided that at least one R? group in the compound of

formula (1) is a hydrophiiic'moiety.

In formula (1) above, X preferably denotes a straight C; to C; alkylene chain
optionally substituted by one to six -OR! groups. More preferred X denotes a straight
C, to Cs alkylene chain having at least one -OR' group, preferably at least one
hydroxyl group in a position that is not vicinal to the bridge nitrogen atom. More
preferably the atkylene chain is substituted by one to three hydroxyl groups and still
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CON( CH3) CH2- CHRYirbdd@Atom:- CON- (CH2- CH2- 0H) 2 and - CONH-CH- (CH2 -OH) 2 In a
particularly preferred enbodi nent, both R groups are the sane and all R2
groups denot e Thesastiueyt BT préferabiy denoElsHry@iegen aldi-br@H2siobe of an aliphatic

organic acid, and in particular a C, to Cs organic acid such as formy!, acetyl,
propionyl, butyryl, iscbutyry! and valeriyl moieties. Hydroxylated and metoxylated
acyl moieties are also feasible. in a particularly preferred embodiment the R® group
in the compound of formula (I) deriote a hydrogen atom, the formyl moiety or the

acetyl moiety, most preferred the formyl moiety.

Each of the iodinated R groups can be the same or different and preferably denote
a 2,4,6-triiodinated phenyl group, further substituted by two groups R? in the
remaining 3 and 5 positions in the pheny! moiety.

The non-ionic hydrophilic moieties may be any of the non-ionizing groups
conventionally used to enhance water soiubility. Hence, the R® substituents may be
the same or different and shall preferably all denote a non-ionic hydrophilic moiety
comprising esters, amides and amine moieties, optionally further substituted by a
straight chain or branched chain C.4o alkyl groups, preferably C,.s alkyl groups,
where the alkyi groups also may have one or more CH, or CH moieties replaced by
oxygen or nitrogen atoms. The R” substituents may also further contain one or more
groups selected from oxo, hydroxyl, amino or carboxy!l derivative, and oxo
substituted sulphur and phosphorus atoms. Each of the straight or branched alkyl
groups preferably contains 1 to 6 hydroxy groups and more preferably 1to 3
hydroxy groups. Therefore, in a further preferred aspect, the R’ substituents are the
same or different and are polyhydroxy C..s alkyl, hydroxyalkoxyalkyt with 1 to 5
carbon atoms and hydroxypolyalkoxyalkyl with 1 1o 5 carbon atoms, and are
attached to the iodinated phenyl group via an amide or a carbamoyl iinkage,

preferably amide linkages.
The R? groups of the formulas listed below are particularly preferred:

-CONH;
-CONHCH;
-CONH-CH,-CH»-OH



Thus, preferred structures according to the invention include the
conpounds of formula (10: R N(CHO -X-N(CHO)-R (11la) WO
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above, no sz‘{9@%7?‘hbl y both i odophenyl groups R are t HCTSHIRA08480P5E he R2
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-CON-{CH»CH,-OH),

-CON-(CH,-CHOH-CH,-OH),

-CONH-OCH;

-CON (CH-CHOH-CH,-OH) (CH,-CH,-OH)

-CONH-C(CH, —OH), CH;

-CONH-C(CH, -OH}; and

-CONH-CH (CH;-OH) (CHOH -CH;-OH)

-NH(COCHz)

-N(COCH,;} C;alkyl

-N(COCH;) — mono, bis or tris-hydroxy CM alkyi

-N(COCH,OH) — hydrogen, mono, bis or fris-hydroxy C,_, alkyl

- N(CO-CHOH-CH»OH) - hydrogen, mono, bis or trihydroxylated C,4 alkyl.
-N(CO-CHOH-CHOH-CHOH) - hydrogen, mengo, bis or frihydroxylated C,_; alky!

-N{CO-CH-{CHOH),} - hydrogen, mono, bis or trihydroxylated C,_, alkyl; and

-N{COCH,OH),

Even more preferably the R? groups will be equal or different and denote one or
more moieties of the formulas -CONH-CH,-CH,-OH, ~-CONH-CH-CHOH-CH,-OH, -
CON(CH;)CH;-CHOH-CH,OH, -CONH-CH-(CH; ~OH), and -CON-(CH,-CH,-OH},.
Still more preferably both R groups are the same and the R? groups in each R are
the same or different and denote -CONH-CH,-CH»-OH, -CONH-CH-CHOH-CH
OH, CON{CH3)CH~CHOH-CH,OH, -CON-{CHsCH.-OH}, and -CONH-CH-(CH, —
OH),. In a particularly preferred embodiment, both R groups are the same and all R?
groups denote the entity of formuia ~-CONH-CH-CHOH-CH,-OH.

Thus, preferred structures according to the invention include the compounds of

formuta (H}:

R—N(CHO) —X—N(CHO)-R (lia)



HN, --. 00 NH HOH OH Fornmula (I1ia) WD 2009/ 008734PCT/ NCR008/ 000255 9  H
0"-OHy OH OH Formula (111b) HOO HO | y OH OHy | N Ir'4oH

WO 2009/008734 PCT/NO2008/000255

R—N(CHO) —X—N(CO(CHs))—R  (lib)

R—N(CHO) —X—NH—R  (lic)

Formula (I}

in formula (1}, each group R has the meaning above, more preferably both
iodophenyl groups R are the same and the R? groups all denote non-onic
hydrophilic moieties, and preferably the R*groups are linked to iodinated phenyl
moiety by amide linkages. X preferably denotes straight chain alkylene groups with
3 to 5 carbon atoms and having one to three hydroxyl substituents at positions that

are not adjacent to the nitrogen function.

Compounds of forrula (lia) are particularly preferred, in particular compounds
having a monohydroxylated alkylene bridge X, in particularly a propylene bridge.

Some preferred examples the structures according to the invention include the

compounds of formulas (lIl a) to (lil u) below.

HO \/I\/ OH
*/@ grr

Formuta (lita)
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HN O OH OH Fornula (111e) WO 2009/008734PCT/ NO2008/ 000255 10 Formula
(111g) Formula (111h) Formul a 0110 WO 2009/ 008734PCT/ NO2008/ 000255 11
Formula (111j)

WO 2009/008734 PCTE/NQ2008/000255
10
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Formuia (Iff)
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At an iodine concentration of 320 mg/ml, which is a common concentration for
commercially available iodinated conirast media, the concentration of the compound
of formuia (1) will be approximately 0.42 M (Molar). The contrast medium will be
hypoosmolar at this iodine concentration, and this is an advantageous property with
regards to the nephrotoxicity of the contrast medium. it is possible to add
electrolytes to the contrast medium to lower the cardiovascular effects as explained
in WO 80/01194 and WO 81/13636.

Compounds of formula (1) also comprises optical active isomers and will exist in
several isomeric forms due to chiral carbon atoms. in addition, the compounds
exhibit exofendo isomerism due to the restricted rotation of the N-CO bond in the
formyl function caused by the proximity of the bulk iodine atom, Both

enantiomerically pure products as well as mixtures of optical isomers are included.

The compounds of the invention may be used as contrast agents and may be
formulated with conventional carriers and excipients to produce diagnostic contrast

media.

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

optionally together with added plasma ions or dissolved oxygen.

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

osmoiality.

For conirast media which are administered by injection or infusion, the desired
upper limit for the solution’s viscosity at ambient temperature (20°C) 1s about 30
mPas, however viscosities of up to 50 to 60 mPas and even more than 60 mPas
can be tolerated. For contrast media given by bolus injection, e.g. in angiographic

procedures, osmotoxic effects must be considered and preferably the osmolality
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R—NH(R?) Formula (IVb)
are reacted with a reactive linker group of formula (V)
Y-X-Y' Formula {V)

wherein Y and Y’ are readily eliminatable atoms or groups and X has the above
meaning or a hydroxyl protected derivative thereof or a corresponding epoxide in
which one or both of the substituents Y and Y are replaced by —O-, and if required
followed by removal of protecting groups. The groups Y and Y* may be chosen from
halogen atoms, e.g. chloride, bromine or iodine, or sulphate
hydrocarbylsulphonyioxy groups, e.g. alkyl- or aryl-sulphonyloxy groups such as
tosyloxy or mesyloxy

Examples of suitable compounds of formula (V) are compounds of formuias

(Va) (Vb), (Vc) and (Vd).

o

Formula (Va)

wherein Y is a readily eliminatabie atom or group.

o 9]

>—<



are reacted wth a reactive linker group of formula (V) Y-X-Y Fornula (V)
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are repl ¥@ABYPSTH  and if required foll onwed by renPaF/NORMSOYRECt i ng
groups. The groups Y and Y' may be dhosen from hal ogen atons, e.g.

chl ori de, brom'Fne r \{H?di ne, or sul phate hydrocar byl sul phonyl oxy groups,
e.g. alkyl- or 8FH2 W phonyl oxy groups such as tosyl oxy or nesyl oxy
Exanpl es of suitable conpounds of fornmula (V) are compounds of fornul as
Na) ,(Vb), (Vc),,and. g4Vvd). o. Fornula (Va) wherein Y is a readily

el i mi nat abl e atjom-o&] gr oup. WO 2009/ 008734PCT/ NO2008/ 000255 17 Formul a
(Vb) Formula ( c) %\_le OH Formul a (Vvd) Further, conpounds of formula N)
providing a bri 3G9 3 carbon atoms are described in Bjewsvik, HR,
and Priebe, H Acta Chem Scand. 49 (1995) 446-456, "Multivariate data
anal ysi s of nolgcul ag descriptors estimted by using sem -enpirical

quant um chemi stiE3~fet hods. Principal properties for synthetic screening of
2-chl or onet hyl - oxP¥ane and anal ogues bis-al kyl ati ng C3 noieties".

Formuia (Vd)

Further, compounds of formula (V) providing a brndge with 3 carbon atoms are
described in Bjarsvik, H-R., and Priebe, H. Acta Chem. Scand. 49 (1995) 446-456,
“Multivariate data analysis of molecular descriptors estimated by using semi-
empirical guantum chemistry methods. Principai properties for synthetic screening

of 2-chioromethyi-oxirane and analogues bis-alkylating C3 moieties”.

Suitable compounds of formula (V) may thus be epichiorohydrin, butadisne
diepoxide, 1,4-pentadiens diepoxide, di{oxiran-2-yl)methanol or any precursor that
can form epoxide or diepoxide under basic conditions like 1,4-dichloro-butane-2,3-

diol or 1,5-dichloropentanes-2, 4-diol.

The hydroxyl groups present in the R groups and in the X group may, if desired, be
in a hydroxyl protected form. Suitable protecting groups include acyl groups such as
acetyl or, where adjacent hydroxyl groups are present, as cyclic ketal or acetal

groups.

The reaction between compounds of formulas (IVa) and (V} and optionally between
formulas (Va), (IVb) and (V) is preferably effected in the presence of an acid
binding agent, for example an organic or inorganic base preferably in agueous or
alcoholic medium or mixtures theraof such as water and/or an alkano! or glycot; an
alkali metal alkoxide such as sodium metoxide or an alkali metal hydroxide such as

sodium and potassium hydroxide may be used as base.

Any protecting group may be removed by standard methods, for exampie by
hydrolysis. The compounds of formula (IVa) and (IVb) may be prepared by
formylation of the corresponding compounds having free amino groups. in this
reaction, hydroxyl groups in the substituents R may also be protected by acylation.



Sui t abl e conpounds of formula (V) may thus be epichl orohydrin, butadiene
di epoxi de, 1, 4-pent adi ene di epoxi de, di (oxiran-2-yl)nethanol or any
precursor that can form epoxi de or diepoxi de under basic conditions |ike
1, 4-di chl oro- but ane-2, 3- diol or 1,5-dichloropentane-2,4-diol. The

hydr oxyl VP &#p80833esent in the R groups and in the X JFHNP2MEA0025
desired, be in a hydroxyl protectedorm Suitable protecting groups

i ncl ude acyl groups such as acetyl or, where adjacent hydroxyl groups are
present, as cyclic ketal or acetal groups. The reaction between conpounds
of fornulas (I Yag cafisbunys obfoen@Pll) MARbé YulfRbWesty doatdidnamabie) e.g(byb) and
(V) is preferabl ehfeqﬁed in tpeggggsence.of.an aci d binding agent, for
exanpl e an or gRPRHYe FHATFRARRMLIRY FBFUFBISHIPY i n aqueous or al coholic
medi um or m xtures thereof such as water and/or an al kanol or glycol; an
al kali metal al koxi de such as sodi um netoxi de or an al kali netal hydroxide

such as sodi unband gh BARHALIMES Rl oM BImBE AP Sindase. Any protect ing
group may be r T ,_tor exanple by hydrolysis. The

conpounds of f Thepileaursbridad thermdmpbiMn)s aftyrmios givapand{ivi)ythé oiringihaiedion of t he

correspondi ng i r ] | i i.an, ,
hydr oxyl gr oupﬁ%%@%ss%ﬁg%ﬁ%nﬁnﬁg}nﬁg %gﬁ%rcngﬂo%%h%é%gﬁﬁhggyl ation.
WD 2009/ 008734 paiinesgioisy/iraneesiung dpiserinedrms crientsl tofe.o b’rWQB@B?%/%Z angy be

puri fied in anyyapRAl NbmiFBLLE ridcdsolai LEAN Ubitfie WuRIRIOLARGH Of
by recrystallisation. Preparation of internediates (when not commercially

avai | abl e)  ThAldshang Taminord4 PdodgN bRk SShyaExyRiPRYS-soPligiamigRiis | vb) |
the tri-iodi nat@fmpheny bvaibBisRSy. Frami Mg Chelii@@inauitngs, ploup are commerci al |y
avai l abl e or can be produced follow ng procedures described or referred to
e.g. in W95/ 3Eiadplendr AMARErEAAAilable praturesr? ofithé compoods of Bopliéallva) aci d

for exanple is_avail.able e ol L .

5 no- 2, 4, 6. P 1Bl SkeREe Ting R AiRblsEr plibusy poscriverip g iteratyre |
comrerci al |y aingiubabl e e.g. from Fuji Chem cal |Industries, Ltd. Exanples
of commercial avail abl e precursors of the conmpounds of formulas (Ilia) and
(I'Vb), either commercially avail able or previously described in the
literature include: Nirte

5-Anino-N,Nt-bis-(2,3-dihydroxy-propylf— ,é-triiodo-isophthalanide
HONHHN He NOH ° o
NH | HN
LA
HO™ ™ [ oH
OH Ok

5-Amino-N,N'-bis-(2, 3-dihydroxy-propyl}-2,4,6-triiodo-isophthalamide

NH.
t [

o o
NH
HO/:r : HN\(\OH
HO OH

5-Amino-N-{2,3-dihydroxy-propyi}-N'-(2-hydroxy-1-hydroxymethyl-ethyl)-
2.4 B-triiodo-isophthalamide (W02002044125)



5- Ami no- N- (2, 3-di hydroxy-propyl)-N - (2-hydroxy-1-hydroxynet hyl -ethyl) -
2,4,6-tril odo-isophthal am de (W2002044125) WD

2009/ 008734PCT/ NO2008/ 000255 19 NH2 00 HOThCH OHOH

gl Qm gg %%“qgﬁiﬁﬁ'f’g‘ﬁ%ﬁ\lg)lg:-lhéqlr oxy-propyl)-2,4,6-trii Odopﬁiﬁoz%hfﬁﬁotz?é" I sophth
5- Ani no- N- (2, 3- di hydr oxy- propyl ) - 11-%2- hydr oxy- et hyl )-2, 4, 6-triiodo-is
opht hal am de (WD 8700757) The corrpoundsm%f formulas (1vVa) and (IVb), may
be prepared by acylation of the corregspondi ng conmpounds having free am no
groups. In this reaction, hydroxyl ﬁ the substituents R may al so
be protected by acylation. Acyl ati onyfay bg effected by any conveni ent

nmet hod, e.g. by use of activated foriic!aei~d such as m xed anhydri des

whi ch can prepared by a variety of J%Thods escribed in the literature. A
conveni ent nmethod of preparing m?&%dognhy Hi&E'\s Is to add a carboxylic
acid anhydride to an excess of form c acid under controlled tenperature.
I't is also possibl e stQnifBIRenBiXE0s- ARG SIESYY 4 8dMiblid-RIN Bfmanykar boxyl i c
acid chloride to gophthalamide

NH,
(NN
G T E o]
NM [ HNI
Ho/g OH

OH

B-Amino-N-(2,3-dihydroxy-propyl}-N'-(2-hydroxy-ethyl}-2 4 6-triiodo-is
ophthalamide (WG 8700757)

The compounds of formutas {IVa) and (IVb}, may be prepared by acylation of the
corresponding compounds having free amino groups. in this reaction, hydroxyl

groups in the substituents R may also be protected by acylation.

Acylation may be effected by any‘ convenient method, e.g. by use of activated
formic acid such as mixed anhydrides which can prepared by a variety of methods

described in the literature.

A convenient method of preparing mixed anhydrides is to add a carboxyiic acid
anhydride to an excess of formic acid under controlied temperature. It is also
possible to make mixed anhydrides by addition of a carboxylic acid chioride to a
solution of a formic acid salt. Formyi-mixed anhydrides may include acetyl,

isobutyryl, pivaloyl, benzoyl etc.

in the present implementation acetic-formic mixed anhydride is employed. To an
excess of cooled pre-prepared acetic-formic mixed anhydride is added a 5-amino-
monomer and the mixture is stirred overnight. The mixture is concentrated in vacuo
and may be used directly in the alkylation step as described in the experimental
section (procedure B) or alternatively the O-acylated groups may be hydrolysed

prior to alkylation as described in the experimental section (procedure A). Hydrolysis



solution of a formc acid salt. Fornyl-m xed anhydri des may i ncl ude
acetyl, isobutyryl, pivaloyl, benzoyl etc. In the present inplenentation
acetic-formc m xed anhydride is enployed. To an excess of cool ed
pre-prepared acetic-formc m xed anhydride is added a 5-am nonononer and
the m xt UV@201/08%734 r ed overni ght. The mi xture i s conc&@RTMNGRE/LPII5Syacuo and
may be used directly in the alkylati?$n step as described in the
experinental section ocedure .8 ter natl veI - | at ed groups
may be hydr ol yé%ﬁorb’??'%'ﬂ[ytp(?%grlmkifil '5%'9‘6‘??”3?""%'8 cfX‘F ﬁ’ﬁg "@%eri nent al
section (procecbxpmrvﬁe)ntallslyct'rooloysiagaitmmwm@mdmmﬁm@%ZSS 20 is
conveniently p Q'J”Cfb@ basic nedia as exenplified in the
experi ment al S?é%%%%ﬁg}%@ a g‘?onatlvel y be effected by al coholysis e.g.
as described in vm1997000240 It is also possible to dissolve the

5- am nonMoNONer w8 5fs8HBkGbie cﬂss%li':g t@@%ﬁ%ﬁnb%eﬁﬂ%rﬁ%&%m&ﬁéé@eﬁ@

anhydri de but in order to reduce unwanted acylation it is preferredto
prepare the i 38H ey ifeacbyivaide Rﬂt!{h‘?j’d%‘ﬂﬁé‘%’&ﬁ%H'ﬁ“l’%ﬂt‘?ﬂ @FYF‘H‘P%"‘Wth t he
5-ani nononomner p@&eﬁ@ﬂ@rprégﬁde mbwaad éﬁhp@ider&ﬂhr&lelﬁﬁmmbﬁeqbentﬁr mix this with

5' 42- hydr oxypr ap 3-di vl Thi nyl azaned| vfitbi s(N1, N3-bis(2, 3-
d|t|vdroxyprop3'% ‘?mﬁwgmf'f’ﬁ"fa $ Tri de) HOOHOI y OH
It 1 O HHHO - II1,,OH

Experimental

Example 1

dihydroxypropyl}-2 .4 6-triicdoisophthalamide)

o | H\fo OHO%I’H 10
HO._~, N_ AN N O
T T
HO | ! f t OH
HN S0 07 “NH
OH OH

Procedure A;
1a) N,N'-Bis-(2 3-dihydroxy-propyl}-5-formylamino-2.4.6-triiodo-isophthalamide

Formic acid (300 ml) was charged in a dry 1000 ml flask fitted with a dropping
funnel, stir bar, thermometer and a gas inlet. The acid was cooled on an ice bath
under a nitfrogen bianket and acetic anhydride (144.8 g, 1.418 mol) was added drop
wise at a rate so that the iemperature did not exceed 2.5 C. Afier compiete addition,
the ice bath was removed and the temperature was allowed to reach 10 °C. The
mixture was again ice cooled and 5-amino-N,N'-bis(2,3-dihydroxypropyl}-2,4,6-
triiodo-isophthalamide (100 g, 141.8 mmol) was added over 5 minutes and the
mixture was left stirring over night while attaining ambient temperature.

The mixture was evaporated to dryness and methanol (300 mi} and water (300 mil)
was added. 2 M potassium hydroxide was added until ali materiai was in solution
and a stable pH 12.5 was attained. The meathanol was removed in vacuo. The
mixture was neutralized with 4 M HC! and a slow precipitation started. 300 mi water

was added and the product was precipitated over night.



HN 00 NH HO*KCOH OHOH Procedure A: | a)

N, N - Bi s- (2, 3-di hydroxy-propyl )-5-fornmvl am no-2, 4, 6-triiodo-isophthal am de
Formic acid (300 m) was charged in a dry 1000 ml flask fitted with a
dropping funnel, stir bar, thernoneter and a gas inlet. The acid was

cool ed onWaAY®E7Bht h under a nitrogen bl anket and ac@CTEOCIMBPEZFe
(144.5g, 1.418 nol) was added drop wise at a rate so that the terrperature
did not exceed 2.5 e addi tip ath was ve

and the tenpera pre‘\:/'\%éie Sgo(ﬂgakgg?deﬂ%ﬁ?dw An%“?&%""@tm ?\"l ce
cool ed and 5- arﬁlnaotomrﬁblstg:(az¢ anéfuﬁhym@ﬁwpv&pquyiaqwg (81.5 %) of NN -bis-

triiodo-isopht t’@l x&%?&ﬁgls'f%%iﬁnﬂﬁng\% R ?1%& afh Yifde 5 m nutes and

the m xture vvas over ni

arrbl ent
orper at U1 6. | THE-MRIS0D S IR JITBSS ‘S SRamch o} PRGOS, rf )
and water (300 {H))3v@ppradeest), 2 6l QutﬁrﬁQHy@dSYdiﬁvp By Vg5 geled ypti | all
material was in sol utlon and a sta Ie .5 was attal ned. The rrethanol
was renoved in VRN Mt xt ure was neutrallzed with 4 MHCI and a sl ow
precipitation started. 300 mMl water was added and the product was

precipitated OV€ 0 4 0 00025 1 The
precipitate was cggl g%?'@?i%%ﬁ??% ggﬁc{ﬁg '\%f( émjﬁPES%s\ﬁat &P
dried on fitter0.1% famimact anchiik & agetdnifrile’ 0HS6 fodmicedid| gradivoU® 39 & §oedrd2084. 8 ¢

( 81.5 % of
N, N1- bi s( 2, 3-di y roe)uX{i/S m mm l5| g_e ctnon ézr?#ﬁnq%& nr% ES' MS)G%aVFSt,VCV)OgB?%aI am de.

