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(54) Title: IODINATED X-RAY-CONTRAST MEDIA
| (57) Abstract _
"The invention provides iodinated bis phenyl com- R R
.| pounds, useful as X-ray contrast agents, of formula (I) _
'| (wherein éach CsRs moiety may be the same or different;
each R denotes a hydrogen or iodine atom or a group M, R X R o
two or three non-adjacent R groups on each CsRs moiety
denoting iodine atoms and one, two or three R groups
on each CsRs moiety denoting M groups; X denotes a R R R

ing a triodophenyl group or 2 group in‘which each R is other than hydrogen; and each M is independently a non-ionic hydrophilic moiety, M
preferably being a non-ionic hydrophilic moiety comprising a monohydroxy- or polyhydroxy-alkyl group) and i nsomets, especially stereoiso-

Ko ov
L)




35 ionic) and netabolites. The follow ng maj or contrj;buting
factors to ~contrast nedia tOXICIty and adverse effects have been
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- 2- i dentified: - the chenotoxicity of the contrast
agent, - the osnolality of -the contrast nmedium and 5 - . the
ionic conposition (or |ack thereof) of the -~ contrast nmedi um

I n coronary angi ography, for example, injection into the circulatory
system of contrast nedia has been - associated with several serious
effects on cardiac 10 function. These effects are sufficiently severe
as to place limtations on the use in angi ography of certain
contrast media. In this procedure, for a short period of tinme a
bol us of contrast nedi-umrather than blood flows through 15 t he
circulatory systemand differences in the chenical and _

physi cochemi cal nature of the contrast nedi um and the blood that it
tenporarily replaces can give rise to' undesirable effects, ‘e.qg.
arrhythm as, QT-prolongation, and, especially, reduction in cardiac
contractile force 20 and occurrence of ventricular fibrillation. There
have been nany investigations into these negative effects on

cardi ac function of infusion of contrast nmedia into the circulatory
system e.g. during angi ography, and neans for reducing or
elimnating these effects have been 25 w dely sought. : Early
injectable ionic X-ray contrast agents, based on

triiodophenyl carboxyl ate salts, were particularly : ‘r
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achi eveH wi th hypotonic solutions. This ability to achieve
contrasf effective .iodine CEALHM4Er ati ons wit hout taking sol ution
osnol al | applicep t 0 I sotonic levels (about 300nmCsm kg Herr]O further
enabl ed{ llﬁgcoffbhﬁmé?ﬁ MYy i En to toxicity of ionic inmbalance to be
addr ess ] . S rll Qr‘uc_c_grL
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However| X-ra cont rast madl a, at. commerCi aI %
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rangi ngj from about 15 to aiout 60 nmPas at anbient tenperature with

t he di n’FI’ i2C This REPORT consists of a total of () sheets, including this cover sheet.

IE This report is also accompanied by ANNEXES, i.e., sheets of the description, claims andjor drawings which ha.ve
.been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 ¢f the Administrative Instructions under the PCT).

These annexes consists of a total oﬁ u’r:heets.

3.  This report contains indications and correséondfng pages relating to the following items:
l' Basis of the report |
i [] eriority
491 EI Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
v D Lack of unity of invention

v E Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial apphu.blhty;
citations and explanations supporting such statement

Yi D Certain documents cited
vt [] Certain defects in the international application

vill D Certain observations on the international application

Date of submission of the demand ) . Date of completion of this report
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medi a general ly. being nore viscous than the nononeric medi a. Such

vi scosities pose problenms to the 25 admi ni strator of the contrast

medi um requiring relatively |large bore needles ormmrgqpp@g&hdn%

ressure, and are partlcularlﬁmﬁronounced i n paedi a
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“adm nistrati on_ e g LN nh\/ Thi S V-S6-0.8-t VALY oblemi-s—

recogglsed g% pose a serious barrler t owar ds t he developnent of high

opaci fasis 0 te);eppréy cont r ast agents especial ly in the case of high .
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ei t her r
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i odi ne 0éceciarrespensd tnas ibwitation under Agticke if @veetefegted toH ttMSe@pOan ‘erigigally fibpdband are
easily d‘lgl.eglgef%d to the repdfOsAEY BA&2R ot contain anendnents.):

PCT/ GB . -4- : i nj'ected
and which are usable in a greater range of dlagnostlc
i nvest i gpt]it@d seternational application akheigiElGSEINd. i nvention addresses the viscosity
probl em encountered with the prior art materials and 5 t hus vi ewed
from one aspect the invention provides | odi nated bi s phenyl
conmpoundkx) the ddserfiptvs, pdgesaly, ,AHI2Ast4-50 agent,sas opifgintldy fikeda | [err]
' : pages - , filed vith the demand, '
pages 3,4,13 ' ., filed vith the letter of 20.08.96,
pages : , fFiled with the letter of ___
[x] the claims, Nos. 7-14 - , a8 originally filed,
' Nos. , as amended under Article 19,
Nos. , filed with the demand,
Nos. 1-6 ' , filed with the letter of 20.08.96,
Nos. ___ : . filed with the letter of )
. { ] the drawings, sheets/fig : _, as originally filed,
sheets/fig ' _ , filed with the demand,
sheets/fig ‘ ' , filed vith the letter of _____
sheets/fig _, filed vith the letter of

2. The amendments have resulted in the cancellation of:
[ | the description, pages '

[ ] the clains, Nos.
[ ] the drawings,  sheets/fig

3. [ ) This report has been established as.if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c}}:

4. Mditional observations, if mecessary:

Porm PCT/IPEA/409 (sheet 1) (January 1394)



15 (wherein each C[err]R[érr] noeity may be the sane or diffefent;
each R denotes a hydrogen or iodine atomor a group M two or three

Jon-adj acent R groups on each (err]Rerr] nDiety IMmﬂe@ghun@nn@dlne

atons and one, two or three R groups _on each rr ety
denoﬂﬂﬂ&RNPELQM&? PRELIMINAQXH%ﬁHdi§A§. Spgbldlng %LB%Sg/bggg
he—LMg_L}4#4+$4{#44—fﬁ+*ﬁEr—fﬁf#{ﬁf&ﬁjhﬁ*ﬁﬁ1r%+ﬁﬁrﬂm~

chai n | inki-ng—t

((:;Fg? ?5 Eg?@i! ]sEagqembqg ﬂndgg glecﬂf%] "btg 6gqﬁrrgbty {}Xvéﬁ@ﬁ%%é@w'stglaﬁﬁ] mdustnal apglfl]cablhig

each Reitationd ke rexpldnztionh pappooyjeynsuckastateneaich M i s i ndependent ly a

non-ioni c hydrophilic noiety, M preferably being a non-ionic

hydr ophi li ¢ noiety conpri sing a nonohydroxy- or pol yhydroxy-al kyl
group) STATEMENT - and i soners, especially stereoi soners and rotaners, 30

t hereof . It is found that the short chain diner conpounds
_accordlng to the invention posseﬁs deS|Jany Iom/ _' VISCOSI& es in
aqueous Y&8itydiion. FHdS cbimfoamds—of—formota—t—arepr &ter abl y

35 asymmetric. This can be aghlmseved by the use of an Nasymetric
2 or 3 atomchain-form ng group X and/or by ~selection of

non-identical Cerr]Rerr] groups, i.e. by non- WO 96/ 09285

PCT/ GBOStveR € step (IS) Claing 1-14 identical—substit#ti on of
t he i odophenyl end groups. cAgymmetric nolecules are preferrggd as they
have been found to have better water-solubility. _ Such _
non-identical substitution of the phenyl end 5 groups, the (Jerr][Rerr]
noi et i egpguitel BRlicdligvien by hawvidg 1-14_different nunbers or podtsti ons of
I odi ne substitution and/ or gx di fferent nunbers, p03|t|ons ' _
I dentities of Msubstitution. Wexrm—ze—odime IUdUIHg, tTiodophenyl end
groups, i.e. groups of fornmula 10 ' _

2, CITATIONS AND BXPLANATIONS

1. None of the documents cited in the International Search
Report discloses iodinated bisphenyl compounds falling
within the scope of the present product claims and their
diagnostic compositions. '

Iodinated bis phenyl compounds dlsclosed in documents D1
to D6 have been excluded from the scope of present claim
1 by restricting the iodophenyl moiety of formula (I) to
a triiodophenyl group or a group in which each R is "
other than hydrogen.

Thus, the subject-matter of the claims 1 to 14 fulfils
the requirements of Art. 33(2) PCT.

2. The subject-matter of the claims 1 to 14 is also based
on an inventive step within the meaning of Art. 33(3)
PCT. | |

W091/09007 (D7) which is considered to be the closest
state of the art discloses -NRCOCONR- linked

Porn PCT/IPRA/AD9 (sheet 2) (January 1994)



Terr] 15 are preferred, and in these.the two R groups may be the
sane or different, although preferably both represent M 20 gr oups.

MWere a phenyl end group is disubstituted b |od|n

of forwf’a y 9 pM | y ﬁ)?t ! a%pﬁca?foﬂlr?rabl y
( WherINTHRRAGIITONALy ERELIMINARE: EXAMINATON (REPQRT m{ma/yzzm

.di i odophenyl -di i odophenyl diners will be . less preferred than the

di i odophenyl -triiodophenyl or - tr||odophenyl-tr||od phenyl diners, due

primarily to trikgdinated)Ris) phanle desddatdves dsef YL @M 4P% Or 6
i odi nes per C“fﬁﬂrdﬁﬂdﬁﬂﬂﬁhsdfH§éﬁié|Hkﬁﬂblﬁ1h§ﬂkﬁwﬂosﬁﬁialiﬂyIw&dﬂphenyl

e tor i o B T G iy il st iftnd AL "
PCT/G895/02264-solublllty (see D7, e.g. pages 3,6,7). :
| The present problem posed can be seen in the provision
of alternatives to X-ray contrast agents showing low
| viscosity (see e.g. page 3 to page 4, line 2 of the
present: descrlptlon)
The above-mentioned problem is solved by the prov1s1on
of present iodinated bis phenyl compounds according to
claim 1 particularly useful as_x-ray contrast agents
possessing desirably low viscosities in aQueous solution
(see e.g. page 4, line 31 to 33 and page 12, line 1 to
28 of the present description). '

Since there is no hint in the cited prior art that the
present iodinated bis phenyl derivatives could be useful
as X-ray contrast agents fulfilling the criteria of low
viscosity, the subjectrmatter_of present claims 1 to 14
meets the requirement of Art. 33(3)-PCT,

(D1 to D6 refer to uses different than the one presently
claimed.) '

Form PCT/IPBA/409 (sheet 3) (January 1994)



{ oni zi ng groups conventionally used to enhance we ABOhtBhE T Y.

Sui tabl e groups include for exanple . . strai gng-gLéCEMmﬁos RE ed
Jerr]l groups, preferably ~ {err]graups, optifonally with opefor nore
CH2 or CH 5 noi eti es repl aced'by oxygen or mtJog%@ GA89¢ant
optionally substituted by one or nore groups sel ¢ctted f r onf oko,
hydroxy, am no, carboxyl derivative, and éxo substituted sul phur and
phosphorus atoms. Particul ar exanpl es i ncl bede—petyhydraxyal Kyl ,

hydr oxyal koxyal kyl The oswmmb}ank@walaéﬂrwdsm tdyeoups
attached to ' develldpteite A tﬂf@%n‘ul%rﬁ% A dd

HHHO Y s
hydr oxyal kyl am ngcarbon al kyl - hydr oxyal kyl"am nocar bonyl and
bi s- tft”t?%/él%ﬁ%’rﬁ’?ﬁgc tiEe A ¢ At AfFRFsuch 15

groups are th@fefemmvm nioink o%nd’ent‘}:a’didifs o be attesprRd alidgh 1, 2 or

e e e SR IR AG] ses. oo

(CH err] CH[ er r] OH) [Tver ldrive tcamngs Irﬂhlaﬁdl@rsng:t@;psmxﬂm in due - CONH2
- CONHCH3 25 (deH The develd}gn%l ) tHe fon. rdlidocH err])

Jerr]-alkyl - N( COCH3) - nono S or trls ydroxy Cerr]-alkyl
- N( COCH[ er r ] OR}ts (rﬁﬁdoqﬂ@%w]{)r idmege 0 8paly @ Jlogigancdo whial cocH{ err])
(nmono, bis or dddue Wlnbtod it a@é@dﬁa&ﬁd ]problems Nt {130 redHdOH) [err]

o e O i GG

the M groups widhigwesl evisddl yhygsottonic solﬂmlimn$.e a pol yhydroxy ([ err]-al kyl

group, such as 1, 3Exam.ples of bis triodophenyl dimers linked via
aminocarbonylalkylene carbonyl amino chains are given in
WO 91/09007 of Mallinckrodt.

15 The ability to achieve contrast effective iodine
concentrations without taking-solution_osmolality_up to
isotonic levels (about 300mOsm/kg H,0) further enabled
the contribution to toxicity of ionic imbalance to be
addressed'by the inclusion of various plasma cations, as

20 - discussed for example in W0-90/11094 and WO-91/13636 of
Nycomed Imaging AS. o

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

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

30 and are particularly pronounced in paediatric
radiography and in radlographlc techniques which require
rapid, bolus admlnlstratlon, e.g. in angiography.

This viscosity problem is recognised to pose a
serious barrier towards the development of high opac1ty

35 X-ray contrast agents, especially in the case of high
.iodine value compounds, and its solution offers the
opportunity either to pfoduce contrast agent solutions

" AMENDED SHEET
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-7- di hydr oxyprop-2-yl or -2, 3-dihydroxREPbﬁCE@ﬁ%ﬂTSHEET O her
such M groups as are conventional - wﬁtthLLhe TTTera of i i odophenyl
X-ray contrast agents may al so be’ T.. used 4 gq% 6od JC1 ion of M
groups onto iodophenyl 5 structures may Qe la |evg % cdnyenti onal

t echni ques.. : In t he conpotinds lef—t+he—aventd of, the |inker

group X is conven%eg ¥ or 3 nenberfd chain conpr iisi ng carbon,
ni trogen,  oxyg®ht ﬁﬁu?h%Foﬁ%nventlon% 1°gﬁﬂe”e§ﬁ6eﬁ§?ggﬁﬁn€ BBe at om
chain, asbhhthEhshﬁhtﬁfbﬁhvéﬁti@ﬁaatQﬁﬁihélBoncentraﬁioﬁshﬁhh CCN,
CNC, OCO, NSN, CSN £ a onlchalg for
exanple: 15  “hh o%?ﬁ%ﬁ gf%ﬁ?%? heﬁroﬁﬁlﬂﬁﬂﬁ??]moff)e§ff Yrbeor cro

a group COCO, £ﬁbEﬁtedIﬁﬁ@ewh;chS§fE{esableSIﬁeargBE@Eer]rﬁﬁ@erofCR[err],
CRerr]NRLerr] up NRlerr]CONR[err], OCONRerr],
CONR] err] Cg£é$err?géqganStt%ig%gﬁg CRlerr] CCRlerr], OCR[err]CO
CRlerr] CONR[ err], CRierpresentrinorention addressepREber yoecoshty
(NZE[[ err} glg[[ err} Blé:h e%@ﬁﬁé%eﬁiihﬂ:ﬁérbn@[ QEE]%rQéls aild vl

R[ err err en or rr al kyl or -
al koxy group 8£?W8ﬂaﬁr9msﬂﬁ§t$¥8?8g Bﬁ hga 1°8IR59$i B%a or oxo
ﬁedg' a poIyhyﬂodxuatkalbléophyhylaCﬁmgbunasd;usyful aE X- Efyo&?natasﬂ

ydr oxy OXy gr : r ttached to a 25 car bon err] may al so
be a hyg*%xyl %9%%%%' 8 %ngglg dvant ageously, the X group is not
symmetrical . . This may be achieved for exanple by asymetri cal
substitution of a symmetrical chain (e.g. NG N . substituted as
NHCONR[ err]) or by selection 8 a Rasy j £ 30 chain (e.g. OCN :
substituted as OCONR[err]). | rticuln it is preferred that the
i nker group X shoul d be pat pat it oul d be

hydroph|L Thus Ies ( o/ef erred stctures according to
the invehtion incl ude: R R R R

Q)

(wherein each C¢R; moeity may be the same or different;
each R denotes a hydrogen or iodine atom or a group M,

20 two or three non-adjacent R groups on each CgRs moiety .
denoting iodine atoms and one, two or three R groups on
each CgRg; moiety denoting Migroups, each C¢R; moiety
being a triiodophenyl group or a group in which each R
is other than h?drogen; X denotes a group providing a 1,

25 2 or 3 atom chain linking the two CgRs; groups; and each M
is  independently a non-ionicihydrophilic moiety, M
preferably being a non-ionic hydrophilic moiety

- comprising a monohydroxy- or polyhydroxy-alkyl group)
_ and isomers, espééially stereoisters and rotamers,

30 "thereof. ' -

It is found that the short chain dimer compounds
according to the invention possess desirably low
viscosities in aqueoué solution.

The compounds of formula I are preferably

35 asymmetric. This can be achieved by the use of an
asymmetric 2 or 3 atom chain-forming group X and/or by
selection of non-identical CgzRg groups, i.e. by non-
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angiography, aré as follows:

sodium 2 to 100, especially 15 to 75, particularly 20
to 70, more particularly 25 to 35 mM

calcium up to 3.0, preferably 0.05 to 1.6, especially
0.1 to 1.2, particularly 0.15 to 0.7 mM

potassium up to 2, preferably'o.z to 1.5, especially
0.3 to 1.2, particularly 0.4 to 0.9 mM

magﬁesium up to 0.8, preferably 0.05 to 0.6, especially
) 0.1 to 0.5, particularly 0.1 to 0.25 mM

The plasma cations may be presented, in whole or in
part, as counterions in ionic contrast agents.
Otherwise they will generally be provided in the form of
salts with physiologically tolerable counteranions, e.g.
chloride, sulphate, phosphate, hydrogen'carbonate, etc.,’
with plasma anions especially preferably being used.

Besides plasma'catibns, the contrast media may
contain other counterions where the dimer is ionic and
such counterions will of course preferably be
physiologically'tolerable. Examples of such ions
include alkali and alkaline earth metal ions,_ammbnium,
meglumine, ethanolamine, diethanolamine, chloride,

phosphate, and hydrogen carbonate. Other counterioné

conventional in pharmaceutical formulation may also be

used. The compositions moreover may contain further
components conventional in X-ray contrast media, efg.'
buffers, etc. ' | -

The invention will now be described further with
reference to the following Examplés.
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(wherein each CgR; moeity may be the same or different;
each R denotes a hydrogen or iodine atom or a group M,
two or three non-adjacent R groups on each C¢Rs moiety

- denoting iodine atoms and one, two or three R groups on

each CgR; moiety denoting M groups, each CgR; moiety
being a triiodophenyl group or a group in which each R
is other than hydrogen; X denotes a group providing a 1,
2 or 3 atom chain linking the two CgzRs groups; and each M
is independently a non-ionic hydrophilic moiety) and
isomers thereof.

2. A compound’as claimed in claim 1 wherein where X is

"or contains in.the bridging-chain a carbonyloxy group.

3. A compound as claimed in claim 1 wherein each M is
a monohydroxy- or polyhydroxy-alkyl group.

4. A compound as claimed in claim 1 wherein X is an
asymmetric group providing a 2 or 3 atom chain linking
the two CgRs groups. ' '

5. A compound as claimed in claim 1 wherein the two
CgRs groups are non-identically substituted.

6. A compound as c¢laimed in claim 1 wherein at least
one C,Rs; group is of formula




‘where M 8%42% as hereinbefore defined. Particul ar prefleé,lr/(e,g%%%&%ounds
of

are those 3l a 15 - [err]
OH 25 WD 96/ 09285 .
PCT/ GB95/ 02264 : | -10-
Iodinated X-Ray-contrast media
5 - This invention relates to 1mpr6vements in and

relating to contrast media, and in particular 1od1nated
X-ray contrast media.
Contrast media may be administered in medical
- 'imaging procedures, for example'x—ray, magnetic
10 resonance and ultrasound imaging, to enhance the image
| 'cpntrast in images of a subject, generally a human or
non-human animal body. The resulting enhanced contrast
enables different organs, tissue types or body
. compartments to be more clearly observed or identified.
15 In X-ray imaging, the contrast media function by
modifying the X-ray absorption characteristics of the
body sites into which they distribute. |
' Clearly however the utility of a material as a
contrast medium is governed largely'by its toxicity, by
20 its diagnostic efficacy, by other adverse effects it may
- have on the subject to which it is administered, and by
1ts ease of storage and ease of administration.
- Since such medla are conventionally used for
‘diagnostic purpéses rather than to achieve a direct
25 therapeutic effect, when developing new contrast media
there is a general desire to develop media having as
- little as possible an effect on the various biological
' mechanisms of the cells or the body as this will
 generally lead to lower animal toxicity and lower
- 30 . adverse clinical effects. : |
The toxicity and adverse biological effects of a
contrast medium are contributed to by the components of
- the medium, e.g. the solvent or carrier as well as the
contrast agent and its components (e.g. ions where it is
35 . ionic) and metabolites. N
_ The following major contributing factors to
‘contrast media toxicity and adverse effects have been
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identified:

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

In coronary. anglography, for example, 1n3ectlon
1nto the circulatory system of contrast media has been
.associated with several_serlous_effects;on,cardlac.

10 function. These effects are sufficiently severe as to
plaee limitatiens,on the use in angiography of certain.
contrast media. _ :

In this procedure, for a short period of time a

~ bolus of contrast medium rather than blood flows through

15 the circulatory system and differences in the chemical
and physicochemical nature of the contrast medium and
‘the blood that‘it'tempe:arily replaces.can give rise to
undesirable effects, e.g.'arrhythmias, QT-prolongation,
and, especially, reduction in cardiac contractile force

20 - and occurrence of ventricular fibrillation. There have
been many'investigatione'into these negatiﬁe effects on
cardiac function of infusion of contrast media into the
circulatory system, e.g. during angiography, and means
for reducing or eliminating these effects have been

25 widely sought.

Barly 1njectab1e ionic X-ray contrast agents, based
on trllodophenylcarboxylate salts, were partlcularly
associated with osmotoxic effects deriving from the
hypertonicity of the contrast media injected.

30 This hypertonicity causes osmotic effects such as
the draining out of water from red-blood cells,
'enaothelial cells, and heart and blood vessel muscle
ceiis. Loss of water makes red blood cells stiff and
hypertonicity, chemotoxicity and non-optimal ionic make-

35 up separately or together reduce the contractlle force-
of the muscle cells and cause dilation of small blood:
vessels and a resultant decrease in blood pressure.