1H NMR 500 MHz qegtﬁqe%irﬁ mm@s W'@Wmfzmdﬂﬂ*' CE T (M)+ NE4+3 356,825, 8vBMppm
(2s, 1H), 3.94 ppm (?'55821"'):@#& BraiRPB théstrZile. 3. 55 ppm (m 2H), 3.45 ppm
(m 2H), 3.34 ppm() EI\/S (colum Agilent Zorbax SB-Aq 3.5 pm 3.0
x 100 mm solvents: A = water/ 0.1% formc acid and B = acetonitrile/ 0.1%
form c acid; grabsne- tﬁrdaﬁv;%ﬁar@v’eB-dR;Qbuanfditmvl‘ahQWdQn&sm IN*migiz. 3UV det ecti on
at 214 and 254 . i 'DESaE%“’%ﬁntred at 5.5 mnutes with mz
(M+ H+) 733.8% T, i N4 v ; z (M + Na+) 755.817

Cor respondi ng tR;otaslaarrEh)ndcm:tder(é 07 glb}as dissolved in water (6.9 mi) and methanol (3.4 mi)

2- hydr ox f S
di hydg oxy);;r opy%?sggﬂngﬁpl%gggﬁé%g%& it %t@é g%t}gs&sl%% Egnddr% cPegelﬁ(?gl%é%
was di ssol ved inmolhard NN‘sb@—(BAB)drfyﬁ@wm%rfow*mm g, 41,51""'&“50 m round

botlt?rreddflask;édphfhagmmet(hoag B b waib biddeRb theBRiFred saiich. (0. 41 g, 6.6
mo an

N, N1- bi s- (2, 3- GARMIFUNGIHIERE P-B-PHPhYRSANIRI-12 the solutieh ABYBPEIGRATRSS ani de
(7.0 g, 9.56 mmls)rttms. thelfket nd tiidsH akb ﬁfa&tﬂaiﬁéd axtp&m'z bﬁ@bﬁW:s@raﬁﬁydﬁl n
(260 ul, 3.32 ad he s n. and a ode was
fitted in the f°| as pc‘;’s‘Q gfdd?—%%aftgr%ﬁl nt §'8‘ em'ﬁt P2W7s %§ EiWBBOV'Fse
addition of 4 Mg@bt‘t’ass’Humsrwstsd with 4Urhy4rohhiom ammiospi-pdaam thetnimdhamiokt ur e

was left stirri tﬁ'}ég\fed% ggl’,tuo ThEreRidin eéﬁ@bﬁ@oﬁﬁo%g affutdd onaghlAri

acid to pH 4 an met hanol was reno I'n vacuo e remal ni ng aqueous
sol ution was dirfanedragtedvitiderexqhzraers JAMPERPOC:angltRAS(lite Retedanductivittnger s

(AMB200C and | RABTon dxehaRen \p&@%m&ueulbtmtramaa;smseamamgr@nwee renoved
by filtration and rinsed w i ne ueous filtrates

were freeze dri8gP m?%@qt&%@tfa?eaw&t ?Wét’? %’G‘Ii Q'%eéﬁ’dﬁfr%‘? wasipyrfigd by c
(col um Pheno nmmrdnm HPOi&col@mp) Fhémdnvediek $una’C+8 V@D:&I’soﬂfaﬁtsﬂ'-\ water and

gcg:[ E)ni trile; ¥ aace emtrlle QFBQIBI‘% 5’ fd%Gé)over Bo m'?‘r]: ; ;réeezgé\zderym ré(bE'S o§5 %‘0 g of
( 2- hydr oxypr op&vbydro:3paipadd-ti3sdiybistiprayaaacediyb)siN SIE NG s (B-dibsir @yBrogiiy dr oxy
propyl) - 2, 4, 674 d B SHRRLDARIIAD % (bt Rad®llaftled) Was obtai ned.

'H-NMR 500 MHz (solvent: D0, ref. H,0=4.8 ppm, 25 °C): 8.34 and 8.08 ppm (m,

2 H), 2.804.80 ppm (m 26 H).

LC-MS TOF; 1522.68 miz (M + H"), 1544.66 m/z (M + Na*).

Example 2



11-1-NWVR 500 MHz (solvent: D20, ref. H20=4.8 ppm 25 C): 8.34 and 8.08
(m 2 H), 2.80-4.80 ppm(in 26 H). LCMS TOF; 1522.68 mz (M + Fr),
1544.66 mz (M+ Nat). Exanple 2 WO 2009/ 008734PCT/ NO20081000255 22
5, 5" (2- hydr oxypropane- 1, 3-di vd oi sft ornyl azanedi vftbi s(NL, N3-bi s(2 3-
di hydr ox P epomyaT 4. 6- triiodoi sopht haI am de) H Os,, BGI/NO2408@pERSY | O
HO',"..-?2, NN, .)- , - N

N O_I HH HO | l‘-(Z-hvd%;cly;I;Irlgpane 1Iz’»i-c!ﬂ\ﬁ?la||_s|((-1‘](;|rmvlazanecil\ll)blSJ{N1 N3-bis(2,3-

dihvdroxypropyl)-2 4. 6-triiodoisophthalamide)

0o | H\fo OHOYH I 0O
HO_~y, No_ AN N OH
Y Y
HO | t [ [ OH
HN" S0 07 NH
HO K(\ H

OH OH

Procedure B: -
2a)1-formylamino-3,5-bis(2.3-bis{formyloxy)propan-1-vicarbamoyl)-2.4,6-irnicdo-

benzene

Formic acid (4 L) was charged in a dry 5000 mi jacketed reactor on cryostat was
fitted with a dropping funnel, mechanical sfirring, thermometer and a gas inlet. The
acid was cooled with a cryostat under a nitrogen blanket. Acetic anhydride (1.98 L,
21.0 mol} was added drop wise at a rate so that the temperature did not exceed
12.0 °C. After 7.5 h the addition was completed and the mixture was cooied to 3.8
*C and 5-amino-N,N'-bis(2,3-dihydroxypropyl}-2 4 6-triiodo-isophthalamide (1.481
kg, 2.1 mol) was added over 20 minutes and the mixture was left stirring over night
attaining ambient temperature.

The reaction mixiure was evaporated in vacuo at 40 °C to a moisi mass, this was
further dried in a vacuum oven at 40 °C to yield 1754 g (98.8 %) of 1-formytamino-
3,5-bis(2,3-bis(formyloxy)propan-1-yicarbamoyl)-2 4, 6-triiodo-benzene . The product
was used in the next step without purification.

The obtained product does contain some minor fraction of O-acetyl esters, as the

product is used directly in the next step without purification this can be disregarded.

2b) 5.5'-(2-hydroxypropane-1.3-divlbis(formylazanedivbis(N' N>-bis(2. 3-
dihydroxypropyl-2 4 6-triiodoisgphthalamide}
A 1000 ml jacketed reactor on cryostat was fitted with internal pH electrode,

thermometer and stirrer. The reactor was cooled to 10 °C, water (77 mi), methanol
(154 ml) and beric acid (49.7 g, 803.5 mmol) were charged in the reactor. A slow
addition of potassium hydroxide (2 M) was started and at T=0 finely crushed 1-
formylamino-3,5-bis(2, 3-bis(formyloxy)propan-1-ylcarbamoyl)-2,4,6-triiodo-benzene

PPm



OHOH Procedure B:

2a) 1- f or nvl am no- 3, 5- bi s( 2, 3- bi s(fornvl oxv) oropan- 1-vl carbanovl) -2, 4 6-tri
i odobenzene Formc acid (4 L) was charged in a dry 5000 m jacketed
reactor on cryostat was fitted with a dropping funnel, nechanical

stirring WQRWPHE er and a gas inlet. The acid was cBEIBQ2BN2E cryost at
under a nitrogen bl anket. Acetic anH?drl de (1.98 L, 21.0 nol) was added

d i se at t hat the t d 0.C. Aft

75 " the ada (40 6 B0y ERR D M Rt o e SBRRIPOE R C ana

5- ani no- N, NLbi s({&pﬁdedwaqlaﬁjustgcptod@yb)heZprﬁhln PHI1d $et i Baphihh aérepriratere( 1. 481

kg, 2.1 mol) Waasaddedn @’S‘tﬁoz@ 1K 7251 B BT 8%l WEE farid T 1 N9
n mXxture S

over ni ght atta| R ng erature e reac _

evapor ated i n seloian ﬁldeﬂ?@h@rqfwd%n {161 0t min@%s? mmel) vagaddgd intSrartiansiodr in a
vacuum oven at Sé%lrﬁtésoTHé Eh%é%tglnég%tﬁr@pHolf‘l 6-11.7 by continuous addition of
1-fornyl am no3, 5- orrry oxy) propan- 1-yl carbanoyl)-2,4,6-triiodo
-benzene_. Thepﬁﬁaéﬂ%lhy%§‘ fsEM)-in the next step without puri fication. The
obt ai ned produgt 7eoBs naARESINS psm@s ™M.Nahd frremitu@masﬂefostmejwer AIgheAtIp as
Egﬁ E;Oglugf, elgzrﬁévgﬁ thS-I dlus¥ment +heefopo%\)r%g 3ayetRe %t\afgglflr%al gurrwé wi E|lrt1 Ipﬁnﬁtshl S

5, 5P- ( 2- hydr ox v p7 eptaarzerntinudus additidpi «f pbassivindwdnoride (G iAs (NElenNi3f thes{ag a3-

di hydr oxypr opv seph | react or
on cryost at waée) r?;?eni’furg %\%%@ﬁt er nfe‘t’lh‘fH ﬁq\,%e da]n QQQ%@H%%B%E%(?@%J%
stirrer. The rowttior nightsThafollewing dambe@aoim @rxtt(rawaw'jutewtm\m@r (30854 M)
and boric aci dp{idqiain 0%9& tRe FE¥Rlo} a8t ARIVESKIE famtelsa@warn?a.cmgzooee sl ow

addi ti on of potassium hg ide (9 M was started and 0 finel
crushed 1- (1841 ml, 3093.6 mmol) The pH was now pH 1.38. After 5 minutes basic ion

f gr rnyl am no- 3 ghcrahgdrIRABs D] 2/9(465 £, TBO}QBEWrﬁbl@ﬁ’aﬂaddeﬁIaﬁdltﬂwmyrb)iuéﬂlylhttﬁmécﬂ i iodo
-benzene WO 20 0873 NO2008/ 000255 23 401

2dded Lo the  BHCHErAet A0 Rl R OBR P Bt Re oY TR ot

adj usted to keepter (x2fitdrsd t hin pH 11.6-11.7 and the tenperature was

mai nt ai ned at Pt o

| argely in sol l%{[a,l oEnang&gs @Y%ﬁ é’?‘gﬁm& :ﬂiﬁﬁfﬁéggc}%nﬁé Hfg%'t 8% nﬁoﬁ&v\g/a@é‘dded
in 5 portions dbiercsgned mss flmswrwbmdrﬁnéur%@ewcthﬁhterﬁ-lnHCl@ at1. 7
by conti nuous agd(btl on of potassium hydroxide (9 M. At T = 465 m nutes
the pH was 11.7 and the m xture was |eft stlrrln over ht at 10 C

wi t hout pH- adj JE? RHe progHet was Aubligchy erapareie Hitk guf?ﬁlpﬁ‘Fg?’ﬁ%'be%“Pﬂi n pH
11d6 f 11h7 \é\n t [z18 @Rt IONIAOSISvanetd Al Qﬁteﬂéncht—%:SioulﬁﬁiéZ]gekm de20% Mo(\jle:ﬁﬂodt hﬁ
end of the ayat erat ur e to was started and the
m xture was | eft"” é@gg dﬂf@% %"hydﬁﬁmﬁpgﬂ ovugng day the reaction
m xture was di Hiyt) tms{fomnmlazan@ﬂsfl’)b:@(ﬂs\[)m3fuls)(2 aﬂirhytila)kmnomn[)t:l*bﬁ- t he reactor and
treated with a y@@ , 3093.6 mml). The pH
was now pH 1.3 Kggﬂ%t %ﬁﬂg& ﬁ{ﬁgé SIC 10N exchan | RAG7 (2946 m ,
3093.6 mMmmol ) waS-MYdeH 158268 miz (My+di adééfrﬁ?rré%%rg@d pH 5.67. After 4 h the
ion exchanger s s\ S@WME@SJ%J i @H%?'H%@“a@q)pfﬂ DS ech: Bisk RnWatodpphfiohd
liters). HPLC anal SIS é nL showed the product to be present in a
purity of 90. 4244 %4@ rﬁ’BF‘r{EHZ% eous filtrates were conbined and reduced
to 1.5 liters in vacuo at 40 C The crude product was purified by
preparative HPLEg écglaurm Phenonmenex Luna C18 (2) 10 pm solvents: A = water
and B = acetoni gradient 05-20 % B over 60 mn. After freeze drying
222.8 g 5, 5" - ( 35hd-dkydioxypatace-l, Adivhbis(formylazanediyhbis(N' N°-bis(2 3-

di y1) bi s(forrry Il é/f é_- 3 oBhiRGRmaes! | hydr oxypropyl) - 2, 4, 6-

tr||od0|sophth tained. LCGMs TOE 1522.68 m z
(M+ He), 1544.66 n12(M+ Nat)




11-1-NWMR 500 Mz (solvent: D20, ref. H20=4.8 ppm 25 C): 8.34 and 8.08 ppm
(m 2 H, 2.80-4.80 ppm(m 25 H). Exanple 3

5, 5" (2. 3-di hydr oxybut ane- 1, 4-di vl) bi s(f ornyl azanedi vfi bi s(N1, N3- bi s(2. 3-

di hydr oxy %? %{@@4 6-trii odoi sopht hal am de) WO

2009/ 008 10 08/ 000255 24 To a stirred soluti oRCEHNREBEPOEI0 m ),

met hanol (5 ml) and potassi um hydr oxitde (1.0 g, 16.4 mol) was added

N1, N3- bi s( 2, 3-di hydr oxypr opyO-5-f or nyl am no- 2, 4,,6- triiodoi sophthal am de
(Exanple la) (10.0 g, 13.6 mol). To the clear _isobwti on was then added
boric acid (0.59 g, 9.5 mml). The pH was contjnuously maintained at pH
12.6 by addition of potassium hydroxide (10 and 1, 3- but adi ene di epoxi de

(0.40 g, 4.7 nmmol) was added. Fhes Pidy tH ug i has cont i nuousl y
mai ntai ned within the in# | Q V. jtion of solid boric
acid for 5 hours and then Jef# ¢ theo,wggk ng The solution was

neutralized by addition 8f hydfochldric &i'd (18% w) and then treated with
i on exchangers (AMB200C, 20 mi)Hvane (1 RA67, 20 ml). The resins were
removed by filtration and ri with water and t he conbi ned aqueous

vol une was reduced in vacuo. The crude product was purified by preparative
PLC (col unmm Phenonenex Luna C18 10 pm 250 x 50.0 mm solvents: A = water
and B = acetonitrile; gradient 0-10 % B over 60 min; flow 50.0 m/ mn, W

detection at 214 nm and 254 nn) After freeze drying 3.1 g 5,5 -(2, 3-

di hydr oxybut ane"og? Hirrdh ¥gﬁ3ﬁ 53(’7 (?@ﬁﬂerqéﬂ‘lghé?'@wjan%oﬁs&(u% @aﬂklﬁwf @Xypr Y
pyl)- 14,6-triiodol sopht l\& was obt ai ned col um
Agi | ent Zor bax 9st- A@@‘B‘"ﬁrﬁ'@e@ W(%d'*ﬁ’éﬂo?ﬂéﬁ?@") WO"“M‘T‘@WZ ‘bs‘l% formc

acid and B = a@rﬁémobhihhmm&: Exehpie Tbr(189 ¢l 138 AAbE Mo tHe 8% B1LA¥LWag0 M N;

flow 0.3 M/ mn I-IVB ave, f eaks
Controd ar 5. ot Aied boga s 0 e 85 iy (e pHLuM cEniRsh e rRasl ©
structure. 1H MR 2By Muo(n&ﬁbmemmm B?cﬂ}oxrﬁeﬁo N4, ﬁ?rbpuadiané&leﬁondeS 48 ppm

m 1H), 8.25
;! 5-(|2_?4-di hyd oxyéenzgﬁ%’*ﬁw e theBL L ?f&y sodid 3513°§m(°ﬁﬁ'yﬂﬁ§‘%a‘”?dz 3-
di hydr oxvpr opy Withip, the Biaryal rromo‘ibﬁ)ipﬁtswalwmtlmepf soligh\ppric acid for 5 hours and then
2009/ 008734PCT} /%Pﬁl e0am e Lufon asrﬁe% ai&%lﬂ% 0Bua] ?M@a,%&m&%ga%e)

met hanol (5 m pot assi um was a

N1, N3- bi s( 2, 3- &1%w>cﬁw;§lﬂ%;p%;ﬁa}e%w¢i3§% ﬁwhane%?@ﬂa%lc 2P MR (St Bl ami de

(Exarml e la) (Hh.In8resiid. v@ergmaved‘s?f.ﬁrla@orpémnsé@wh inafer WAd thaddrin@r i C
acid (0.59 g, H was conti uousl i nt ai neg‘egt% pH 12.6 by
X

additi on of po@sgﬁ%whm% gauee d ¥gcuan elcr‘ﬂd AP WaR B i de (0. 47
g, 4.7 mmol) \N@ﬁep@ﬁhﬁ&@ll—fpmqwhn@?hédrmaekubnaaomvas pﬁmﬂnmﬂmonmhysmnﬁ ai ned
wthinthe interval, from12. 6. t0.13 b t f i d The
reaction was sfir Va6 3 —tﬁtoﬁgﬁ,&%&%ﬁgqo /é(r%p Y ? ”{I ggxg%EOml | on of
hydrochl ori c aeetcidBat@)i4 amdard e nem) obftes drewss drying 3. lex G ha@der s (AI\/BZOOC 20

m) and (I RA67dlhﬁ9roQ} n-ghfa4 dﬁﬁb Qﬁor}?@fa arre%wag: W JI ﬁ%;dﬁ*ye%g{fgmﬁ)“ nsed

with water and e co |ned agueo reduced he crude
product was purRi4§-sipdeizophtbpamigel (/8 fped) pes rbiginehenonenex Luna C18 10 pm

250 x 50.0 mm ; 8qhy @mn Aglﬁan%rﬁéx aBdhgB spmced Qﬁlbdi Hnl %oin{thlBWEteQI 17 % B
over 60 mn; flow 0 UV det ection at Af ter

and
freeze drying ggfogmg @mi E(ng 31— apﬁ%mwgﬂéﬂogﬂg afxd5grad|ent 0- 30 % B O\FQI’ 20
di yobi s(f or my! aammeeio/ O shiNILNIetsbtmh At 314l by 254000y [ESND)gae ubpeaks

S, ) 0 2

triiodoi sopht haI dda?)s mmuté)s)(uitﬁlm% 1):1,\?2?5 RPL%L rrlzgrgésponding o the structure.
1H—NMR 500 MHz (solvent; D;0Q, ref. H,0=4.8 ppm, 25 °C}: 8.48 ppm (m, 1H), 8.25
ppm {m, 1H) 3.40-— 4.40 ppm {m, 26H).

Example 4
5.5'-(2.4-dihydroxypentane-1,5-diyibis(formylazanediyhbis(N' .N°-bis(2 3-
dihvdroxypropyl)-2.4 . 6-triiodoisophthalamide)




LC-MS (columm Agilent Zorbax SB-Ag 3.5 pm 3.0 x 100 mm solvents: A =
water/ 0.1%formc acid and B = acetonitrile/ 0.1%form c acid; gradient
0-30% B over 20 mn; flow 0.3 m/ mn, UV detection at 214 and 254 nm
ESI - M5) gave four peaks centered at 10 minutes with mz 1566.5 f M-Hr
consi st efYO #0PM08He expect ed product mass. 1H NVR 500 PHENO24/00@HE D20,
ref. H20=4.8 ppm 25 C): 8.15 ppm(r%? 1H), 8.10 ppm(m 1H), 2.90-4.15 ppm
(m 26H) 1.42-1.85 (m 2H). Exanplg 5
5.5-(2, 3,4-tri hydroxvoent ane- 19 5- 'le’o Es(CfHo ned
V1) bi s( N1, N3- bi s(2, 3- di ?@;ﬁ%ht hal anm de) WO

t

2009/ 008734PCT/ NO2008/ 0Q st| rre water (10 m),
met hanol (5 m) and potassi um hydyoxi de (1. 16.4 rrm)l) was added

N1, N3- bi s( 2, 3-di hydr oxypr opy1) -%-for nyl ami no-2, '6- trii odoi sopht hal ani de
(Exanple la) (10.0 g, 13.6 . To the clear s bhon was added boric

acid (0.59 g, 9.5 mml ). The p#ti was conti nuously awai ntai ned at pH 12.6 by
addi ti on of potassium hydroxide (10 M and 1, 4- pent adi en- 3-o0l di epoxi de
(0.55 g, 4.7 mol) was added. The pH interval of the solution was

mai nt ai ned between pH 12.6- 13 by addition of solid boric acid. The

reaction was | Unhiv it
hydr ochl ori c ag;gSﬁ&éaﬁ%ngnw%te;g?m%%ﬁﬁggﬁgﬁaﬁ */B Ooéé:\e 20 m)

and (1 RA67, 209niB)4 mmeb wasadeed NeMebig(2 $-dihedroprroryhid fP"’H?é‘H“QN?fW wat er and
the conbi ned afliRIeI4EpIANAIAhIdE NEMRSpIé e8UGed g N3 Bauhd). TIRe ddaidelufisrodact was

purified by pre i.ve HP col um Peno nex x500
mm sol vents. SRELGLLYS A, Lol i, Phene S Galiiany Bome RSt Be:

min; flow 50. 012 by atiditior b pabedssiatn lydroxideZ 10t M) ancihd-FRtadieny dispbtide (d47eeze
Gryino 1350 08 Pl SR PR ARy o ooty mninga win

trii odoi sopht htheamtental)froir 92.84d0/1 2byipddiies abisei basd aClEdh@B@Q’S'@F&M@ﬁ siged ent
Zorbax SB-Aq 3,p \ﬁ %eﬁd/&lqpth%eét%&&%)ﬁadd%on o“ﬁ&cﬁééhlcﬂc%c{mf(@é %\ﬁ) acid

and B—acetonltrl ) formc aci radi ent 0-30% B over mn; flow
0.3 ni/ nin, WAHEeedeatsswib 'Oﬁl%cwem%ﬁ?f) 0EgH. Wé;?n%ﬁ%ﬁ? @é“*bé&ﬁs
Cenger ed at 8. ibﬁm:s\l k& Fenivb 8 bpTifratldnbahddins¥hivth GaRs hisd ®Btombinbd hiecaxpect ed
product nass.
5 ppm (m 10Fgumg wgs re&ui%%a%ﬂ The ERelprockict s o g Parae i &
5, 51- ( 2, 3- di hy gemmrrlicnbmeds:di-uhai (1801 0sifrh @50y I5a Dawra dlolwkhits b s(vWdter aNg-Eb+s( 2,
3- dilwd roxvoropvl).-2. 4. .6-1rii@dg-NI, |, i i WO
S ooy oxvoL o biefduRald b 988 ol 6o i oW BS Bl R AN babahAe) 14

nm and 254 nm). After freeze drving 1.98 g §,5'-(2,4-dihydroxypentane-1,5-

diyhbis(formylazanediy)bis(N' N°-bis(2,3-dihydroxypropyl)-2,4,6-

triiodoisophthatlamide) (27 % yield) was obtained.

LC-MS (column Agilent Zorbax SB-Aqg 3.5 um 3.0 x 100 mm, solvents: A = water/

0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 0-30 % B over 20

min; flow 0.3 ml/ min, UV detection at 214 and 254 nm, ESI-MS) gave four peaks

centered at 10 minutes with m/z 1566.5 [M+H]" consistent with the expected product

mass.
"H-NMR 500 MHz (soivent: D,O, ref. H,0=4.8 ppm, 25 °C}: 8.15 ppm (m, 1H), 8.10
ppm (m, 1H), 2.90-4.15 ppm (m, 26H) 1.42-1.85 (m, 2H).

Example 5
5 5'-(2 3 4-trihydroxypentane-1,5-diyl)bis(formylazanediylbis(N' .N>-bis(2 3-

dihvdroxypropyl)-2 4. 8-trilodoisophthalamide)




OHOHHONHOIOH Ol vy OHFICONNNNOH Il HOzOH 0 O To a stirred

sol ution of ~

1-fornyl am no- 3, 5- bi s(2, 3-bi s(fornyl oxy) propan-1-yl - met hyl car banoy0- 2, 4, 6-
triiodo-benzene (Exanple 8a)(9.9 g, 11.3 nmol) in water (10 m) and

met hanol Y9 209008%85 added pot assi um hydroxide (10 M PETHRA2MBAPRSDHH at pH
12.6. After 1.5 h, boric acid (O. 562@ 9.0 nmmol ) was added. The pH was
continuously maintained at pH 12.6 addl ti 8” |9f pot assi um hydroxi de (10

M and 1, 3-but adi ene di epoxi de (®. 3 O ok BH added. The pH was
mai nt ai ned bet ween pH 12. 64 € acid and | eft
stirring over night. The sol uti%n neu mall d|t|on of
hydrochloric acid (18% artf treated wi'th ion exc angers KI\/BZOOC 19 m)
and (I RA67, 19 m). The resins wnediltered of% d rlnsed with water and
t he conbi ned aqueous sol uti om,owjreduced in vacuo crude product was
purified by preparative HPLC (comunm Phenonenex Luned C18 10 pm 250 x 50.0
nm solvents: A = water and B = acetonitrile; gradient 05-20 B over 60
mn; flow 50.0 mM/ mn). After freeze drying 1.38 g of
5,5"-(2, 3-di hydroxybut ane-1 , 4- diyCbis(f ornylazanedi yObis(141 ,N3 -bis(2
, 3-di hydroxy propyl)-2,4 ,6-triiodo-N1, 1\ edi net hyl i sopht hal am de) (19%

y' el d) was obt %'o%eéisrreé‘@ahtYOﬂé‘fv@Yer'f% N? th&RAAYITS M'ah&ﬁ&ta@ﬁrh%drgﬁdé\ 85 pm

3.0 x 100 nm solvents: A = wa formc acid —acetonltrlle/
0.1% fornic acidl’6-gMmeplems %F’dSQ '\%"Bb&%?'d%d"ﬁi‘%’mﬁyf)bﬁﬁ"ﬁnﬁa'ﬁm?"zrﬁ‘f‘r w
detection at 2idodtibpRthdiaiine ExdmpPB)iapau® ¢ 1838Inimel. ol ctteammﬁorawasll 2

T ok bl 5, EATEASLARS gl LGB el o (1

4.4 ppm (m 9. 8BB, bykddition 3f gbt4sxjuniByidyoxide:. (30 M3 aid p@rpenipdiehS3-l diepoxide
{0.55 g, 4.7 mmol) was added. The pH interval of the solution was maintained
between pH 12.6 - 13 by addition of solid boric acid. The reaction was left stirring
over the weekend and then neutralized with hydrochloric acid {18 % w) and treated
with ion exchangers (AMB200C, 20 ml) and {IRAS7, 20 ml}. The resins were filtered
off and rinsed with water and the combined aqueous solution was reduced in vacuo.
The crude product was purified by preparative HPLC (column Phenomenex Luna
C18 10 um 250 x 50.0 mm, solvents: A = water and B = acetonitrile; gradient 6-10
% B over 60 min; flow 50.0 ml/ min, UV detection at 214 nm and 254 nm)}. After
freeze drying 1.386 g 5,5'-(2,3.4-trihydroxypentane-1,5-
diyhbis(formylazanediyibis(N* N*-bis(2,3-dihydroxypropyt)-2,4,6-
triiodoisophthalamide) (19 % yield) was obtained.
LC-MS (column Agilent Zorbax SB-Ag 3.5 pm 3.0 x 100 mm, solvents: A = water/
0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 0-30 % B over 20
min; fiow 0.3 mlf min, UV detection at 214 and 254 nm, ESI-MS) gave five peaks
centered at 8.4 minutes with m/z 1582.5 [M+H]" consistent with the expected
product mass.
'H NMR, 500 MHz (DMSOQ, 25 °C): 8.6 — 7.8 ppm (m, 6H), 5.2 — 4.2 ppm {m, 10H),
4.2 —3.18 ppm (m, 21H) 3.15-2.85 (m, 7H).

Example 6
5 5'-(2 3-dihydroxybutane-1 4-diyDbis(formvlazanediy)bis(N' N°-bis(2,3-

dihydroxyoropyl)-2.4.6-triiodo-N' N*-dimethylisophthalamide)




Example 7 5,5'42 4-di hydroxypenta ne-1.5-diyfibis(fornyl azanedi yObi s( N1
N3-bis(2 , 3- dihydroxypropyl)-2,4 , 6-triiodo-Ni,
N13- di net hyl i sopht hal am de) WO 2009/ 008734PCT/ NO2008/ 000255 28 HOCH 0
IOHOH 0 HO ---.NINc)-N,"..,-N
NOH || H®O 20000P8RON- #- - Nary) HOH OHOH To a stirred s&CHNO3HSEPO25S
1- f or myl ami no- 3, 5- bi s( 2, 3- bi s(f or nyl%@xy) pr opan- 1- yl - met hyl car banoy1) - 2, 4, 6
-triiodo-benzene (Exanple 8a)(9.4 g, 10.8 mmol) in water (10 m) and
met hanol (5 m) was added potassium hydroxide (10 M to maintain pH at pH
12. 6. After 30 min, boric acid (0.53 g, 8.6 mmvl) fas added. The pH was
continuously maintained at pH 12. 6 by addition of Hssi um hydroxi de (10
M and 1, 4- pent adi ene di epoxide (0.43 g, 4.3 mph) was added. The pH was
mai nt ai ned between pH 12.6- 13 by addjtjon of_ solid borhe acid. The
reaction was left stirring for 6%ays. Y TRE sol onlwas neutralized by
addi tion of hydrochloric aE?E/HL W th ion
exchangers (AMB200C, 18 m ), ndi(! , 18 w! The resins were filtered
off and rinsed with water and the_conmbi ned aqueous sol ution was reduced in
vacuo. The crude product was puriflfed by preparative HPLC (col umm
Phenonenex Luna C18 10 pm 250w .0 mMm solvents: A = water and B =
acetonitrile; gradient 05-20 % B%ver 60 mn; flow 50.0 mM/ mn). After
freeze drying 740 ng
5,5"-(2, 4-di hydr oxypent ane- 1, 5-di y1) bi sff ornyl azanedi yObi s( N1, N3- bi s(2, 3-
di hydroxypropyl)-2,4,6-triiodo-Nl, N3-di net i.sopht hal am de 11 % vyj el d)
was obt ai ned. Feaftyredsaliion OAdePEPM'a%Pﬁa&g&é}é&%ﬁg@r@%m@@ﬁg@(q“i’ 'ETEW'
sol vents: A = wab&hbyl 2 4 Btfioddrbenzzak (Eainthidsa)(Be gt 0nd tnrriol)éf wlted S40froly mi ¢
acid; gradient 0-30,6 % ver 20 mn; flow 0.3 i ] de: Lon, at 214
and 254 nm Es?@%?*haa??ég Q%Mﬁstﬁ‘%]fa?/ ’pS‘SF‘?‘%’mg‘égﬁ?’“%{’ @1@?"%&%@3’%#’# m z
1622. 7 [ MrHr com8i Afteents hwibbhic adie (pE®d UL mmndovasiatteNRe pfOGasvantiiiveD, 25
C): 8.38 ppm ( 280y adbi iurh ng&bxide (9 mfard PEByGaend- 6H)
4.3 - 3.4 (m T“ﬁ%}e%?’fg‘z-?@?%ﬁ%%?%‘%%%ﬂ%, gdg (10 e ppm (o)

diepoxide (0.39 g, 4.5 mmol) was added. The pH was maintained between pH 12.6

- 13 by addition of sofid boric acid and left stirring over night. The solution was

neutralized by addition of hydrochloric acid (18 %) and treated with ion exchangers

(AMB200C, 19 mi} and (IRA67, 19 ml). The resins were filtered off and rinsed with

water and the combined aqueous solution was reduced in vacuo. The crude product

was purified by preparative HPLC (column Phenomenex Luna C18 10 um 250 x

50.0 mm, solvents: A = water and B = acetonitrile; gradient 05-20 % B over 60 min;

flow 50.0 ml/ min). After freeze drying 1.38 g of 5,5'-(2,3-dihydroxybutane-1,4-

diyl)bis(formylazanediylybis(N',N°-bis(2, 3-dihydroxypropyl)-2,4,6-triiodo-N' N*-

dimethyiisophthalamide) (19 % yieid) was obtained. |

Anaiysis by LC-MS (column Agilent Zorbax SB-Aq 3.5 ym 3.0 x 100 mm, solvents:

A = water/ 0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 0-30 %

B over 20 min; flow 0.3 ml/ min, UV detection at 214 and 254 nm, ESI-MS} gave a

multiply split peak at 11.2 minutes with m/z 1608.7 [M+H}+ consistent with the

product mass.
‘H NMR, 500 MHz (DMSO, 25 °C): 8.35 ppm (bs, 1H), 8.2 — 8.0 ppm (m, 1.3H}, 5.1
— 4.4 ppm (m, 9.8H), 4.3 - 3.4 {m, 19H), 3.3 - 2.7 ppm (m, 19H).

Example 7
5 5'-(2 4-dihydroxypentane-1,5-divibis(formylazanediylbis(N' N -bis(2.3-

dihydroxvpropvl)-z,4,6—triiodo-N1,N3-dimethviisophthalamide)




Exampl e 8

5,5"' (2- hydr oxypr opane- 1, 3-di vfi bi sffornyl azanedi vfi bi s(NI, N3-bis(2, 3- ~
di hydroxypropvl)-2.4, 6-triiodo-Nl, N3-dinethvlisophthal am de) WO

2009/ 008734PCT/ NO2008/ 000255 29 0O IHOOOHyH I O HONN,..,,,,-1-NNCH ,,,1
HO N O0OVPZsROp378HOH  8a) PCT/NO2008/000255

1- f or nyl am no- 3, 5- bi s( 2, 3- bi s(fornyl26xv) progan- 1-yl - net hyl - car banoyl) - 2, 4,
6- triiodo-benzene Formc acid (300 mM) was charged in a dry 1000 m
flask fitted with dropping funnel, stir bar, thernonmeter and gas inlet.

The acid was cool ed on an ice bath u,m a nIO%,qun bl anket and acetic
anhydride (128.3 nm, 1. 357£er|) S| a wisejover 2 h not allow ng
the tenperature to exceed r te ddi i o he tenperature
was allowed to reach 10 C ,bath wasi-put back.~cMhen the m xture
was cooled to 3 Cthe entire reac;\li\l n m xture s poured into a flask
containing solid kl/\

5-am no- N, | V-bi s(2, 3-di hydrok‘y’/\{pyl) N, Nr - di et hyl 9% 6-triiodoi sophtal a
mde (99.5g, 135.7 mol). The m%ure was |eft stlr?lng over night. The
now honogenous sol uti on was evaporated to dryness in vacuo at 40 C and
used without purification in the next step. The obtai ned product does
contain sone mnor fraction of O-acetyl esters, as the product is used
directly in th | _SLe ed.
R e s g s e
di hydr oxypr opy P)!cbzmy'g%ﬁrﬁ VW@‘WEZWPC{EHWH@F 91§ §gpHt %a’lﬂéﬂ% igwpter (10 ml)

and methanol (5 ml) was added potassium hydroxide (10 M) to maintain pH at pH
12.6. After 30 min, boric acid (0.53 g, 8.6 mmol) was added. The pH was
continuously maintained at pH 12.6 by addition of potassium hydroxide (10 M) and

1,4-pentadiene diepoxide (0.43 g, 4.3 mmol} was added. The pH was maintained
between pH 12.6 - 13 by addition of solid boric acid. The reaction was left stirring for
6 days. The solution was neutralized by addition of hydrochloric acid (18 %) tc pH 7
and treated with ion exchangers (AMB200C, 18 ml) and (IRAB7, 18 mi). The resins
were filtered off and rinsed with water and the combined aqueous soiution was
reduced in vacuo. The crude product was purified by preparative HPLC {column
Phenomenex Luna C18 10 ym 250 x 50.0 mm, solvents: A = water and B =
acetonitrile; gradient 05-20 % B over 60 min; flow 50.0 mlf min). After freeze drying
740 mg 5,5'-(2.4-dihydroxypentane-1,5-diyl)bis(formyiazanediylbis(N' N°-bis(2,3-
dihydroxypropyl)-2,4,6-triodo-N',N*-dimethylisophthalamide) (11 % yield) was
obtained.

LC-MS (column Agilenit Zorbax SB-Ag 3.5 ym 3.0 x 100 mm, soivents: A = water/
0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 0-3G % B over 20
min; flow 0.3 mif min, UV detection at 214 and 254 nm, ESI-MS) gave a multiply
split peak at 11.5 minutes with m/z 1622.7 [M+H]" consistent with the product mass.
'H NMR, 500 MMz (DMSQ, 25 °C): 8.38 ppm (bs, 0.9H), 8.18 — 8.0 ppm (m, 1.2H},
50-43ppm(m, 8.6H),4.3-3.4(m, 18.7H), 4.15-2.7 ppm (m, 19.5H), 2.8 - 2.4
ppm {2H)

Example 8
5 5'-(2-hydroxypropane-1,3-diyl)bis(formylazanediy)bis(N".N°*-bis(2.3-

dihydroxypropyh)-2.4.6-triiodo-N' N*-dimethvlisophthalamide)




To flask fitted with a flask fitted wwth pH el ectrode, stir bar and

t herronet er was added water (6 m), nethanol (3 m) water and

1-forrnyl am no- 3, 5- bi s(2, 3-

bi s(fornyl oxy) propan-1-yl - met hyl - car banoyl) -2, 4, 6-trii odo-benzene (7.6 g,
10 mmol ) WoRresmesds4oy addition of Boric acid (1.249, 28CHMIRY0S/0MA3assi um
hydr oxi de (10 M was added continuod8ly to maintain a stable pH 11.5 and
the tenperature was kept at 10 Cwith a water/jce bath. Wen a stable pH
11.5 was reached, epichlorohydri no(5r2 QSY'/HI ) was added over 15

m nutes to the now cl ear sot® N ¥ bet ween pH 12. 5-
12.8 by addition of solid bori at 10C, 5 the m xture was
left stirring over night. TH reaét|n i xt uf e s dllu?ed with water (50
m) and treated with ion exchanger® (AMB200C, o158t ) and (I RA67, 15 ml).
The resins were filtered off au@a“\:rjnsed wth watéﬂﬁ/aa.d t he conbl ned
aqueous sol ution was reduced in vageuo. The crude product was purified by
preparative HPLC (col um Phenonmenex Luna C18 10 pm 250 x 50.0 mm
solvents: A = water and B = W) 2009/ 008734PCT/ NO2008/ 000255 30
acetonitrile; gradient 05-20 % B over 60 mn; flow 50.0 nu mn). After
freeze dryi ng 2ayubiggmylamino-3.5-bis(Z, 3-bis(formyloxy)propan-1-yl-methyi-carbamovi)-2 4,6

5,5 -(2- hydroxyr@gdg,p@é?,ge,qe 3-di yfibis(fornylazanedi yl) bi s( N1, N3- bi s(2 3-

di hydr oxypr opy riiodo-N1, N3-di met hyl | soPht hal am d (‘ % yi el d)
was obt ai ned. E’I’W\VBE"(’E&:FQMI WaF Phagedp Ay, 1 éﬁ”ﬂ agk gltep Wit gjoppingiyn W%in

sol vents: A = \éﬁﬁ&rr/th&mb%e&@raﬁiu@a@mled T Ghcid wasameteﬁrdhtahlldeﬂiaﬂﬂurﬁ%éorm c
aci d; gradi ent P%— 30% B o 20 .mn

and 254 nm ESPRES" BR0kS gn%pgeéa aBIgyglgd%wzgf @mﬂn?‘ﬁ wast%&tﬁgeg“ % at 214

[ MFH1+ consi st emdr 2 hét ieing tredampenatussto ekebddViRD CSGﬂerl\damp(dm@@tmozSh@) ;
? 852H; 7 E)9( 2 Pp @n&c@rata@ was alliljweg’ to4re9<9m{£ 18 ar%7thg ‘_A)e ba?h \ﬁas p@: chkp Q\meﬁ e
5, 5(2- hydr oxvpnwgsmeuaf RogHOB "G tecintid raaelioa Miytuiepvas reuraddotgiadiask 3-

di hydr oxvpr OpaEm%aM%)_; “s8Hd'5 @ﬁd&@@b@(@%n%r%%}d -NERLRRethiil 2(4 8-3riddd- OHOH
OH 9a) 1-formam do- f or mvi oxv) prop ar}“ﬁlr%’l carbanoyl)-2,4

6-trii odobenzef?@phtﬁﬁmﬁ%(gggﬁ 1?@60"?}9”} ThREWEMFEE IRVG* ’2%0 f1 ask
fitted with dr aa«mhagmbérmmlsolus&n Wado@rapmbtwﬁarﬁmbﬁmafadzogastomlaea usékhe aci d
was cool ed on a:,]rB (ie b@t ﬂ nitrogen bl anket and acetic anhydride
(436 m, 3.972"B1Y a%‘a'é‘ se over 2 h not allow ng the

t enperat ure toTex olatenhed plodUct dﬁe‘s eontgio spine renadeictorosf Q-heettl estper ag ee was

LU L el O 5 i o S e e

triiodoi sophthal am de (260.0g. 397.2 mmpl) was added and the m xture was

left stirring gyes sbllirox/dSpdhRY, é;l@ivmfwwaﬁ&lemyhmwm&b%wor ated to

dryness in vacuo at 40 C and used jcati.on in the next ste
y dihydroxypropyl)- 24L6—tn'uocic>-\,\4 J1(:1:methr\)lltsos:n':’thalamlclo P-

To flask fitted with a flask fitted with pH electrode, stir bar and thermometer was
added water (6 ml), methanol (3 ml) water and 1-formylaminoc-3,5-bis(2,3-
bis(formyloxy)propan-1-yl-methyl-carbamoyl)-2,4,6-triiodo-benzene (7.6 g, 10 mmol)
followed by addition of Boric acid (1.24 g, 20 mmol). Potassium hydroxide (10 M)
was added confinuously to maintain a stable pH 11.5 and the temperature was kept
at 10 °C with a watetfice bath. When a stable pH 11.5 was reached, epichlorohydrin
(527 mg, 5.7 mmol) was added over 15 minutes to the now clear solution. The pH
was maintained between pH 12.5 — 12.8 by addition of solid boric acid at 10 °C,
after 5 h the mixture was ieft stirring over night. The reaction mixture was diluted
with water (50 ml) and treated with ion exchangers (AMB200C, 15 ml) and (IRAE7,
15 ml). The resins were filtered off and rinsed with water and the combined aqueous
solution was reduced in vacuo. The crude product was purified by preparative HPLC

(column Phenomenex Luna C18 10 ym 250 x 50.0 mm, solvents: A = water and B =



WO 2009/ 008734PCT/ NO2008/ 000255 31 The obt ai ned product does contain sone
m nor fraction of 0O-acetyl esters, Tas the product is used directly in the
next step without purification this can be disregarded. 9b)

5, 5" 42- hydr oxvpr ooane- 1. 3-di vl ) bi s(fornvl azanedi vnbi s( N1, N3- bi s(12-

di tivdroworeepas7® vl) -2, 4, 6-triiodoi sopht hal am de) Formos@wsoswed sl urry
of 1-formam do- 3, 5-bis(1, 3-bis(for rrpboxy) propan- 2-yl car banoyl ) -
2,4,6-triiodo-benzene (11.5 nmmol) in water (5 m and net hanol (5
n) was added bestonitrilgcgradient %@2@% @owﬁﬂm"} Flow 39 & als gii ey rpepe ang

solution (10 NRYHre e IfRs(fofin Ryl rhl‘a\lm‘s ata—pH 12. 6.
To the clear g%%dﬁtl onj{vvaiuraﬁ@ﬁg}a @Mgﬁ(} drglﬂﬁa Bt ( The pH

was mai nt ai ned WHEIREBIPEYRALE 3"°d°1'§§ 'lB '38@ FPB’ﬁh%?mQS Q%B O/bB'?Iangﬁ:l d. The

reacti on was | ghthingd.i rring over night and then neutralized by addition of

hyd hl ori 36 m
a%dr?fRAg;I, 032Eh1q‘3§ &;?Wg/? K@grs]'farr‘]ts ?/r\ﬁarxeg% Wﬂ ere gﬁ%ﬂggoivseég‘ Q’gaqe\/\%ter aZ]d
the conbi ned aqueéoiosnisetidiandB wassterddiet® d%ifermaadid grapkrst 9136d’e|6t0\fwa%0
purified by pr ﬁ{ﬂg‘%&b‘ﬁ%ﬁﬁhﬁg\f:@&mn BPeNORneY nHJEQI Qéggé@ aOEH:é’@Qeak 50.0

mm sol vents: wat er = acetonitrile; I%ra I ent % B over 60
mn, flow 50.0ak\. Qrmﬁytequlménlzﬂ,sg%féhﬂﬂfl}y'qqgsge vgth the product mass.