35 PCT/ GBO5/ 02264
- 11 - VWO%%&%EThe compounds of the invention may in gendCAICH9§/02264

prepared in three stages: (a)-diner formation, (b) i odi nation of
phenyl groups and (c) substitution of phenyl groups and/ or optionally
. linker noieties by 5 sol ubi l'i zi ng hQi%tles Wiile, in

t heory, stages (a), (b) and (c) can be perforned in any order, it

bt or S pea! 1Y be, B8 kBl oxicity! SREIA Bd éﬁf‘aaﬂagafgsé&fsn@ D step

before the i odl nati on or reasons econo will be 10
preferred to PEVESPRMERE n&mnhﬁjngnﬂmna;Qﬂtnk;QQQRhenyl mDnGmags,ln t he

- synthesis as gficheasi Hbﬁe%lasvﬁﬁdhe@ﬂ%wed thd WHME et AQg  The di mer
formation Stag§F9§¥élts a nulti-step _procedure wth an -

appropriate a ye 1°d1rﬁ H@é‘rceﬂtt@tt%%é:%t & AHdRined el tnomer
before the 159reatéyuhhdn@eb MﬂuenﬂamMﬂasmbruxﬂnﬁﬁyIéfféﬁﬁéﬁd with a

d I t _
eaction of ol i | arpy Arivs ¥orbel et Yrdiictiny %%%Mséium h the
conj ugation oﬁounge to thepdevelopmeati of ttdredine- famimt i on.

Vhere desi redbiB?ti:h.ﬂBﬁbgﬁ"e‘ﬁ ) X TR 26 %ﬁx‘?ﬁ#"éesd 1%1xanofnd&éi8ﬂ‘t 'on, €.9.

substitution dat’i on uct’ion, recursor 1i .g. ina
precur sor nonbRERCe osmotoxicity QQSQQ%§§§QNHﬁR9ﬁ§mﬁm§t%%%ﬂfﬁxtbenethods

well 10 krmm::wmngheoht&ﬁrs@t EE elctd vieb v h A U NS 4 191 409 S€o 2Be

used and desc%gg % ea rod ctLon of the diners referred to in
WO 94/ 14478) & sga onlc-fﬁ& ‘c conpounds of the invention
may be used This ablllty to achieve contrast effective iodine

concentrations without taking solution osmolality up to
isotonic levels (about 300mOsm/kg H,0) further enabled’
15 ‘the contribution to toxicity of ionic imbalance to be
~ addressed by the inclusion of various plasma cations, as
discussed for example in WO-90/01194 and WO-91/13636 of
Nycomed Imaging AS. |
However X-ray contrast media,'at commercial high
.20 iodine concentrations of about 300 mgI/ml, have | _

' relatively high viscosities, ranging from about 15 to
about 60 mPas at ambient temperature with the dimeric
media generally being more viscous than the monomeric
media. Such viscosities pose problems to the '

25 ‘administrator of the contrast medium, requiring
' relatively 1arge bore needles or high applied pressure,
and are particularly pronounced in paediatric
radiography and in ;adiogrébhic :echniques'which require
rapid, bolus administration, e.g. in angiography.
30 This viscosity proﬁlem is recognised to pose a
. serious barrzer towards. the development of high opacity
_x-ray contrast agents, espec1a11y in the case of hlgh
1od1ne value compounds, ‘and its solution offers the .
_ ' opportunlty either to produce contrast agent solutions
35 with higher than conventional iodine concentrations or
‘solutions with conventional iodine concentrations but
‘with lower viscosities, which can more easily be

This Sheet Has Been R
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as X-ray contrast agents and to this end they may be formul ated with
convent i qyglogheagsi ers and excipients to 30 - produce di agnpeficBesenks ast
medi a. Thus viewed froma further aspect the invention

provides a diagnostic conposition conprising a conpound of formula I
(as defined above) together wth at | east one- physi ol ogical ly’

tol erabl e.carrier or excipient, e.g. 354 - in aqueous solution in water for,
injections optionally toget her with added plasma ions or dissol ved
oxygen. inj ectedeawiCQlercaﬁtax@&mammﬁﬁﬁlat iareatdr tiwngevent i on

WD 96/ 09285 PCT/ GB95/ 02264 : _
-12- %9988559-9 éﬁfﬁt&%&oﬁﬁment rations or nay be formul at ed
in concentrate fOhe poestntutinventiion adsiressesidihieniwiscEsbey Generally -

conposition f oNs € ations of
at least 5 pr b%&%ﬁ@%ﬁ#& ﬂﬁe&a ;iigmﬂailtaﬁ\%d Qﬁinlq?r Qﬁa

concen®rat i 6H§SOV19F'elde§§P“BG{§\ﬁJIa/ e ?W?QFJZRR) provn.ég@ /nl being
‘general |y pighehaeed Bie phesil idumpodidss, usefukansatiray i oontbasbi gher

t he di agnostic alue qual Iy the higher the solution's viscosity
and 10 " CoererkRl pE Harma

a given conpound will be determined by its SOl p dhbdt Yias BRBEOR:

lacédhe

upper tolerable limts for viscosity and osnol a For
contrast nedia which are .ﬁdm ni ' by 15 i njecti lmﬂuEMJE 1Mpbl e
upperl®imit for sol G\ ' bty at anbient t “Z0l err] Q)
I s 30nPas; howe}-et(vi scosi pi-es, of up to 50 or even up to. 60nPas can
be tolerated althpu PALyse ij@tric radlography wi | then‘

contras{I%edla_mhlch are to be
I n-angi ogr aphi ¢ procedures, osnptoxic

effects nust - Ig¢ congi der eR énd'mr-eferabl y osnolality should be bel ow

15 _
' (wherein each C¢Rs mbeity may be the same or different;
each R denotes a hydrogén'br iodine atom or a group M,
two or three non-adjacent R groups on each CeRs moiety
denotlng iodine atoms and one, two or three R groups on.
20 = each CzR; moiety denot;mg M groups; '
| X denotes a group prov1d1ng al, 2or3 atom chaln
llnklng the two CgRs groups, preferably where X is or
contains in the ‘bridging chain a carbonyloxy group each
CeRs group being a triddophenyl group or a group in which
25 each R is other than hydrogen; and each M is ' '
| ' 1ndependent1y a non-ionic hydrophilic moiety, M
preferably belng a non-ionic hydrophlllc molety
- comprising a monohydroxy— or polyhydroxy alkyl group)
and 1somers, espec1ally stere01somers and rotamers,

30 thereof. : '
- It is found that the short chaln .dimer compounds
accordlng to the 1nventlon possess des1rab1y low

v1scos;t1es in aqueous solution.
- The compounds of formula I are preferably
35 asymmetric. This can be achieved by the use of an
asymmetric 2 or 3 atom chain- forming group X and/or by
selection of non-identical CsRs groups, i.e. by non-_

THIS SHEET HAS BEEN
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t he maxi-num i odi ne ctoncentrati on for
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41 Gsni kg F%grr%C) espeC|aIIy bel ow 850 mOsm kg Herr]O in particul ar
within 50 SYOPY¥BSS preferably within 10, nOsm 25 of i sot oRCEIGBYSH22Bbut
300 nOsn kg H[err]C» 2. Wth the diners of ‘the invention, such
VISCOSIty, osmol.al i ty-and i odi ne concentration targets can readlly

be net.  Indeed. effective iodine concentrgtlons may be reached wth
hypotonic solutions. It may thus be 30 désirable to nmake up sol ution
tonicity by th ddi t ma cat,iQns.so gs to, reduce the '
toxicity g%%ﬁf??%uFFBﬁt&ﬁPgﬁogeP%v@?ef98 CPBERY Y FBd SRBRF f ect s

fol | owi ng bolAsyimeeritcomol8oulesahrenpreifierrads asalthey have hseémcl uded in

the ranges suggiess ot faY0 BOLOLIORTRS a1ui¥QLGL/ 13636

Preferred plasma cation contéen contrast -medi a of the
invention, especi af®ghcaanridentignrd sypstitution of the phenyl end

- 13 - 5 g&ﬁn raeha Cca :@ﬁaéﬂiééwwmay be acieiéteédnb ﬁa%ﬂngoo

especially 15 articul arl nore

partiCuIarIy‘§§P¥ reat \ppsbers %aPEP&ﬁP°n§p°Fbl§QGnﬁJ %F¥P®5 to
1.6, especiallgnd/or by differen@. hutbets?, poaitiomsadzy i@ekt 1t0ids oM

POLASSLUM Up i QodogPLELERNLY Bo’ubihile I00ELANaNg o 03 (0

1.2, partlcular magnest um up |y
0.05 to 0.6, ﬁﬁﬁﬁ@¢nheyyl end ‘groups, i.e. 19F@u@S5Ofp£mﬂmuM&uly 0.1to
0.25 mylg . .%: .

15

are preferred, and in these .the two R groups may be the
same or different, althaugh preferably both represent M
20 groups;
~Where a phenyl end group is disubstituted by
iodine, it is preferably of formula '

25
or

(where M again may be the same or different).

30 - Generally, diiodophenyl-diiodophenyl dimers will be
less preferred than the.diiodophenyl-triiodophenYl or
;;iiodophenyl—triiédophenyl dimers, due primarily to
their reduced iodine loading, i.e. 4 rather than 5 or 6
iodines per dimer molecule. Indeed the triiodophehyl-

35 triiodophenyl dimers are generaily preferred due to -
their higher iodine loading. '

The solubillzlng groups M may be any of the non-



15 : The pl asma cations may be presented, in whole or in part,

as count aypoggews | oni ¢ contrast agents. O herwi se t PeT/GBHS/2264
generally be provided in the form of salts with physiologically _

t ol erabl e counteranions, e.g. chl ori de, sul phate, phosphate, hydrogen
carbonate, etc., 20 mnth pl asma ani ons especially preferably being used.
Besi des pl asna catlons the contrast neélia may - contain other
counteri ons where the diner is ionic and such counterions will of

course prefkeabzingegroups ghpyesitdgnedillyy usgdetgpleah PeAm LD such |on$
.25 incl ugsl%mtyandsa&%abueegeahb'a fRcaude0Tor mlwm

megl um ne, €ethapol am ne, di et nolg chlgg g % osphate, and
hydr ogen caPBERagRt epRip e&y 110 —al¥ s AFPBRSY Yeutica
fornul ati om{rgygab&psbeoptlonaua@dwimowmmmcmpmw may . cont ai n

furth C ne vent i {r
buffeﬁé %01e9582 Eia%%g & Sagn %FFP12§R§%§ géscrlbedffurther Wi th
ref erence t@pthenablyoﬁuhgtEXQMpﬁeby ongs5 or more gRouRs Gdarcted

ECII/ GE??{ (2)2§P -t?:f(?bdgygroxgl am:.no, carboxylhZ(iie:r:|:\sryapl):;i.(%”vl;)zy,I aa.‘rﬂcll”f%}gér(ggﬁille) 1:
phenyl ] _urﬁgbstltutedasulphur and phosphorus ticu
5- Am no- 2. 4e§a1hp1egdmnuludebp&@h&ddbagaumprhmr)oxyalkoxyanpya hal ami de .
10 and hydroxypolyalkoxyalkyl and such groups attached to
the phenyl group via an amide linkage such as
hydroxyalkylaminocarbonyl, N-alkyl- ' -‘I
hydroxyalkylaminocarbonyl'and'bisf _ g _
hydroxyalkylaminocarbonyl grqups. Preferred among such
15  groups are those containing 1, 2, 3, 4, 5 or 6,
especially 1, 2 or hydroxy'grdups, e.g.

~CONH~CH,CH,0H
-CONH~CH,CHOHCH,0H
20 ~CONH-CH (CH,0H) ,
-CON (CH,CH,0H) , _
as well as other groups such as
—CONH, |
-CONHCH;
25 -QCOCH,
| -N (COCH3) H
-N (COCH,) C,_5-alkyl _
-N (COCH;3) -mono, bis or tris-hydroxy C;-4—alkyl
-N (COCH,OH) -mono, -bis or tris-hydroxy C.,-alkyl
30 ~C(COCH;) (mono, bis or tris-hydroxy C;.,-alkyl),
-N- (COCH,0H), - o 3
-CON (CH,CHOHCH,0H) (CH,CH,0H) .
-CONH-C (CH,0H) ; and -
-CONH-CH (CH,OH) (CHOHCH,0H) .
35 | S _ .
In general, the M groups: will preferably each.
comprise a polyhydroxy C, ,-alkyl group, such as 1,3-



5- Ami no- 2, 6 triiodo-N, N -bis(2, 3- dlhydroxypropyl) ht hal am de
(14.08 g, Wwoﬁﬂs) whi ch had_been prepared accor di né’qu()pmsmzzm

GB- A- 1548594 was suspended.i.n 10 pyri dine (200 m’) and acetic anhydride
{57.1 g, 0.56 ng;}/ﬁgs added dropwi se with stirring and cool i ng.

After . stirring erni ght, the n1xtu%e was poured into.ethyl

acetate (300 m) and-20 @6aqueous Ha (20 After extraction, the

organi ¢ phase 1 Q 0 brine (70 m),
dried (Na[erd) ’g?{sdér@f%‘g vt & gp%‘%f@ gr?ﬁ%g’kg"i 4Yg1 (100 % . e ™
crude mat eri al wagther smemdegrhuns &ﬂrahercguventcanabnw1$hnmetanaly5|s :
by : HPLQﬁEIH[dirﬂfifgﬁh H@hfﬁlﬁdra§hééntfﬁserQQEﬁEswﬁﬁ %Afj(F

50 (br s,

pure. (acetone-d

2H, NH2) 5. 5%?65; m hejntyody ‘(ZHG'L 9f My groygsg HA&O iodophenyd 4 o,

J”ngg g gg gd¢E§%dﬂﬂﬂe§Jmﬁwfﬁe déEﬁeﬁéﬁ)by3c6ﬁventlgha37ggchg& 25 ,
. 49- m ..

b. N. N -bis[2,4,6- trllgH% gb F%ds of tha.%éﬁ? §§prp§ﬁﬁnﬁﬁ5@§?ﬁonyl)

phenyl] -uregroup X 155¢0mvenﬂent5ytallod3 o N\3 - enberaddchadmnoxypr opyl ) -

30 I sopht LSSQbkv | r di oxane

(20 M) and gﬁg @6514%ﬁ?é;§b? ﬁos éﬂfﬁ@§ygéﬁ ?glﬁg%gﬂFg.%tﬁﬁf’was '

added. The ni®t9re was stirred for 1 week in a closed, thick-walled

contai n@r at aagy et N or ct@ﬁ@eggémr@hafﬁ;er evaporagion, t he resi due was
BORAEY i e T T
(m. 8H), 2.00x s NCOMN mﬁrccr]rcp)oco, NSN, W!BBB/OGQBSOCC or CCC three
PCT/GBQS/OZZ%%om chaln, _ | - 15 - .
for example: | " |
15 an oxygen atom or a group NR!, CO, SO, or CR,!;
a group COCO, CONR!, COCR,!, SOCR,!, SOZNRI CR,'CR,!,
CR,!NR! or CRY,0;
a group NR'CONR!, OCONR!?, CONR1C0, CONR'CR!;, 0COO,
CR',0CR?,, .OCR%,CO, CR!,CONR!, CR!,CR!,CR!,, COCR!R!CO,
20 CRYNRICR!,, CR!,SO,NR!, CR,0CO;, or NR!SO,NR!;
- where R! is hydrogen or a C,.g-alkyl or alkoxy group
optionally substituted by hydroxy, alkoxy, oxa or oxo
(e.g. a polyhydroxyalkyl, formyl,'acetyl, hydrexyl,
alkoxy or hydroxyalkoxy group), or where attached to a
25 caxbon R? may also be a hydroxyl group.
Advantageously, the X group is not symmetrical.

_ This may be achieved for example by asymmetr1cal
substitution of a symmetrlcal chain (e.g. N-C-N
substituted as NHCONRl) or by selection of an asymmetric

30 chain (e.g. OCN substituted as OCONR!). 1In particular,
it is preferred that the linker group X should be polar
end also that it should be hydrophilic.

Thus examples of preferred structures accordlng to

' the 1nventlon include:
35



MS (ESP): 1771 (Merr]). ~¢. NN -bis[2.4.6-triiodo-3.5-bis(2.3-
di hydroxypr‘UQ)ﬁﬁlamaocar bonyl ) phenyl | -urea 5 :

N, N -bis[2,4,6-triiodo-3,5-bis(2,3- s PCT/GB95/02264

di acet oxypr opyl am nocar bonyl ) phenyl]-urea (4.0 g, 2.26 mol ) was
-dissolved in a 1:1 mixture of water and met hanol (25 m ) contai ning
"NaCH (1.44 g, 36 nmmol ). 10 =~ After stirrigng f or 6 h- at™. 40 [err]C t he.

'sol uti on was treated with a strongly acidic ion exchange resin
(Amberlyst 15), the solvent was separ ated and evaporated *. _to give pure
product. Yield: 3.24 g (100 9. [err]H NWVR (DVMSO-d[err])=°7.98-8.60 -

(m 6H, NH), 465msoam 151_4mx 4. 44-4NG7 (mI 4H),13.62M.75 (m 4H),

3.02-3.55 (m H. {err] C NVR (D \ .7, °170: 4,
170.3, 151.8, '151. - 43.5-, 1.00. NQ. 8] 1 100 5, 100. 3
89.8, s 89.15" 7, L —1l458 _
(I\/[err] + Na[err]) e e 2 N. N - bi¥ {4. i hodal 3. 5-bi s(2. 3+
di hydr oxypr opyl a phenI ]-N rret hyl/ ' ' : ' ™
N, N -bis[2,4,6-trl , 5-birS(2, 3- _

di hydr oxypropyl am nocar bonyl)phenyl] urea (7 32 g, 5.1 rrrml) was

di ssolved in 2 M aqueous NaCOH (10 m ) and met hyl i odi de (0.95 m) was
added. The m xture was stirred at anbient tenperature for 60 h,

treateggwi th a 30 strongly acidic ion exchange reS| n (Anberlyst 15)

evapor at ed andM)url figed byypr ep%atl ve HPLG Yiefd 4. (63 % of
the product as § te oI| A [err]H I\/R 34 8.80 (br d,
1H, NH), 842( 8.05 ( : 1.42-4.85 (m .
8H), 3.01-31 1 [¢& ¥l)Ly 170..2, ‘
- 170.1, 170.0, 1 150. 7, 144. 2, 101: 3,
- 101.2, 100.0, . o

15 . r . . r M

20

30

35



WO 96/ 09285 PCT/ GB95/ 02264
- 16 -~ WO%#988S 90 5 90.1, 70.5, 70.3, 64.4, 64.3, 43.1,PCLIGBISN2264
36. 0. M5 (ESP): 1470 (Ma + Na+). 5 Exampl e 3-
N..N-bisFr2.4.6-trii pdo- 3. 5- bi s( 2. 3- di hydr oxypr opyl am nocar bonyl )
phenyl 1.-N-hydroxyethyl -urea . his[2,4,6-triiodo-3,5-bis(2,3-"
di hydroxypropyl-am nocar bonyl ) phenyl | - urea (92 0g, 1.4 10 nmol ) was
dissolved in vgter (£3 m) contagni ngy M NaCH {7 m). 2- B:Tgm)et h@nol
ent

(1 g, 8.4 mol)\was/added ghdglihe m xture Was Atirred ata
t enperature for/B0 || tijeat ge 'th a strong aci di ¢ |on||exc
resin T N3 Npe dl puli-F+d ' I

HPLC. Yield: 1.X ~
[err]H NVR (DG 9.10-9.38 (nf 1 7.90/8. 65 (m 4H,
3.02-3.915(m MaH). 1 [err] CINVR @éwsc>d[er$Q) 1£0. 2, 153.2, 1150. 9/
150.3, 149.1, 20  144.1, 101.3, 100.9,.100.7, 100.3, 90.6, 89.8, 70.5,

70.4, 70.1, 6$ﬁ4 63 2, 60.6, 53,2, 43.1,

4>

(E 1502 (Merr] +
Na[err]). anpl e 4: NNl-bIS 4. 6-tritdo- §(2- 25 I M
hydr oxyet hyl ani bonyl )-5-(1.3 dr oxypr op- lIU |
yl am nocar bpn U 1 N-
- 1- Ami no- 2, 4, 6- t , ?g%iﬁ acid L oﬁ:Mé.Nﬁﬁlz I
10 — -
. M I I M M I I M
where M, and R! are as hereinbefore defined.
Particular preferred compounds are those of formula
15
H
N
Wy
20 Ho °I—
WY
o .
OHO
25 H
HO-F OH HO
Hi O OH =(_ _ : OH
OKN ° . O OH 04_ :
30 - VA -NXOH SN 1)1 N
I N I- ' HO Z —{ —on
o I r. o .
NH HN o I I o
N —~N
35 - | | S
OHOH OH OH OH OH



1- Amino-2,4,6-triiodo-3,5-isophthalic acid (200 g, 0.358 nol ) was

added t o whiegtysdss chl oride (150 ml). The mixture

tenperature for 6 h and then

, was ptrGBosioRs4 I ef | ux
allowed to cool to anbient tenperature.

After 35 evaporation, the solid residue was dissolved in ethyl

acetate (300 m) which was again evaporated to dryness. . The residue
was di ssol ved in ethyl acetate (2000 ﬂt;Oaﬂd WO 96/ 09285

PCT/ GB95/ 02264 - 17 - - the

resulting solution was. washed with a sol ution of
in water (2000 ml) which

NaHCJ err ]

~[err]C. The organi c phase was .