5, 5" (2- hydr oxy By RRfNSod Mtz (DMSO 25 °C) 8.50 — 7.95 ppm (m, 2H), 5.1 — 3.4 ppm (m

di yQbi s(fornyl azanedi ftb| S s(1, 3-di hydr oxypr opan-2-y1) - 2, 4, 6-
triiodoi sopht hal -8 d&)— ¢4 ®P ()'7? E%(ﬂ"l)was obtai ned. LC-MB (col umm Agi | ent

Zorbax SB-Aq 3.5 pm 3. 0 x 100 mm solvents: A = water/ 0.1%formc acid
and B = acetonidrile/,  0.1%form c acid; gradient 0-30 % B over 20 min;
flow 0.3 ni/ méﬁ“——@%—d?m etection at 214 and 254 nm ESI - MB) gave three peaks
centred at 9. 35 : i q 72 'i)b!ﬁNﬂfﬁh@Sﬂ%ﬂt with the

expect ed produ \ AaMRfidiey25 ©: 8.5- 7.4 ppm (m
6H), 5.2 - arfi%r = ﬁ% 4659& h(pm m 24H), 3.25 - 3.15 ppm (m
0.5H). Exarrpl e 10

5,5' (2, 3-di hvdr oxvbut ane- 1, 4- di vnbi s(f or nvl azanedi y1) bi s(Nl N3- bi s(1, 3-
di tivdroxyoropan-2-yl)-2,4,6-triiodoiso I}ﬁqﬂ m de)

2009/ 008734PCT/ NO2008/ 0002553 Tf

of 1-formam do-3, 5-bi s(1, 3-H

tl'o a stirred slurry
anoyl ) -

9a) 1-formamido-3,5-bis{1,3-bis(formyloxy)propan-2-yicarbamoyh-2.4 6-triiodo-

benzens

Formic acid (800 mi) was charged in a dry 2000 ml fiask fitted with dropping funnel,
stir bar, thermometer and gas inlet. The acid was cooled on an ice bath under a
nitrogen blanket and acetic anhydride (436 ml, 3.972 mof) was added drop wise
over 2 h not allowing the temperature to exceed 4.5 °C. After complete addition the
temperature was allowed to reach 10 °C and the ice bath was put back. When the
mixture was cooled to 3 °C, 5-amino-N',N°-bis(1,3-dihydroxypropan-2-yi}-2,4,6-
triiodoisophthalamide (280.0 g, 397.2 mmol) was added and the mixture was left
stirring over night. The now homogenous solution was evaporated to dryness in

vacuo at 40 °C and used without purification in the next step.



2,4,6-triiodo-benzene (Exanple 9a) (11.5 g, 13.6 nmmol) in water (5 m) and
met hanol (5 m) Wwas added solid boric acid (0.60 g, 9.6 mmol). A potassium
hydr oxi de solution (10 M) was then added drop wise to naintain the pH at
pH 12.6. To the clear solution was added 1, 3-but adi ene di epoxi de (0.41 g,
4.8 mol )WORB®/H8%34as nai nt ai ned between pH 12. 6- 13 pCTauoesioomsdf sol id
boric acid. The reaction was left stdrring over night and then neutralized

by addition of chl,ar i d 8% and .tr n _exchangers
CAvB200C, 36" i aRier Riel et chmaimeniie mibd el & O Bretd Reters e ing
rinsed with watmduahsl ubéubd:mnﬂdolnnwneamstepuﬂh&mlpunﬁaanomm gaade cittegandadac uo.

The product was purified by preparative HPLC (col unm Phenonenex Luna C18
10 pm 250 x 50.0 mm sol vents A = vvater and B = acetonltrlle gr adi ent

d| hydroxypropan- B % was obt ai ned (42 %
yield). LCM (féA iﬁlﬁﬁ%dAb'FV@ﬁﬂ-ﬂmﬁwfe bia¢f %bls(f?fm@xw)pf@pfo@ “WaarbasmWent s:

A = water/ 0.1%4@ubdo-tRabehana sy, F3. ae«eﬁaﬁhwaltérqé ). &%rﬁ&ﬁéﬁoﬁ(saﬁizdras
gradi ent 0-30% 14 and

tlon
254 nm ES1- NBf 55%{%0@@:@4 %Qé*ké%é‘éﬂ?‘)r é\o""é"lssé'%“%r‘?ﬁffee%" St M) Y8550 6
[ Mr111l1lconsi stttmmtaddedi Hrablvaseetometiteie ther ol aictH MRASSTo thiel dduRsolbtidd wdslz  ( DIVSO,

25 C): 8.45 - e:.)d %@c@lc‘r”ﬂny@r@@ﬁ? o} 145%Qm01 I %h{;%mw(amma?ntgthgd béween pﬁﬂ% % ppm

(m 25H), 3. 25 -
5, 51- (2, 4- di hydr1dxy pdditiemes-sbiidbbaticydsidi Shef reactidnavasielt sttt e eNhigh3anaitegrl, 3-

Sobioosy2acts Rt BB MERRORALRRIGAR pelllan gy ccrance

Ha."."...-. Nk, (AMBZ00C, 36 mi) apciRAG7. 36 mRHTir-eeRs BRredikered off and rinsed with
;vater and the combined aqueous solution was reduced in vacuo. The product was
purified by preparative HPLC (column Phenomenex Luna C18 10 ym 250 x 50.0
mm, solvents: A = water and B = acetonitrile; gradient 05-20 % B over 60 min; flow
50.0 ml/ min). After freeze drying 2.9 g 5,5-(2-hydroxypropane-1,3-
diyhbis({formylazanediyl)bis(N' N°-bis(1,3-dihydroxypropan-2-yl}-2,4,6-
triiodoisophthalamide) (40 % yield) was obfained.
LC-MS (column Agilent Zorbax SB-Ag 3.5 um 3.0 x 100 mm, solvenis: A = water/
0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 0-30 % B over 20
min; flow 0.3 mif min, UV detection at 214 and 254 nm, ESI-MS) gave three peaks
centred at 9.3 minutes with m/z 1522.6 [M+H]+ consistent with the expected product
mass.
'H NMR, 500 MHz (DMSO, 25 °C): 8.5 — 7.4 ppm (m, 6H), 5.2 — 4.4 ppm (m, 9.4H),
4.4 — 3.4 ppm (m, 24H), 3.25 - 3.15 ppm (m, 0.5H).

Example 10
5.5'-(2 3-dihydroxybutane-1.4-diylbis{formylazanediybis(N*. N*-bis(1.3-
dihydroxypropan-2-vi}-2 4 B-triiodoisophthalamide}




To a stirred slurry of

1- f ormam do- 3, 5- bi s( 1, 3- bi s(fornyl oxy) propan- 2-yl car banoyl ) -
2,4,6-triiodo-benzene (Exanple 9a) (11.5 g, 13.6 nmol) in water (5 m) and
met hanol (5 m) was added solid boric acid (0.60 g, 9.6 mml). A potassium
hydr oxi deW9afPHE (10 M) was then added drop w se t FGREAQHPWIHBhe pH at
pH 12.6. To the clear solution was a@dded 1, 4-pent adi ene di epoxi de (0.48 g,
4.8 mmol ). The pH was mai ntai ned between pH 12. 2 &g by addition of solid
boric acid. The reaction was |eft over night and a new portion of

1, 4- pent adi ene di epoxide (0.20 g, 2.0 mml) was ded and the reaction

| eft for two days. The reaction m xture was ne H1i zed by addition of
hydrochloric acid (18% and"Preated, Mﬁohon I ngers (AVMB200C, 36 ml)
and (1 RA67, 36 m). The resmg\ ' ang nsed with water and
t he conbi ned aqueous sol ution Was ¥ ec uced A uo 'ér ude product was

purified by preparative HPLC (col'u enorre "Luh a 10 pm 250 x 50.0
nm solvents: A = water and B = nitriie; gradient 05 15 % B over 60
mn; flow50.0 mM/ mn) After frereﬁge drying 2.52 g

5,5 -(2, 4-di hydr oxypent ane-1, 5

di y1) bi s(fornyl azanedi y1) bi s( N1, N3 %i s(1, 3-di hydroxypropan-2-yl)-2, 4, 6-
triiodoi sopht hal am de) was obtained (24 %yield). LCM (colum Agilent
Zorbax SB-Ag 3.5 pm 3.0 x 100 mm solvents: A = water/ 0.1%formc acid

?:’ld BO Sa;:‘de} Oni'l'brz-:ish@éd Qurl}?/?ff ‘pfoﬁiniﬁmg%iﬂfi—bﬁﬁgﬂbigﬂfﬁm@bﬁﬂp%p&-@%arh%%dﬁ)n' y
ow m.n, tectiop a n nm ve four peaks
centred at 9. 42fﬁsntlﬁ‘fogg e tF2mRle aﬁﬂ%ﬁqﬁédﬂ&?'ﬁ"é{vﬁer&? e expect ed
product mass. &EtH&N&(sﬁmﬁdﬂdd@@I‘s’Sﬁab&&a@)d(OBDaSQSnﬂnapAmmms(smm 6H), 5.25

- 4.25 ppm (m gy Qlde 55 U%%né@hﬂ%w%r( g&@% g{&uSe B l%glntamzthggH%?BhQ@S

1.6H), 1.90- 1
5,5 -(2.3-di hydioﬁ)eﬁjﬂaraoiehm\dasjaddeﬁtil S pitadiend diepaxisigi (0.K) i 48MIMEIR TBedi hydro

LS RPN ol 6

reaction was left stirring over night and then neutralized by addition of hydrochloric
acid (18 %) and treated with ion exchangers (AMB200C, 36 ml) and (IRAG7, 36 ml).
The resins were filtered off and rinsed with water and the combined aqueous

solufion was reduced in vacuo. The product was purified by preparative HPLC

{column Phenomenex Luna C18 10 um 250 x 50.0 mm, solvents: A = waterand B =
acetonitrile; gradient 0-20 % B over 80 min; flow 50.0 ml/ min) After freeze drying
3.1 g 5,5'(2,3-dihydroxybutane-1,4-diyl)bis(formylazanediyl)bis(N’ N°-bis(1,3-
dihydroxypropan-2-yl)-2,4,6-triiodoisophthalamide) was obtained (42 % yield).
LC-MS (column Agilent Zorbax SB-Ag 3.5 um 3.0 x 100 mm, solvents: A = water/
0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 0-30 % B over 20
min; flow 0.3 mi/ min, UV detection at 214 and 254 nm, ESI-MS) gave three peaks
centred at 8.4 minutes with m/z 1552.6 [M+H]" consistent with the expected product
mass.

'H NMR, 500 MHz (DMSQ, 25 °C): 8.45 — 7.50 ppm {m, 6H), 5.15 — 4.25 ppm {m,
9.8H), 4.2 — 3.35 ppm {m, 25H), 3.25 — 3.05 ppm (m, 1H).

Example 11
5 5'-(2 4-dihydroxypentane-1.5-diyl)bis(formylazanediyhbis(N' N*-bis(1,3-

dihydroxypropan-2-yi)-2 4 6-triiodoisophthalamide}




Ol t OH. HO, _,----.NA,,.,-...C. N, .kr.NH OH 0 HO-10 To a
stirred suspensmn of 3-(3- formam do 5- (2 (forrryl oxy) et hyl car banoyO0- 2, 4, 6-
triiodobenzam do) propane-1, 2-diyl di formate (Exanpl el3a) (92.091 116.9
mml) in water (117 m) and nethanol (117 m) was added solid boric acid
(14.5 g, WB2009/0487# ) . A pot assi um hydr oxi de sol ution EEGNOEMRAL2Ehen added
drop wise to maintain the pH at pH $2.5. 1, 3-Butadi ene diepoxide (3.5 g,
40.9 mol ) was added drop WI e The H vvas rrgl nt ai ned y 11.6 by

continuous addition of pot asSs yld of1y” sever al hours. The
reaction was left stirring €4 by addition of
hydrochloric acid (18% w) and t*fe vmth i on gers (AVMB200OC, 900

m) and (I RA67, 900 ml). The resins mére f||tere off and rinsed with

wat er and the conbi ned aqueous sGWutPon was redhc H in vacuo. The crude
product was purified by preparati HPLC (colunn na Cl8 10 pm 250 x 75
mm solvents: A = water and B = @acetonitrile; gredi@nt 02-10% B over 30
mn; flow 175 m/ mn, UV detection at 214 nmand 254 nn). After freeze
drying 36.65 g

5,5"-(2, 3-di hydr oxybut ane- 1, 4-di yfi bi s(formnyl azanedi y1) bi s(N1- (2, 3-di hydro
xypropyl) - N3-(2-hydroxyethyl)-2,4,6-triiodoi sophthalam de) (60 %yield)

was obt ai ned. lrga'\é@rré&gb fLWﬁaﬁﬂd% 335-%1123 &sefor;%@mm;) o%@h\ée;ma%anﬁyﬁ
i Tl

water/ 0.1%¢tr ouroacetic acid = acetonitril

ttifl uoroaceti Sﬁir'modaeaéﬁr@dﬁxwee@ab&ﬂéﬁ%*%ﬁﬁmm?lv waerdsmlyandi n, uv
detection at 2ktng B RE anﬁﬁbé&ﬁibm\éelda(omlgtgelrﬁnaﬁaﬂkp&mwned at 2.5

m nutes with M+ con3| sten want ct u ' H- NVR
T00 Mo (sol veRydopassitiop (iobpPaRonan Shicldh kg 0Bl PR dpH g 6 TN
(m 1H), 4.40 Fo .’B‘xef:’cﬂeansnh(lm wﬁeﬂhﬂded 1@(-aemécberfe3diepox;de {0.48 g, 4.8 mmol) The

5, 51- ( 2- hydr oxypr.o ane- 1 |vf| (£ Toll SENL- (2, 3+di hydr oxypr
oovfi-N3- (2- heﬁroaf% %mtain?d g’e%’eé 'rg_ll *le%g?ﬁ S%Z%&ﬁgbéﬁ?d&ggbo%c éédgrhg
2009/ 008734 PCde\gm@fmasoB@@gg ridght and a new portion of 1,4-pentadiene diepoxide (0.20 g,

2.0 mmol) was added and the reaction [eft for two days. The reaction mixture was
neutralized by addition of hydrochloric acid (18 %) and freated with ion exchangers
(AMB200C, 36 mi) and (IRAB67, 36 ml). The resins were fiitered off and rinsed with
water and the combined aqueous solution was reduced in vacug. The crude product
was purified by preparative HPLC (column Phenomenex Luna C18 10 uym 250 x
50.0 mm, solvenis: A = water and B = acetonitrile; gradient 05-15 % B over 60 min;
fiow 50.0 ml/ min} After freeze drying 2.52 g 5,5'-(2,4-dihydroxypentane-1,5-
diyl)bis(formylazanediyl)bis(N' N*-bis(1,3-dihydroxypropan-2-yi)-2,4,6-
triiodoisophthalamide) was obtained (24 % yield).

LC-MS (column Agilent Zorbax SB-Ag 3.5 um 3.0 x 100 mm, solvents: A = water/
0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 0-30 % B over 20
min; flow 0.3 ml/ min, UV detection at 214 and 254 nm, ESI-MS) gave four peaks
centred at 9.4 minutes with m/z 1566.7 [M+H]" consistent with the expected product
mass.

'H NMR, 500 MHz (DMSO, 25 °C): 8.25 — 7.50 ppm (m, 6H), 5.25 — 4.25 ppm (m,
10H), 4.25 — 3.35 ppm (m, 24.5H), 3.30 — 2.80 ppm {m, 1.6H), 1.90 - 13.5 ppm (m,
2H).

Example 12
5.5'-(2,3-dihydroxybutane-1.4-div)bis(formylazanediyhbis(N'-(2, 3-dihydroxypropv)-

N°-(2-hvdroxvethyl)-2 4 B-triiodoisophthatlamide)




Ol HOHOHI1 O NV..OH p00O NH OHOH 13a)

3-(3-formam do-5-(2-(fornyl oxv) et hyl car banovl) -2, 4, 6-
t hi odobenzam do) propane-1, 2-diyl diformate Formc acid (400 m) was
charged in a dry 2000 m flask fitted with dropping funnel, stir bar,

t her nonetveo 2emdo8Jses i nl et. The acid was cool ed on i cePOaNG2@ad2SHa
nitrogen bl anket and acetic anhydridé¢ (218 m, 1.986 nol) was added drop
Wi se over 2 h over 2 h not allowing the tenperature to exceed 4.5 C. After
conplete addition the tenperature was allowed to reach 10 C and the ice
bat h was put back. Wen the nixture was cool ed t 0 3ok,

5-am no- N (2, 3-di hydroxypropyl)-N - OsNH

(2- hydroxyethyl)-2,4,6-triiodo-isopthal am
and the m xture was |eft stlrrlngJOvePf
was evaporated to dryness i ;Eam %9 i ed gut purification
in the next step. The obtai r doeeHgb ttaim sone m nor fraction of
0-acetyl esters, as the pro uct IS ed dirétt y in the next step wthout
purification this can be disregar &d.© 13b)

5.5' (2- hvdr oxyprobDane- 1, 3-di vl ) bi g{f ornyl azanedi v1) bi s(N142, 3-

di hydr oxvpropyl )-N3-(2-hydroxveth§d )-2,4.6-triiodoi sopht hal am de) To a
stirred suspension of

3- (3-f or mam do—5-(irkh Qﬁéﬂéhg&y Q)fe?:-t@@oﬁﬁérpﬁ%)/(@(fba'nﬁmg)ethyicarbamoy!)—2 4.6-

trii odobenzam do) propane y or mat e 3 ‘% in er

n) and met hanénuocf)o@emafmqmgroaaaﬂ;a@w P@’B‘GF‘% Exappig! @) (92809, 7168 mpghin

Phe pH at ph 11os ﬁ’?ﬁﬁ%ﬁ‘?ﬁ’ﬁ‘“ﬁ??‘“"’”m e "d"’@&’““a‘ﬁ‘?e%mﬁﬁ'e“éﬁ' Q,as
mai nt ai ned at AT ‘é E&P L}%/)l %&%’f"?f’%fw OM)‘%%"THED%%%%&}%/%‘?‘W? (10 M
for several houwgintain e psrear:ﬂiHl oh5wh 3-Butddtens tdieppxide (30v e r40rfl rgmol)wad atitiexh
neutralized by iy with ion
exchangers (A %%%gé%l' ?ﬁ&‘bysdrhgﬁgﬁ%éf%gg g{{ﬁ%ﬁ‘ ﬁesV\QrdedE{aﬂg iltered
of f and ri nsed hyfirokidevétOev) f&h@EV@FRéh@lUﬁbTh%Gaﬁlq{]é@Q@ﬂﬁrfln‘Ql%ﬁW@ﬁaﬂéﬂﬁﬁed in

vacuo. The Cruq@utpeﬂl%l?"ﬁﬁad@tﬁ:n@#ﬁ&érb&ﬁor@éc&f@@%ﬂféﬁéﬁréﬂ?ée@lfrﬁehUrm Luna Ci8
10 pm 250 x 50 mm vent s = acetonitrile; f%Wadl

05-12 % B over e3ghangers (AMBRO0SH $08 oAt NosvB) obtessns e Biared o ni /
mn, UV detect laﬂﬂ naéecm;ﬂa mm@ tﬂééorﬁmled Afueons $oltnnevad ryduagd . \@Bug

S G OB L Vet
obt ai ned. X 75 mm, solvents: A water and B = acetonitrile; gradient 02-10 % B over 30 min;
flow 175 ml/ min, UV detection at 214 nm and 254 nm). After freeze drying 36.65 g
5,5'-(2,3-dihydroxybutane-1 A-diyhbis(formylazanediyl)bis({N'-(2,3-dihydroxypropyl)-
N°-(2-hydroxyethyl)-2,4 6-triiodoisophthaiamide) (60 % vyield) was obtained.
LC-MS (column Luna C18 3 um 2.0 x 20 mm, solvents: A = water/ 0.1%
trifiourcacetic acid and B = acetonitrile/ 0.1% trifluoroacetic acid; gradient 0-20 % B
over 5 min: flow 0.6 ml/ min, UV detection at 214 and 254 nm, ESI-MS) gave a

multiple peak centred at 2.5 minutes with m/z 1492.7 [M+H]" consisten with the

bl

, 1986 mmol ) was added
ngw fonmobgenous sol ution

Z

wanted structure.
'H-NMR 500 Mtz (solvent: D,O, ref. H;O=4.8 ppm, 25 °C): 8.47 ppm (m, 1H), 8.24
ppm (m, 1H), 4.40 — 3.35 ppm {m, 24H).