(Na[err]SOerr] ).
white - " jo [
[err] C_NVR (
me): $9%0

yl am nocar

dichloride - g

di met hyl ac
After addi

m Xxture was 2
" the M%ture was stlrred for another 24 h. After
the solid resi due was

sol vent s,

(120 g)

bonyl ) ¥

et am Oy
tio

rre

acetic anhydride (200

sol vent s

15

20

25

30

35

HO

HO

Evap
[ eo

_ NaCl (250 g) and .
had been cooled to O
separated washed with brine and dried

oration gave 202 g H % of the pro Has a
h)é 6@N50d[err]c>9:}m7at<br n-zfom |
; 49. 7, 149.{éj;8. 4, y8y90. 3 W ( ESP,
—Ofi- Ani nBE274, (i

doe3-
I _
1-Anino-2,4,6-tril -3,5-is halic acid
! ) was dissol [

Ji and triethylamne QAHML i) © :
3- propanedi ol e 2. ,3;}_/?5 ), the
r__2=?1 Et hanol-am ne ( ogi‘?'lwa ed and
evaporatlon of the

di ssolved in pyridine (250 nml) and

nm) was added.. After stirring for 20 h, the ‘I'

xu



25 wer e_evaporated and the residue was di ssolved in ethyl acet at e.
The sol uti YO Y28k shed with water, diluted ~aqueous HARCT/GBAHRI64
NaHCO err], dried (MgS err]) and evapor at ed. Chr onat ogr aphy on
Silica using ethyl ‘acetate/ heptane (6:1) followed by preparative HPLC
(RP- 30 18, acetonitrile:water 35: 65):%€ve 4.74 g (35 % of the '
pr oduct . [err]H NMR (CDO [err]) 6.17 (2 br s, 2H NH) 5.11 (br

S, - 2H, NH er , 4.5 4.22-4.40 ( err] O,
3.69-3.78 (m 2H, %[ EPpppu n‘z"slf(fw?heﬁfqg)?tdé’n( da 6H)n %/S?T%
nie; 82? ([ Mphepa¥yedsh thwbé]skages (a) W@myﬁ(ﬁhhmhtlon, {b)

PCT/ GB95/ 0226

N, N - bi s[ 2, 4, g ?Jr'?atéon o(‘.zphenyl gﬁ‘oalp xyet%ylcgmsnocar chsn %f

(1, 3-di hydr oxpheBYl 2groups a?ﬁa{ﬁ?il‘n@@&ﬁl@@@}ll)y pHAKAY mqs@tles Dy

1- Ami no-g, 4, 6sd1ub0U8z3ng( Aoaetfe@syet hyl ani nocar bonyl) - 5-

(13- dlacetoxyprop Ian1no rbon I) enzene, (0.9 20, ol ) was
m xed with phosgen® ﬁ%é 861H1 ox 20‘§ ages (sadl’ut%d g"fnrfittﬁ)ueﬁ"@} BRd

di'oxane (3 miperfiommeld dk- any ordeal,| dd, witldppremnetallasiberpréfepsedihen

kept at 60 [efg ]gﬁtfozﬁothe 43 e r 20 MG s“%’i:o?(iéfm?eg f1fe cOOl to ambient.

t enperature and ts werée évap orated m) was
added and di stedinatipn §$e§tﬁD§ph§P¢Cr§ﬁ§§§ﬁ19f economwwsﬁtnwmbhube was

repeateﬂot“‘CgreEEE%éBetﬁlpegkbrmithe 1odrﬂ§ﬂ¥oﬁzstep at as late a
6-triiodo-3-(2-acetoxy am nocarb

y
(1, 3- di acet ox$HR9P- QnyF§ﬁ1ﬁBB&PS§ﬁ§IFﬁeﬁfeﬁ@%ﬁ}Q%ﬁiif as to ngedycemypl) and
mer cury tmflﬂoﬁﬂneetvasea(;af} rruheodaiher fornfﬂ’ﬂﬂdn Wayadieg drskeihebe

sol vent was ag u%glsgkgled ure . w & herlo ressure durlng 1 h.
Di oxane (10 nﬁ* 37Step p&&&?& Xfd 9% ﬁF&t ﬁfqﬁﬂﬁ%ﬁqrﬁﬁa i ent
tenperature linker first being attached to one monomer before the_

15 resulting linker-monomer conjugate is reacted with a
second monomer. Alternatively, dimer formation may be
by way of reaction of similarly or cooperatively
substituted monomers with the conjugation of the .
monomers leading to dimer formation.

20 _ Where desired the linker group X may be produced by
modification, e.g. substitution, oxidation_or_reduction,
of a precursor 1inkef, e.g. in a precursor monomer.

In all cases conventional synthetic methods well
known in the literature (eg methods analogous to those

25 used and described for the production of the dimers
referred to in WO-94/14478) may be used. '

The dimeric compounds of the invention may be used
~as X-ray contrast agents and to this end they may be
formulated with conventional carriers and exc1p1ents to

30 produce dlagnostlc contrast media.

Thus v1ewed from a further aspect the.invention
provides a diagnostic composition comprising a compound
of formula I (as defined above) together with at least
one physiologically tolerable carrier or excipient, e.gq.

35 in aqueous solution in water for injections'optionally
together with added plasma ions or dissolved oxygen.
| The contrast agent compositions of the invention



20 fof 16 h. The solvent was distilled off once nore, and,

evapor at i oo 9¢:d9285 esi due was di ssolved in a m Xt ur e ECT/GBISHazdal

- m) and 0.4M aqueous NaCH (50 m). After stirring for 2h, the
solution was neutralized using a strongly acidic cation exchange
resin, filtered 25 and .l yophilized. The residue was purified by
preparative HPLC. Yield: O. 43 g«22 %) . [err]H NMR
(DMBO-d[err]): 8.03-8.59 (m 6H), 4.42-4.77 (m 6H), 3-10-3.83 (m
18H). 30 mafybepae Seadj-ko- nss[gpnpentrat99083oF2may be

hydr oxyet hyl
yl am nocar bo

N, N - bi s[2, 48 w%s*éaétac{!z
- 5-(1,3-di hydf@i(mpwmpi2hx’varmaaﬁﬁebeanl:bnnhamtbhsr ef at leagk 27 g,

Tquebus oGt 0aReE 4 SRpesBEab G ok U8R 50 mor A bufE &1 1 no 2N

f@%ﬂ&fﬁ 8” h) ﬁn enterEYQBQﬁyEBQ”d@iutlon prior to

%gl’ oxyeth

BFSS‘% éﬁfhﬁPQRPﬁ&E&PﬁénfrP) reggy-to-use

PCT/ GB95/ 0226dncentrations of at least 300mgI/ml, e.gy 320 to 400

- br onpet hanol

sol uti on was

and evapor at

- phenyl ]

15

20

N s fun 1§ DY ILRYYBUORKE) W82 tolerable limits for

viscosity and osmolality.

For contrast media which are admlnlstered by
injectlon, the deSLrable upper. ;1m1t for solutlcn
viscosity at ambient temperature (20°C) is 30mPas;

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

be tolerated although their use in paediatric

radiography will then generally be contraindicated. For

contrast media which are to be given by bolus injection,

e.g. in angiographic procedures, osmotoxic effects must

25

be considered and preferably osmolality should be below
1 osm/kg H,0, especially below 850 mOsm/kg H,0, in

particular within 50 or less, preferably within 10, mOsm

of isotonicity (about 300 mOsm/kg H,0) .

With the dimers of the invention, such viscosity,
osmolality and iodine concentration targets can readily
be met. Indeed effective iodine concentrations may be

' reached with hypotonic solutions. It may thus be

30

35

desirable to make up solution tonicity by the addition
of plasma cations so as to reduce the toxicity
contrlbutlon which derives from ionic imbalance effects
follow;ng bolus 1n3ectlon. Such cations will desirably
be ‘included in the ranges suggested in WO—90/01194 and
WO-91/13636.

~ Preferred plasma cation contents for the contrast
media of the invention, especially contrast media for

0.2

é @ 3P|ze8 aé?ﬁggﬁﬁyfé E?Er%hbfr'@ﬁefﬁ&gﬁgr the ibdide

% aci d atlon exchange resin
eancentratiaos. thgehigher The ddaIMASLAG VA Sreparative

HPLC. Yield é&@aﬂﬂy Bhe hiéﬁ%% the solht&bhHsNNRstB§5@&dh@RT])

(m 1 8. 03- 3-3.87 22H) .
Exarrp%6 SRRoLRAIBYs. NDFRALAY. §h€zmaf6m“§“ml°dH)ne dontehttatibn
hydroxyethyIﬁarn@cgibenybbmﬁoﬁﬁd3wadlhpérdmypmmaned by ity ami nocar bonyl)

9. 06-9. 22

(35



, N -bi s[ 2, l.odo- 3- ( 2- hydroxyethylan1nocarbonyl)
‘392’,@{9%#8

1 3-di hy Sp- 2- yl ani nocar bony! )-phenyl Jurea- 15 ( 0 PST/GBISH2264
nnDI) mas di ssolved in mater (5 my - followed by 2M aqueous NaOH (2.1
) and, after 5 mn, ‘bronopr opane- 2, 3-di ol :(0.196 nl) was added. The
solutlon was stirred for 4 days, neutraliggd_with a- strongly acidic
cation exchange resin and evaporated to 20 dryness. Purification by
preparative HEh?i Iﬁﬁ%rn&ﬁéxgs folld@Sof the product as a mhlte solid.

M5 (ESP, me): 1450 (Mérr]) Exanpl e .7.

N.N -bis[2.4.6-triiodo-3-(2- 25 hydroxyethylan1nocarbonyl) 5-(2, 3-
d|hydroxypropsbdmumocaruomd)1qﬂuﬁeéﬁeﬁiﬁﬂly 15° toéﬂs, partlcularlg 30

1- Ami no-2,4,6-triiodo- 3- acet et carb y
dlacetoxgpropylan1nocarbonyf&b@ﬁ?@ fgif’ 5%‘3&
1- Am no 4,6-triiodo-3,5 |sophthaI|c acid dichloride (3.03 g, 5.1
mol ), prepargglgggggdl tﬂo Exapl éé?%% 0 to n of
triethylamne (4.26 rﬁ?) DI\F/I% V@é ?rgdfdﬁ eépéekgﬁ_i?,
1- ani no- 2, 3- propanedlol0 °(ﬁ}ailR?r@?QP¥ﬂﬁﬂ¥ fﬂ Q 87 mMwas added
and, after stirring for 16 h at anbient tenperature, ethanol am ne
WD 96/ 09285 95/ 02264
M0 10725 porassiup upste AmBrefarahibed- Arterl o rSFRGCHBALY

10 0.3 to 1.2, partlcularly 0.4 to 0.9 mM

magnesium up to 0.8, preferably 0.05 to 0.6, especislly
0.1 to 0.5, particularly 0.1 to 0.25 mM

. 15 .- The plasma cations_may be presented, in whole or in
_part, as counterions in ionic contrast agents.
' Otherwise'they.will'generally be provided in the form of
salts with physiologically tolerable counteranions, e.g.
- chloride, sulphate, phosphate, hydrogen carbonate,-etc.,
20 . with plasma anions espec1ally preferably being used
Besides plasma cations, the contrast media may
contain other counterions where the dimer is ionic and
such_counterions_will of course preferably be
physiologically tolerable. Examples of such ions
25 include alkali and alkaline earth metal ions, ammonium,
meglumine, ethanolamine, dlethanolamlne, chlorlde,
phosphate, and hydrogen carbonate. Other counterions
conventional in pharmaceutical formulation may also be
used. The comp031tlons moreover may contain further -
30 components conventional in X-ray contrast media, e.q.
' buffers, etc. _ . ' -
The invention‘will now be described further with
reference to the following non-limiting Examples.

35
J—

I —
as Been Replaced

\\\\\\\\\\\\\\\\\\ .

THIS SHEET HAS BEEN
REPLACED"




another 16 h, the solvents were evaporated, the residue was

di ssol vedw(fb Rysdsdi ne (75 m), acetic anhydride (60 PoTIcRBA2RRdded
and the solution was stirred for 17 h. The 5 ° solvents were evaporated,
the resi due was dissolved in et hyl acetate and the sol ution was

“washed with water, 0. 2M aqueous HO sol ution, aqueous NaHCJ err],

(2s, 9H).

dried (MgSQ err]) and evapor at ed. R4ri<fi cati on by preparative HPLC
gave 1.28 g (31 %9 of the product as a white solid. 10 [err]H NMR
(DWOd[errlﬁxa&M_&i_nMﬁmﬁaﬁbmmﬁ;S 02-5.13 (m
1H), 4.24-4. 4. 21 - 1 P -3.49 (m 5H), 2.00
— ; ! (M+1) 15 b.

N, N - bi s[ 2, 4, 6- tr||odo 3- (2-. hydroxyet hyI am nocarbonyl) 5-(2, 3-

di hydr oxypr qpy!&am q eNd L L y

1- Ami no- 2, 4,%-TT , :
(2, 3- difacet hsanhihatanid ~mol ) was
di ssol ved in di oxane (7 rﬂ) t oget her W|th a sol uti on of phosgene in
toluene (20 %_18 m

to 60 [err] @ Fgpno- % ii%"‘?F"éﬂﬂ"'Qfﬁ 358(5 ?g&gﬁ%&iﬁ?‘:’?&#ﬂgr:ﬁﬁrgeaz ﬁg

25 sol venisopletitaampde a(ed. 0O gxaaeoz(mOIM)mghahadqum
distilled 01:1; eaéﬁfégoé ggsso Q ggsgéeA_IghgsggogggurSgsa nded\ag, r epeated 3

times. The e Was cont al ni ng
mercuryd tri fpmd)muhzw(mm and aﬁg}:lgné@éﬁ‘i‘-ﬁ& 457 - @Hm ibds 3- (2- 30

acet oxyet hylas é% ar %m%sél ﬂsehOém&Q&nbaanaOcoolmg After
car bonyl )benzene heat ﬁgd t he

sk wa
sol vent was sﬁnszmmeaommwaw ythﬁn@%ﬁEPre Was B&PFFGn 190y (10 m)
was added a@bémd(jgglmﬂl and 200%f aqgeous Boa r(e9iodml )waRfitexsol ved in

t f 35 Om d
gf 'Ene)r( g'[ ?r?ﬁ?ﬁf"f?ﬁtﬁoﬁ' 'ﬁ\% éﬁgﬁﬁ"%npgﬁge éétswg?gﬂggual%oj QV?h a )st?(r;ngl y
~aci di agat i crquecks®ElL r ¢30 ml ) tbrine (70 ml), dried (Na,S0,) and

evaporated. Yield 17.4 g (100 %) . The crude material was
used w1thout ﬁurther purlflcatzon, since analysis by
HPLC and H NMR indicated, that the product was >97 %
pure . e == _

20 H NMR (acetone- ds)-' 8.76-8.83 (m, 2H, NH), 5.50 (br s,
2H, NH,), 5.20-5.32 (m, 2H), 4.43 (dd, Jy= 11.8 Hz,
J,=3.4 Hz, 2H), 4, 29 (dd, J,=11.8 Hz, J,=6. OHz), 3.69-
3.86 (m, 2H), 3:49- 3 63 (m, 2H), 1.95-2.07 (m, 12H)

MS (ESP): 706 (M+1).

25

5- Am1no 2,4,6- tr11odo N, N'-bls(z 3- dlacetoxypropyl)-

30 1sophtha1am1de (10.4 g; 0.012 mol) was dissolved in dry
dioxane (20 ml) and a 20 % solutlon of phosgene in
toluene (3.1 ml) was added ' The mixture was stirred for
1 week in a closed, t:h:.ck-walled container at ambient

: temperature. After evaporation, the residue was purified

35 . by preparative HPLC. Yield 10.0 g (94 %).
1y NMR: 8.24-8.98 (m, 6H, NH), 5.07 (br s, 4H), 4.12- 4 35
(m, 8H), 3.31- 3 60 (m, 8H), 2.00 (s, 24H, CH:,CO)



WO 96/ 09285 PCT/ GB95/ 02264

- 21 - 2¥Paforation of the soI vents, the residue was pBET/GBAS023¢4

preparative HPLCto give 1.26 g (37 %9 of the product as . a white
~solid. [err]H NI\/R(DI\/SOd[err]) - 8.02-8. 67 (m 6H), 4.60-4.84 (m

4H), 5 4.43-4.57 (m 2H), 3.02- 75(n§ 18H) . [err] C NVR

(DVBO-d6): 169.7, 169.5, 151.4, 150. 0 14%: _

69.9, 64.0, 5 Exarrpl e 8, .

N,-N - bi s[ 2. 4. @St F%%ad §'471721 @8 - nydroxyet hyl ari riocar bony! ) - 5- (2, 3-

di hydr oxypropy! anmi nocar bonyI )phenyl ] -N- hydroxyet hyl ur ea

N, N -Bis[2, 4,8 ) -

5-(2, 3-di hydrox propy AT | " ' ner . 216 15 g, 0.157

- mol ) was di s5é R QRN RAR =uaread and 2M aqueous NaCH
(0.9 m)stogether with 2. brormet hanol (0.067 m). The m xture was

stirred for eytral,ize a S gly acidic cation.-exchange
resin and eva ﬁo?‘at Q&stht& g‘r% 9419'\% zﬂ‘r%&#'ugl ng 20 . preparative HPLC
?ave 18? rrg]gdia@zgat gyicmhiutomkmnyl)phaﬂyl]e-tméad (4.0 g,[@r Q]S'(" NVR
DVMBO-d[ err 1 4-8..6 4.80 (m
7H), 3.02-3. 8[?“?1} %%I(S%N%de i & ﬁﬁz&%ﬁ@?&ﬂ?? ‘Yat‘i’?oa’é‘]i 169. 9,
153.2, 151.0, meSbagolpH25 mis. Gzontan;m:m NaOH 1(114%.@, ¥6.®mok}.4, 60. 6,

59. 6, 4 o 1 Ex I
9. NN l%l S[zﬁféerffrgltirrzmg (fdy'sé%a%yd@éf eth %lﬁ%car on ﬁ) 5- (2, grrp ©

di hydroxyprop(}FéﬁFﬁgc&’F-Gg‘nﬂ BhraRg Yy Bqidie "ion Yexch %‘PQ@d‘F%ﬁﬂéropyl )urea

(Amberlyst 15), the solvent was separated and evaporated
to give pure product. Yield: 3.24 g (100 %). _
"lH NMR (DMSO-dg): 7.98-8.60 (m, 6H, NH), 4.65-4.80 (m,

15  4H), 4.44-4.57 (m, 4H), 3.62-3.75 (m, 4H), 3.02-3.55 (m,
16 H). ' - |
3¢ NMR (DMSO-dg): 170.7, 170.4, 170.3, 151.8, 151.7,
150.1, 143.5, 100.9, 100.8, 100.7, 100.5, 100.3, 89.8,

| 89.6, 70.1, 70.0, 64.1,.42.7, 42.6. '

20 MS (ESP): 1458 (M* + Na').

99.9, 89.6, 70.1, 70.0,

-

25 N,N'-bis[2,4,6- triiodo-3,5-bis(2,3-
dlhydroxypropylamlnocarbonyl)phenyl]—urea (7. 32 g, 5.1
mmol) was dlssolved in2 M aqueous NaOH (10 ml) and
methyl iodide (0.95 ml) was added. The mixture was
stirred at ambient température for 60 h, treated with a

30 strongly acidic ion exchange resin (Amberlyst 15)
‘evaporated and purified by preparative HPLC. Yield 4.7 g

'(63 %) of the product as a white solid.
H NMR (DMSO -dg): 8.80 (br 4, 1H, NH), 8. 42 (br 4, 3H,
NH), ' 8.05 (br &, 1H, NI-I), 4.42-4.85 (m, 8H), 3.01-3.78

35 (m, 23 H). o
13C NMR (DMSO-d¢) : 170.2, 170. 1, 170. o 152.6, 152.5,
150.7, 150.3, 150.2, 149.5, 144.2, 101.3, 101.2, 100.0,



N, N -Bi s[2, 4, 6-triiodo-3-(2-hydroxyet hyl ani nocar bonyl ) -
5-(2, 3- dl\hadgmmpropyl am nocar bonyl ) - phenyl Jurea (0. 353 PCT/G@SSIM?AS?

nol ) was dissolved ina mxture of water (8 . m) and 2M aqueous NaCH
(0.9 m) together with 1-brono- WO 96/ 09285
- PCT/ GB95/ 02264 ' - 22 -
2, 3-di hydr oxypropane (0.136 ni, 1. 55-mikﬂ)- Af ter stirring at room
tenperature for 160 h, the sol ution was neutralized using a strongly -

aci di ¢ cati2m. Excaange 90.1, FOsBn. 708f.Ber 64vdpobit-Bon43t.Ae “Ssi%ue was
purlfled us{gy 5 preparatlve HPLC. Yield: 100 ng (27 % of the product

awhite solid. errJH NI\/R(DIVISOd[err]) 9.45-9.63 (m 1H),
7 94-8.68 (M§ LEHP): 14705 (M>- 6. N Ym 1H), 5.12 (br 's, 1H), 4.43-4.80 (m
6H) , 413(m 1H) 304397(m 14H) 10 - [err]CNI\/R '

di hydr oxypr opyl am nocar bonyl ) phenyl | urea a.
N, N - bi s(3-nitro-5-carboxy henyl)ure 1- Nitro- 3 ani nobenzmc acid
(9.11 g, 5NMbthiads, di ke r2godo-@i, BibAHd2géme (13 nl of a 20 % sol ution

in tol uene)dﬁﬁydro rdByteRinécidrbon g@.)mhwll]nu&@aue(med@ )4  The
m xt ure rred 8 err F\Ii andn Qﬁrﬁl%t W%aOH
terrpe]roaturémF%}) ) dAFFQiVS iR 3&& 3n§|° 9
(7 ml) . 2-Bromoethanol (1 g, 8.4 mmol) was added and the .
mixture was stii::;ed- at _ambientl temperature for 60 h, ‘
treated with a s'trong‘lly' acidic ion exchange resin
(Amberlyst 15) evaporated and purified by preparative
15 HPLC. Yield: 1.45 g (70 %) of the product as a white
_ solid.
. 1H NMR (DMSO-dg4):9.10-9.38 (m, 1H, NH), 7.90-8. 65 (m, 4H,
NH), 3.02- 3.91 (m, 24H). : o
13C NMR (DMSO dg): 170.2,. 153.2, 150.9, 150.3, 149'.1,
20 144.1, 101.3, 100.9, 100.7, 100.3, 90.6,'89.8,l70.5,
70.4, 70.1, 64.4, 63.2, 60.6, 53.2, 43.1, ' C
MS (ESP): 1502 (M* + Na*). S

25

a. 1-Amino-2,4,6- trllodo 3 5 1sophtha11c ac1d
dlchlorlde. ' -
30 : _ . _ _ _ . _
1-Amino-2,4,S-tfiiqd063;5-isophthalic acid (200 g, 0.358
mol) was added to thionyl chloride (150 ml). The mixture
was stirred at reflux temperature for 6 h and then
allowed to cool to amblent temperature. After
35 evaporation, the. SOlld residue was dissolved in ethyl
acetate (300 ml) which was again evaporated to dryness.
The residue was dissolved in ethyl acetate (2000 ml) and



-toI uene (4 03 t|rr|ng was continued at 100 [err]Cfor 9h._ 25 Tol uene
(4 m) was™& &@3 Sand stirring was continued for 20 h BGT/GBIS02264] C.
After cooling to anbient tenperature, the’ sol ution was poured into 1M
aqueous HC1 (200 m). The - off-white precipitate was filtered off,
washed with a - m xture of ethanol anld72M aqueous HCO (4 m), filtered
30 and drled Yleld 8.2 g (84 9. [err]H.NVR (DMSO-d[err]): 9.63

NH, 2 4 (dd
S[Ser r]=1. El) i %ﬁltjié&r ELI‘%E;OE‘%W%% (na.ghedH%ut% P rsﬂail% £
Jlerr]=1.3 HANag (250393 andpNagCOzH(12P)g) in WaFﬁrr](@ONWRH(JJDIVm:d:{I-err])

165.8, 152.7,hdd8&enlbdoiedlsd. b °85 Thelg 1é1§h§se13@36 '
(ESP, nle): 389 gl\@err] 100 %, 411 g__L E r]:. WO 96/ 09285
PCT/ CB95/ Ozzﬁep rated, washed with b ed’ (%894 . b. :
N, N - bi § 3- ni Evaporaeibaxgaeebaogl ghdoyl kr of the product as a white

‘N, N' - bi s(3- nl%éi)né car boxyphenyl)urea (0.5 g, 1.3 mmvl) ~was di ssol ved -
~ i n net hanol J containing 5 concentrated sul furic acid (0.5 nm)
and the sol ut‘ll'brN%s(DMSO détl 7%t (B0 §er2H)C for 20 h. After cooling to
anbi ent 130 R DM, € §9lguyi o $,p G iR t ( m )

The yel |l owi sh grem |a(t ts(? 2 f;ile)0 ke &4%6 l‘4h96% 809,@ 97”3 aéltgaturat ed
aqueous sol utMpFB 2@63 53a¢ eﬁ%nd“ﬂhed 10 Yi eI d 0.53 g (98 % .

[err]HIMVR (DMSO-d[err]): 9.78 (br s, NH, 1H) 8.68 (dd, J[err]=

Hz, J 2..0 (dd, ,J Hz, J2=2.0 Hz, 2 ' 8.23.
(dd, B[EQH] 2"2%&1*"%%"2 i Ho-taio Lis’rr] OCH err], 6H). .H)_ [err]C
NMVR . ( DMBO- d[ encét)oxiéﬁh?laﬂlﬁﬁo&arbéﬁﬁ) 54310,3-133.hcﬁt01@prop1-&4- 9 117.0,
116.9. y1£m¢££é£r86ﬁ§§)ﬂéh&8n§ (2,3 :

15 1-Amino-2,4,6-triiodo-3,5-isophthalic acid dichloride
(10.0 g, 16.8 mmol) was dissolved in dry N,N-
dimethylacetamide (DMAC, 80 ml) and triethylamine (14
ml) was added. After addition of 2-amino-1,3- -
propanediole (2.14 g, 23.55 mmol), the mixture was

20 stirred for 60 h. Ethanolamine (5.0 ml) was added and

~the mixture was stirred for another 24 h. After .
evaporation of the solvents, the solid residue was
dissolved in pyridine (250 ml) and acetio'anhydride (200
ml) was added. After stirring for 20 h, the solvents

25 'were evaporated and the residue was dissolved in ethyl
acetate. The solution was washed with water, diluted
aqueous HC1l, aqueous NaHCO3, dried (MgSO,) and
evaporated. Chromatography on silica using ethyl

_ acetate/heptane (6:1) followed by preparative HPLC (RP-

30 18, acetonitrile:water 35.65) gave 4.74 g (35 %) of_the,
product. :
1H'NMR (CDC1,): 6.01-6.17 (2 br s, 2H, NH), 5.11 (br s,

_ 2H NH,), 4.59- 4. 67 (m, 1H, CH), 4.22-4.40 (m, 6H, CH,0),
',3.69 3.78 (m, 2H, NCH,), 2.12 (s, 3H), 2.08 (s, 6H).
35  MS(ESP, m/e): 823 ([M+Nal*), 801 ([M+1]*).



di hydr oxypropyl am nocar bonyl) phenyl ] ur ea.. 20 -
N, N -bis Bébdafs ©- met hoxycar bonyl phenyl ) urea (0. 209 g P ricBesi ) was
heated wit f am no- 2, 3- propanedi ol (0.114 : to 95 [err]C
After 30 mn, the pressure was reduced to 200 nn1k@ and heati ng was
continued for 3h. ' The crude reaction mixture was purified by
preparatlve 25 - HPLC giving 164 ng {618 % of the product as a white
Lid.: [err]H NVR (DMBO-d[err]): 9.61 (s, ZFD 8.79 (t, J=6.4 Hz,
B, 8 6, fddbidltera, 62&,11&&6-8]-#2-0 Hz, 8.36 (dd, J[err]=2.1

He, J He 5 4.84 (d, 30
J=4.5 Hz, cﬁ%’ 3586‘”&*‘3?%{“1"“ 3§i’€“ﬁzﬂ L&r(]lzé)[’%?@é’ ?‘rﬁm‘?@ (

3.30- 3. 50 (mamsacarmnm -phenyllurea. [err]C NVR ( DVBO d[err]) 164. 8,
152.6, 148.5,. 141.1, 136.8, 124.2, 115.9, 115. 4. " MB (ESP, mie):

g:g-/ (G|I\3%5/ (JjggﬁinSw iM HL;er r:L]ogo[ g r(]2 acet@xyet?lylawoca\/\%c?r%/ﬂg)g-zg§
m,m' Els%g enlngdﬁaéataxypgop 23 hwﬁumﬁnwrmwﬁymﬂbanzaﬁ?nmq)$mm {}urea
, N -bis | Q urea
(0.103 g, of1g6 °£?n¥€8?) mixed, ﬁﬁ 3’&’%9%% @x{é‘&f%{of@%‘h’%ﬁ%y (14 nl)
and vweorutiénnihn toiuem)ngtrﬂ imgpaceu s 3HEIL ) ( Gre arithick- a - Pd/C
. cat al t te@ito Th
catayel {Najied, tafbopHtal ‘ﬁ%%tlél 1045 el R kept dWlled Cﬁ%#ﬁe e

catal yst was sol vents evapor at ed
‘resi bR wasl8ldi Thel maxtuge was oweda @ 1ORMhitia AFPIRNL ng 0. 102 g (97

% of the temperature and the solvénts were evaporated ‘Dioxane (5
* ml) was added and distilled Off at atmoepheric'pressure. . ‘
This procedure was repeated twice. ' Dioxane (10 ml1), 1-
amlno -2, 4,6- triiodo-3- (2- acetoxyethylam1nocarbonyl) -5~
15 (1 3- d1acetoxyprop-2 ylamlnocarbonyl)benzene (0.926 g,
1. 16_mmol) and mercury trifluoroacetate (26 mg, 0.23
mmol) were added and the solvent was again distilled off
at atmospherie pressure during 1 h. Dioxane (10 ml) was
added and the mixture was stirred at ambient temperature
20 for 16 h. The solvent was distilled off once more, and,
- after evaporatzon, the residue was dissolved in a
mlxture of methanol (35 ml) and 0.4M aqueous NaOH (50
ml). After st1rr1ng for 2h, the solutlon was neutrallzed
uéing a strongly acidic cation exchange resin, filtered _
25 ang lyophlllzed ‘The residue was purlfled by preparatlve
HPLC. Yield: O. 43 g (27 %) . '
lH NMR (DMSO- ds). 8.03-8.59 (m, 6H), 4¢42-4.77 (m, GH),
3-10-3.83 (m, 18H). - -

30

N N'-bls[Z 4 6- tr110do-3 (2- hydroxyethylam1nocarbonyl)—
35 5- (1,3- dlhydroxyprop 2-y1am1nocarbonyl)-phenyl]urea '
| (0.27 g, 0.2 mmol) from Example 4 was dissolved in water
(7 ml) containing 2M aqueous NaOH (1.0 ml) and 2-



fproduct . err]HNWR (Derr]O: 7.60 (s, 4H), 7.29 (s, 2H), 3.74-3.82
(m WO 96/69288-3 54 (m 4H), 3.22-3.37 (m 4H). 15  [RETABISNM4
(Derr]O: 168.6, 154.0, 139.9, 136.1, 131.1, 118.6, 118.5, 117.0,
416.9, 116.2, 70.1, 63.2, 42.4. M5 ( ESP, nfe) 477 (M+, 100 9.

e. NN - bIS[3 am no- 2, 4, 6-trii odo- 5- (2,3- 20
dihydroxypropylan1nocarbonyl)phenyl]urea 19 - N N' - bi s [ 3-am no- 5-

(2, 3- di hydr ox ropylan1nocarbonyl)phenyl]urea (0.50 g, 0.91

mol ) was di s§6pv‘8§t¥‘ﬁnﬁ>lm 00t 984 @l ,mdt.Rammol)4 rﬂﬁteamolsfzsrrlngvafer 206 m)

‘and an aqueous, sehét b@lut@.forﬁlwgd @ferdt:%@.:.rﬂad )w:l.t:h a &% acihi "
adj ust nent of queo he, sol uti on s stlrred for

a
20 h at 40 [8$F nge res&@dlaﬂdbr?véﬁ’%%&%éi@m%ﬁ‘F onThe
NaHSO err], thessdueewas purifiss dyeprepartad ven LT, rse.ﬁemlﬁmsSmg

“trituratgd thrgg. - times with a nethanol -water (3:7) mxture giVing
1.02 g f “of the product. [err]H NVR (DMBO-d[err]): 8.41

(br s, 1H), S8 BEMR3(DMBED-AL): 9.06-93221(m, 1VH] d,8J63-8.46, () 4H.,40 (br
s, NHerr], 41;!)22346’6‘9 (

m 7H3 7& @@-32@7 %4422%)52 (m 2H), 3.34-3.43 (m
2H), 35 3.21-3.32 (m 2H) 3.21 (m . [err] C NVR :
(DVBO-d[err]) : 170.7, 170, 6 151 9 149. 3, 148 9, © 143.1, 143.0,
142.8, 70.6, Hpl64 : 4320 4 1 040 -3

Eng GBQgéOZZ .?A

N,N'-bis[2,4,6;triiodo-3¥(2-hydroxyethylaminocarbonyl)-
- 5-(1,3-dihydroxyprop-2-ylaminocarbonyl) -phenyl]urea

15 (0.25 g, 0.18 mmol) was dissolved in water (5 ml)
followed by 2M aqueous NaOH (2.1 ml) and, after 5 min,
bromopropane-2,3-diol (0.196 ml) was added. The
solution was stirred for 4 days, neutralized with a

_ strongly acidic cation exchange resin and evaporated to

20 dryness. Purification by preparative HPLC gave 38 mg (14
%) of the product as a white solid.
MS (ESP, m/e): 1450 (M*).

25 | . 5 -

' a. 1-Amino-2,4,6-triiodo-3-(2-
acetoxyethylaminocarbonyl)-5- (2,3~
30 diacetoxypropylaminocarbonyl)benzene.

;-Amino-2,4;64trii6do-3,5-isophthalic acid dichloride
(3.03 g, 5.1 mmol) , prepared according to Example 4a,
was added to a solution of triethylamine (4.26 ml) in
35 DMAC (20 ml). A solution of l1-amino-2, 3-propanediol '
(0.51 g, 5.6 mmol) in DMAC (3 ml)was added and, after
stirring for 16 h at ambient temperature, ethanolamine



f. N, N -bis[3-acetanido-2,4,6-triiodo-5-(2,3- 5

di hydr oxywvopy/bgzag nocar bonyl ) phenyl ] ur ea. .PCT/GB'9510'2264
N, N - bi s[ 3-am no-2, 4, 6-triiodo-5-(2, 3-

d|hydroxypropylan1nocarbonyl)phenyl]urea (0. 155 g, 0.126 mol ) was
mxed with acetic anhydride (2 m) and 10
drops) was added. The

t hen at anbi ent tenperature for 17 h. After evaporation of the

sol vent ,

(1.5B6egy e25dGe mmad. ) dwaso laddedi. n Af terx stierdihgrddmnol (2.5

concentrated sul furic acid (3
m xture was 2difred at 70 [err]C for 5 h and

m) and wat eanéghéf:?. Bp Htﬂ@S s%‘ikfs?ft%d wte?.elgv‘é@w:at%d'v' #%% ]ﬁéious NaCH

and stirred at. 50
the residue YR8 @%FFG@H?@dln Ple@FFﬁ W&ﬁemléndaFﬁ§1§oBm@Mﬁ§;deIt&ﬂed of f

-Sngodalego (ml) wibehddedlana €98 ¥blution whe' Bbi-ME EQYEQAhe fffﬂé

(s, OHO5 2H) 3%9%?539?&?& e"aP°ragﬁ§dm §12'*$1 r§S%§Lmea§HF(13§qg;’ efl (M 4H),
56341(5 GFDethyl aceeatpcaugRthNBGdeepn]yaslwashedlﬁﬂth w&&hﬁB 168. 2,
18,1 5o, 5, 9P Squedha e Bpluridd, ‘aahitud 02, 408l BBSD,) |

rati’o

MG (ESP, nif e3nd 1%9@99;%&&} Purificagdom by preparatixepHPLLI gave
N, N - bis[ 2. 41623r | pg@- 67(3f the prbaquexaacat ame) so1id.3- 30

di hydr.g r car on en urea
NN TS S‘%ﬁ% TS s Bl 41 m, 2m), S42-5.51 (m, 1m),
di acet Oxyprwwa%nmampnm)phcnxzh]-ursa (m,32H), 4.08-4.21 (m, 3H),

N, N - bIS[3-

di hydr oxypr oby 25 8e iy, §ﬁ§jph2n§ﬁ] {284 23 g 1.0 ‘mol) vas

di ssol ved i MS hES(Eurm/ei a8aBi é[HmN;lMH deBQJ.S (M+1)

15

20

25

b. N,N'-bis[2, 4, 6-..tri'iodo-3- (2-
hydroxyethylaminocarbonyl) -5-(2,3-
dihydroxypropylaminocarbonyl) -phenyl]urea.

1-Amino-2,4,6-triiodo—3-(2eadetoxyethylaminocarbonyl)-5-
(2,3-diacetoxypropylamino-carbonyl)benzene (1.99 g, 2.48
mmol) was dissolved in dioxane (7 ml) together with a
solution of phosgene in toluene (20 %, 18 ml) in a
thick-walled flask The mixture was heated to 60 °C for
16 h, and, after coollng to ambient temperature, the
sqlvents were evapqrated_ Dioxane (10 ml) was added and

- digtilled off at atmospheric pressure. This procedure

30

35

was repeated 3 times. The residue was dissolved in
dioxane (10 ml) containing mercury_trifluoroacetate (35
mg) and 1-amino-2, 4, 6-triiodo-3-(2- . '
acetoxyethylaminocarbonyl) -5-(2,3- diacetoxypropylamino;
carbonyl)benzene (2 0 g, 2.50 mmol) . The flask was
heated and the solvent was distilled off slowly. Another
portion of dioxane (10 ml) was added and then distilled
off“again. The residue was dissolved in a mixture of

~methanol (60 ml) and 0.22 M aqueous NaOH (90 ml) and,

after stirring for 6 h, the solution was neutralized
with a strongly acidic cation exchange resin. After

Ib vent,

4.48

.3



WO 96/ 09285 _ PCT/ GB95/ 02264

- 26 - ‘WO 96/9285 - pyridine (5.5 mM) and DVF (5 m). The soPGI/GHPSHR264
stirred at roomtenperature for 65 h, and the sol vents wer e
tvaporated. The residue was, di ssol ved in CHerr]d; [e,_r_,_r] (250 n) and

the solution was washed with water (2x50 ). 0.1 '5 ° Maqueous HO (50 .
m), water (100 m) and a saturated queous sol ution of NaHCOB. After

d Na2S t C |
(L8 Shonedianion of (ERRT BbY Bl U BR. rebSb AR By Huad Gy
[err]H NMR (I@ﬁpaﬁfux?e HBLG3tbbgive 1HRS 8. 4378%B3ofnth2Hprciuct as

8.32-8. 45 (ma u:{ %81%145 (s, NHerr], 4H), 5.02-5.16 (m 2H) ,
4.10-4. 37 m 05 (m 12H). err]C NVR (DVsO-d[err]): -
170.8, 170.6," (DMBD-H4) 1248 .92-8.67 (g 6H) ,1 47.6D-4B% 3(m144HY, 136. 6,

124.4, @&2.6, 49&3)-4 57 (m/028),79.02-8378, (&l 58}121 0. 15 M5 (ESP, me):
1400 (I\/[err] 13

R0 M) mad OBl om0 s 169, Tt o 1530 5:3150.0, 142.9,

di acet oxypro9a 2 re@ag pongl Lpheoyb} ueeas, 6200, 59.2, 42.6, 41.7.

N, N - bi s[ 3-am no-2, 4, 6-triiodo-5-(2, 3-

di acet oxypropyl am nocar bonyl )phenyl ] urea _(1 0 g, 0.71 mol ) was
di ssol ved i n katammi =lals = the sol ution was

stirredgat amwlﬁ%amﬁguﬁq?_Aﬂer heating to 60 [err]C -~
for 2.5 h, the solution was . ev pora e ness and t he re5|due was
triturated Sibhvdrexvpropvlaminecarbonyl)phenyld -} QXosve 3

filtered off, washed againwith wat er (20 rﬂ) and drled Y| eId 0.92 g

(19, AN ARG OLEREl, 0030 el 0258 00 (m
4 23 4. 39 (m5-20—3,,3Adﬂﬁydrdﬁypn’op?&mlﬁoaarboﬁglo Hrphéﬁy,llurea (ZJ.JZIl(s '
1 oL 721%(; (S’g,l2d")157 mmoﬂ 45k CablVBo i PMRO; Q[ g" ﬁtl\.l:tu]:@p% watd (g 70- 1.
ml) and 2M aqueous NaOH (0.9 ml) together with 2-
bromoethanol (0.067 ml). The mixture was stirred for 20
h, neutralized with a strongly acidic cation exchange
. resin and evaporated to.dryness. Purification using '
20 preparative HPLC gave 105 mg (47 %) of the product as a
white solid. -
H NMR (DMSO-dg): 9.11-9.22 (m, 1H), 7.84-8.61 (m, 4H),
4.41-4.80 (m, 7H), 3.02-3.87 (m, 22H).
_ 3¢ NMR (DMSO-dq): 170.2, 169.9, 153.2, 151.0, 150.9,
25 . 150.4, 144.2, 144.1, 100.2, 70.5, 64.4, 60.6, 59.6,
43.1, 42.1. | -
MS (ESP, m/e): 1420 (M*).

30 ' - ho1) oE - _

N,N'-Bis[2,4, 6-triiodo-3- (2-hydroxyethylaminocarbonyl) -

35  5-(2,3-dihydroxypropylaminocarbonyl) -phenyllurea (0.353
g, 0.257 mmol) was dissolved in a mixture of water (8

‘ml) and 2M aqueous NaOH (0.9 ml) together with 1-bromo-



150.0, 144.5, 144.4, 143.3, 143.2, 108.5, 108.3, 108.1, 35 97.6, 97.3,

70.0, 63. %o dsRofes 61.0, 21.5, 21.0. MS (ESP, me): 15edidndsmeach, 100
%, 1621 ([M:Na][err] 23 9. WO 96/ 09285
PCT/ GB95/ 02264 ' | - 27 - c.

N, N -bis[2,4,6-triiodo-3-(2-hydroxyacetam do)-5:(2, 3-

di hydr oxypr opyl am nocar bonyl ) phenyl J ure@2 - '

N, N -bis[2,4,6-triiodo-3-(2-acetoxyacetam do)-5-(2,3- 5

di acet oxypr ca),ﬁ-sdnhw&miomybppnenyo} LB6aml(. 1885gmmol)5 After mml) was

di ssol ved ing l‘?lﬂiﬁé”@to%% i, € a?lerﬂ:&r@ koi‘“ﬁso h, thW Qﬁ‘i‘%ﬁ:‘iﬁﬂ\lﬁg&! (2.5

m). After stirri for nbi, ent ngerature
adj ust ed t o DEYEERLHZzed using,dn§ryoRgLYi ECFGﬁceQEE Hﬁeemgeand after

10 filtratdgin, eyﬁ@@faéeg;ébﬁadwﬁes'éhﬂ besidﬁedwas\/\@&rlfled Wlﬂj ed by

prepa e il S e 9L oo e bkl B MR RBALS)

6H), 3.60-3.a%Hite 63Hlid. - 336354(m 6H), 3.04-3.38 (m 4H). 15

err] C NWMR (4 11.50,4=L 0. 1 Tgh 2 151. 8,
ieq. ]7 150. g@@%d[(%@ﬁ%} oras-Sey M)y Proh-dgh i, g 1T 0
99.5, 99.3, DB82-6d¥78(mp7iR), 76.32 (br s,53H)l, $243-44801 (m, 6H) ,\5 (ESP,
ne): 1349 (Mertm, Suf). 316193(bwm1[@4n1,. 100 %. 20 Exampl e 12
N, N -bis[2,4,6 “triiodo- -%y 8 éprggéoga g% % (2.3-
dlhydﬂékpropyg EMRNnOMBRsRs) 3 ﬁﬁgnﬁk]lﬁ e 150.5,

N, N - bi s[ 2, 450 10, i D4®: B; (P4RCR} 089p8ppHONAYNT U0) 05- 64.0, 59.2, 42.7, )
(2, 3- acetoxxﬁfqpylan1nocarbonyl)phenyl]urea | ‘l

15

a:. N,N'-bis(3-nitro-5 -carboi:yphenyl) urea.

1-Nitro-3-aminobenzoic acid (9.11 g, 50 mmol) was mixed .
20 with phosgene (13 ml of a 20 % solution in toluene) and
Na,Co; (7.4 g, 70 mmol) in toluene (20 ml). The mixture
was stirred at 60 °C for 2 h and then at ambient
temperature for-16 h. After addition of additional
toluene (4 ml),'stirring was continued at 100 °C for %h.
25 Taluene (4 ml) was added, and stirring was continued for
20 h at 40 °C. After cooling to ambient temperature, the
solution was poured into 1M agueous HCl (200 ml). The
off-white precipitate was filtered off, washed with a
mixture of ethanol and 2M aqueous HCl (4 ml), filtered .
30 - and dried. Yleld 8.2 g (84 %).
H NMR (DMSO- -d¢): 9.63 (s, NH, 2H), 8. 65 (dd, J,=0,=22
Hz, 2 H), 8.34 (dd J,=1.6 Hz, J,=1.5 Hz, 2H), 8.18 (44,
'Jl-l 5 Hz, J,=1.3 Hz, 2H), 3.3-3.8 (br s, 2H, OH)
13C-NMR (DMSO-d¢) : 165.8, 152.7, 148.5, 141.4, 133.1,
35  125.3, 117.3, 116.6. 3 -
MS (ESP, m/e): 389 (M*, 100 %), 411 ([M+Nal]*, S5 %)



N, N - bi s[ 3+ W 4,6-triiodo-5-(2,3-

acet oxyprom P8 ar bonyl ) phenyl Jurea (1.0 g, 0.71 30 mBFYGHUPREEd as
descri bed above and 2-acet oxypropi onic acid chloride (4.0 M) were

m xed and stirred at 60 [err]C for 2 h and 14 h at 85 [err]C. The

sol vents were evaporat ed . and the re? due was triturated with water
(50 mM). The greeni sh solid was fil ered off and used without 35

purification {n ngxt en...Yield: 9 err] H NWVR

( DVBO- d[err])b 18’{?8“5-_%‘.82@5 ?ﬁn‘tgé-i)eé %%@%#‘{%*%?M’Lrg a08-8. 75 (m
2H), 5.15-5.27.(m 2H), 5.03-5.16 (m 2H), D 96/ 09285

PCT/ GB95/ 02264, N'-b:.s(3-n1tro carboxyphen 1)urea ?@ 5 g 1. %}4 36

(m 2H), 4.11-4 m .2 3. 23-
(2s, 15H), 1.%#8 %%% %m methaff%{n@ _ (‘ESRB@H{%W]) 170 7, 170. 4,
170. 0, 151.8, cbﬁﬁehtrated shitfdrid ecfd (6135 3mll4and, tﬁéBsBlut%:ﬁmaJs% 4,

210, 18,0, StirrEd  6) de Thr k. Atkheectt e X0 AR an o) -5-
(2, 3-di hydr ox}FrpgyatMnenc thw o phiory | Yas cpoured into water (40 ml).
N, N -bi s[2, 4, gnpr ke q}bv?i# &ﬂ%én‘é H@Q'%&%@ﬁﬁ%f:’%é%%f wasthi with

acet oxypropyl am nocar b urea

di ssol ved in mquh@wg %%\IaHCOy MALRK nd ﬂIEEPId(Z 5
m ) andiohe svh.utlldorm \&Sgstqggepb at .15 roomtenperature for 2 h. The pH

and, arrer 5Kk Puspse 80 dpa BE Bo Wiyl ek Aol
puri fied by pHepadJasRve HBLCZH‘Yl elsd4637d@dyy J,52 .2) Hz, J,=2[6r HzL 43,
(DVMBO-dlerr]) g, 8358a%,8%,09. 220y, $,22.8 82,(3m)4Ms.02 (s, ocH,, 6m).
13C NMR (DMSO-d): 164.9, 153.1, 148.5, 142.0, 131.6,
15 124.9, 117.0, 116.9.

c. N,N'-bis[3-nitro-5-(2,3-
- dihydroxypropylaminocarbonyl) phenyl]urea.