Example 13
5.5'-(2-hydroxypropane-1,3-divi)bis(formylazanediyl)bis(N'-{2 3-dihvdroxypropyl}-N>-

(2-hydroxyethy-2 4 6-triiodoisophthalamide)




LC-MS (columm Agilent Zorbax SB-Ag 3.5 pm 3.0 x 100 mm solvents: A =
water/ 0.1%formc acid and B = acetonitrile/ 0.1%form c acid; gradient
0-30 % B over 20 min, flow 0.3 m/ mn, WY detection at 214 and 254 nm
ES1- M5) gave a nmultitude of isomeric peaks between 9.5 and 11 minutes with
m z 1462.%60RédotedB4 correspondi ng to the wanted struct BCeNO2®mSARIR 500 MHz
(solvent: D20, ref. H20=4.8 ppm 253€): 8.35 ppm(m 1.1H), 8.10 ppm (m
0.85H), 4.20 - 3.25 ppm(m 23H). Exanmple 14 5 5'-(2 -

4- di hydr oxypent ane- 1, 5- di vnbi sf f oonv| dzehedPyf1 bi o Ni- (2, 3-

di hvdroxvpropyl) N3- (2 hydr e N, B< LN iBde thal arni de) 0Ol HO
OH OH'"1-1 NN HOI ".0OH RN 00 N astirrsUSp nS|on of

trii odobenzam do) propane- 1, 2-di yl di"Gomat e ( el3a) (3. 1 g, 4.0 nmol)
in water (3 m) and nethanol (3 m) was added s% boric acid (0.49 g,
8.0 mmol ). A potassium hydroxide g@lution (10 M s then added drop w se
to maintain the pH at pH 11.5. 1, 4-Pent adi ene di epoxi de (0.149, 1.40 mol)
was added. The pH was nai ntained at 11.6 by continuous addition of

pot assi um hydroxide (10 M for several hours. The reaction was |left over
night. A new portion 1, 4-pentadi ene di epOXI de (0.12 g, 1.2 mvol) was added

by addi ti onof %ﬁ%@‘c’%&??ﬁ%@?‘ﬁ Rl L T on exchanger s
( AVMB200C, 30 ntt : 3 HEMaAlssi ns were filtered off and
%Lgsif'ué“ethrﬁﬁﬁg{f’“‘ﬁggdt‘ﬁ‘ﬁ’ﬁ%@%ﬁ“%r m"e“ﬁ‘p“ﬁé”ﬁwcoﬁ“"m oS 1810 o
250 x 50 i s HTEheE: 53 thermanes ald S8 ek M GRESHAS B0y PAITE SN 61965 0, B
over 30 mn; %[t?@ﬂb%ﬁ&%@%&m%m(}@%ﬁl 3086 oy w3 lded dropiwise UV
detect 10 a8 Zhielh 809 220 Wy b SEAEC LG %2 8 come

di hydr oxypr opyh)jdztt&(rxéicérwhrdmyseﬂdwdﬂlpwaiibl@acl'riIQ ‘&dm@h@ﬁmﬂatmm (12 %
yield) as obt 8Ll tinch idRike WiTBLUAR 48 soffd-R.@ sifdibrop)-ent st A

= water/ 0.1%trifl ouroacetic ac ='acetonitril

trifl uoroaceti é2-hrdrenyetivbdi efririgiodenptimigyide (BI04 A98.8 meyelovas added andh, uv

detection at 2 ARfirewds @e‘?ﬂs’tn&iﬁbbb@)ntg}ﬁvﬁlea}omdﬂo@bl%@%ai&n@ﬁﬂéi ed at 2.8

mnutes with mz 1506.8 [ MtHr corres n n r r
evaporated to dryness in vacuo aP A?D é rgd Ltls%dtwnﬁomu% cdatlgg m"gl'?et He

step.
The obtained product does contain some minor fraction of O-acetyi esters, as the

product is used directly in the next step without purification this can be disregarded.

13b) 5,5'-(2-hydroxypropane-1,3-div\bis(formylazanediyl)bis(N'-(2,3-
dihydroxypropyl)-N°-(2-hvdroxyethyl)-2 4 .6-friiodoisophthalamide)
To a stirred suspension of 3-{3-formamido-5-(2-(formyloxy)ethylcarbamoyl)-2,4.6-

iriiodobenzamido)propane-1,2-diyl diformate (3.0 g, 3.9 mmol) in water (3 ml} and
methanol (3 ml) was added solid boric acid (0.48 g, 7.8 mmol}. A potassium
hydroxide solution {10 M) was then added drop wise to maintain the pH at pH 11.5.
Epichiorohydrin (130 mg, 1.4mmol} was added. The pH was maintained at 11.6 by
continuous addition of potassium hydroxide (10 M) for several hours. The reaction
was left stirring over night and then neutralized by addition of hydrochloric acid {18
% w) and treated with ion exchangers (AMB200C, 30 ml) and (IRAB7, 30 mi). The
resins were filtered off and rinsed with water and the combined agueous soiution
was reduced in vacuo.

The crude product was purified by preparative HPLC (column Luna C18 10 um 250

x 50 mm, solvents: A = water and B = acetonitrile; gradient 05-12 % B over 30 min;



1H- NVR 500 MHz (solvent: D20, ref. H20=4.8 ppm 25 C: 8.35 ppm(m 1H),
8.10 ppm (m 1H), 4.80 - 2.85 ppm(m 24H), 1.80- 1.40 ppm(m 2H).

Exanpl e 15

5, 51- ( 2- hvdr oxypr opane- 1, 3-di vfi bi s(fornyl azanedi yfi bi s(N41, 3-di hydr oxypro
pan- 2- 4-WB-2¢02/688784 hydr oxypropyl ) -2, 4, 6-trii odoi sopht RETaNG2608)0002553)

5-am no- N1- (1. 3-di hydr oxypr opan- 2- yBf- N3- (2, 3-di hydroxypropvl) 2,4. 6-

triiodoi sopht h%L‘gﬁh%ierﬂlh@H“ m&%ﬁﬂnﬁg‘% '@tredm,z{ﬁna%pfgéﬁ fa'“ chanl ?%’H@ 1rT(Hrer

dr oppi ng funne e e

t5r :A\et hyl gm4ng fs&& I;s}d,rq)&ﬁﬂaﬁBngil ,_3Jd|35)915(fﬁin)yiazanbdlyl)bls(N1-(2 3—dihySd§o7xypropr? -N? -Th
m no- i 0do-|.S i C.aci mo e

m xture was st |(é b’é‘go’gﬁ y@%&f,éﬁnqd@rsc%&al Q&)fé@tﬁg‘?ﬁés &Qaig%dm no- 2, 3-

di hydr oxypr opahé-N8 @ inyAgiensZorhat $BAq 3144(“(31(13@16@ rwasiverds éd= whten y to

xeep the 1Mner ol QIRGREMICar) R Oloardrlfmes 57% Minf 46R, YBSieRd 53 4% a;era?m

t enperature grad| ent Trom I on of serinol g,
658 nmol ) i n Dwmn;flee®. 5y mipdNadefeetios 2@t 4antheb4 e E-MINgavegsuityde ofd at
a tenperature @afdlieBbads' il d9ard nhuivith The 195X 6 ieHMasreebbhdigs at
22 C for l1lday and precipitated triethylamne hydrochloride was filtered

of f. Evaporati &ht hgwagted/SFciifPar | eft a vi scous Il iquid residue (586 Q)

\é\giog/hoggs:%dl IC#H:N% gbo NREzGEoNEHb D, 01 Jef. HEORUS mphd 25\W0): 8.35 pé)mb(m, 1.1H),

734P e were renoved by treatnent
with ion exchaf Pé’"}q(%g)rﬁ?ﬁige‘gg%é%% mﬁ‘f’)%ﬁ RA67 (148 m) and | RA900 (56
m) followed by filtration. The ion exchangers were washed with water (2 x
400 m ). Sone rystals were added to the conbined aqueous phase
and the sol utlmlrred sIowa at 22C for 9 days ,The precipitate was
i sol ated by fi 5t5-61.4-di f dr5-digllis (iReaviazangaibing(Bic(4.8r wat er (240 )
and stirred forh Gy j hg,{g,g,ﬁ, g filter cake was
dried in air (ZI6 g, 38 y e crude product was
purified by preparative HPLC (coI urm sel f packed Luna C18, 10 pm 250 x 100
mm solvents: A = water and B = acetonitrile; gradient 5-10% B over 10
mn, hold 10 mn; flow 350 mM/ mn, Uvodetec ion at 244 nmand 254 nm).

Rel evant fractions were conbi nedca d“[frefe{z HdYed t® yield

5- ami no- N1- (13- di hydr oxypr prgﬁf)l) -2,4,6-triiodo
i sopht hal am der LC- ESI - M5) z H70 mtH] cor, di ng..;.0 the wanted
O d6, r ef TI\/fS) side chain 1: 834

structure. 1H NMR 500 MHz %ol veht

ppm (m NH), 7.91 ppm (m NH), 487224 ppm (m @AW 3.70 ppm (m CH), 3.49
ppm (m CH2), 3.39 ppm(m CH2), ~3.31 ppm (in, N , 3.14 ppm (m NCH2),
side chain 2: 8.09 ppm (d, NH), 58 ppm (m NH), 408-4.4 ppm(m OH),
3.82 ppm(m CH), 3.65 ppm(m CH2), 3.53 ppm(m CH2), side chain 3: 5.46
ppm (m NH2). 15hb)

3-(3-(1, 3-bis(fornyl oxv) Dropan-2-yl car banoyl) - 5-f or mam do- 2. 4, 6-

t hi odobenzani d3pprbipaseuspensidn ol HFHormamido-PHR fopripeisityicakamalle 4.6 a

manner anal ogo Frla hfipieX &gl 20 rhbINWR 500
MHz (sol vent: %&%Mﬁlw %Bﬁéhgm;ﬁﬁﬁ& Bt mpan 0. 8 N m (m

16

T oo™ e Waier 63 o a0 meRAro)(Cgm w305t o PO FC MRS B HmaBiah § e

Rgg (m é'::o) Ar g6l L‘Q:um%dr@i«dgsatlxts&i;(flzl)Q\K}\lga@kher(écﬁﬁ@hropﬁﬁs@fb—:ﬁas&émﬂpﬂpﬂm | 1H,
CHO- er erli no

ArNHCH), 6 3. 08t e}ﬁé%pﬁﬁm%%f d%ﬁe diappyins @Pﬁé) Ad‘ WaS a8, 1S pRiles

5, 51- ( 2- hydr oxyrmim@adéteam 13 bl ynitibi:as fadditiy ammtmuuym)mqumm M) Bor several

di-hydr oxypr opane gyl M AndsALAYALL BIHPHORW dordonth Boblibdigiolisgipiehal ani de

) A250 m man react ter, dr oppi ng
funnel and pl-l-éﬂﬁéatnrbammva‘swaﬂ)aﬂded aby the reaqtlogﬂeaﬁfomf@/omyeTthaﬁI@me react or

was charged m%ﬁﬁ%‘% was neufalPed by Waifdn ((fl‘@dr@ct%n)ic &11@0}3 W aﬁ@f"gﬂt&?w;ﬁ 9

373 mol ) foll owed by aqueou ot assi um oXi

di ssol ve the b exchniogrs W@Bﬁr 3G WY 3ﬁﬁﬂéﬁf’al30 mi). The resins ware fiterkd of
3-(3-(1, 3-bi s(Lp4 Wé&wm&@ﬁéhdahé’l:@rﬁ&Webu&s&!@tfdﬁiWﬂsd@d&eéirﬁracuo.

L e B R Sri ki bopBbuleofo Bouks e 101 2850

x 50 mm, solvents: A = water and B = acetonitrile; gradient 5-12 % B over 30 min;




39 drop wi se addition of potassium hydroxide was started to naintain the
pH within 10.7-11.2 while keeping the tenperature between 10- 14 C After
40 mn epichlorohydrin (0.89 g, 9.62 mmol) was added whil e maintaining the
pH at 11.6- 11.7 with occasional addition of either potassium hydroxide
(10 M orwsodobmestoiri c aci d. The tenperature was mai nt aCved2@8/0@355C for t he
remai nder of the experinent. The m %ture was stirred for 5 h and the pH

was adjusted to 11.7 and left stirring for 48 while maintaining the pH
bet ween 11. 6- 1flow70.9m¥ migaldY idetectigrkatizdé nweand e MEN eftas freazrninying A5 Mg

hydrochl ori c a§'5d(2(46dt§jﬂdrc§cy9ermaﬂe -4 B-dioRtr Brn?lé%bhélf yi)_élsﬁ\l’\/@taer (200 m) was

added fol | owed acl n_exchan nd the
m xture was stﬂ'ﬁ%’l‘gﬂ"VPEﬁpy'l'\ﬁ(z B%P’éyq%yﬁ‘ze&@‘ltf&?f’é’@%pmﬂev“dﬂ@@%')e'd?% neq)

was added and tR omtaidedr € was stirred for | h. The |on exchangers were

filtered off an sed W|th ter rt ons conbi ned
filtrate was rle&%% °‘”H’"\}é{'85 T %‘T‘&?ﬁ‘ 5‘9 fb‘ \/\Hgte[@hﬁ%l ed by
preparati ve HPtrifBo:éromieﬂancid lhe lmrmmnlthvahm%]tmuomcmn &8 gradied 0-3fn™ B

sol vent s: o} l.&. g3d mn;
flow 300 n1/ m n, %L'N)ﬁg%t ec I on étﬂg?%{eﬁfnona%?géﬁ@ésﬁn%%ter f géze drying
7.3 9 5,5 -(2- nyadipbwpk opdied al 2 3-rainytes mtb(fflbﬁﬁﬂ%[ﬁwr&mw)%m@miothf 3-

di hydroxypropa aned adRe (2, 3-di hydroxypropyl ) - 2 4,6-triiodoi sopht hal am de
) (49.0 %yield) was obtained. LG E %} 522. 5 [ MtHr ﬁ@f % odi um
adduct cor r espdiiiMRySA0MHER ESolvgR Pdosrtefﬁb Uf'épples.L(N 3BEB™NIL Tk 61 \Pent
D20, ref. HZOCEFﬁ(:ﬂpm) 230 C)2.85%ppm pAN4H], £80PPM40Ppm2h, 2NCO) ; 4.7 ppm - 3.0
ppm (m 25H, , CH2), side chain 1:4.06 ppm(m CH); 3.80 ppm 3.68 ppm
(m CH2OH); 3.59 ppm 3.47 ppm (m NCH2), side chain 2: 4.18 ppm(m CH),
3.87 ppm(m CH2), bridge: 8.48 ppm 8.26 ppm(m 2H, HCO Exanple 16

55 -(2.3-di hygx ggultéane 1, 4-di vnbi sff or nyl azanedi vfi bi s(NL- (1, 3-di hvdrox

vor opan2-yl hdroxv ro 1 246tr||od0|so ht hal ani de
P y1) B 51 _ @, w o iazanl bisN'-(1 F')E»d|hvdroxvpropa)n 2—

OH OH GH OH

15a) 5-amino-N'-{1 .3-dihydroxypropan-2-yl)-N>-(2, 3-dihydroxypropyl)-2 4.6-

triiodoisophthalamide

At 2°C a mantled reactor with mechanicatl stirrer, dropping funnel and inner
thermometer was charged with DMA (640 mi), triethylamine (224 ml, 161.3 g, 1.59
mof) and 5-Amino-2,4,6-triiodo-isophthalic acid dichloride (320 g, 537 mmol). The
mixture was stirred and cooled to -24°C. A solution of 1-amino-2,3-
dihydroxypropane (49,92 g, 548 mmol} in DMA (160 ml) was added slowly to keep
the inner temperature below -18°C. The mixture was stirred at a temperature
gradient from -24°C to 0°C in 24h. A solution of serinol (60 g, 658 mmol) in DMA
(160 ml) was added siowly and the mixture was stirred at a temperature gradient
from 0°C to 40°C in 20h. The mixture was stirred at 22 °C for 1day and precipitated
triethylamine hydrochloride was filtered off. Evaporation at 60°C/25 mbar left a
viscous liquid residue {586 g) which was diluted with water (350 ml). Salts and



Oll O OHHNO rkl OHOH A 250 M mantled reactor fitted with thernoneter,
stir bar, dropping funnel and pH el ectrode was cooled by a cryostat to 10
C. Into the reactor was charged nethanol (15.1 m), water (22.1 nl) and
boric acid (2.33 g, 373 mmol ) foll owed by aqueous potassi um hydroxi de (10
M 50. 4 nwd 2009/0887360]1 ve the boric acid. The starting PareNG2008/000255
3-(3-(1, 3-bi s(fornyl oxy) propan-2-yl c& banoyl) - 5- f or nam do- 2, 4 6-
triiodobenzam do) propane-1, 2-di yl di formate (Exanpl el 5b) (16 % 19.9 mol)
was added and &XeRSSFMVISSAVERRIFRMGVGH bytre tﬂteaé‘yiﬂu'ﬁﬂﬁyﬁ}aawaé\m@ﬁ eA08Ft ed to

maintain the pﬁwlwuméﬁ(ﬂsm) an/\ﬁmlg@okmﬁ: f&oﬁr&tﬁb}ﬁiﬁﬁﬁfnafhg@nbet ween 10-
14 C. After 40 m.n butadi ene g % EJ@ S (z nmol ) was added
whi | e mai nt ai npﬁﬁuapg%rsmqr%yvaa@%m% e "v(/? 88ty P'S'ﬁg’f'“' BUPYFIBE V5IC ei t her
pot assi um hydr eddéteiotdcdbingd splebds ihfﬂsb@nameckoluThnewtaemdaémwmaNmﬂsc

mai nt ai ned at OCfor the re nder 0 h The m xture was
stirred for orgn%yf’ é'epﬂ-ﬁ?}\% a‘ﬂ?%'??'gﬁdibég%ﬁ%ﬁgk%ﬁpﬁr& F &,? i ng over
t he ni ght. The stizpdended ingvatieny(24hml) reed stirreshfond dayu T lee Msemmmmdmddetaﬁ anddi ti on

of hydrochl ori thef ﬂegce(k@ w'\g cﬁreg |r|1$)g(2tlﬁgait‘)f°%'y% g%g‘%q? C ﬁ*ntwag@é'cr&%po )

was added fol |l owe y acidic 1on e and the
m xture was st Praddet Wasyputified bypereparativeHidbie (rahgesy 5¢IFRAQVEG(L}®6Q1\8 101}58 )

was added and b xMAbi . %o%ﬁtSSAEwa@él afners Jaeet&hﬁlel @r@d@ﬁ@@@%@g sSvaape
filtered off and rinsed wt ecorrblned

filtrate was r8Hudel 1%"\9‘&@9%35%’8" t"H'é LB‘{' ﬁﬂ%"“ﬁf‘&ggﬁf’t “’VV&E" gt N} Kglaygnt
prfpar ?t ive HPtrﬁct(dazebuem%orﬁmmmt rf@tezéum 0 ikid srampmrfg(é} Sédlﬁmoﬂgﬂgpan-

sol vent s: = acet onitr % B over m n;

fl ow 300 rri/ nﬁ?}'}wgﬁeq 'éy&'?’gﬁmgylpgflé {ﬁ'f’ﬁdgﬁaparg%aj rﬂ'ﬁf After freeze drying

3.12 g LC-ESI-MS) m/z 705.2 [M+H]" corresponding to the wanted structure.

N (2,0 o RS DSOS et A RO

was obt ai ned. E@IESM RENHI 48455006 (TNRH]. 37§rmm s GO - 6%rperd dncEH2)

di t RN @8] 255 41
Th R 800 Mo (S e O 7! Hh thpncepaadgendti 8 b egace

T T 000 b e 556 B NFOSRR Rt BRASD 254 oot AL .65 &35 pre
(m CH); 3.80 ppncH3), 683ppM (NCHSN2) chaB. 9 .48 @ RHZPM (M NCH2) , side
chain 2: 4.18 ppm(m CH), 3.87 ppm(m CH2), bridge: 8.48 ppm 8.26 ppm
(m 2H, NCO Exanple 17

5, 5' (2, 4- di hydnsxypert sres(arfyidiy diobas ivisarnalvrez b ddimamidio-8 416t - (1, 3-

triodobenzamido)propane-1.2-diyvi diformate

This compound was made in a manner analogous to the preparation described in
example 1a.

"H-NMR 500 MHz (solvent: DMSO-d8, ref TMS): 10.30-10.16 ppm and 10.00-
9.93ppm {m, 1H, NHCHO), & 8.34-8.30 ppm and 7.94-7.82 ppm {m, 1H, NHCHO}, &
9,13-8.46 ppm (m, 2H, ArCONH), & 8.31-8.21 ppm (m, 4H, OCHO), 5 5.31-5.04
ppm {(m, 1H, APD CHO-CHO), & 4.54-3.89 ppm (m, 7H, APD & serinol CH20-CHO
and serinol ArNHCH), 5 3.08-3.72 ppm {m, 2H, APD ArNHCH2}.

15¢) 5.5'-(2-hvdroxypropane-1.3-divhbis(formytazanediybbis(N'-(1,3-
dihyd rcxypm@_n-Z-vl)—Na-( 2.3-dihydroxypropyl)-2 .4 6-triiodoisophthalamide)

A 250 ml mantled reactor fitted with thermomaeter, siir bar, dropping funnel and pH-
eiectrode was cooled by a cryostat to 10 C. Into the reactor was charged methanol
(17.6 ml), water (19.6 mi) and boric acid (2.33 g, 373 mmol} followed by aqueous
potassium hydroxide (10 M, 50.4 ml) to dissolve the boric acid. The starting
material, 3-(3-(1,3-bis(formyloxy)propan-2-yicarbamovl}-5-formamido-2.4,6-
triiodobenzamido)propane-1,2-diyi diformate (16.8 g, 19.9 mmol) was added and a



di hvdr oxypr opan- 2-v1) - N3 (2 3-di hydroxypropyl) 2,4,6-triiodoi sopht hal am de
) HOOHO IOHOH O N",1......,.. NNO—|HVHLHO|IIO—|HN’* O IIH
H11H OH OHOH OH A 250 mi rrantled reactor fitted with thernmoneter, stir
bar, dropping funnel and pH el ectrode was cool ed by a cryost at to 10 C

I nto the weambeoss7vwas charged nethanol (12.6 m), watepct/Rdz2dosmdo}ssand boric
acid (2.33g. 373 mmol ) followed by agueous potassium hydroxide (10 M 50.4
m) to dissolve the boric acid. The starting material,

3-(3-(1,3-hi s ( fospamyise Rgdifianow aatassiyindwdtsxise yas Stried loyaaintais the pHavithin
triiodobenzam dl@)'ipfpi’%ﬂﬁ‘e'@ee%fng'tﬂét@hfp@Fd’tLﬂ@tbémb@@ﬂpHQ “&5Mdrk@-ring, 19.9

nmol ) was added and & W Se dition of potrﬁsm um hydrOX| de was
b

started to mai rﬁpﬁ‘ﬁrctméﬂ &g ﬁlqg r‘i‘@"‘?""ﬂa?d‘?ﬂf’ﬂ’ & MaKEHNiRg therft! ftehidsr at ur e
bet ween 10- 14 G.7 Wt @fcaé@nalr\aauxmm@dhawaksuémmyemme ¢ Mpo:%n@ bort 89

I dded |
2ddi 11 on of e v TR EROSTAT RFAMATEE] 2010 8PS BTt b P 86 S D er
stirring for 30He mikthe wangieedfanSa am&haaHmaaladmdteato 107 @umct stifieg fod was
mal ntai ned bet S haaitio the ﬁs’eiwgvgéFP?L@t1"fr76Tﬁ@r%%ﬁ%Wﬁﬁ%%&%%ﬂc@ c

and the m xture I'ng over the ni oW ng
second porti on byfadgigen afdlYéfPéh‘P@%ésé(# FeM(®0a) 19 aﬁ@“i‘?"hﬁ*fﬂl% Vipier (a0Q1ed and

the m xture wasystddhe@bidvasd Eﬁ&cﬁc Qﬁ)é&cha-ﬁ @rm@m}cqm mt Xi5Ehteqyasd fleenched
by addition of hdrochlorlc acid % % % n%eHof 7.5.
Vater (200 m), migiureyas SUTRA & dHh BgEP 'cmﬁbme GASH( 01’3'81 %fqu basi ¢
i on exchanger Idae&?a;ﬁdlfae mikture M3 shiffdd g haTtddeh @mdarid%&ammtﬁll&redwﬁ&n&tl rred
for I h. The ion, ex ers flltere off | ter 600

. . i ﬁ‘ﬁ‘gﬂk‘g ﬁigﬁ n}ef) JP tpPgP @%‘lned r&%%\%s%é&e \%cué

m) in portiond™ P Vacuo and purifi
by preparati ve adRiti@ cmeOMM®W$¢I§@WPIN@2@@8WQQZGQSum Phenomenex

Luna C18, 10 um 248 x 101 mm, soivents: A = waier and B = acetonitrile; gradient
5-20 % B over 35 min; flow 300 ml/ min, UV detection at 214 nm and 254 nm). After
freeze drying 7.3 g 5,5'-(2-hydroxypropane-1,3-diyl)bis(formylazanediyl)bis{N"-(1,3-
dihydroxypropan-2-yl)-N>~(2, 3-dihydroxypropyl)-2,4,6-triiodoisophthalamide)

(48.0 % vyield) was cbtained.

LC-ESI-MS) m/z 1522.5 [M+H]" and its sodium adduct corresponding to the wanted
structure.

"H-NMR 500 MHz (solvent: D,O, ref. H,0=4.8 ppm, 25 °C). 8.5 ppm, 8.2 ppm {m,
2H, HCO); 4.7 ppm — 3.0 ppm (m, 25H, CH, CH2), side chain 1: 4.06 ppm (m, CH),
3.80 ppm, 3.68 ppm (m, CH20H); 3.59 ppm, 3.47 ppm {m, NCH2), side chain 2:
4.18 ppm (m, CH), 3.87 ppm {m, CH2}, bridge: 8.48 ppm, 8.26 ppm (m, 2H, HCO)

Exampie 16
5.5'-(2.3-dihydroxybutane-1.4-diylbis(formylazanedivhbis(N'-(1.3-dihvdroxypropan-
2-yi)-N°-(2.3-dihyadroxypropyl)-2. 4 8-triiodoisophthalamide}




The conbined filtrate was reduced in vacuo and the crude product was
purified by preparative HPLC (col umm: Phenonenex Luna C18, 10 pm 248 x 101
nm solvents: A = water and B = acetonitrile; gradient 5-15 % B over 35
mn; flow 300 mM/ mn, UV detection at 214 nmand 254 nn). After freeze
dryi ng 6.v80go09/008734 PCT/NO2008/000255

di hydr oxypent ane- 1, 5-di y1) bi s(fornylsazanedi y1) bi s(N1- (1, 3-di hydr oxypr opan-
2-y1)-N3- (2, 3-di hydroxypropyl)-2,4,6-triiodoi sophthal am de) (42.5 %

yi el d) was obtained. LC-ES1-M5) mnl z: 1566. ﬁomfﬂ\rorand its sodi um adduct
corresponding to the wanted structure. 1H RAR f(sol vent: D20, ref. H20=4.8

ppm: 8.5 ppm 8.2 ppm(m 2H NCQ) 44 ppmk_ 3. (m 26H, CH, CH2);
2.0 ppm-1.6 ppm(m 2 2) $ %cﬂ'éln O' 06 pm(m 2H, CH); 3.80
ppm 3.68 ppm (m 4H, %ﬁ pp’r%‘s@N4 ppmY¥modH, NCH2), side chain
2: 4A8 ppm (m 2H, CH), 43 87 81 4@,:]2') Obridge: 8.48 ppm 8.26 ppm

(m 2H, HCO; 1.97 ppm-1.62 p m 2H, CH2) Exanple 18
5,5 (2-top:troy/ propane-| (}\N

3 di vl ) bi sfformnyl azanedi y1) bi s( 1- (1, 3-di hvdr oxvpr opan- 2-
Vl) N3- (2- hydr oxvet hyl)-2, 4, 6- %97 odoi sophthalamde) O 1 HO CHH 1 HN 00
NH (LI OH OHOH OH 18a)
5-am no- N1- (1, 3-di hydr oxvpropan- 2-y1) - N342- hydr oxvet hyl ) -2, 4, 6-
triiodoi sopht hal am de 2- Am no-1, 3-propanedi ol (15.66g, 171.89 nmol) was

pl aced i n a 21A 250l mexked razoionfiidaiotithaherchofrietes kstinhak, thobbingl fumetilapt pelet am de

(520n) was adglgg odéthsrdoB%gg@% c‘ﬁcﬁ{a& (ﬁ'@f’ irffo %ggéct&%sgﬁél%sé ?n%ﬁ]afngil ution

was obtained to I'Ch am ne
5- ami no- 2, 4, 6- t15i i miovatepREH ahipgmd bnri@rapvdr{zé’ég( I0pmmngl) followe@by agusbys was

added in pOft' B&%ssu}ﬁﬁy%%&@mmbﬁf to &&é&xfa‘tﬁ@b@ﬁcé’&”ﬂ%ﬁé‘&ahﬁ erature
for 25 hours and et hanol am ne (10 . nol ) was adde Stirring

was continued BAtesRkPERH(T, ?@%@WW@‘?%P‘%W%%“OW% BEide Rt 3N HC
salt was filt efrﬁﬂoaéﬁzam%)mﬁm wtymmnhhtec@gmmwsay(% agi ey ﬁw&Qn)rWa)s The
O e A e RS SMi SUARG i s el B "o
pH within 10.7-11.7 while keepmg the temperature between 10 —~ 14 °C, Ajter 40
min butadiene-1,3-diepoxide (0.826 g, 9.59 mmol) was added while maintaining the
pH at 11.6-11.7 with occasional addition of either potassium hydroxide (10 M) or
solid boric acid. The temperature was maintained at 10 °C for the remainder of the
experiment. The mixture was stirred for 7 h and the pH was adjusted to 11.35 and
left stirring over the night.
The foliowing day the reaction mixture was quenched by addition of hydrochioric
acid (6 M, 6.0 ml) to attain a pH of 7.5. Water {200 ml} was added foliowed by acidic
ion exchanger AMB200C (94 ml, 158 mq) and the mixture was stirred for 1 h. Basic
ton exchanger IRAGY (150 ml, 158 mq} was added and the mixture was stirred for
1h. The ion exchangers were filtered off and rinsed with water (600 ml} in portions.
The combined filtrate was reduced in vacuo and the crude product was purified by
preparative HPLC (column: Phenomenex Lunha C18, 10 um 248 x 101 mm,
soivents:; A = water and B = acetonitrile; gradient 5-15 % B over 35 min; flow 300
ml/ min, UV detection at 214 nm and 254 nm). After freeze drying 3.12 g 5,5'-(2,3-
dihydroxybutane-1,4-diy)bis(formytazanediyl)bis{N'~(1,3-dihydroxypropan-2-yl)-N*-
{2,3-dihydroxypropyl)-2,4,6-triiodoisophthalamide)} {21.4 % yield) was obtained.
LC-ESI-MS) miz:1552.5 [M+H]' and its sodium adduct corresponding to the wanted

structure.



WO 20091008734PCT/ NO20081000255 43 anbi ent tenperature for three days. The
formed precipitate was collected by filtration and washed wth ethanol (50
m) and dried in vacuo. The crude product was slightly brown col or solid.
Yi el d: 98.15g. HPLC showed the wanted conmpound to be present in 78 %
chem cal woedodnosThie product was used in the next stepPaiiNOsB/0dLsI her
purification. LC Ms: (ESI Ion Trap nﬂle) 675.8 [ MrHr. 'H-NI\/R 500 I\/Hz

(sol vent: D20, . ref. H20=4 % Side chain 1. 38 PPm

8.05 ppm (m NHj [j-NMR EIOEth!Z;Siﬂ‘HG(‘FnDz% Haoié%’ﬁm %‘?nc)cﬁér@Pm §.4p

CH2) , side chabR, o8 40Ppdre MIA dlppriNth, 26H, B8, CPI), GRie chiidh, 1: 496p6m4rrpmm(m
SR gpﬁ]l(ﬁ]pm,\l g)eé-p%?n FPB LG G pprs: 227 BRI Mo dive 2halg 2N N 3:
2-(3-(2-acet oxuaBthaf, lCayp3.&) ppm ami QE2)2 brdge: 8.48 pprodaé ppmi(ahoPidr dp@ne- 1, 3-
di vl diacetate Acetic anhydride (312 m, 3.3mvl) was added drop wise to
an ice cooled solution of the crude product obtained in exanple 18a (100g,
0.15 mmol) in pyridine (600 m) over 30 mnutes. The cooling bath was then
removed and sti s continued overnight. Ethanol (200 nl) was added
to the mxtureéxr %Wge cooling and the mxture was r;aduced in vacuo,
ethyl acetate B&O@diihvirexvpanianeS-¢ivibisopmagzagedidibisiNTHe3-50) uti on was

placed in a ref:lfhb&lr%wwan%ﬂj-ﬂ"Qi"@dh@drﬁﬂ!@sﬁﬂ@my&ddasbbﬁﬁé h@iie) The
product was colTected by fiTtration apn d washed wth ethyl acetate, 1N NCI

(1 x 200 nl), water (2 x 200 mio) ndfo@eno “ﬁ’ed!( 0 C). The crude product
was purified by preparat HE: Eﬁ&:( /\g{mh C18 10pm
248x101nmm sol vents: = .a aceton' é* dient 25-27%B in
6 mn, continued for 30 Fﬁ’n flow1300 m / mn Py 'detection at 214 nm and
254 nn) Pool ed fractions wer eqﬁ@ced in vac@o ereupon the product

could be recovered by filtrati The product dried at 60 C in vacuo
to yield 73 g 24342- OH OH OH OH

acet oxyet hyl car banoy1l) - 5- am no- 2 4,6-triiodobenzam do) propane-1, 3-diyl
di acetate (60.8 %yield). LC M (ESI lon-Trap, me): 801.6 [ MrHL+ 11-1

NVR, 500 Mz (BVSOmienartisd @actop fittedin thesmomater. sfir bap grappingifyinet andily- 4. 10

ppm (m 6H), 4,19, MOoiléd)by a%rﬁ&taﬁmd 8. IMH@{)& regctérauéhoéﬁa(déd rhéthanoB. 27
ppm (m NH), 8.3 NH) b

NL- (1. 3-di hydr éw%map\a#EQQ#Bm%aF%P%ﬁ%@@ﬂ( é'f"WHP XJOWRY Py aguspug .

triiodoi sopht hab@gdia hydrédkeda (0SB4 sREHMPIRDB8LOAOISE The starting

material, 3-(3-(1,3-bis(formyloxy)propan-2-ylcarbamoyl}-5-formamido-2,4.6-
triiodobenzamido)propane-1,2-diyl diformate (Example 15b)(16.8 g, 18.9 mmol) was
added and a drop wise addition of potassium hydroxide was started to maintain the
pH within 10.7-11.2 while keeping the temperature between 10 — 14 °C. After 15
min pentadiene-1,4-diepoxide (0.98 g, 9.8% mmol) was added while maintaining the
pH at 11.5-11.6 with occasional addition of either potassium hydroxide (10 M) or
solid boric acid. Under stirring for 30 h, the temperature was maintained at 10 °C
and the pH was maintained between 11.5 — 11.6. The temperature was now
adjusted to 23 °C and the mixture was left stirming over the night. The following day
a second portion of pentadienediepoxide (0.63 g, 6.27 mmol) was added and the
mixture was stirred for three days. The reaction mixture was quenched by addition
of hydrochioric acid (6 M, 6.0 ml) to attain a pH of 7.5. Water (200 ml), acidic ion
exchanger AMB200C (94 ml, 158 meq) and basic ion exchanger IRAG7 (150 ml,
158 mgq) was added and the mixture was stirred for 1h. The ion exchangers were
filtered off and rinsed with water (600 ml) in portions. The combined filtrate was

reduced in vacuo and purified by preparative HPLC.



44 Acetic anhydride (19.47 m, 20.6 nol) was added to formc acid (100

m ) ufider ice cooling keeping the tenperature below 5 C. After conplete
addition the cooling-bath was renoved and the tenperature was allowed to
reach 10C. The ice cooling was continued and

2- ( 3- ( 2- awerawyed7hy | car banoyl ) - 5- am no- 2, 4, 6- PCT/NO2008/000255
triiodobenzam do) propane-1, 3-di yl di azcetate (33g, 41.2 mmol) was then added
in portions over 3 minutes. The mxture was left to stir overnight and

t hen evapor at edF hen:omé@a@fl*tratea»vaSo'nedtmdvmvaceoﬁaﬁthet@dﬁmr@wcwwm%ed P400 m)

and wat er (100rg), aeﬁﬁeﬁ@ﬂéqcthhlﬁne%%ﬁéﬂgmatﬁbl Npgl ue s 1@@%&1 dr op vv' se
until a cl ear solutlon was obt ai ne se addition of 10

conti nued unti ISOyEPEtADMAtes @pd Br= i@t%"’eh@?ﬂﬁ?ﬁr 4B ?‘&‘rﬁ@@ﬂf’ f'P‘ﬂr‘TﬁOiJhe

m XL ur1 g gyo/e\lggllfxﬁw @rnthri ou defecmcatcmamd] mﬁzmeinqt Afedt freaze @rgindisfs 66,32 oH 2d7
Wi t 0 e nxture ace in.are r_overni an
the product, pra¥IFYRE eﬂr%ﬁ@ﬁﬂgﬁg@mﬁ 3&'”)\%%“ 6??’3@'1"%8““/\%033#%%9

wat er and dri ec{Z&tdﬂ@Gﬁxymomﬂ)f-Z)ﬂ 6-tﬁ|4dcgsqmthalamlde) (42.5 % yieid) was obtained.

e\ odor sopht haaEy RSN b4 iRl Ra Tk SN s Y AR Ehab o Inddily o
[ MEHI 11-1- NI\/RS&@GUH—E (solvent: D20, ref. H20=4.8 ppm 25 C): Side chain
1: m3(§n9 Eﬁm gT)mairMR w?ao87efm=(m ;;’rh} s%ﬁﬂslz)ppnﬂn@fzz—ph 424 4 20
PRO) Tha) 5. ST APT h3 ABRIE: BBk SRR GPPE | P SP 2t R DI RL: | 1, 3.

di hvdr oxypr opans.gs yoh) tnﬁ\J&H 2+i)t)m$®p§gfﬁt3]@8 Dprd (rd, 44, tcerowm 5@ pirh b apprde)
3-di hydroxypropan &% roxy. 2

triiodoi sopht hal'a Ao aficns) 8"9&*16"21 mwﬁ\ja"“\s\ém%j feip) %ﬂ W g o

pot assi um hydr dxidge 8(4B. iy 8.26%pn mnSIH) HC@) e hepo - 1(@ Frvrr)(naridi wEer (8
m). The tenperature was raised to 40 C and boric acid (0.62g, 1.91 mol)

was added. Heating was continued at this tenperature for 15 mnutes. After
cool ing to anbi Examilebherature, stirring was contlnued for 4 hours before

epi chl or ohydr i 60, Aoy Srod ndeldywaondiied S - (T AR Rk Y@ Erobai-pEen
12- 13 for 5 hours ¥1a It [ boric a . day, pvaas
adjusted to 3. M@Mﬁﬂb‘&% IOYRISPRANAAMIS: ya.  The remai ni ng aqueous
solution was diluted with water (75 rri) and treated with ion exchangers
(AMB 200C, H+ and IRA-67, OH) to zero COd‘ldU&tl vity. The ion exchangers

were filtered off and rlnsed vmthowa e\f he' c@nbined filtrates were
freeze-dried. And purified H~pr Hm’ﬁﬁ/qﬁhenonenex Luna C18
(2) 10 pm 250x 50.0 mm sol vents ter acetonitrile; gradient
0-10 B over 60 mn; flow 50.0 n1/m WV det ec on at 214 nm and 254 nm.
After freeze-drying 3.80 g 5,5 - 2009/ 008734 / NO2008/ 000255 45

(2- hydr oxypr opane- 1, 3-di yObi s(f orrny] azanedi y9bi s{iN1- (1, 3- di hydr oxypr opan-
2-y1l)- N3-(2-hydroxyethyl)-2, 4, 6-evi®bdoi sopht H4l &1 de) was obt ai ned (66 %
yield). LGMS: (ESI lon-Trap, me): 1462.7 [ MrH 11-1-NWVR 500 MHz

(solvent: D20, ref. H20=4.8 ppm 25 C): S|de ;Chain 1: 3 58 PPm (m NCH2),
3.87 ppm(m C e N-amgpn-{d =gl OXYRIORa hy ox.!- 4.6

CH2), bridge: 8raaé§ms®@ﬁﬂﬁalam3:fé ppm (m 2H, NHCO)

2-Amino-1,3-propanediol (15.66g, 171.88 mmol) was placed in a 2, one-necked

round-hottomed flask and N, N’-dimethylacetamide (520ml) was added. Stirring was
started and a clear and coloriess solution was obtained to which was added
triethylamine (85.8 ml, 619.2 mmol). 5-amino-2, 4,6-triiodoisophthaloyl dichloride
{102.4g, 191 83 mmol} was added in portions. The mixture was left stirring at
ambient temperature for 25 hours and ethanclamine (10.34 mi, 171.89 mmol) was
added. Stirring was continued at ambient temperature for 3 days.