20 N,N';bis(3—nitro-s-methoxycarbonylphényl)urea (0.209 g,
0.5 mmol) was heated with 1-amino-2,3-propanediol-(0;114
g, 1.2 mmol) to 95 °C. After 30 min, the pressure was
reduced to 200 mm Hg and heating was continued for 3h.
. The crude reaction mixture was purified by preparative
25 "HRLC giving- 164 mg (61 %) of the product as a white
solid. : :
H NMR (DMSO-d¢): 9.61 (s, 2H), 8.79 (t, J=6.4 Hz, 2H),
8.67 (dd, J,=2.1, J,=2.0 Hz, 2H), 8.36 (dd, J;=2.1 Hz,
_J2-2 0 Hz, 2H), 8.25 (dd J1-J2-2 0 Hz, 2H), 4.84 (4,
30 J=4.5 Hz, OH, 2H), 4. 58 (t, J=5.6 Hz, OH, 2H), 3.65 (m,
2H), 3.30-3.50 (m, ‘6H), 3.21 (m, 2H).
3¢ NMR (DMSO-dg): 164.8, 152.6, 148.5, 141.1, 136.8,
124.2, 115.9, 115.4. | - :
MS (ESP, m/e): 537 (M*, 100 %), 519 ([M-H,0)*, 56 %).
35 ' ' '



20  5.50-5.70 (m 2H), 4.67 (br s, OH 2H), 4.48 (br s, OH,

2H) ,
4.13-4.1 3.64-3.75 (m 2H) 3.40-3.61 (m gﬁ ?9 .35
(m 2H). %5652‘/“%@25(m 4H), 1.35-1.42 (m 6H) . 2 é&%
(DMBO-d[err]): 173.0, 172.8, 170.3, 170.2, 151.8, 25 15. 0.2, 144.2,
143.9, 108.0, 99.5, 99.2,-97.8, 97.6, 97.5, 70.4, 70.3, 68. 0, 64.4;
43.1, 21.5, 21.0. VB (ESP, me). 4874 (Merr], 20. %, 1397 ([ M+Na] +,
100 % Exanple 13. N,N -bis[2,4,6-triiodo-3-(2,3- 30 .
di hydr oxypr gpi gngyl. 3. - ' : '
di hydroxyprgp ﬁa% n%cq‘ar bony Qﬁregnyﬁ u3r ea
N, N - bi s[ 2, 4BYEFPryBFopylaMinacoazianyl), péianyobaé’r% ~ 4-carboxani do)
-5- (2,3- 35 di acet oxypropyl am nocar bonyl ) phenyl ] urea
2, 2-di met hy, 3-di gxal ane-4 carbaxylic acid potassiu WO 96/ 09285
'PCT/ GB95/ 02&6& bl s “nitro-5-12, %> - 29 - salt (1.50

g, 8. 15mmldlh@drsxymn@gdammqamdml)@ﬁnylluraa)((aritniog)l ed. 19

0 C. I

SE)FL” on was s#’??ré%r P‘i%s%dhv%%t in & :lmﬂ‘ ure rHEC):n?ﬂen en atgg.)

anbi ent t enPREGFUA6. Mie cogtamma & 4 Mlequﬁ ek %th? tmk) fﬂl@rét e was
evapor at ed. pPé/cC cataiglsltt |(g_r(9 |s[1.f5,dq»_ra a'&::.‘brﬁ ﬁggl@g@rﬁaz 3-

oscr) bou oBuEoaEned: p%?—ﬁ'y?rir@i%aﬂefa Ve’ ey, s il oel oha The™
resul1d ng seblirenssweertl evaptiriatedl fTite Giedidie ads erddisspbveduin. '
Addition of f e an&hiyoggll:.z)ed’ %%."U:.tr%dd '16{'99‘ f@'fmé)' Se qt.hg pr eci p' tate
: product ‘
H NMR (D,0): 7.60 (s, 4H), 7.29 (s, 2H), 3.74-3.82 (m,
2H), 3.38-3.54 (m, 4H), 3.22-3.37 (m, 4H).
15  13C NMR (D,0): 168.6, 154.0, 139.9, 136.1, 131.1, 118.6,
118.5, 117.0, 116.9, 116.2, 70.1, 63.2, 42.4.
MS (ESP, m/e): 477 (M*, 100 %). |

. e. N,N'-bis[3-_ami_'no-2_,4,‘6-_triiodo-5- (2,3-
20 dihydroxypropylaminocarbonYI) phenyl]urea.

N, N'-blS[3 -amino-5-(2,3- d
dlhydroxypropylam1nocarbony1)phenyl]urea (0.50 g, 0.91
mmol) was dissolved in a mixture of methanol (4 ml) ‘and
25 water (46 ml) and an aqueous solution of KICl, (6 mmol)
was added. After adjustment of pH to 2 with aqueous HC1,
the solution was stlrred for 20 h at 40 °C. After _
addition of an aqueous solut1on of NaHsoa, the solvents
were evaporated and the res1due was trlturated three
30 times with a methanol-water (3:7) mlxture giving 1.02 g
5(89 %) of the product. _ o
lH NMR (DMSO-d¢): 8.41 (br s, 1H), 8.20-8.33 (m, 2H),
8. 11 8.17 (4, J—7 0 Hz, 1H), 5.40 (br s, NH,, 4H), 3 62-
3.74 (m, 2H), 3. 44 3.52 (m, ZH), 3.34-3.43 (m, 2H),
35 3.21-3.32 (m, 2H), 3.07-3.21 (m, 2H). .
130 NMR (DMSO-dg) : 170.7, 170.6, 151.9, 149.3, 148.9,
143.1, 143.-0,- 142.8, 70.6, 70.4, 64.4, 43.1,_ 43.0.



~which was further trrturated wrth ether (50 m) to give 1.88 g (84 %
of the prodYRPs/09 [err]H NVR (DVBO-d[err]): 9.57-10.10 (RET/GBP502264
8.26-8.55 (m 4rb 15 3.08-4.37 (m 16H), 1.87-2.04 (m 12H).

lerr]C NMR (DVSO-d[err]): 172.4, 170.9, 170.1, 150.1, 147.0, 144. 4,
143.8, 141.9, 127.9, 100.1, 99.8, 99.6. 99 1, “97.7, 97.6, 97.4, 74.2,
70.4, 66.9, 66.8, 64.8, 64.4, 64.1,23371, 43. 0 37.9,.35.0, 21.8,

21.5. 20 MB (ESP, 56 1009, 1679 Na 80 9. -
b.- N, N'-bisE§§ <§§P§ “b’l&g (?g?gr{"} &‘)/?ly (I&W\WL;r &rﬁ0d<%))-,5 (2,3

di hydr oxypr op¥Ra0i r(dmmcrnys))pherjyl Jurea. 25

N, N -bis[2,4,6-triiodo-3-(2,2-dinethyl-1, 3-di oxalane- 4-

car boxam do) - 5- (2, 3- - diracet oxypropyl am nocar bonyl ) phenyl ] urea (0.60
g, 0.36 fmTHI:N \m@gsr{ﬁxwenalmdq-e&.rq,@tmn]oq&%(@h32 8 mol) in

net hanol530 @gihg¢d kyg}g, H ,s};ilf 8 h, the solution

was filtered and th It te evaporate l'S)cédé’ e]slgf #’he resi due was
di ssol ved i n water (20 m) and the pH was adjusted to 2 using aqueous
2M HO . Aft er NsNi' Fbisd 3--@mito-2, 4, - tiiibES g4 (P/Bwas evaporated to

d dt dye f t HPLC. Two
Coeric - GEpyaroxyEREi @%@5@%@“” " d55 aaotmaze
(fraction 1) wmal)nyasf mixedowith saetidc anhydride 96 GfBS5and

PCT/ GB9bg 0226, Ph |
Gata, fracti op dCeRETateq, Bl ugie Agld, (3 drome) gk dpdea, gy °F
8.23-8.60 (mmixfure was gtisredsat| %0 fEHEOI4 50h &Ang) then &Y . amblent
[err]C NWR (Dbbtpeiatukk £6¢119, hl’/After @raboraticn dPltle solvent,

the residue was 'di_ssolved in a mixture of methanol (2.5
ml) and water (0.4 ml), pH was adjusted to 10 with 10 M
15 = aqueous NaOH and stirred at 50 °C for 5 h. After
evaporation of the solvent, the residue was triturated
with water and the solid was filtered off and dried.
Yield 0.15 g (90 %). |
H NMR (DMSO-d¢): 9.80-10.10 (2 br s, 2H), 8.20-8.75 (m,
20 4H), 4.70 (s, OH, 2H), 4.48 (s, OH, 2H), 3.64-3.98 (m,
2H), 3.41-3.56 (m, 4H), 3.03-3.26 (m, 4H), 2.04 (s, 6H).
13C NMR (DMSO-d¢) : 170.3, 170.2, 168.3, 168.2, 168:.1,
151.9, 151.7, 150.3, 144.4, 144.3, 108.2, 108.1, 99.5,
- 99.4, 99.3, 99.2, 98.1, 98.0, 97.9, 70.6, 70.4, 64.4,
25 43.1, 23.5. | .
MS (ESP, m/e): 1339 ([M+Na]+ 100 %).

30

a. N, N'-bis[3-amino-2, 4, 6 tr:r.:r.odo 5 (2,3-
d:.acetoxypropylam:mocarbonyl) phenyl] urea.

35 N,N'-bis{3-amino-2,4,6- trnodo 5- (2 3-
dihydroxypropylaminocarbonyl) phenyl]lurea (1.23 g, 1.0
mmol) was dissolved in a mixture of acetic anhydr:.de {5

~



5 - 151.7, 150.2, 144.3, 144.1, 143.9, 143.8, 108.1, 108.0, 107. 8,

99. 5, 99@ ‘?& 97.8, 97.6, 74.2, 70.4, 64.7, 64. dpCHends024és 1.
M5 (ESP, 1408 (Merr], 100 9%, 1431 ([M#Na][err], 10 9.

Fraction 2: 9.62-10.05 (m ZFD 8.25-8.60 (m 4H), 5.65- 10 5.90 (m
2H), 4.62-4.90 (m 4H), 4.42-4.53 (m ZFD 4.02-4.10 (m 2H)
3.40-3.82 (m 10H), 3.05-3.32 (n1 - 280)- Exanple 14,.

N, N -bis[2,4,6-triiodo-3-am no-5-(1, 3- .15

diaceEOX{EFQﬂlﬁ y y?iagﬁgrggﬂs|hﬂbeBhHIWM@a(s ml) - The solution wasl]
N, N -bis nitro- 1 i hydro a Q enyl ] urea.

The reacti: orFrv\bﬁ %‘ér?BrﬁBB‘“agsF‘S\é%&g%F& Fﬁg g?n%’h gnlao%g{eb éyaié‘)%% $ed above
for Exanpl e v€ke evaporagefl.offhl, Nesidue was dissolved in CH,C1, (250

bl s(3-ni 1 o-pr red g e gaﬂiﬁh%ﬁ%&%ﬁ%@@wm wiek (2x50 W) )o

seri nol e reaction product was puri |ed by
triturd | on Mﬁﬁtﬁuﬁe‘éﬁoﬂﬁ ri(p@ ml) , wakesy (HOP Wk Rnf@e SFEUKRYRI and with

acetom }\Irl | &g Ooxés(éesiﬁtﬂbh b¢ Slaweol? ﬁ{fﬁdﬁeﬁﬁyﬂﬂg‘c'f(Nnggl)d add@. 0 g (78
2y 5. 44 0. SIARAFEEHPR. sNIR. 8“&33?‘?51 splygigyas Thle reseg(qﬂez%} g (M
4.66-4.73 (ran%seﬁtﬂallylﬁué:m pRidduct 4Xi2lé0 300 g ((A1 &Y. [err]C
137.0, 191 6 1800 o q0" 1 e o P 9 63, g ML
35 10 V[89$26@285 (m, 1H), 5.30-5.45 (s, NH,, 4H), 5.0 ﬁcﬁﬁcgg5/02264
2H), 4.10-4.37 (m, 4H), 1.80-2.05 (m, 12H). | i
3¢ NMR (DMSO-d¢): 170.8, 170.6, 170.3, 149.1, 148.9, q
148.3, °147.8, 143.3, 143.2, 136.6, 124.4, 92. 6 92.0,
70.1, 70.0, 63.5, 21.5, 21.0. o
15 MS (ESP, m/e): 1400 (M*, 100 %).

b. N,N‘Fbis[2,4,6-triibdo?3-(z;acetoxyacetamido)55-(2;3-
diacetoxypropylaminocarbonyl)phenyl]urea.

20 - N,N'-bis[3-amino-2,4,6-triiodo-5-(2,3-
dlacetoxypropylam1nocarbonyl)phenyl]urea (1.0 g, 0.71
‘mmol) was dissolved in acetoxyacetyl chlorlde (5 ml) and
the solution was stirred at ambient temperature for 24
h. After heating to 60 °C for 2.5 h,’ the solution was

25 evaporated to dryness and the residue was triturated
with water (40 mi) The - tan-colored prec1p1tate was
filtered off, washed again with water (20 ml) and drled
Yield: 0.92 g (81 %). - :

1 NMR (DMSO-dg): 10.05-10.30 (m, 2H), 8.62-9.06 (m, 2H)

300 8.22-8.58 (m, 2H), 5. 02 5.15 (m, 2H), 4.66 (br s, 4H),
4.23-4. 39 (m, 2H), 4.12-4.23 (m, 2H), '3.25-3. 62 (m, 4H),
2. 11 (s, 6H). 2.00 (s, 12H) o
13q NMR (DMSO-d¢): 170.7, 170.4, 170.1, 165.7, 150.1,
150.0, 144.5, 144.4, 143.3, 143.2, 108.5, 108.3, 108.1,

35 97.6, 97.3, 70.0, 63.5, 62.6, 61.0, 21.5, 21.0.

MS (ESP, m/e): 1599 (M*, 100 %), 1621 ([M+Nal*, 23 %).



31 - N bls[246tr||od03amn05(13hydroxxgr%g
'yI ani nocar %ﬂ?f’?’}?ﬁ%nyl ] ur ea. PCTIGBYS/02264
N, N -bis[3-nitro-5-(1, 3-di hydrOxypro-p- 2- 5 yl am nocar bonyl ) phenyl ] ur ea

(5.6 g, 10.4 mml) was ‘di ssolved in a m xture of nethanol (100 m)
and wat er (14 m) conta| ning 2 Maq%e;)us HQ..(10.4 m) and a Pd/C
catalyst (10 % 0.5 g). Hydrogenation was ¢artied out at 60 psi. The

catal yst was fjlt t he than 1 evapor at ed, and_t he
aqueous sol Utl%h ’&e@drﬁbﬁrﬁ?r%zé rﬂ‘ﬁ88°'glas(2 gé’fi&'& \ﬂ&?t(?i%’sdé?asv‘e%"(%’ ¥
m xt ure of rretdlbhmdr(mﬁpnbpylamlnoaam‘bmy&r) phényliureand then, KiC[err]
(32.9 g, 97 mmol) was added. After stirring for 72 h,. a 2M aqueous
sol ution of _ .. NaHS err% was added and the solid'vvas.,'filtered of f.
After 15 Wl hPisé2phe rbr@ap@o\nﬁrﬂZmpﬁénwa@mmm,-&h&.3-

d d
r7 e; 6 ges\ém? rddcetd roéglgmﬁlnbéﬁrﬂﬁmyl) phengi'] @3\@0 o e551)

[err] C NVR (Dl\')EEHShd’[ e‘?’?f)gl;‘i% Yedlgzi* g, mix§ure ?Is“'&th(ﬂ[@le (Ii)ﬂ) ml) jamde,
143.1, 143.0, B8 .Bjussus,K N3CHO0(288. A1) 81ARte?8stirring £6% G5 ABd. atf6. 9,

598 55,0, Spbptent colBabEiReot ok e dalLUEN L8 1] 190 0

c. N, N -bis[2, i 0 am no- OXypr
2-yl am nocar bcﬁﬁﬂrqrmby.yaq:ydeg ion exchange resin, and after

N, N -b 4 0608 3

yl am ng?[aofbonzimf%]%ra& béaééd tgydﬁﬁgi)%opﬁe reSIS%lse é”nased ina -
m xture of ﬁp’cte ?iﬁagﬂ-)’eaﬁm‘% iedd:i §i-88 @Ld. ). and the
m xture was St odm f(oumsma;) 9. sdea-te esmlmt mnpgr Aue.6aT Sﬁm'ent s
wer e evapor at SI S e i

eI aRra A e‘%sed"Bff hechello %25@3 2l91m§cz1e’r3(

m), water (2)&3(36113 i‘hd(tmléﬂ) YBeb4- 3338 gm(84H%. 35 [err]H NI\/R
E1E|)N504d%g£1] )2013 (Bﬂgb’@g %7? 6 %7658( M8, 170.3,53% 3% 58 (m
1.7, 150.3, 150.2, 144.3, 144.1, 143.9, 143.8,
108.1, 1os.o, 107.9, 99.5, 99.3, 97.9, 97.8, 97.7, 70.4,
64.4, 62.3, 43.1. . |
MS (ESP, m/e): 1349 (M*, 36 %), 1379 ([M+Nal*, 100 %).

e

0-
'2
0.

20

25  a. . N,N'-bis[2,4,6-triiodo-3-(2-acetoxypropionamido)-5-
- (2,3 -acet_oxypropylamin_ocarbonyl) phenyl]urea.

N,N'-bis[3-amino-2,4,6-triiodo-5-(2,3*
acetcxypropylamindcarbonyl)phenyl]urea (1.0 §, 0.71
30 mmol) prepared as described above and 2- acetoxyprdplonlc
acid chloride (4. 0 ml) .were mlxed and stirred at 60 °C
'for 2 h and 14 h at 85 °C. The solvents were evaporated
_ and the residue was triturated with water (50 ml). The
greenish solid was filtered off and used without
35 purification in the next step. Yield: 0.92 g (79'%);
'H NMR (DMSO-dg): 10.08-10.25 (m, 2H), 8.70-9.30 (m, 2H),
8.08-8.75 (m, 2H), 5.15-5.27 (m, 2H), 5.03-5.16 (m, 2H),



1.99-2.07 (m - 12H). \\D 96/ 09285

PCT/ GBI5h0@ 36igoass - 32 - PCT/GB95/§2264 ] C NMVR
(DMBO-d[errj): 170.7, 170.2, 149.0, 148.9, 148.7, 143.3, 143.2,
143.1, '89.2, 82.8, .78.5, 78.3, 78.2, 62.6, 47.4, 21.3. M5 ( ESP,

- me): 1422 ([MtNa][err], 70 %9, 1478 ([Mt(ferr]H err]N[err], 5 100 9.
Exanpl e 15, N-[3-hydroxymethyl-(2,3- - 28 -

di hydr oxypropyl am nocar bonyl )-2. 4, 6-triiodophenyl] -

N [ 3. 5- bi s(&&@byﬂsoxmprgnyLam mmcarbanyin) 2H¥,63.20-3.54 (m, 4H),

triiodophenyl |l ure t yI n zoi ¢ acid methyl
ester. i ﬂi ﬁftr%ﬁ%bpﬁtﬂgli %ﬁgg 561r'n‘§='t hylhgster’ ? ‘5 g, 100 15
- mmol ) was di®€oNVRd (DMS@r—yisTHFlUOZB nmiyOakd REPrP, 151. 8,(2-55021m 200

mol ) was a Na 5. 13 I sth adde tionw se
durl)ng 1 h. E é d48.37 §?§‘T§ )1°8I 3I'O%g@ E gtersla(rllol @-zef d m) was

added & ow \B7. 6. msm&e b§9m,ateﬁ3(§®osﬁ+§:aﬁa -fi eRyPretder3 (400 nl) ..

- 20 The phppes, Wwegegseparated and the aqueous phase was "~ extracted
once with diet hy1 ether (100 m). The conbined .  organic phases were
washed with a saturated agueous . solution of NaHCO err], dried

(Na[err] SO esr |y, Mhebis §Ppa asetiriYodbd3- (2- hydroxyptealmlanﬂlac@ -dral ysi s

ghg'zc?;?dliﬁpz/ ’8? L@il}%d?%ﬁﬁ?gﬁgialz'l:.ﬂE)%%‘)zlﬁBnyl) phengiﬁ ?L:E ahVR (ngI?[ (e;r] %%H) |
2.37 @ s, _
N N'-b:.s[z ,4,6-triiodo-3-(2- acetoxyprop:.onam:.do) -5-(2,3- N
acetoxypropylam:.nocarbonyl)phenyl] urea (0.85 g, 0.52 .
mmol) was dlSSOlVEd in a mixture of methanol (10 ml) and
2M aqueocus NaOH (2.5 mi) and: the solution was stirred at
15 room 'tempefature 'fdr 2 h. The pH was then adjusted to 4
using a strongly acidic ion exchange resin, and, after
filtration, evaporated to dryness. The residue was
purified by ‘preparative HPLC. vield: 370 mg (51 %).
1§ NMR (DMSO-d¢).: 9.58-9.84 (m, 2H), 8.22-8.64 (m, 4H),
20 5.50-5.70 (m, 2H), 4.67 (br s, OH, 2H), 4.48 (br s, OH,
| 2H), 4.13-4.17 (m, 2H), 3.64-3.75 (m, 2H), 3.40-3.61 (m,
2H), 3.26-3.35 (m, 2H), 3.07-3.25 (m, 4H), 1.35-1.42 (m,’
6H) . S - |
3¢ NMR (DMSO-d¢): 173.0, 172.8, 170.3, 170.2, 151. 8,
25 150.2, 1442 143.9, 108.0, 99.5, 99.2, 97.8, 97.86,
' 975 704 703 68.0, 64.4, 43.1, 21.5, 21.0. _
MS (ESP, m/e): 1374 (M*, 20 %), 1397 ([M+Na]*, 100 %).