Precipitated Et;N HCI salt was filtered off and washed with N,N'-dimethylacetamide
(30 ml). The combined organic phases were evaporated to a thick oil in vacuo, to
the oil was added ethanol (400 mi) and the mixture was vigorously stirred at



Exanpl e 19

5,5"' 42, 3-di hydr oxybut ane- 1, 4-di vftbi s(fornvl azanedi y1) bi s(N1- (1, 3-di hydr ox
yproci an2-v1) - N3-(2-hydroxvet hyl)-2,4,6-triiodoi sophthalamde) 0 OHO |
HO OH OHI 0 0 HOH Potassium hydroxide (10 M was added drop wise to a
stirring A2¢98MeH78 of Ni- PCT/NO2008/000255

(1, 3-di hydr oxypropan-2-y1) - 5-f orr narf®do- N3- ( 2- hydr oxyet hyl ) - 2, 4, 6-

ool 0D e CARRLS el o Rl ) 1

reached, bori c fismatioh 4l Wditped With ethambl)(56 oll) anvieliet) in vhcBe.but adi ene di epOX| de

(234 pl, 2.99 I for ousl y maintained at
the interval 1%9%@?&@#9@0%1%"%@%%?%% Pso‘{@élﬁi&gr!{) rc acid or potassium
hydroxi de (10 MPLCGhawedtheywanterd earpognd tachd pasent s/&%lchemnsal yieldul t ed after
24 hours at anﬁ"h@?hodhamrtﬁbmrﬁhe RERs \ﬁlmou%ﬁﬁertp‘ﬁm?ca?o?{“ th hydrochloric

acid (6 M and methanol was renoved in vacuo. The remaining agueous
sol ution was diLCdVREERilenTire: Bfe) (675 &M+Hnd treat ed with ion exchangers

(AMB 200C, H+ angunibo®MiHzQdoiven): 0,0, A2 .cearditat i28iCY Siddf dnain f 8eBZfHm

G319 50° o SBNES B o S P PR S o B S,

gradi ent 0- 10%MB, OMBY. sid8 chaim 2: §.09pprb Qd, INH, Fﬁﬂ‘pprU\(n'dNHQGﬂ-em pdin (’&il,@Hl}m and

254 nm) . After fJ.eeze-dryi .04

5 5 (2. 3-di hydroRFEL %&ii@ﬁga?f‘;iﬁbﬁé‘e}n PR Edy TR 24P

di hydr oxypr opafm2h§id)) - N3- ( 2- hydr oxyet hyl ) - 2, 6 triiodoi sopht hal am de) was
obtained (46 %yield). LCGMs: (ESI |on-Trap, rﬂe) 1492. 7 [ MtHr WO

2009/ 008734PC171802008/ 000255 46 11- I-NI\/R 500 M—Iz (sol vent . D20 ref.
H20=4.8 ppm 238@)2 ylcprbamaoyh)-Sopm riigobenzagdo)propa O OH)
side chain 2: 4; ﬂ.&amﬂb(m 2H CH), 3.87 ppm(m CH2) , brldge 8 48 ppm
8.26 ppm (m

2Acet|c anhydride (312HEIL 3.32rr(|)mol) was added drop wise to an ice cooled solution
of the crude product obtained in example 18a (100g, 0.15 mmol) in pyridine (600 mi)
over 30 minutes. The cooling bath was then removed and stirring was continued
overnight. Ethanol (200 mi) was added to the mixture under ice cooling and the
mixture was reduced in vacuo, ethyl acetate (400ml) was added to dark coloured oil.
The solution was placed in a refrigerator overnight to complete crystaliisation. The
product was collected by filtration and washed with ethyl acetate, 1N HCI (1 x 200
mi), water (2 x 200 ml) and oven dried (50 °C).
The crude product was purified by preparative HPLC (column Phenomenex, Luna
C18 10um, 248x101mm, solvents: A = water and B = acetonitrile; gradient 25-27%
B in 6 min, continued for 30 min; flow 300 ml/ min, UV detection at 214 nm and 254
nm). Pooled fractions were reduced in vacuo whereupon the product could be
recovered by filtration. The product was dried at 60 °C in vacuo to yield 73 g 2-(3-(2-
acetoxyethylcarbamoyl}-5-amino-2,4,6-triiodobenzamido)propane-1,3-diyl diacetate
(60.8 % yieid).
LC-MS: (ESI lon-Trap, mie): 801.6 [M+H]"
'H NMR, 500 MHz (DMSO-d6, 25 °C): 2.0 ppm (m, SH), 3.2 ppm (triplet, 2H), 4.10 ppm
(m, B6H), 4.19 ppm (m, 1H), 5.25 ppm (m, NH2), 8.15 ppm {(m, NHj}, 8.27 ppm (m, NH},
8.3 ppm (m, NH), 8.38 ppm {m, NH).

18¢) N'-(1 ‘3-dihydroxypropan-2-vi)—5—formamido-N3-( 2-hvdroxyethvyl)-2 4 6-

triiodoisophthalamide




5, 5424- di hydr oxypent ane- 1. 5-di vfi bi s(formnl azanedi vl ) bi s(N1- (1, 3-

di hydr oxvpr opan- 2-y1) - N3- ( 2- hvdr oxvet hyl ) -2, 4, 6-trii odoi sopht hal amde)
HNOO ,NH (LI (1) OH OHOH OH Pot assi um hydroxide (10 M was added drop w se
to a stirring suspension of NI-

(1, 3- di hyw® 2009es6pan- 2- y1) - 5- f or mam do- N3- ( 2- hydr oxy ePayIND2@8400855
triiodoi sopht hal am de (Exanple 18c) 4¢8.0 g, 11.4 mmol) in water (8ml) and

t hanol (8 m I d 6,
ool (5 o i 918 ALY AL B 5 22
di epoxi de (400 csging Re&iingtie |témpe'th&reFﬁéld§\f 5 theAfieokborhplete adaiﬂo@m@tcbﬂlﬂ'gl-.tﬁﬂy

d h I . b- '
261 or pot ass AR PR e AR g FeeBh 15 S, 15E i abifedEs ©
sol uti on resul tedinaéd amd 2243- fﬁaanewxaethﬂmbmwl)t%ﬁip@pa&.ﬁﬁe pH was adj ust ed
to 3.5 with hygrog Béﬂaﬁdogﬁﬂﬁgar(eﬁjp@dﬁgsgc&%wm %%n&?\!@é’ﬁgn bikeaguo. The

remai ni ng aqueous solu wth water (75 m) and treated with
i on exchanger s PPiRIe QEOEMigYtes. Jhg Mixiegras Ieiiorsyr %‘@"BQ'@@ﬁﬁdlﬁ"ﬁYF‘ﬁ%FateNrt er

freeze drying LhRoGs Hﬁﬁd\é@.ﬁn@%érﬁ tcﬁ\% E]-Vmthﬁﬁ@f(ﬁiU Ml? ahiPlitet COLMITvas added.
Phenonmenex Luna C18 36 m 250x mm . sol ye

= wat er._and =
acetonitrile; YrUasHE 3 W\?éf"dw QW?]W'SFIUBW%%E% S%"?ﬂ Was QAR 56?‘? on
at 214 nm and %é aatfion 4f 10N NADH eze continiued ukil b8 staphiifzed at 11.60. Methanol was

5,5-(2, 4-di hydro
di hy((jroxyplro)p/)ahenia('g T %gﬁ? T"fi%%evae&%éqoﬁ '@%ﬁz%ﬁ‘?ﬂ}%s (I)ull?g@gvﬁ%ﬁé%iﬁgd tg H
obt ai ned (53% Ri7etith) 18.8C%NEZ!. TiEShiuse was alaped lmae’efnmsmrew%mig]ﬁ antithe prNMRJtSOO

M(_IIZO) 1( SZ' Zgn;pnp?egrp {%t@% anH%RG é%% oﬁ%a%ﬁe d, m@sﬁg}eé \ﬁmat:@r #nd dn QHEMWC%H

H
CH2). WD 2009A0wE 24 amEN @@Hﬂ@aw%m%‘wb’ééma@@ﬂ“ (@ngm(*ﬁ? ¢8-
5-bi s(2, 3-di hygﬁ@@;éebmﬁmg,@met@m%},e@) 4,6-triiodophenvfl acetam do) -

2- hydroxypropy ?: or maii 01)I qu di hydr oxypropvl)-2, 4, 6-

Cr17 ool Sopht WaF A dBS) BhiTeRS i ¢y it
'H-NMR 500 MHz (soivent: D,0, ref. H.0=4.8 ppm, 25 °C): Side chain 1: 3.59 ppm
(m, 2H, CH2ZN), 3.87 ppm (m, 2H, CH20H), side chain 2: 4.20 ppm (m, 1H, CH),
3.59 ppm (m, 4H, CH2}, side chain 3 : 8.47 ppm (m, 1H, HCO)

18d) 5.5'-(2-hydroxypropane-1,3-divl\bis(formviazanedivhbis(N'-{1.3-
dihvdroxypropan-2-y[}-N*-(2-hydroxyethvi}-2_ 4. 8-triiodoisophthaiamide)

N'-(1,3-dihydroxypropan-2-yl)-5-formamido-N°-(2-hydroxyethyl)-2,4,6-
triiodoisophthalamide (8 g, 11.4 mmol)} was dissolved in a solution of potassium
hydroxide (1.01g, 17.9 mmol) in methanol (8 ml) and water (8 ml). The temperature was
raised to 40 C and boric acid (0.62g, 1.21 mmol} was added. Heating was continuad at
this temperature for 15 minutes. After cooling to ambient temperature, stirring was
continued for 4 hours before epichlorchydrin (0.37g, 3.98 mmol) was added.

pH was maintained between 12 - 13 for 5 hours by addition of boric acid. The next
day, pH was adjusted to 3.97 and methanol was removed in vacuo. The remaining
aqueous solution was diluted with water (75 mi} and treated with ion exchangers

(AMB 200C, H" and IRA-67, OH') to zero conductivity. The ion exchangers were
filtered off and rinsed with water and the combined filtrates were freeze-dried. And
purified by preparative HPLC {column Phenomenex Luna C18 (2) 10 pm 250x 50.0
mm, solvents: A = water and B = acetonifrile; gradient 0-10 % B over 60 min; fiow

50.0 mifmin, UV detection at 214 nm and 254 nm). After freeze-drying 3.80 g 5,5'-
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H HO HNI - kOO NH HO*HOH OHOH 21a)
N-al | yl acet am do) - N1, N3- bi s( 2, 3-di hydr oxypr opyl) - 2, 4, 6-

i i odoi sophthalamide 0 00 .NH HN,, HUMr'OH OHOH To a stirred sol ution

of 5-acetam do- N1, N3-bi s(2, 3-di hydroxypropyl)-2,4,6- triiodoisophthal am de

(7.5 g, MOAMBI0Y873¥¢Nd boric acid (124g. 20 nmol ) in walPET/NOR@SHIRSANd

nmet hanol (7 m
stable pH 12.5
pot assi um hydr

the mxture is
phase is dilut

) is added potassium Hydroxide (10 M drop wise until a

R vRGPRye T bR LB PP hopnt 2305 o1

3 h and the m Nf’-(&-hydr@cy&thuh—ﬂ%—truucsiousopmthgamwie} was offtained (66 % gieldpwi ng day

e

gq\ﬁgqﬁg%n %)'ﬁ %gzeﬂmq_! sret hanol , the resul ting aqueous

ted with acidic and basic ion

exchanger. ResihdiMit 80¢ the@tvmopzq fefeld-CGrafeb prre. 2o1ibi sidel chajtido®i88 venuUre
ﬂbﬂ@fséa’r riﬁ{)Ma{?rUOCitlﬁbBU %ldé chain 2: 4.19 pfm &m 2H CH), 3.87 ppm (m,

is reduced to

5-(Nal |l yl acet am do

| am de. WO 20

d
B0 b0gE BT e S8 RRDE S S ED) °PY Y

Example 19
5.5'-(2,3-dihydroxybutane-1.4-divhbis(formylazanediyhbis(N'-(1,3-dihydroxypropan-

2-y)-N>-(2-hydroxyethy|)-2.4.6-triiodoisophthalamide)

N\/\OH
HO. .~ N N \)\{/\ N N OH

HN™ ~0

OH OH

Potassium hydroxide (10 M) was added drop wise to a stirring suspension of N'-
(1,3-dihydroxypropan-2-yl)-5-formamido-N>-(2-hydroxyethyl)-2,4,6-
trilodoisophthalamide {Example 18¢) (6g, 8.5 mmol) in water (5ml) and methanoi (5
mi. The pH was continuously monitored and when pH 11.8 was reached, boric acid
(0.46g, 7.5 mmol) followed by 1,3-butadiene diepoxide (234 ul, 2.99 mmol). The pH
of the solution was continuously maintained at the interval 11.5-11.8 by addition of
either solid boric acid or potassium hydroxide (10 M). Gradually & clear and
colourless solution resulted after 24 hours at ambient temperature. pH was adjusted
to 2.7 with hydrochioric acid (6 M} and methanol was removed in vacuo. The
remaining aqueous solution was diluted with water (75 ml) and treated with ion
exchangers (AMB 200C, H" and IRA-67, OH") fo zero conductivity. After freeze
drying, the crude was purified by preparative HPLC (column Phenomenex Luna C18
(2) 10 um 250x 50.0 mm, solvents: A = water and B = acetonitrile; gradient 0-10 %
B over 60 min; fliow 50.0 ml/min, UV detection at 214 nm and 254 nm). After freeze-
drying 2.04 g of 5,5'-(2,3-dihydroxybutane-1,4-diyl)bis{formylazanediyl)bis(N*-(1,3-
dihydroxypropan-2-yl)-N°-{2-hydroxyethyl}-2, 4,6-triiodoisophthalamide) was
ohtained (46 % yieid).

LC-MS: (ES! lon-Trap, m/e): 14927 [M+H]"

6-trii odol sopht ha



21b) 54N (3-(N- (3, 5-bis(2,3-di hydroxvpropyl carbanoyl)- 2. 4, 6-
triiodophenyl)acet am do) - 2- hydr oxypr opyl ) f or mam do) - Nr , N3- bi s(2, 3-

di hydr oxvpropyl)-2.4,6-triiodoi sophthalam de To a stirred solution of
water (10 m) and nethanol (7 m) is added

5- (Nal | yI'WEPRIPFE - N , N3- bi s( 2, 3-di hydr oxypr opyl) - 2, ZCENEHSHMFES opht hal a
m del5.0 g 6.35 mml ). pHis adjuste4 to pH 2 and a sol ution of potassium

i odide (1.05 gy m )
and et hanol H%@? r%é%&]gerft@bnré]]-k@l-g% p8§1 ‘;I;‘E %’d%tflrhgm:qg%s 8épi?ned
over night. Theémsliﬁtl?-] 6r87’plmcfmoﬁbiaot'lb sitlg cBainRd4.18 ppm (m, 2H, CH), 3.87 ppm

N, N1- Bi s- (2, 3-di h gf I 6-t hi odo-i sopht hal am de
(Exanpl el a) (4. @ éﬁq%)oéﬁd QIQ,EJP?) gggg% (I@g'?ggglﬁ%% hydroxide (10 M is
added drop wise to maintain a stable pH of 11.6 and the m xture is stirred
for 24 hours. The solution is diluted with water (50 m) and treated with
i on exchanger s gxANMB The resins are
filtered off and,r _d d . phases are
reduced i n vac@eHrd iR ORRGHERNE o e¥ar ati ve HPLC
(col uimm Phenoneigd rokvmmaGJBvlL&3-m¥h%ﬁkvmrﬁng Bmuodsasbpmmamdé) wat er and B
= acetonitrile; gradient 0-10% B over 60 mn; flow 50.0 M/ mn. Exanple
22

5-(3-(N-(3,5-bis(2,3-di hydroxypr@pyl{ d*aféﬁ@nny}l‘)ﬁzﬂ 4.6 triiodoohenvl)formam

dO) 2- HO\/\ \)\,/[\/N /\/OH
hydr oxypr oovl am no) - W N3- bi s( 2, B- c dr oxypr op @ 2, 14 6-triiodoi sophthal a
mde HOOI y- OHNOH IO N HO,="T1"LOH HN 006 O* HON OHOH 22a)

di hydr oxypropyl)-2 4 6-triiodoiso hal am de was_-ptrepared according to
the literature, Ref: Priebe, H. ; Jugstad, H ; Heghugrd, |. F.; Sande, R ;
Toenseth, C. P. Synthesis, analysis and toxi C|ty of three conpounds fornmed
during the synthesis of iodixanol, Acta Chem ca Scandi navi ca (1995),

4900), 737-43. potassium hydroxide (10 M) was added drop wise to a stirring suspension of N'-

5- (N- ( 3- br ono- 2- hydr oxypr opvl) - 2,% rifluoroac€&tam do) - N1, N3- bi s(2, 3-

(1,3-dihydroxypropan-2-yl}-5-formamido-N>-(2-hydroxyethyl)-2,4,6-
triiodoisophthalamide (Example 18¢) (8.0 g, 11.4 mmoi} in water (8ml) and methanol
{8 ml). The pH was contihuousty monitored and when pH was 11.8, boric acid {0.62
g, 9.9 mmol} was added foliowed by 1,4-pentadiene diepoxide (400 mg, 3.88 mmol).
The pH of the solution was continucusly maintained at the interval 11.5-11.8 by
addition of either solid boric acid or potassium hydroxide {10 M). Gradually a clear
and colouriess solution resulted after 24 hours at ambient temperature. pH was
adjusted to 3.5 with hydrochloric acid {6 M) and methanol was removed in vacuo.
The remaining agqueous solution was diluted with water (75 ml) and treated with ion
exchangers (AMB 200C, H™ and IRA-67, OH) to zero conductivity. After freeze
drying the crude was purified by preparative HPLC (column Phenomenex Luna C18
(2) 10 um 250x 50.0 mm, solvents: A = water and B = acetenitrile; gradient 0-10 %
B over 60 min; flow 50.0 ml/min, UV detection at 214 nm and 254 nm). After freeze-
drying 3.16 g of 5,5'-(2,4-dihydroxypentane-1,5-divi)bis(formylazanediyl)bis(N'(1,3-
dihydroxypropan-2-yl)}-N°-(2-hydroxyethyl)-2.4,6-triicdoisophthalamide) was
obtained (53% yield)

LC-MS: (ESI lon-Trap), m/e: 1506.6 [M+H]".

"H-NMR 500 MHz (solvent: D,0O, ref. H,0=4.8 ppm, 25 °C): 8.47 ppm, 8.23 ppm (m,
2H, HCO), 4.40 ppm —3.10 ppm (m, 24 H, CH/CHZ2}, 1.85 ppm -1.60 ppm (m, 2H,
CH2).



WD 2009/ 008734PCT/ NO2008/ 000255 49 0 F3C NOH 00 "..NH I HN', .HO- ThCOM
OHOH 22b) 5-(3-(N-(3,5-bis(2, 3-di hydroxvproovl carbanoyl) -2, 4. 6-

t hi odophenyf | f orrnam do) - 2- hydr oxypr opyl am no) - N1, N3- bi s( 2. 3- di hydr oxvPr oe
vi)- 2,4,6-triiodoi sophthal am de

N, N- Bi s- (P0300/"87d¢ oxy- pr opyl) - 5-f orr nyl ami no- 2, 4, 6- t MOTEHR0ENGEAIS hal ani de
(Exanple 1a)(1.1 g, 1.5 mvl) was sldirried in water (2 nml) and net hanol
(0.7 m). Potassium hydroxide (10 M 120 ul) was added to give a clear
solution with p1- 111. 3.

5- (N- (13- bromo- 2- hydr oxypropyl)-2, 2, 2-trifl uoroacetan do)- N1, N3-bi s(2, 3-

di hydr oxypropylgz2.4, 5 triiodoi sopht halamde (1.41 g, 1.5 mml) was

di ssolved in vv%‘erﬂ%?‘o m) and added to the reactl on mxture at anbi ent
tenperature. pH-AAS -(Nai3 PR s (8 Slibydraxypropycenhamay)-2 4 Srdiodephenyhacetiamigo)-

hydr oxi de (10 Mpyg EdHnBmRs-NS WP blset 3 pivddo 3 a8d then di | uted
Wi th water (SOK%%WFHW%%MMOC 20 m) and
(1 RA67, 20 ni )t lamidgas filtered off and rinsed with water. The
conbi ned aqueous phases were reduced in vacuo and the crude product was
purified by preparative HPLC (col um Phen n%x Luna C18 10 pm 250 x 75.0
mm solvents: A = water and B = acetoonlftr\flﬁ/ a t 5% isocratic for 5
mn, 5-15 % B over 35 nin; f|M5 ect\[% at 254 nm.
After freeze-drying 1.07 g of /‘ :

5-(3- (N- (3, 5-bis(2,3-di hydroxypropyl ca@amyl)-
2,4,6-triiodophenyhfornmam do) - 2- hydr 8yt oPyl ani $io)N1, N3- bi s( 2, 3-

di hydr oxypropyl )-2,4,6-triiodois aI am de was obtaimed (48 % yield)
LC-M5-TOF (colum Agilent Zorbax SB9&q C18 3.5 pm 3.® x 100 mm sol vents:
A = water/ 0.1%formc acid and B = acetonitrile/ 0.1%formc acid,

gradi ent 4-15% n, UV det ection at 210-240
nm M- TOF gavé @hs : PGS @nVIoXYRraVled 4B [ MkFi | : 1494. 6949,
[ MEFNal: 1516. 67&90doisM:thaié153@ 6509 correspondl ng to the wanted structure.
50 1. Compounds of formula (I)

G O
NH | HN
HO/Q OH
OoH OH

To a stirred solution of 5-acetamido-N' N*-bis(2,3-dihydroxypropyl)-2,4,86-
trilodoisophthalamide (7.5 g, 10 mmol} and boric acid {1.24 g, 20 mmol) in water (10
ml) and methanol (7 ml) is added potassium hydroxide (10 M) drop wise until a
stable pH 12.5 is established. Allylbromide (860 ul, 10 mmol} is added and
potassium hydroxide {10 M) is continuousily added to maintain pH 12.5. for 3 h and
the mixture is then left stirring over night. The foliowing day the mixture is reduced in
vacuo to remove methanol, the resulting aqueous phase is diluted with 50 mt water
and treated with acidic and basic ion exchanger. Resins are removed and rinsed
and the combined agueous volume is reduced to dryness in vacuo to yield 5-(N-
aliylacetamido)-N',N*-bis(2, 3-dihydroxypropyl!}-2 4 6-triicdoisophthatamide.