30

a. N,N'-bis(2,4,6- triiodo-3- (2, 2-dimethyl-1,3-dioxalane-

4~ carboxam:.do) 5-(2,3- |
35 dn.acetoxypr;opy]_.am:.nocarbonyl) phenyl] urea.

' 2,2-dim_eti‘iyl-1,3'-d'io-xalane-4 cafbo:_ch-ic acid potass'ium



b. 1-Hydro -3-nitro-5-(2,3- 30 _

di hydroxypﬂ@#’%ﬁocar bonyl ) benzene. The net hyl estgg‘ﬁna?fpﬁf‘érrpl e
3a (20.5 g, 97 mmol) was m xed with 2, 3-di hydroxypropylam ne (9.6 g, .
106 mmol ) and the m xture was heated to 90 j:err]C. After 45 nmin, the_
35 pressure was reduced to 200 rrm-l—lg_a% heati ng was continued for
2 h. The crude product , which was >95% * pure according to HPLC

anal ysi s, was i thou 96/ 09285 .
PCT/ GBO5/ OZZGEW'W”Q& é, 8.; mx\.?) was suspended 1§3d;y etherf@rq her
purification "k AndeseoledptoWerl@: Ofalyl(@iloride (1[e3rgH BVR
(COlerr] OD): Smf) SwadHddéd 38ndSené ko1t idn( & 15% : /S 2H)
3.81-3.88 (m 1R ¢ 339,363 (1 4fje Bglacson’ yas t 1§f§>‘<iyr$€~hé -‘g-a(tz,s-
di hydr oxypr opyl am&e JE]T 134t at ambient temperature. The _
(1-1 Iz-lygroxﬁzzt zyn:i.-:ﬂ:-ute rwaé-i:?lﬁer%ﬁ anddthgdmxraaeawalm %oggb&%é) a.ggilzer\e
12.0 g, -4 JIRIey ' hydr ogenat ed n,met hano at ps

H err] using e%ﬁﬁ(??Jﬁ&ﬁ%rﬁfﬁ?%gfmﬁgotge4g§tEF§§P¢STEé( at3al yst was
renoved. by fi [RGeRPGPEORY laninesadbenydipbenpdl ured. (1.9 g,Addi3tg on of
met hanol (10 mmo1Pr 65hdid : s Whi Li.d whi ch was
i, (17 S e bpked edeathit gl 1o dukifyjfill
(CD{err]aD): 7Alismllogasmthey added.sndsthe, resplting sodugdom smgm 1H),
4.53 (leZH),SEiE&éﬁfﬁbifﬁojﬁﬂat3aﬂbient temperature. Addition of

ether (60 ml) resulted'in the formation of a precipitate

which was further triturated with ether (50 ml) to give

1.88 g (84 %) of the product. .

H NMR (DMSO-d¢): 9.57-10.10 (m, 2H), 8.26-8.55 (m, 4H),

15 3.08-4.37 (m, 16H), 1.87-2.04 (m, 12H). o

13C NMR (DMSO-d¢): 172.4, 170.9, 170.1, 150.1, 147.0,

144 .4, 143.8, 141.9, 127.9, 100.1, 9_9.8, 99.6, 99.1,

97.7, 97.6, 97.4, 74.2, 70.4, 66.9, 66.8, 64.8, 64.4,

"64.1, 43.1, 43.(_), 37.9, 35.0, 21.8, 21.5. _

20 MS (ESP, m/e): 1656 (M*, 100 %), 1679 ([M+Na]*, 80 %).

b. N,N'-bis(2,4,6-triiodo-3-(2,3-
dihydroxypropionoylamido)-5-(2,3-
. dihydroxypropylaminocarbonyl)phenyl]urea.

25 -. . : S :
N,N'-bis[2,4, 6-triiodo-3-(2,2-dimethyl-1, 3-dioxalane-4-
carboxamido) -5- (2,3~ |
diacetoxypropylaminocarbonfl)phenyl]urea (0.60 g, 0.36
mmol) was mixed with K,CO0, (0.40 g, 2.8 mmol) in methanol

30 (40 ml). The solution was stirred focr 88 h, the solution
was filtered and the filtrate evaporated to dryness. The
;Qéidue was diséofvéd in water (20 ml) and the pH was
adjusted to 2 using aqueous 2M HCl. After stirring for 3
h, the solution was evaporated to dryness and the

35 residue was purified by preparative HPLC. Two isomeric

- fractions were separated and collected. Yield: 240 mg
(fraction 1) + 45 mg (fraction 2); 56 %.



3.59 (m 4H), 3.32-3.42 (m 1H 20 M8 (ESP, mie): 241 ([M1][err], 100

9 . 951,0923 Hydr oxynet hyl - 5- (2, 3-di hydroxypropyl am nop@rmpyﬁz)z“

2,4, 6- tr||odoan| i ne. 25 3- Hydr oxynmnet hyl - 5- (2, 3-

d| hydr oxypr opyl am nocar bonyl ) aniline (500 ng, 2.1 mmol) was

di ssolved in water (175 nml) and an aqueous sol ution - of KiIQ[err] (70
% ww was added in portions of 0.1 md 30 - during 8 h. Atotal anount of
1.0mM KidJ[err] solution was 30 added. After a total reaction time of 6

h, the sol ut pAgsical d&RS, eﬁﬂa@ttﬁﬁlmth et hyl acetate (1000 rr1) whi ch was

?Spgkf‘t‘igoan%“ﬁ@ (oOran s o §0e8- 9§ D 7Rla Forong- 507 @, DBl v

HPLC gave 432.0§- 8384%(mf nsm,pw d)m-r‘b.dm:t(m,BEBH) [err]H NWR (CD[err] CD)
5.10 (s, 2H)i1s . 2 2 J[ 0. J[err]=4.2
oy J[err]_llczrﬁ@ %6”&?) 7d1§.o7 170. J3[ f*ﬁ’qh f’fé]z Zsi‘zail el
1H), 3.39 (dd81.JpedbP=2, 2144# 3J[e1r44136 41\/\@'96? 08.0,

PCT/ GB95/ 022647 . g 99,5, 99.2, 97.8, 97.6, 74. 2%170 4 ‘64. 1,
Jlerr]=13.5 Hz, :1H) (ddd J[err] =1.2 Fz, J[err]=6.1 Hz,

Jlerr]=13.2 f#-4 H#3§623 .d-"1H), 2.28 and 2.34 (2s, 2H. . M (ESP,
me): 618 (Migr (ESPOM/¥) : 0.4@8([(M#Na]lper &), 523% ([M+Nal*, a0 %).

3- Acet oxymet Byl ops by 3,093 eSL PO RIPPHI, A BHIOCH M )0 (m, 4m), 5.65-

2,4,6-triiod
3- Hydr &y et ByPO5{(2, 2}H|,hﬁd6@>¢wprﬁﬂowf%m%oar4}é%dg~53 (m, 2H),
4.02-4.10 (m, 2H), 3.40-3.82 (m, 10H), 3.05-3.32 (m,

a0 e E 30008 o om eneaa q

15

a. N,N'-bis[3- n:.tro -5-(1,3- dlhydroxyprop 2- '

ylamlnocarbonyl)phenyl]urea
The reaction was performed analogous to the syntheS1s
20 :descrlbed above for Example 10c starting from N, N'
bis(3-nitro- S-methoxycarbonylphenyl)urea (12.0 g, 28.7
mmol) and serinol (6.83 g, 75 mmol) . The crude reaction
product was purlfled by trituration with acetonltrlle
(2x50 ml), with water (200 ml) and w1th acetonitrile
25 (3x50 ml) to give 95 % pure product. Yield: 12.0 g (78
H NMR (DMSO-ds) : '10.06, 9.72 (2s, ArNH, 2H), 8.68-8.73
(m, 2H), 8 44-8. 51 (m, 2H), 8.38-8.43 (m, 2H), 8.23-8.27
(m, 2H), 4.66-4.73 (m, 4H), 3.92-4.13 (m, 2H), 3.44-3.60
30 (m, 8H). S . o
' 13C NMR (DMSO-dg): .164.9, 164.6, 152.9, 148.6, 148.4,
141.9, 141.1, 137.0, 131.8, _124.’9, 124.4, 117.1, 115.7,
115.3, 60.7, 54.8, 53.3. S |

35



2,4,6-trii %98@%42356 (1.32 g, 2.1 rﬁml) was di ssolved in lowggrg%/qgw%lgg?ag 10

n1) contai ning aceti c anhydride (10 m). - The m xture
roomtenperature for 2 h and CHerr]C [err] (100 n) and the solution
was washed with water -{3x25 m ). The organic¢-phase was washed with
wat er (3x50 m ) and a.saturated aquepyis_ sol.ution of NaHCO err] (2x50
m). 15 After drying (Na[err]SCIerr]) and evaporation, the residue was

urified by fl shcr. |I| am ture
O G orr 10 [ 607 NiNa BREE A st b d FEE 5T v £

(82 9. yéam]mommbPM) Juar@g (br s, 1H), 5.52 (s, 2H) 5. 25
(br 20 "1H), 5.11 (s, 2H), 4.23-4.45 (m 2H) 3.56-3.87 (m 3H),
2.08 (s, 9H) acet oxyrret hyl - 5- (2, 3- :

'dl acet oxypr opyNelh nB&%BGH}L:)“"ZSAF @-Prdisysinexypnep 25

t [3d5 ESS(E]Qldmanebatbmgﬂyb@iﬁﬁﬁqafﬂwWS)-6294 @0.4 mmol) was
rii odophen
3, 5-Bi 5?2 Sydlgée oxg/’sgof)'f}l am%&‘c%‘trt?or%ﬁ )mefhjmé:l (100 uE]r)l IO HREERe (260

‘my, 0.30 mol ) (hhsmg ssémtéd-mmgB@ M agjuscase HCL 0(16.)4 awk) amdl ait P@jicof

h t tl
beatea " %?m yae, (2004 [0 -2 8 BRRqiith il cdAtedis,t! et 1Y
anbi ent tenperg uP§1 tWBesSWé‘lWS\Eaé”a(ﬁ Fdiltexedatfyt the meﬁfmbdwas
pressur.el0 D oxavapbdatkl wagd %ﬁ@e@q%@éu@ %Tdﬂdt@brﬁ@as 1%5&?.«9?1& alhp dﬁ%

y

grgggsgisn;\?ﬁy%ggfﬁasdwas ?Lssolve%n :Ln a m:.xture oty\%et%a f(03I6I0I\!/lve

di acet oxypr opyandi waterbdnys)mlm,a&d lthenjoan’ﬂdmznd32 9 g,WO79ehifA85vas
S’CglleBmgrg{)w;gd l_gzc&xﬁﬂ:e cf)g. ljng( fg f hfhe r%Mxta 5eous solut:.cgn oéS 9,
NaHSO, was ad and the solid was fJ.ltered off. After
15 washing the precipitate with methanol (3x50 ml), the
residue was dried. Yield: 13.9 g (76 %) . o
H NMR (DMSO-dg): 7.90-8.36 (m, 4H), 5.32-5.40 (m, 4H),
3.30-4.25 (m, 14H). '
_ 3C NMR (DMSO-dg): 170.1, 151.9, 149.1, 148.9, 148.8,
20 146.6, 143.1, 143.0, 88. 8, 88.6, 83.0, 82. 8 81.5, 78.7,
78.6, 78.5, 769 59.8, 53.6, 53.5.
MS (ESP, m/e): 1254 ([M+Nal*, 100 %) .

¢c. N,N'-bis[2, 4, 6-tfiiodo-3-amino_-5- (1,3-diacetoxyprop-
- 25 2-ylaminocarbonyl)phenyl]urea. :

N,N'-bis[2,4,6-triiodo—3-amino-5-(1,3-hyd?oxyprop-2-
ylaminocarbonyl)phenyl]uree (4.0 g, 3.26 mmol) was
suspended in a mixture of acetic anhydride (10 ml) and
30 -pyridine (10.5 ml) and.the mixture was stirred for 16 h
at ambient temperature The solvents were evaporated and
the residue was suispended in water (150 ml). The solid
was filtered off, washed with aqueous 0.1 M HCl (2x50
~ ml), water (2x50 ml) and dried. Yield: 3.8 g (84 %).
35  IH NMR (DMSO-&¢): 8.55-8.95 (m, 2H), 8.10-8.35 (m, 2H),
5.36-5.68 (m, 4H), 4.10-4.20 (m, 8H), 3.83-3.95 (m, 2H),
$1.99-2.07 (m, 12H).



was stirred for 16 h at ambient tenperature, the solvent was

evapor at %g@g&z g'ne residue was purified by pr epar atpgchlididerssYi €l d:
0.192 M5 (ESP, me): 1643 (Merr], 100 %, 1665 ([ MrNa]+,
34 % . g. N—[3 hydr oxynet hyl - 5- (2, 3- .

“di hydr oxypr opyl ami nocar bonyl )-2, 4, 6-triiodophenyl] -
N [3,5-bis(2, 3-di hydr oxypr opyl ani nocarbqpyl.) 2,4,6- 10

trii odophenyl ] urea. The product. from Exanpl e 15f was dissolved in a
mi xture cohmet lﬁ«mﬁ dsJ :Moand Weier, (514r§1 )o arid;stfye R 20
adjusted to 12 usin M agueous solutlon Aiter’ stirring

for 2 h, thet$it %asgﬁaj dst 843+ 4.688-4si Rg- 8- 78 §qué7(§u§ HE8 -Znd &b+
sol vents werg7eypppraged. The product was purified using preparative -

HPLC. Yield:, 68 4 J1, 15 %,
1377 ([:VﬁNa]l\gﬁ (B3R mjgh § hz@E)g&%pgl 5%, Mive tidclabe)] "
2,4,6-1iiod08-%ketyl am no-5- (1, 3- .

di hydroxypro 2-yl ami nocar bony! ) phenyl ami nocar bonyl

2',4'6,"-triiodo- 3’ acet Iamno 5' - (‘1. 3-di_ hydr.oxyrop-2- . -
yl ani nocar bENATRLE O—45-L2 Ll SR SR 40~ 5- benzoi ¢. acid net hyl
ester ' wl.-»lu éa-op.\'an 68 111!0 arbobiviln 0234aEi-welddemhedsild { 15. 0 g,
82.4 mmol )was, 80 . . di sgolved. in methanol (100 i and KICI gas. was bubbl ed
into the sol Yttty s idl Gl Omo ik b i i St ~anbi ent

- tenper& ure Lr_immngngm;eavaporat ed and the ) re5| due was washed
with ether (3x50 m) to give the product as a white SO|Id Yi el d:

15.8 g (82 %. 35 [err]H NWR (DMBO-d[err]): 778781% 7.68-7.7
g m) 1H), . a. JZ-WIOSYm?WYlH? nst@'o Esbengpdcr FClslH)n ha':é- (e§teecH[ err],
1- 'Nitroisophthalic acid monomethyl ester (22. 5 g, 100

-15 mmol) was dissolved in dry THF (675 ml) and BF30E1:20
(25.2 ml, 200 mmol) was added. NaBH, (5 1 g, 135 mmol)
was then added portionwise during 1 h. After stirring
for 2 additional h, ethanol (20 ml) was added slowly

~ followed by water (200 ml) and diethyl ether (400 ml).

20 The phases were separated and the aqueous phase was
extracted once with diethyl e_tl;er (100 ml). The combined
orgahic phases were washed with a saturated aqueous
solution of NaHCO;, dried (Na,SO4) and evaporated. Yield:

20 g (96 %); HPLC analysis indicated >95% purity of the

25 product. : | '

lH NMR (CDCl,): 8.72 (s, 1H), 8.42 (s, 1H), 8.32 (s, 1H),
4.86 (s, 2H), 3.97 (s, 3H), 2.37 (br s, 1H). |

b. 1-Hydroxymethyl-3-nitro-5-(2,3-
30 dihydroxypropylaminocarbonyl)benzene.

‘The methyl ester from Example 3a (20.5 g, 97 mmol) was
ﬁixed with 2,3-dihydroxypropylamine (9.6 g, 106 mmol)
and the mixture was heated to 90 °C. After 45 min, the
35 pressure was reduced to 200 mm Hg and heating was
continued for 2 h. The crude product , which was >95%
pure according to HPLC analysis, was used without



. WD 96/ 09285 PCT/ GB95/ 02264

- 36 - wogﬁ’”%?le t r o- 5- met hoxycar bonyl phenyl ani nocar bony [PqT46B95/02264
nitro-5' - net hoxycar bonyl benzene). 1-Ni tro- 3-am no-5-benzoi c acid
met hyl ester 5 hydrochl ori-de .(0.92 g, 4.72 mol) -and 5-nitroisophthalic
acid nononet hyl ester (1.06 g, 4.27 rrrml) wer e suspended In a mxtureée
of POCl[err] (4 M) and toluene (15 m). -TR8 - m xture was heated until

the sol ution vvaF_s h%nozgeneous and then, the solution was stirred for
16-h at anbi en t@#ﬁkﬁ’a‘ﬁ#@nm the \Bext GEeR. eVépddat @2 .8n¢ (8%
oily resiggue was dissolved in CHerr]C[err]. The solution was washed

Narcorerr] (50 M R GReBRY il BhstdetodB 88 " Wy s, )

evapor at ed. Thé .fiTodist 2#)s, e5sBNt3 aB8y (murEHLS 3.38y3HPRC(mpakwmyi.s. Y| eI d:
1.25 g (6§ 9. [err]H NVMR (DMSO-d[err]): 11.28 (s, 1H), 9.09 (t,
J=1.8 Hz, 1H) , 9.03 (t, J=1.8 Hz, 1H), 8.95 (t, J=1.7 Hz, 1H), 8.81
(t, 1. &-HB" H_Mq}r°W1(Y1 5=273+%, 1H), 8.38 (2t, J[err]=1.

Hz, J[err] 1 Sd:dhdh:@xyﬁr Aefmi kS B56h 1?* i18n83 (s, OCHerr], 20

3H) . " MB (ESP, mie): 426 ([MeNallerr], 100 90, 442 ([MeK], 14 %.

c. 3-Nitro-5-(1, 3-di hydroxypr op- 2-

yl am nocar bony L-Hydnd:agmetidpar 4yl fS-50(2y®-5 - (1, 3- 25

31 tr o Bt hoger %ﬁ@%%@%ﬂ%ﬂiﬁ%ﬁ&%ﬁbﬁmﬂﬁ f£2-0 5, 44.4 mmol)

5' - met hoxycar b¥da Fesiraesnated iy matitanod| (150dml) at 6@rpsdl HQOuQiSng
| h
2.5 ol ) ver e pil/eed g, elaéoe%l%)oa‘?é e calsiylC. fhictadifLl e

pressure was reduced fo 20 [Ny Was. con
The reaction nFgMmeved by f%ﬁiﬁf‘?ﬂ|%ﬂb9‘%r§§%%@¥$v@aﬁ%ﬁpwated 0.27 g

(52 9. _ Addition of methanol (10 ml) prec:.p1tated the product as
15 a white solid which was filtered off and dried. Yield:
6.6 g (62 %). |
H NMR (CD,OD): 7.05-7.09 (m, 1H), 6.98-7.03 (m, 1H),
6.83-6.87 (m, 1H), 4.53 (s, 2H), 3.77-3.85 (m, 1H), 3.8-
3.59 (m, 4H), 3.32-3.42 (m, 1H)
20 MS (ESP, m/e): 241 ([M+1]*, 100 %).

d. 3-Hydroxymethyl-5-(2,3- d:l.hydroxypropylam:l.nocarbonyl) -
2,4,6- trllodoanlllne :

25 3-Hydroxymethyl-5-(2,3- _
dihydroxypropylaminocarbonyl)aniline (500 mg, 2.1 mmol)
was dissolved in water (175 ml) and an aqueous solution
of KICl, (70 %, w/w) was added in portions of 0.1 ml
during 8 h. A t’ot'al_ amount of 1.0 ml KICl, solution was

30 - added. After a total reaction time of 6 h, the solution
was extracted with ethyl acetate (1000 ml) which was
separated and washed with an aqueous solution of Na,S,0,.

(0. 2M, 100 ml). Evaporation followed by purification by
preparative HPLC gave 432 mg (33 %) of the pure product.

35 'H NMR (CD;OD): 5.10 (s, 2H), 3.90-3.98 (m, 1H), 3.72
(ddd, -J,=0.7 Hz, J,=4.2 Hz, J,;=11.4 Hz), 1H), 3.60 (d4d,
J,=6.0 Hz, J,=11.4 Hz, 1H), 3.49 (ddd, J;=1.2 Hz, J,=6.0



H NMR (DMSO-d6): 11.2 (br s, 1H), 8.94-8.98 (m 2H), 8.89-8.92 (m
2H), 8.6kv8obGozksn 1H), 8.61 (d, J=7.2 Hz, 35  1H), 8.52p8r/GBosem2edH),

8.46 (d, J=7.8 Hz, 1H), 4.60- 4.81 (m 4H), 3.96-4.08 (m 2H)
3.51-3.59 (m 8H). M5 (ESP, me): 522. (Merr], 100 %, 504
(IMHerr]QJerr], 65 0/()_. ' WO 96/ 09285

PCT/ GB95/ 02264 ' - 34 - - 37 - d.

3- Ami no- 5- (1, 3-di hydr oxypr op- 2-

yl am nocar boRBgl, ) gheh3 | anHapcaEdongl. 3[73' (deid, nd’151 21H2, J,=6.1 Hz,

di hydr oxypr og-21y| ocC onyl kBenzen di OGH O e.
,3_Nm0_5_(19 %Xhigiri%dyi‘ﬁ? Nyl E8eNEeNek) , 2. 28aREIRHY OIS omp.

yl ani nocar boM§| (B8 ﬁ)no@d{aoo(WI:-[lgo- il vr §49 ((M+3al*, 55 %).

di hydr oxypr op- 2-yl am nocarbonyl )benzene] (1.03 g, 1.98 mol ) was

hydr oge at ed in,a,solution co t n t m concentr at ed
AT ogegal el 2l RO Y 4% IO Ao s M s GOREET 2 o0

The cat al yst2wa$6 tr:.:.cﬂlolalrﬁﬂadlalff and the sol vent was evaporated. Water

(150 . m ) was then added and the solution was.|yophilized.