RNCHO -X-N(R3)-R (1) Formula (I) and salts or optical active isoners
thereof, wherein X denotes a C3 to C8 straight or branched al kyl ene noi ety
optionally with one or two CH2 npi eties replaced-by oxygen atons, sul phur
atonms or NRL groups and wherein the al kylene noiety optionally is

subst it ute@28y/698334 0 si x - ORL groups; Rl denotes a hy&EdGERBIOCRSTL to 4
strai ght or branched al kyl group; R3¥denotes a hydrogen atom or an acyl
function; and eg R i o-o-ne )éthe s%ragnr firent and denote a

triiodi nated phemH=gr =Inee a Wwo-gtoups R2 wherein
each R2 is t he tdiedophenyhdcdtamidonhp-hs drd georotismamigedNoNehistXdm or a
non-ionic hydr(a IJ 0SS ¥ 6 tRENBR Shide @t 1 east one R2 group in the
conmpound of form—@)s—a'—h‘y%rmﬂ%—&m ety. 2. Conpound as clained in

cl ai m 1 wher ei ToXx sigadseluticn eftvatgrdti miand settmnal {ynikik@ddedtNsubst i t ut ed
by one 10 six e HthN' - GaTRUHAATehA)- TRl m@a&.h@)nmalarﬁwe&meerel n

R1 denotes a hydrogen atom or ound "as ¢l ai ned

r ou
in any of the Er@d@ﬁP‘M"‘b’FéﬂWﬁW‘ﬁéP"éﬁﬁ” ﬁ’ﬂ?’égf Rptagsig) 'ﬁﬂ'f‘e@S 39 &P
al kyl ene chai n phialj 41 iBdiiné @®31g, 6138 niysly ifXaker @5 Mg G hAriol(Sanl) istadded

DO et ok B b R DR PRl SRR B o BRI 2
and N,N'-Bis-(2, 3-dihydroxy- propyl)~5-formylam|no -2,4.6- tmodo-nsophthalamrde
(Example1a){4.65 g 6.35 mmol) is added. Potassium hydroxide (10 M) is added
drop wise to maintain a stable pH of 11.5 and the mixture is sfirred for 24 hours. The
solution is diiuted with water (50 ml} and treated with ion exchangers (AMB200C, 20
mi) and (IRABG7, 20 ml). The resins are filtered off and rinsed with water. The
combined aqueous phases are reduced in vacuo and the crude product is purified
by preparative HPLC (column Phenomenex Luna C18 10 ym 250 x 50.0 mm,
solvenis: A = water and B = acetonitrile; gradient 0-10 % B over 60 min; fiow 50.0

mY/ min.
Example 22

5-{3-{N-{3,5-bis(2,3-dihvdroxypropyicarbamovh-2 4 &-triiodophenyliiormamido)-2-
hydroxypropviamino)-N* N3-bis(2,3-dihydroxypropyl}-2.4 B-triiodoisophthaiamide

o | H\fo oH , | ©
HO._~y, N_A__N N O
TN e
HO [ ! ] i OH
HNT SO 0% "NH
HO S/\ H

OH oH

22a) 5-(N-( 3-bromo-2-hydroxypropyl)-2.2 2-trifluoroacetamido)-N' N-bis(2,3-
dihvdroxypropyl-2.4 6-triiodoisophthalamide

was prepared according to the literature,

Ref: Priebe, H.; Dugstad, H.; Heglund, L. F.; Sande, R.; Toenseth, C. P. Synthesis,
analysis and toxicity of three compounds formed during the synthesis of iodixanol.
Acta Chemica Scandinavica (1985), 48(10), 737-43.



strai ght propylene, butylene or pentylene chain substituted by one, two or
t hree hydroxyl groups. 6. Conpound as clained in any of the preceding

cl aims wherein R3 denotes a hydrogen atom or a residue of an aliphatic
organic acid. 7. Compound as clained in clairnewherein R3 denotes a Cl to
C5 or ganitO AUPA0SHYi ety sel ected fromfornyl, acetyl, BFOPOSMIPNZButyryl,

i sobutyryl and valeriyl moieties. &° Cbnpound as clainmed in claim?7
wherein R3 denotes the fornyl noiety. und as claimed in any of

t he precedlng cl aims wherein each of themty+?p%|nated phenyl group R
denotes a 2,4,6-triiodi nated phenyl gfﬁhp furd her substituted by two
groups R2 in the remai ning 3 and 5 posi tyoRs in the phenyl noiety. 10.
Conmpounds as clained in any of the prégeth €l ai s wherein each R2 are
the sane or different and denotes a RE:HIQHH hydrophilic noiety

conprising esters, am des and am ne eties, joptionally further
substituted by a straight chain or #anched ch&n C1_113 al kyl group,
optionally with one or nore CH2 or CH i eti®¥5 repl aced by oxygen or
nitrogen atons and optionally substituted by one or nore 52 groups

sel ected from oxo, hydroxyl, am no or carboxyl derivative, and oxo
substituted sul phur and phosphorus atons. 11. Conpounds as clained in
claim 10 wher e22b)Sa(BHNIR2 Setig2 Bhuiihvelemae cHrpdreovrd 4.8nd denote a non-ionic

hydrophi 1. oSk ;ﬁ@oﬁfkga%x%gﬁstg BincIRE NUBLE 3y Bl opyiu T t her
substituted b arn al KyT—group
substituted by2#&niogdoisgohtiralamigeoups. 12. Conpounds as clained in clains
9 to 11 wherei ﬂ N}W 2 W&o%ﬁﬁoﬁﬁﬂ?—f&ﬁnylﬂhﬂo@@B-Ttrli@dujls@;ﬁfﬂhélﬁh“d@ydr oxy
01..5 al kyl, dr fkox al g W th , car 2£F§ gs %3’
hydr oxypol yal k 13)(\7l/|1t91 115 gy “taér%ﬁ?ﬁda‘ﬁé?’ﬁﬁer Arddnstrneh@-7 B nat ed
phenyl group VPataasnmamiy@}ex.aé (D AT APy dddel &ggive a tRar St witd pHas! 3.
clainmed in claij erein S 1085, different and is
sel ected from 52@6%9"5’?"% Hédrf’{b‘fpﬁ?ﬁyﬁ?’ ‘2 Fubidatdim IR Aol 4
dihydroxypropyi)-2,4,6-triiodoisophthatamide (1.41 g, 1.5 mmol) was dissolved in
water (3.0 ml) and added to the reaction mixture at ambient temperature. pH was

maintained at 11.5 with additions of potassium hydroxide (10 M). The mixture was
stirred for two days and then diluted with water {50 ml) and treated with ion
exchangers (AMB200C, 20 ml) and (IRAG7, 20 ml}. The resins was filtered off and
rinsed with water. The combined aqueous phases were reduced in vacuo and the
crude product was purified by preparative HPLC (column Phenomenex Luna C18
10 pm 250 x 75.0 mm, solvents: A = water and B = acetonitrile; gradient 5 %
isocratic for 5 min, 5-15 % B over 35 min; flow 175.0 ml/ min, UV detection at 254
nm). After freeze-drying 1.07 g of 5-(3-(N-(3,5-bis(2, 3-dihydroxypropylcarbamoyl)-
2.4, 6-triiodophenyl)formamido)-2-hydroxypropylamino)-N' N>-bis(2,3-
dihydroxypropyl)-2,4,6-triiodoisophthatamide was obtained (48 % yield)
LC-MS-TOF (column Agitent Zorbax SB-Ag C18 3.5 ym 3.0 x 100 mm, solvents: A
= water/ 0.1% formic acid and B = acetonitrile/ 0.1% formic acid; gradient 4-15 % B
over 10 min; flow 0.5 ml/ min, UV detection at 210-240 nm) MS-TOF gave twe
peaks at 6.14 and 6.67 minutes with [M+H]:11494.6949, {M+Na]":1516.6769,
[M+K]':1532.6509 corresponding fo the wanted structure.



CONH2 CONHCH3  CONH- CH2- CH2- OH  CONH- CH2- CH2- OCH3 - CONH- CH2- CHOH- CH2- OH
CONH- CH2- CHOCH3- CH2- OH - CONH- C1- 12- CHOH- CH2- 0CH3  CON( CH3) CH2- CHOH CH2OH

CONH- CH (CH2 -0H)2 CON-(Cl-12- CH2- OBf)2 CON- ( CH2- CHOH CH2- 01-) 2
- CONH OCH3 CON ( CH2- CHOH CH2- 0H) (CH2- CH2-0H) CONH C( CH2 OH)ZCHB
CONH- C(CH2 -0H)3, and CONH CH (CH2-0H) (CHOH - CH2- 0H)

1. Compounds of formula (I) -

R—N(CHO) —X—N(R*»—R (D)

Formula (1)
and salts or optical active isomers thereof
wherein

X denotes a Cs to Cg straight or branched alkylene moiety optionally with one or two
CH> moieties replaced by oxygen atoms, sulphur atoms or NR' groups and wherein

the alkylene moiety optionally is substituted by up to six -OR'groups;
R denotes a hydrogen or a C1 to C,4 straight or branched-alky! group;
R® denotes a hydrogen atom or an acyl function; and

each R independently is the same or different and denote a triiodinated phenyl group
further substituted by two groups R? wherein each R? is the same or different and
denotes a hydrogen atom or a non-ionic hydrophilic moiety, provided that at least one

R? group in the compound of formula (1) is a hydrophilic moiety.

2. Compound as claimed in claim 1 wherein X denotes a straight Cs to Cg

alkylene chain substituted by one to six -OR! groups.

3. Compound as claimed in claim 1 or 2 wherein R denotes a hydrogen atom or

a methyl group.

53



-NH(COCH3) -N(COCH3) G .3 alkyl N(COCH3) - nono, bis or tris-hydroxy Cl4
al kyl N(COCH2OH) - hydrogen, nono, bis or tris-hydroxy Cl4 al kyl

N( CO- CHOH CH2OH) - hydrogen, nono, bb$ or trihydroxylated Cl-4 al kyl.

N( CO- CHOH CHOH CH2OH) - hydrogen, nono, bis or trihydroxylated Cl4 al kyl
N(CO- CH (CH20H) 2) - hydrogen, nono, bis or trihydroxylated Cl4 al kyl; and
N( COCHR OH) £ompourchap slainsdar apy 4f teipraceding ¢lainzs wherain X denotes agr oups

e S B R ) s SRR R )
- X- N( gbBitioR thatlia noRviirai®) thebfilig&hfidgsh-dtofl 1b) R N(CHO) - X-NHR (11c)

wherein R and X are as defined in the preceding clains. 54

5. Compound as claimed in claim 4 wherein the C; to Cs alkylene chain is a
straight propylene, butylene or pentylene chain substituted by one, two or three

hydroxyl groups.

8. Compound as claimed in any of the preceding claims wherein R® denotes a

hydrogen atom or a residue of an aliphatic organic acid.

7. Compound as claimed in claim6-wherein R® denotes a C4 to Cs organic acid

moiety selected from formyl, acetyl, propionyl, butyryl, isobutyryl and valeriyl moieties.
- 8. Compound as claimed in claim 7 wherein R® denotes the formyl moiety.

9. Compound as claimed in any of the preceding claims wherein each of the
triiodinated phenyl group R denotes a 2,4,6-triiodinated phenyl group further
substituted by two groups R? in the remaining 3 and 5 positions in the phenyl moiety.

10.  Compounds as claimed in any of the preceding claims wherein each R? are
the same or different and denotes a non-ionic hydrophilic moiety comprising esters,
amides and amine moieties, optionally further substituted by a straight chain or
branched chain Ci.10 alkyl group, optionally with one or more CH» or CH moieties

replaced by oxygen or nitrogen atoms and optionally substituted by one or more



16. Conmpounds as clainmed in the preceding clains being 5,
-(2- hydroxypropane-1 ,3-d i yQoi s(fornyl azanedi y1) bi s(N1 , N3-bis(2,
3- di hydr oxypropyl)-2,4,6- triiodoi sopht hal am i de)
- (2, 3-di hydroxybut ane- 1, 4-di y1) bi s(for nyl azanedi yQoi s(NI', N3- bi s( 2, 3-di
hydr oxypropyl)- 2,4,6-trili od0| sopht hal am de)
5, 5' gmumsoﬁelqctedﬁmwanbyclrosy!dawr)cmps cadoy| derivaliveyand sxasulstitstes 2, 3- d

hyd 6- t d ht hal d
I 3 rog% Bﬁ%)pﬁ&?&PﬁQ rl?lglr%emlsgpdl yaGJ?g](fga nyl azanedi yObi s( N1, N3- bi s(2, 3

-d| hydr oxypr opyl)- 2,4,6-triiodoi sophthal am de)
-(2,3- d| hydr ox butane 1, 4-di Abls(forrryl azaned%ﬁne) bi s(N1, N3-bis(2,3-dih
ydroxﬂﬁr opfAompaungiseas elairoedinalaie 18 Mherg he game or different’

I W RO Y S i

35, 6- (%dw@xwmmmutéd @y;a]stbm@mfmmmmmadmﬁmmm grau@R, 3- di hyd
roxypropyl) - - triiodo-NL, N3-di net hyl i sopht hal am de)

5,51- §Qbﬁﬁﬁ'§%@bﬂ S AR AIGHPFDI s( f or nyl azanedi yQbi s(NL, N
b| s( 1, 3-di hydr oxypropan-2-y1l)- 2,4,6-triiodoi sopht hal am de)
(2 3-di hydr oxybut ane- 1, 4- di yl) bi s(fornyl azanedi y1) bi s(N1, N
- b| s( 123 dOmmtnamnctsrameIaHﬁed yniglaimg 9aot i whbersin epbln Iﬁélaimthl@)same or

5 St e R et S LSRRI 2% 2l o (13-

5,5 ! |
yprop%? k%%&ygd“rmoix!SyelkyhgvftHﬁ?OZ@gb?{ﬁﬁ%msg%pht ha?*%h?%dma"éa pheRyfydr oX

5,5' - gup dedtypmidennea tadarmgyl libkageé or nyl azanedi yObi s(NL1- (2, 3- di hydr oxypr
opyl) - N3-(2- hydroxyethyl)-2,4,6-triiodoi sophthal am de) 55

.5,5"-(2, 4-di hydr oxypent ane- 1, 5-di yObi s(f ornyl azanedi yObi s( N1- (2, 3-di hydr ox
ypropy3) - W3mtgodhtd &x¥Riryd In dathnd ottb 1206BkeaHm BhbRIRENE dBE same or

different and is selected from groups of the formulas
-CONH;
CONHCH;
-CONH-CH2-CH>-OH
-CONH-CH;-CH2-OCH3;
-CONH-CH,-CHOH-CH»-OH
-CONH-CH,-CHOCH3-CH2-OH
-CONH-CH,-CHOH-CH>-OCHjs
-CON{(CH3)CH2-CHOH-CH,0OH
-CONH-CH-(CHz —OH)
-CON-{CH2-CH»-OH});
-CON-(CH2-CHOH-CH»-OH);
~-CONH-OCH;
-CON (CH2-CHOH-CH,-CH) (CH»-CH»-OH)
-CONH-C(CH; —OH), CHj, '



5, 5" - (2- hydr oxypr opane- 1, 3-di yObi s(f ornyl azanedi yObi s(N1- (1, 3-di hydroxypro
pan-2- y1)-N3-(2, 3-di hydroxypropyl)-2,4,6-triiodoi sopht hal am de)

5,5"-(2, 3-di hydr oxybut ane-1, 4-di y1) br’i?’s(for nyl azanedi yObi s(N1- (1, 3-di hydrox
ypropan-2- y1)-N3-(2, 3-di hydroxypropyl)-2,4,6-triiodoi sopht hal am de)
5,5"-(2, 4-di hydr oxypent ane- 1, 5- di yObi s(f ornmyl azanedi yObi s(N1- (1, 3-di hydr ox
ypr opanZGhii- WQTg)fH#,WHr oxypropyl )-2,4,6-triiodoi sopht hal ani de)

5,5 - (2, a ; ﬁ\@iiy . S rnyl azanedi yCbi s(N1- (1

, 3-di hy ro@%(r%g&ding@%%? - (%;(gl[?gxyet hyl)-2, 4, 6-triiodoi sopht hal ani de)
5,5 - (ZNH@OgHRPxybut ane- 1, 4-di y1) bi s(f or nyl azanedi yObi s(N1- (1, 3-di hydr ox
ypropan-2- y1)-N3-(2-hydroxyethyl)-2,4,6-triiodoi sopht hal am de)

5 5" -( Z,N(Cd@%@r%kyég t ane- 1, 5-di y1) bi s(fornyl azanedi yObi s(N1- (1, 3-di hydro
Xypr opat 3- (o &, 6alkki | odoi sopht hal am de)

5- (N-( SW((I\?- 2 %I,:!g?b%@giﬁ?%ﬁg&y&%&opﬁc?bamy1) -2,4,6-triiodophenyl)acet
ani do) - N(OQUHeRHY ~dpdrogen, maandadyis NI s hydoxe BadlBy dr oxypr opyl) - 2, 4, 6-

triiodois t hal gam nd - . kvl

5-(3- (N w&ggﬁgﬁ_ﬁ' Fgfﬁ%'dm{%?&}pwg% B'gr?br}ﬁ‘t)}xdf?ﬁs,’l%tetdrﬁ"‘o%lo%henyI ) f or mam
do) - 2- -N(CO-CHOH-CHOH-CH,0H) - hydrogen, mono, bis or trinydroxylated C4 alkyl

hydr oxypropyl am no) - N1, N3-2bi s(2, 3-di hydroxypropyl)-2,4,6-triiodoi sophthal a

m de 17_.@%_33%?%&%%{_&%&2?@?%%} BbRe, s O imNnekeatetidT malkyl(hd as defi ned

in any o 56 18. An X-ray diagnostic conposition

conpri si und of forrmula (1) as defined in any of clains 1 to 16
t oget hefﬁﬁéﬁ?ge%ﬂér maceutically acceptable carriers or excipients. 19.

Use of a conpound of fornula (1) as defined in clains 1 to 16 for the
manuf acture of a diagnostic conposition for use as an X-ray contrast
agentq4.  Compounds as claimed in claim 13 wherein all R? groups denote the entity -

CONH-CHz-CHOH-CH2-OH.

15. Compounds as claimed in any of the preceding claims and of formulas (lla), li(b)

and (llc)
R—N(CHO) —X—N(CHO)-R  (lia)
 R—N(CHO) —X—N(CO(CHz)-R  (llb)
R—N(CHO) —X—NH—R  (iic)

wherein R and X are as defined in the preceding claims.
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16. Compounds as claimed in the preceding claims being

5,5'-(2-hydroxypropane-1,3-diy)bis(formylazanediyl)bis(N',N*-bis(2, 3-dihydroxypropyl)-2,4,6-

triiodoisophthalamide)

5,5-(2,3- dzhydroxybutane-1 4-d|yl)bis(formylazaned[yi)bls (N’, N3 bis(2,3- dlhydroxypropyi)
2,4,6- -triiodoisophthalamide)

5-,5'-(2,4;d'ihydroxypentané-1,5-diy|)bis(formylazanediyl)bis(w,Ns-bis(z,s--dihydroxypropyl)- '
2,4,6—triiodoisophtha[amide) ' V

- 5,5%-(2,3,4- tnhydroxypentane 1 5-ct|yl)bzs(formylazanedn,rl)bls(N1 N3 bIS(2 3—d:hydroxypropyl)
2,4 6-triicdoiscphthalamide)

' 5,‘5'-(2,3-dihyd rOxybutane-1 ,4-diyi).bis(formylazar}'e'din)bis(N1 ,N-bis(2, 3-dihydroxypropyl)-
2,4,6-triiodo-N", N°-dimethylisophthalamide)

55'- (2 4- dlhydroxypentane 1 5-d|yl)b|s(formylaza|ned!yl)bls.(N1 N>- bls(2 3= dlhydroxypropyl)—

246 triiodo-N" N®- -dimethylisophthalamide)

"5,5- (2 hydroxypropane-1 3—d|yl)bls(formylazanedlyl)bls(N1 N3 -bis(2, 3—d|hydroxypropyl) -2.4.6-
~ triiodo-N" N3-d|methyllsophthalamide)

5 5'- (2 hydroxypropane -1 3-d|yl)b;s(formylazaned:yl)bls(N1 N°- -bis(1, 3-d|hydroxypropan -2- yI)
2.4 6—tr||od0|sophthalam|de)

‘5,5'-(2,3—dihydr65<ybutane-.1 ,4-d iyl)bis(fofmylaza ned iy[)bis’(N“, N°®-bis(1,3-dihydroxypropan-2-
- yl)-2,4 6-triiodoisophthalamide) ‘

5,5'(2.4- dlhydroxypentane~1 5-d|yl)bls(formy[azanc—:dn.'l)bls(N1 N3- blS(1 3- dlhydroxypropan -2~
yi)-2,4,6- trnodmsophthalamlde)

S_,5'-(2,&dihyd-roxybutane-1,4-diy|)bis(formyla;zanediyl)bis(w-(2,3-d_ihydroxypropyl)-N3-(2-
hydroi(yethyl)—2,4,6‘—t_riiod0iso'phthalamide)

5,5'—(2—hydr6xypropanea1 3-diyl)bis(formylazanediyl)bis(N'-(2, 3-dihydroxypropyl)-N°~(2-
hydroxyethyl)-2,4,6-triiodoisophthalamide)
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5,5'-(2,4-dihydroxypentane-1,5-diyl)bis(formylazanediyl)bis(N'-(2,3-dihydroxypropyl)-
N®-(2-hydroxyethyl)-2,4,6-triiodoisophthalamide)

5,5'-(2-hydroxypropane-1,3-d iyl)bis.(formylazanedEyl)bis(N1 -(1,3-dihydroxypropan-2-
yI)-N>-(2,3-dihyd roxypropyl)-2,4,6-triicdoisophthalamide)

5,5'-(2,3-dihydroxybutane-1,4-diyl)bis(formylazanediyl)bis(N'-(1,3-dihydroxypropan-2-
y)-N-(2,3-dihydroxypropyl)-2,4,6-triiodoisophthalamide)

5,5'-(2,4-dihydroxypentane-1,5-diyl)bis(formylazanediyhbis(N'-(1,3-dihydroxypropan-
2-yl)-N3-(2,3—dihydroxypro-pyl)—Z,4,6—triiod0isophthalamide)

5,5'-(2-hydroxypropane-1,3-diyl)bis(formylazaned in)bis(N1—(1 ,3-dihydroxypropan-2-
yI)-N°~(2-hydroxyethyl)-2,4,6-triiodoisophthalamide)

5,5'-(2,3-dihydroxybutane-1,4-diyl)bis(formylazanediyl)bis(N'-(1,3-dihydroxypropan-2-
yl)-N°-(2-hydroxyethyl)-2,4,6-triiodoisophthalamide)

5,5'-(2,4-dihydroxypentane-1,5-diyl)bis(formylazanediyl)bis(N'-(1,3-dihydroxypropan-
2-y1)-N>-(2-hydroxyethyl)-2,4,6-triiodoisophthalamide)

5-(N-(3-(N-(3,5-bis(2,3-dihydroxypropylcarbamoyl)-2,4 6-triiodophenyl)acetamido)-2-
hydroxypropyl)formamido)-N',N>-bis(2, 3-dihyd roxypropyl)-2,4,6-
triiodoisophthalamide, and

5-(3-(N-(3,5-bis(2,3-dihydroxypropylcarbamoyl)-2,4 6-triiodophenyl)formamido)-2-
hydroxypropylamino)-N' N*-bis(2, 3-dihydroxypropyl)-2,4,6-triiodoisophthalamide

17. A diagnostic agent comprising a compound of formula (1) as defined in any of

the preceding claims.
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18.  An X-ray diagnostic composition comprising a compound of formula (I) as
defined in any of claims 1 to 16 together with a pharmaceutically acceptable

carriers or excipients.

19.  Use of a compound of formula (I) as defined in ciaims 1 fo 16 for the

manufacture of a diagnostic composition for use as an X-ray contrast agent.