Yield: 0.98 93°/<) 15 [err]H NVR (DMBO-d[err] containing 1 % TFA):
10. 83 (s, Hg dzgxymethy(ldS-J(ﬂs 3o ddhydnoxymrory faminecaxbeayllit), 8. 12 '
(1&) s —§ @ Uztrih‘ibdo%ngilﬁe (J.l. %20d42 2 h"')mn&.)o%afé d:LJsé’o ved 13 0 .

1H), Adg (bPY§1dBF|7-' 309 @Pn&ﬂ 359 aomsm ?@Afd(-‘eld% 56w . - 8H) .
M5 (ESP, n efhedfiixtite #88 ¥rirred at: r®om temperature for 2 h and _
o2, il NG, S MR YSREEeR was vashed wign water @
triiodo-5'-(43828i M} oTher orgdnic phasﬂ avasn eashiesh withe waetrest . (3x50
ml) and a saturated agueous solution of NaHCO, (2x50 ml).
15  After drying (Na,S80,) and evaporation, the residue was
purified by flaéh i-chroma'tpgraphy on a silica column
using a mixture of CH,Cl, and methanol (95:5) as the
eluent. Yield: 1.30 g (82 %). .
1H NMR (CDCl,): 5.99 (br s, 1H), 5.52 (s, 2H), 5.25 (br
20 s, 1H), 5.11 (s, 2H), 4.23-4.45 (m, 2H), 3.56-3.87 (m,
~ 3H), 2.08 (s, 9H). | |

f. N-[3-acetoxymethyl-5-(2,3-

diacetoxypropyiéminocarbonyl) -2,4,6- -triiodophenyl] -
25 N'.[3,5-bis (2,3~ d:Lacetoxypropylamlnocarbonyl) -2,4, 6-

tr:u.odophenyl]urea ' - C

3,5-Bis(2,3-diacetbxypropylaminocarbonyl)-2,4,6é '
triiodoaniline (260 mg, 0.30 mmol) was dissolved in
e 30 dioxane (1.0 ml) and a éolution of phoSgene-in'toluene

(1.93 M,1.8 ml) was added. The flask was tmghtly sealed
and then heated to 60 °C for 17 h. After coollng to
ambient temperature, the solvent was distilled off at

_ reduced pressure. Dioxane (3 ml) was added and distilled

35 'off again.-This'proceduré was repeated twice. Dioxane (1
ml) was added followed by 3-acetoxymethyl-5-(2,3-
diacetoxypropylaminocarbonyl) -2, 4, 6-triiodoaniline



-3- Am no- 5- (1, 3-di hydr oxypr op- 2- '
*y| ami nocar H%nyl am nocar bonyl -[3' -ami no-5'-(1,3- 30 PCT/GB95/02264
di hydr oxypr op-2-yl am nocar bonyl ) benzene] di hydrochl ori de (0.50 g,
0.94 nmmol ) was di ssolved in a . mxture of met'‘hanol (225 m ) and water

(675 M) and pH was adj ust ed: to 2.0 $$th aquepus HJ .
g, 5.64 mol) was added and the solu

46 . the reactPoR*Badrt BT Ihptth SERiind sof danmat . &

KiC[err] (1.91

on was stirred at 40 [err]C.

24 h and after

heq PEgeRiTe

sol uti on of hbWBéBStAtted.émapamhﬂxmm(ﬁmhiant temper&ﬂﬁﬁ@/OGBSSSolvent

PCT/ GB95/ 0226 "~ solvents,
t he residue mggasufyFnga§Ed ﬁ?%m%ﬁﬁ\ﬁf Q? was purﬁ%%ep ?VOS g (8.3 9%.
[err]H NVR (DVBEFBRERCEYe HERE.) Figddim0 492 ©. G2 $100 (m 1H),

]+2H)3,4 %1; 4.40
HZ, .

7.80-8.155(m MB) (ESP52m/e) : Nlﬂa@rsr](m+22hoo5%47 ﬁ%ssNFd[[@mia

(t, J=7.0 Hz, 2H), 4.15-4.24 (m 2H) 4. 04
(d. J=7.0 Hz. 1H) 3.78-3.85 (m - 3H), 357364(m3|—|) 340356
(m 2H g} eNr [3-hyBRroRyBOtHyd-5-) (2,870, 3, 170.2, 165.7, 150.0, 149.9,
149. 6 148. 9, 4, VB
(ESP, nie): 12%5 &m%SQ’ %h%é%z’yﬁ “Zy4 Ssg'gnfgdq’h 21y f] -

3- Acet yl ani no-3! & 65FPF-563@355(111Y§WQDW@WarbOHYD -2,4,6-

.ylan1nocnmbonytipﬂgaﬁ%ﬁghpgqggggnyI [3'-acetyl am no- 15
2',4'",6'-triiodo-5

3-di hydr oxyprop-2- . ylan1nocarbonyl)benzene]

The produot from Example 15f was dissolved in a mixture
of methanol (5 ml) and water (5 ml) and the pH was
adjusted to 12 using a 2 M aqueous solution of NaOH.

15 After stirring for 2 h, the pH was adjusted to 6.5 using
aqueous HCl and the solvents were evaporated. The
product was purified using preparatlve HPLC. Yield: 68

mg (44 %).

MS' (ESP, m/e): 1349 (M%, 15 %), 1372 ([M+Nal*,

20

100 %) .

25

a. 1-Nitro-3-amino-5-benzoic acid methyl ester

hydrochloride.

1-Nitro-3-aminobehzoic acid (15.0 g, 82.4 mmol)was

30 dissolved in methanol (100 ml) and HCL gas was bubbled
into the solution for 30 min. After stirring for i7 h at
amblent temperature, the solvent was evaporated and the
re51due was washed with ether (3x50 ml) to give the

product as a white solid. Yield: 15.8 g (82

%) .

35 'H NMR (DMSO-d¢): 7.78-7.81 (m, 1H), 7.68-7.71 (m, 1H),
7.65-7.67 (m, 1H), 5.00 (s, NH;, 3H) 3.83 (s, OCH,, 3H).



3- Ami no- 2, 4, 6-triiodo-5-(1,3-di hydroxyprop- 2- :

yl am noc phenyl am-nocar bonyl -[3' -amno-2"-4"-6"- 2

triiodo- ?w?‘?wghdl hydr oxypr op- 2-yl am nocar bonyl )benzene] OPCTIGB%5710522%,

0.062 mol ) was dissolved in acetic anhydride .- = (0.6 m) containing

concentrated sulfuric acid (0.04 m ). The mixture was heated to 60 _

[err]C for 75 m n and, after cool sggr- the sol vent. was evaporated. The

- dark 25 resi due was dissolved in a mxture of methanol (0.35 m) '

and water (8., 15-'ﬁn)t:rd)-|'$%@tl%§t}k’c§éﬁ§bﬁ Piieriytl aifi igcarbony Bg8ous 2M NaCH

and the solution was stirred at 50 C - for 5 h. After cooling to -

anbi ent t enPtEQTe, “IRERRIE carbon @Yo 7 with aqueous 2M HO and t he

~ solvent was 30 = evaporated. The resi due was purified by preparative

~ HPLC. Yield _ Nh@: gé rr]) 10 27 10. 48

M iH o aw&!r(l%é%% f1ad+5-benzal, é&ﬂi Y ér o
8.11 (B, J=hydrochloxide 1(9.92% 93-4- nd§7121 ‘BBS?HP':EH)IILC

1609, 160, - fotop ity %MS“MWJ ATy e Y
142.8, 142. ;«.’n ggng.iture\ﬂfg%qs%@z% ml) ahd teluens (15 fn0: THe S
PCT/ GB95/ 02#8%ture was heated until the solution was3gomogeneouss9. 5,

52,5, 211 ane il G 40183 4on W BEEEle 400 1 n s st < 17

di hydmxyprammmammsmlmm@@mﬂtw and the oily

2. 4. 6" -tridg l.fe &%@&ﬁd&a{ﬁr@{%lz(.lﬁe solution was washed :
di hydroxyprop am nocar en '
2,4, 6. Tri | OMGLR AEURRUR (3. {3850 Jpi).ang & saturated agueous a

yl ami nocar beeu e Vo BINLHCEY b((m)/ |m12) ,» £rddtdd ivitin-dHarcoal, dried
(MgsS0O,) and evaporated The product was essent:.ally pure
15 by HPLC . analys:l.s ‘Yield: 1.25 g (66 %)
1H NMR (DMSO -dg): '11.28 (s, 1H), 9.09 (t, J=1.8 Hz, 1H),
9.03 (t, J=1.8 Hz, 1H), 8.95 (t, J=1.7 Hz, 1H), 8.81 (kt,
J=1.6 Hz, 1H), 8.78 (t, J=1.7 Hz, 1H), 8.38 (2t, J;=1.6
' Hz, J,=1.5 Hz, 1H), 3.96 (s, OCH,, 3H), 3.93 (s, OCH,,
20 3H) . : | -
MS (ESP, m/e): 426 ([M+Nal*, 100 %), 442 ('[,M+K]+",' 14 %).

c. 3-Nitro-5- (1;3-dihydroxyprop-2- |
ylaminocarbonyl) phenylaminocarbor_xyl-' [3'-nitro-5'-(1,3-
25 dihydroxyprop-2-ylaminocarbonyl)benzene] .

3-Nitro- 5-methoxycarbonylphenylaminocarbonYI-(3'-nitro-
5' -methoxycarbonylbenzene) (0.40 g, 1.0 mmol) and
serinol (0.23 g, 2.5 mmol) were mlxed and heated to 95
30 °C. After 30 min, the pressure was reduced to 200 mm Hg
' and heatlng was contlnued ‘for 3 h. The reaction mixture
was pur1f1ed by preparatlve HPLC. Yield: 0.27 g (52 %).
J-I-I NMR (DMSO- dg): 11.2 (br s, 1H), 8.94-8.98 (m, 2H), .
8.89-8.92 (m, 2H), 8.61-8.65 (m, 1H), 8.61 (d, J=7.2 Hz,
- 35 1H), 8. 52-8.55 (m, 1H), 8.46 (d, J=7.8 Hz, lH), 4, 60-
'4.81 (m, 4H), 3.96-4.08 (m, 2H), 3.51-3.59 (m, 8H).
MS (ESP, m/e): 522 (M*, 100 %), 504 ([M-H,0]*, 65 %).



am no-5' - ( et oxypr op- 2- ylan1nocarbonyl)]benzene
“3- Ami no- 2, % %@?ﬁgodo 5-(1, 3-di hydr oxypr op- 2-

ylan1nocarbonyl)phenylan1nocarbonyl [3'-amino-2'-4"-6"- 15

triiodo-5'-(1, 3-di hydroxyprop-2- ylan1nocarbonyl)benzene] (0.10 g,
0.082 mmol ) prepared as described in Exanpye-15 ~ above, was dissol ved
in a-mxture of acetic anhydride (5 n1) and pyrldlne (5.5 mM). The

m xture was sdirrsdamino- 5 (14g;@§ﬂya5 h, the sol.vents were
evaporated and,the 20 I sSOl ed in ethyl acetate (25 ).
Aftor TELHTE A prRoRy L) Phen LamLn oAy 1. B ARt el eftard
sat ur at ed aqu@nhgdrokyprop -af yllanidd carbomdl ) Hermrensds dried (wgscn)

dth I d.. Yield: 0.11 100 %9 . 25 H
%BR(D&S?{’d[VE‘?H*WSSQB% G (m 1H. 867 (d 3990 Fe, o 1m. B b5

(d, J=7.9 Hz, 5.54 (s, NH[err] 2H), 5.50 (s, NH err], 2H),

4. 27 4. 40 (m32ﬁ9_tré 8144,3 6 WC%’L -2 03 (m 12H).
19,0, 145, ¥ iawshacarhonyl) phenylagingcagpanyl- (3 -mitie 5 - (1,45 (Eop,
ne): 1385 ( Mithydrox9Prp-2-ylamindtarbonyl)benzene] (1 03 g, 1.98
3. ﬁygrli'y'p‘r’gp ob Ry AR ATReh A A ARy containing methanol

, 60 trii 640-81) hydonceatearedriltd- 52 (,)3- water (2 ml) and a
d'hydroxyprOpP&7é|EHEQQQQEbQEblEhb%néﬁgﬁ at 60 psi” Zﬁggcggggiyst was

PCT/ GB95/ 02264 |
2,4, 6-Tri i odofB1ER¥RE- 9fF1apddthceEolypnsp Was evaporated. Water (150

yl ani nocar boryl ) phigsy taBhnagaLBORYG Zhe scﬁ.uttz.rdd Qs 31yoph:|.llzed.
Yield: 0.98 g (93 %).
15 1H NMR (DMSO-d¢ containing 1 % TFA): 10.83 (s, 1H), 8.25
(d, J=8.0 Hz, 1H), 8.23 (t, J=2.0 Hz, 1H), 8.12 (4,
J=8.0 Hz, 1H), 8.07 (t, J=2.0 Hz, 1H), 8.03 (t, J=2.0
Hz, 1H), 7.73 (t, J=2.0 Hz, 1H), 7.70 (t, J=2 Hz, 1H),
7.46 (t, J=2.0 Hz, 1H), 4.30 (br s, 6H), 3.95-4.01 (m,
20 2H), 3.54 (t, J=5.5 Hz, 8H).
'MS (ESP, m/e): 461 (M*, 100 %).

PCT/GB95/02264

e. 3-Amino-2,4,6-triiodo-5-(1,3-dihydroxyprop-2-
ylaminocarbonyl)phenylaminocarbonyl—[3‘-amino#2'-4'-6'—
25 tziiddo-S'-(1,3-dihydroxyprop#2-
' ylaminoca;bonyl)benzene].

3-Amino- 5 (1,3- dlhydroxyprop -2-
ylaminocarbonyl) phenylaminocarbonyl- [3'-am1no 5'-(1,3-
-30 dihydroxyprop- 2-ylaminocarbonyl) benzene] dlhydrochlorlde
' (0.50 g, 0.94 mmol) was dissolved in a mixture of
methanol (225 ml) ‘and water (675 ml) and pH was adjusted
to 2.0 with aqueous HCL. KICl, (1.91 g, 5.64 mmol) was
_ added and the solution was stirred at 40 °C. One more
35 ' portion of KICl, (0 1 g) was added after 24 h and after
48 h, the reaction was terminated by the addition of an
aqueous solution of NaHSO,. After evaporation of the



am no- 5' - (1, 3-di acet oxypr op- 2-yl am nocar bonyl ) ] benzene (94 ng, 0.068

nmol ) vvaswmggged I n acet oxyacetyl 5 chloride (3 n1) f(?lﬂc xture
was stirred at 65 [err] C for. 4 h, allowed to cool ﬁ&?ozf@‘t

-evaporated. The residue - was dissolved in a m xture of met hanol (3

e

m), water (3 m ) and aqueous 1M NaOH (0.50 ml) and the sol ution was
stirred for 3h. The solution was neutral kged using a 10 strongly acidic -
cati on exchange resin and the sol vents. wer e evapor ated. The residue

\rl:ilaz ) puag‘é'ze? SOLERRAT e/ E':r:es:.due "ﬁt& %Xfff Fe&ooﬁgpféﬁgra@:.ve I-IPI.CNS (ESP,

0
2,4,6-Trii odygflécet%%ﬁngno(% %2%)3
di hydroxyproﬁm HMRndDMSbedgb)pBeB;l-am IOGCé(mbotmb 8. 87 9.00 (m, .1H),

2', 4,6 -triipo 2

di hydroxypropyl ani nocar%&o/’n;a/]lr% esnszse"(ne(g ZWFI" 251) '3 5N|4t (53 (DEHZS 2H),
di hydr oRy pr oy 48 rtocaI%rWlI‘;mhe?m am nbead bZ)‘hy(m.{ RH), 4.06 (4,
nitro-5"-(2, &..@h r@,y(i{,pxm{)op)q NREATRONYS JRENZARL] -3 2:?_) 85 (m,

3-Nitro-5- rret xycar bon yhenyl am nocar on 3 -ni tro-
5' - met hoxycar nyl eﬁﬁl(mﬁ Qm%ﬁé we®: 2H) . syspended in

381 FOprfganAP@ mrngl (HMs65aQ), : 6190 mmlimnﬂ 165. 7;h1950§w; Uggs\l\@s Egat ég to
err r €ss ed_to mn an
heati ng was fl 63 C}?td]r?Ueg'qf '901414 og %@#’ocﬂf?gﬁﬁ 6{‘)!.1?1 f$%d7by 30
prepar 30i ve BRL&. Yield: 0.73 g (47 %. - [err]H NMR (DMSO-d[err]):

11.32 (5, 1 Sgl%%(tm/e; lgjllgz 8,il,H),lofH),893897(m 3H), 8.88 (t,

J=1.7 Hz, 8.68 (t, J=1.5 Hz, 1H),8.51
(t, J=1.8 - Hz, 1H) 3.62-3.72 (m 2H), 336348(m 2H) 333 3.36 3
(m 4H), 3.18-332%, 13incd 0% (- t¥odo-5- (VB

([ MENa] [err], err 18 err] 19 9

' lam:.l{?ocarbong/l) phénylamln@car%onyl [3 £ -acet am:.no-
15 2',4',6'-triiodo-5"'-(1,3- d:l.hydroxyprop -2-
yl aml_nocarbonyl) benz _ene]

3-Amino- 2 4,6- trllodo~5 (1, 3- dlhydroxyprop 2-
ylamlnocarbonyl)phenylamlnocarbonyl (3'-amino-2" 4' -6'-
20 triiodo- -5'-(1,3- dlhydroxyprop 2-ylam1noca:bonyl)benzene]
| (75 mg, 0.062 mmol) was dissolved in acetic anhydride
(0.6 ml) contalnlng concentrated sulfuric acid (0.04
ml) . The m1xture was heated to. 60 °C for 75 min and,
after cooling, the solvent was evaporated The dark
25 residue was dissolved in a mixture of methanol'(o.35 ml)
and water (0.15 ml), pH was adjusted to 10-11 using
aqueous 2M NaOH and the solution was stirred at 50 °C
for 5 h. After cooling to ambient temperature, pH was
adjusted to 7 with aqueous 2M HCl and the solvent was
30 evaporated The re51due was purified by preparatlve
HPLC. Yield: 0.076 g (94 %). o
_*H NMR (DMSO-dg): 10.27-10.48 (m, 1H), 9.97 (br s, 1H),
9.94 (br s, 1H), 8.21 (d, J=7.0 Hz, 1H), 8.11 (d, J=7.0
Hz,  1H), 4.43-4.56 (m, 4H), 3.72-3.88 (m, 2H), 3.60-3.70
35 ' (m, 4H), 3.40-3.60 (m, 4H), 2.07-2.08 (m, 6H). |
13¢ NMR (DMSO- ds) : 169. 9, 169.7, 168 2, 165. 2,"151 0,
148.4, 144.7, 1_44 6, 144 3 144.2, 142 8, 142.7, 59.6,



WO 96/09285 ' PCT/ GB95/ 02264

< 41 - "WO 9§/09285 Avi no- 2, 4, 6-t 1 i odo- 5- (2, 3- PCT/GB95/02264
dihydroxypropylantnocarbonyl)phenylantnocarbonyl-[S'- -
amno-2'-4'-6'-triiodo-5"-(2,;3-

di hydr oxypr opyl anmi nocar bonyl ) benzene] . 5 3- Nltro 5-(2, 3-
d|hydroxypropylantnocarbonyl)phenylantnoCa?%ohyI [3' -

nitro-5-(2, 3- dlhédroxypropyl am nocar bonyl ) benzene] (2.0 g, 2.0
mol ) was hydr5 at 83 -6n dlsdi-ution 10 cont ai ni ng met hanol (70 m),

concentrated HE5 (BsP,) m/e): 13m0 eM+, 4 100) $3nd a Pd/ C catalyst - (10 % 0.6

g) at 60 .psi. The catalyst was filtered off and the sol vent was
evapor at ed. vater (150 m ) mas t hen added and t he solutlon was
| yophi li zed. 0B) - . "

|nned|ategy “ﬂﬂhﬁﬁér—,
di ssol ved in a_m Xxtur

aqueous e § ) .
reacti on m xt then 20 an 0.5 M

aqueous sol ution of (1 m) was added After evaporation
of the solvents, the residue was -purified by preparative HPLC. Yield:

0.63 g (13 %.a. 2,4,peMriticdd I-BERGEHST (1],)3 <diREE:L6 ol A2 - 1H)

8. 18-8. (m n1 2 55
(i 2r) B(n 3ihmgngcapnppt bty hndieadh it 424 e 2t Sl 4.
3.10-3.36 (m @Wjno-5'- (1[,émd]1@qqmmmﬂ-eﬂrqn)lnqcarmnﬁ351 Benzeﬁeg
148. 5, 147. 8, 147 1, 140.8, 108.0, 85.2, 84.4, 80.9, 79.2, 78.3,
70.0, 64.0, 42 NB (ESP me): 1216 (Merr], 100 %, 1238
([MeNa] [err], %OA%m -2, 4, 6-Erijiofes 5m(l, é’%’%m 5-(2, 3-
d!hydroxypropyYBammnoaabbambhpbwé (ﬁﬁﬁdrhﬁdyl [3'-amino-2'-4'-6"-
glhgdroxypigb; 9§%§88 Eegﬁéyﬁ}ggﬁy xyﬁfop 2-ylaminocarbonyl)benzene])
0.10 g, 0.082 mmol) prepared as described in Example 15

above, was dissolved in a mixture of acetic anhydride (5
ml) and pyridine (5.5 ml). The mixture was stirred at
~ 40-45 °C for 16 h, the .solvents were evaporated and the
20 residue was dissolved in ethyl acetate (25 ml). After
washing with water (25 ml), aqueous 0.5 M HCl, water and
saturated aqueous solution of NaHCO,, the solution was
dried (MgSO,;) and the solvent was evaporated. Yield: 0.11
g (100 %). ' |
25 H NMR (DMSO- -dg): 9.94-10. 04 (m, 1H), 8.67 (d, J=7. 0 Hz,
.1H), 8.65 (d, J=7.0 Hz, 1H), 5.54 (s, NH,, 2H), 5.50 (s,
NH,, 2H), 4.27-4.40 (m, ZHQ, 4.11-4.16 (m, 8H), 2.01-2.03
(m, 12H).
13¢ NMR (DMSO- ds)- 170. 7 170.4, 170. 3 165.7, 149.s,
30 149.5, 149.0, 148.2, 147.6, 141.8, 139.8, 62.6, 47.4,
21.3. : :
MS (ESP, m/e): 1385 (M*, 100 %).

.- b.2,4,6-Triiodo-3-hydroxyacetylamino-5-(1,3-~
35 dihydroxYprop-z-ylaminocarbdnyl)phenylaminocarbonyl-'
' 2',4',6'-triiodo-3'-hydroxyacetylamino-5'- (1,3~
dihydroxyprop-2-ylaminocarbonyl) ] benzene.



3-Am no-2,4,6-triiodo-5- (2 3- WO 96/ 09285

PCT/ GBIS/ ORSibe2ss - 42 - pCTIGBISN2264

di hydr oxypropyl anm nocar bonyl ) phenyl am nocar bonyl - [3' -
amno-2'-4"-6"-triiodo-5-(2, 3- di hydr oxypr opyl am nocar bonyl ) benzene]
(100 ngy, 0.082 -mol ) was dissolved in acetic anhydride (7 nml), one .
drop 5 of concentrated sulfuric ackdapas added and the m xture

was stirred at 60 [err]C for 1.5 h. The sol vent was - evapor ated and

ﬁnh)e rezl dﬂe 2ad , Gi- M;wb-mmmoawel? dlacetcﬁﬁqbﬁwpl:lzand vvatfer N((’i?éHl T%O
and p th a ution e
m xt ure was a.a Jns%tl(ri'g’ 3‘?’13th6‘#%{&%‘%??” CF’\{‘}@'U% %t’e% V\Ffﬁlﬂg?eﬁ (20 m)
and pH was a@pasoed rdlnémdmﬂcanﬁxxpnﬂpiifxiﬁm%nqmaqunyl)]benmenexchange
e o oy G AoEER, S SHRAIL e ugperRigPOLd 4R B, LS e

n e): go E{‘SBF]’-desl(%/Jnl)lm (t[%m]ﬂ[fé%rﬁ Waﬁ)cﬁ%rr t 6Expter 10

- 2,4, 6- Trllode a—hnduammﬂp%uwdaaﬂuada(&héh evaporated ‘The residue

d|h dr ox ro noc hen Ianlno r.b
2' Z , 6' YPFI gé ﬁg §§%p %?' (gﬁggg} (3 ml), water (3

d|hydroxypropybaandoaqpbouﬁlﬁybﬁhzmhdo 50 ml)zand the solution was

~2,4,6-Triiod n 3 qﬁpggﬁy ‘%quggﬁgg

phenylan1noc§r§ EP For é% Ehe SQ}¢H% 2{ am no- 2%

d|acet%?yproB?FQﬁB%McéFB@#FIFFEé@Pe@?Change resin and the solvents
were evaporated. The residue was purlfled by preparatlve

HPLC. Yield 90 mg (100 %). ‘
MS (ESP, m/e): 1582 (M*, 100 %. o

15

20 a. 3-Nitro-5-(2,3-
dlhydroxypropylamlnocarbonyl)phenylamlnocarbonyl [3'-
nitro-5'-(2,3- dlhydroxypropy;amlnocarbonyl)benzene]

3-Nitro-5-methoxycarbonylphenylaminocarbonyl- (3'-nitro-
25 5' -methoxycarbonylbenzene) (1.21 g, 3.0 mmol) was
' suspended in aminopropan-2,3-diol (0.55 g, 6.0 mmol) and
the mixture was heated to 90 °C. After 30 min, the
. pressure was reduced to 200 mm Hg and heating was-:
. continued for 90 min. The product was purlfled by
30 . preparative HPLC. Yield: 0.73 g {47 %) . :
H NMR (DMSO-dg): 11.32 (s, 1H), 9.02 (t, J=6.0 Hz, 1H),
8.93-8.97 (m, 3H), 8.88 (t, J=1.7 Hz, 1H), 8.86 (t,
J=6.0 Hz, 1H), 8.68 (t, J=1.5 Hz, 1H), 8.51 (t, J=1.8
Hz,  1H), 3.62-3.72 (m, 2H), 3. 36-3.48 (m, 2H), 3. 33 3 36
35 (m, 4H), 3.18-3.29 (m, 2H), 3.09 (s, 4H).
- MS (ESP, m/e): 545 ([M+Na]+ 65 %), 522 (M*, 100 %), 504
([M-18]+*, 19 %) . ' B '



-3- Ani no- 2, 4 tr||0d05(2 3-
2di hydroxyp% #%hocar bonyl ) phenyl ani nocar bonyl - [ 3' - PCT/GB95/02264
am no-2'-4'-6' -t riiodo-5"- (2 3- 30 di hydr oxypr opyl am nocar bonyl ) benzene]

(100 ngy, 0.082 mol ) - prepared according to Exanple 17, was dissol ved
in a mxture of acetic anhydride (2 nml) ag_d[_ pyriding (2- . m). The
m xt ure was stlrred at anbi ent terrperaturefor i 17 h, the sol vents

wer e evapor at gn%n{ r#e]o r2e54 CEJ #Bq %ous é1|3$sol ved in et hyI acetate (50

m). After vvasmgvm o1ut|on ef-sHCl (0.1 M 25 m), a
sat ur at ed dlmmmpxmammmammmhqnymMn@cqu) [3nd

WO 96/ 09285 " amino-2'-4'-6'-triiodo-5'-(2,3 PCT/ GB95/ 02264

-.43 - eyapor ati on, the residue wa urlfle by preparative

HPLC. Yi el d: ﬂgq&xytgpylam1n°$%§bqny%hﬁ%% d[err]) :9.89-10.27 (m
1H), 8.56-8.70 (m 2H), - 554(5 2H) , 551(5 H), 5.06-5.13 (m

OH) .- 4. 25-4. 3 4.16-4.22 (m 2H), 3.30-3.58 (m 4H), 2.02
(?) | H? Nitm’%s‘%@sp m e): 138(5 (I\/[Ie_Drr] 100° % (1464 K

([ Mtpyri di ne] pgmd,ro];@promd.amnmcarbonyl) phenylaminocarbonyl- [3'-

2,4, 6-Triiodondhpglrsoxy Jé% minocarbonyl)b
di hydroxypropyl am nocar?c:)ny P‘W‘fﬁf’% nocar b% ld yl) enzene]
22" ,4 6 -trii d(?0°39'h hydregena in a solution

-Czil Zygr _(I)_zmpr gp)doaiﬁdiﬁﬁﬁfé)%édﬁdmzm ml) 15concentrated HCL (4 ml),
riiodo

am n
di acet oxypropﬁa&"rﬁﬁo@a ﬁtﬂz)t?erﬁﬂégn%%%}%%ﬁyflo %, 0.6 g) at 60
2',4",6" -trii @dd-.3Tericatdlydt? was filtered off and the solvent was

di acet oxy pr opyY AR RIS PO 0d P e[ Gd PHwd t Refl2Baded and the
solution was lyophilized. Yield: 2.0 g (98 %). The crude
15 product was used immediately withoﬁt'purification in the
next step: The product was dissolved in a mixture of
methanol and water (1:3,'1200-m1) and an adueous'
solution of KICl, (5.34 g, 22.6 mmol) was added. The
reaction mixture was stirred at 40 °C for 30 h and then
20 an 0.5 M aqueous'solution of NaHSO, (1 ml) was added.
‘After evaporation of the solvents, the residue was
. purified by preparative HPLC. Yield: 0.63-g (13 -%).
1H NMR (DMSO-d¢).: 9.86-10.00 (ni, 1H), _8.18-8.45 (m, 2H),
' 5.44-5.47 (m, 4H), 4.66-4.78 (m, 2H), 4.45-4.55 (m, 2H),
25 3.59-3.78 (m. 2H), 3.41-3.56 (m, 2H), 3.30-3.43 (m, 2H),
3.10-3.36 (m, 2H). '
13C NMR (DMSO-dg) : 170.7, 165.6, 149.9, 148.5, 147.8,
147.1, 140.8, 108.0, 85.2, 84.4, 80.9, 79.2, 78.3,
| 70.0, 64.0, 42.6. -
30 MS (BSP, m/e): 1216 (M*, 100 %), 1238 ([M+Nal*, 20 %.

c. 2,4,6 ~Triiodo-3-acetylamino-5-(2,3-
diﬁydroxypropylaminocarbonyl ) phenylaminocarbonyl-
2',4',6'-triiodo-3'-acetylamino-5'-(2,3-

35 dihydroxypropylaminocarbonyl) ] benzene.

3-Amino-2,4,6-triiodo-5-(2,3-



mol ) was di ssolved in acetoxyacetyl chloride (1 m) and 20 the m xture

. was heat ewggsnosfgs[err]C for 1.5 h. After cooling 10 ERVEEYs/02264
tenperature, the solvent was evaporated and t he resi due was di ssol ved
in a mxture of nethanol and ~water (3:1,.1 m). A 1M aqueous sol ution
of NaOH (0. 23 m ) was added, and, after stirring for 15 mn, water .
(20 25 m ) was added and the solutiemas neutralized with a

strongly acidic ion exchange resin. The solvents were evaporated and -

}Vge( IrE glsé i dtrjﬂe dmhyqigoxypm . amiexgﬁfa&wor@l)phenylg)l(ahﬁ.nlo\daéﬁgbn)lﬂ- [y {61 9.
e err anpl e
2.4.6-Trii od%“‘éﬁgzgh§ roxprr%q'é’r‘kﬁg "noz) 35 ™
(2, 3- di hydr oHRYSBOKIBLODY: aummc)qg:mmlérlnenmeﬂodwm mg, 0.082
2', 4", 6" -triRdPy Swab2akuSba el QR %@Qt‘i@ %%Xaflﬁ% 7 C%I.O 3. One dr%}g(z 3

di h dro roylLam nocar bon benzene am no-
- di acet &ypr o %amsesras%ﬁ) PRHERR Srai s s jided and Tthe) mixtopes

PCT/ GB95/ 022X¢ds stirred at 60 °C for 1.5 h. The solveht was
2',4',6 tr|

di acet oxypropy?g% nggglr Bg‘ﬁyFP%bE%féﬁ%te( Y58 %ss& 1ypd in a MY TSRE

di ssol ved i rméthahoicandxyptep ddyil,ciiOonilde apd pH wasﬂa)dja.mtecmetm xture
was stirred p4 é&%egrbﬁ B&he%s so-ilﬁﬁr:l.oi ofneﬁgkq)lﬂﬁmr TR qﬁ;% and the

resi due was suspen anol water (la 4 m).
An aqddbus st:.rrg@ fierohboh R&Cﬁo( &y Odslﬁﬁ?d\/\ﬂétad!{é&eé'ndztoh@ ol ution

was stirred g0d §tha¥\ﬁh§§u62@dmtb wa&tadtie@sahg rah Wt¥ongly a@¢idséed to

neutral usi n:ig a stro

Th |
was evapor at b‘ﬁr‘a‘?ﬁc’?ﬂggée§ﬁaﬂr€ The' & s\ﬁz}é’eﬁ‘ﬁrsl peEg E)?mé' gﬂgi’&fnl ve aPE(C): vens
Yi el d: 33 nev¢aSofdtion and[ ehe] IdeHNBueDME@ pueifipd by Prepardcive 1H),

9.54-9.86 (HpLE) vield: 75 mg (71 %). | |
15 MS (ESP, m/e): 1301 (M*, 81 %), 1324 ([M+Nal*, 100 %.

20

a. 2,4,6-Triiodo-3-amino-5-(2,3-
di acetoxypropyl‘aminocarbOnyl ) phenylaminocarbonyl -
2',4',6'-triiodo-3"'-amino-5"- (2, 3-

25 diacetoxypropylaminocarbonyl) ] benzene.

3-Amino-2, 4, 6-triiodo-5- (2,3~ |
dlhydroxypropylamlnocarbony1)phenylam1nocarbonyl [3'-
amino-2'-4'-6'-triiodo-5'-(2,3- '

30 d1hydroxypropylam;nocarbonyl)benzene] (100 mg, 0.082
mmol), prepared. according to Example 17, was dissolved
1n a mixture of acetlc anhydrlde (2 ml) and pyridine (2
mlfl The mlxture was stirred at ambient temperature for
17 h, the solvents were evaporated and the residue was

35 dissolved in ethyl acetate (50 ml). After washing with
an aqueous solution of HC1 (0.1 M, 25 ml), a saturated
aqueous solutlon of ‘NaHCO,, drying (Na,SO4) and



8. 40- 8. 65 % 5.60 (br s, 2H), 4.70 (br s, 2H), 4.46 (br s, 2H),
4. 08-4.22 99 3.60-3.71 (m 2H), 15 3.32-3.58 (m 2HPCT/GBSOR6E2
(m 2H), 3.04-3.22 (m 4H), . 1.39 (d, J=7.0 Hz, 6H). [err] C NVR
(DMBO-d[err]): 172.4, 170.0, 169.8, 169.7, 150.7, --:  148.0, 143.8,
143.2, 143.1, 142.3, 104.6, 100.8, 100. %!4 100 0 99.8, 97.2, 96.9,
95.0, 90.7, 90 5, 69 8, 67.6, 20 -+ 64.0, i& 7 21. 0. MS (ESP ne):
1361 (Merr], 1383 (I M+Na Exanpl e 21,
Di[2.4.6-trii o%l‘g- b S éf’ﬁyﬁ?%&@ﬁ?oﬁ??) purified by Preg')ara"-l_"e
3.5- acetylan1dﬂﬂﬁényfielﬁerlae mng (88a%)3 5-Di ni troani sol e. . Sodi um
(575 ng, 25 nmmy hqwers( e.d e t (190 )
60 yod J el WP, 8 562800 (180 Hh).

1,3, 5- Tr|n|trobenzene g was then added
sol ution was stit$efPovélhi ght51 (s, heﬁ 86afofat i(en @F)thet sZﬂ-\AerBG

vat er wass addetnarzi) , 4.16he ppeeipi baye vasobnl.ber qeh,ofdf) Washesd i

wat er and r|ed The material was used wi't hout - purlflcatlon |n the
next step. Ylé* g (86 %9. 35 [err]H NMR (CDCl [err]): 8.65 (t,
J=2.0 Hz, 1H) MSB(EBEd,mAeB:01385 (MHz,1Q60) %) 4. D464 s { [MHpyridine] *WW010
96/ 09285 ). PCT/ GB95/ 02264

- 45- b. '3, 5-Di ni trophenol . 3,5-Dinitroanisole (1.36 g, 6.9
nmol ) and concentrated . aqueous HBr (50 m) was heated to reflux

tenperatuge fa5. B 4,62Prhiodbl SLhp@PbLPEckeyaRRiABL sLaqERaature, the solid

: _ dihydroxypropyléminocarbonyl)phenylaminocafbonyl- |
2',4',6'-triiodo-3'4hydroxyacetylamino-5'-(2,3-
dihydroxypropylamihdcarbonyl)]benzene.

15 2,4,6-Triiodo-3-amino-5-(2,3-
'diacetoxypropylaminocarbonyl)phenylaminocarbdnyl-.
2',4',6'-triiodo-3"'-amino-5'-(2,3-
diacetoxypropylaminocarbonyl)1benzene (35 mg, 0.025
mmol) was dissolved in acetoxyacetyl chloride (1 ml) and

20 the mixture was heated to 70 °C for 1.5 h. After cooling

' to ambien; temperature, the solvent was evaporated and
the residue was dissolved in a mixture of methanol and
-water (3:1, 1 ml). A 1M aqueous solution of NaOH (0.23
ml) was added, and, after stirring for 15 min, water (20

25 ml). was added and the solution was neutralized with a
strongly acidic ion exchange resin. The solvents were
- evaporated and the residue was purified by preparative
HPLC. Yield: 14 mg (61 %).

MS (ESP, m/e): 1332 (M*, 100 %).

30

35

2,4,6-Triiodo-3-amino-5-(2,3-
diacetoxypropylaminocarbonyl)phenylaminocarbonyl-



precipitate was filtered off, washed with water and dried. Yield: 325

26 aved €FT]H NVR (CDCl [err]): 8.64 (t, J=2.0 Hz 4 (d,
A /()woﬁz"?”%, b (br(s 1I[—|) Wy el 3, 5- Dlacet?%#zdﬁg ot

3,5-Dinitrophenol (325 ng, 1.77 mmol) was dissolved in glacial acetic
acid (20 mM) and hydrogenated at 60 psi 15. using a Pd-C catal yst (10 %
50 ng). The reaction m x- ture wasghiLtered and acetic anhydride (2
m ) was added. The sol utlon was® heated to 100 [err]C and then

allowed to g, 4.cgol ﬁg’qbdh o-HVe. SN s perg renoved by evapor ation and

the residue was purifi chr omat ogr aphy .on S|I|caog using a
m xture of ﬁ%ﬁ&ﬁGPWWmM%QPM@ lrpnzane (100 t%v P u%2. Yiel d:

5(93 rTSJ_(224 %mol) wa[serdﬂdéd\!]%dGl?[fd-fd@oxﬁ)ﬁdbi(dnyﬂ—éhibﬂdelﬁ 6. 92
(35 bi ni (Phbnench B s wa AtAzsR, A%, 40,°C for 27 b The

3, 5-Di aBet yI aninepltemals @Gpurat®di andiiiie arebidueivas- suspendéaninne
0.111 g, 0

f([ err] C& er r g%emqfe“gdﬁﬁqﬁ) %\Ar/gd; vgé[ e]!c?M:]AfJf' 4 3‘611) fﬂ_r% g‘?‘geﬁu?or 17
h, water (20SRLRtien é&fdé@%d%é)%lﬂl) was adcdr%% e raetediont h
ethyl. acet atﬁasAEi:&&'r‘éaS'f'digs h. Wét'érh (Vﬂ Qlil)(%)é'&p ddded Hi¥d "SH was

(el 1150 eLg ) g0d Sronol LT Bl 1 Sl St B BB RR 22, e
el uent10Yi el dhaﬁge re@ih’]l The Eol¥ent was evapdrditednan)d Hd fédddpéerr],
32?03%85397 &LMQ@L‘E&”A’. b?/gp@e’paratlv in?PIfC[ %] 8!%2@43 %).
H NMR (DMSO-dg): 10.16-10. 55 (m, 1H), 9.54-9.86 (m, 2H), q
8.40-8.65 (m, 2H), 5.60 (br s, 2H), 4.70 (br s, 2H),
.4.46 (br s, 2H), 4.08-4.22 (m, 2H). 3.60-3.71 (m, 2H),
15  3.32-3.58 (m, 2H), 3. 15 3.32 (m, 2H), 3.04-3.22 (m, 4H),
| 1.39 (d, J=7.0 Hz, 6H). N
3¢ NMR (DMSO-dg): 172.4, 170.0, 169.8, 169.7, 150.7,
148.0, 143.8, 143. 2, 143.1, 142.3, 104.6, 100.8, 100.2,
,100.0, 99.8, 97.2, 96.9, 95.0, 90.7, 90.5, 69.8, 67.6,
20  64.0, 42.7, 21.0. -
'MS (ESP, m/e): 1361 o, 10_0 %), 1383 ([M+Nal*, 25 %.

25

a. 3,5-Dinitroanisole.

Sodium (575 mg, 25 mmol) was dissolved in absolute meth-
anol (100 ml). 1,3,5-Trinitrobenzene (4.26 g, 20 mmol)
30 was then added and the solution was stirred overmight.
After evaporation.of the solvent, water was added and
. th_precipitate was“filtered off, washéd with water and
dried. The material was used without purification in the
next step. Yield: 3.4 g (86 %). | :
35 H NMR (CDCl;): 8.65 (t, J=2.0 Hz, 1H), 8.06 (d, J=2.0
'Hz, 2H), 4.01 (s, 1H). - |



= 46 - (3 5 di acetyl am nophenyl ) et her.. o
=3,5-Dinitro ﬂgﬁ(ﬁz -di acet yl ami nophenyl et her (0 12 PET/GB9922641p] )
was di ssolved in gl aC|aI acetic acid (5 5 m ) and heated to the refl ux
‘tenperature. |ron powder - (0.3 g) was added i:n .portions during 5 min.
After refluxing for 2 h, the sol utlgg was al'lowed to cool to

anbi ent tenperature, acetlc anhydrl de (I m) was added and heati ng
was conti nued for (Bher *}; The sol vents 10 were then renoved - by

- evapor ati on, Phe r gt Ghgphe *treated with ethyl acetate, filtered and
evapor ated. The resi due was di ssol ved in acetone and the sol ution was

fllteredthouh g po t gave
84 (66 % of the %g.uctoa?é&fe aé [%g?jr?icﬁﬁ Gonge E%}%ﬁ, 7.08
(s, 4H), 2. 1zae§e°us HBz 2(30 m1) waaﬁhq &9 evet oy ?fﬂ@%{ﬁéuﬁp fox 9)
‘[1]2(13([5“/53'3] [;3'1'6] h 4l\ﬂ@er 6cq[ol:. d7tr§ [Méx?ﬁr&emﬁé’ﬁa%rei £Re tsoflldf _
i acet yl_am,na- ri 0 odi natiqn o
di (3, 5- di acet 5&?&&‘?&% f#e‘r%' %"%‘g gf Was}??%dwbﬁlﬁ ¥RFRY #RE standard
procedures fodried. naitmedni:of325 mg é26i¥pted aromatics, e.g. using .
- KId[err] in a e ut.Lon ur f er
‘al cohol as i ﬁﬂﬂ g Sia’l n tﬁé t(hfega?upeﬂ?ég‘é'ﬁ %e>(<aarrp I'::{:"a% 01875
and DE- A- 2629H23) 2Bur |Z-|Q:a&hlbrs,ofllihe product is per- ~formed by
chr omat ggr aphy or recr yst al l'i zati on. 30 g.

Di[2,4,6-triiodo-N_N -(2,3-di hydroxypr%fyl)-S,S-
acetyl ami noph@nyl ],ét-@,acetylamlnqgl'p@;p ton of di(3,5-diacetylanino-2,4,6-

'3,5-Dinitrophenol (325 mg, 1.77 mmol) was dlssolved in
glacial acetic acid (20 ml) and hydrogenated at 60 psi
15 using a Pd-C catalyst (10 %, 50 mg). The reaction mix-
‘ture was filtered and acetic anhydride (2 ml) was added.
The solution was heated to 100 °C and then allowed to
cool again. The solvents were removed by evaporation and
the residue was purified by chromatography on silica gel
20 us:i.ng a mixture of methanol and ethyl acetate (10:90) as
the eluent. Yield: 90 mg (24 %). -
H NMR (CD,OD): 7.24 (t, J=2.0 Hz, 1H), 6.92 (4, J=2.0
Hz, 2H), 2.12 (s, 6H).

25 d.. 3,5-Dinitrophenyl-3',5'-diacetylaminophenylether.

3,5-Diacetylaminophenol (90 mg, 0.43 mmol) and trinitro-
benzene (0.111 g, 0.52 mmoi) were dissolved in dry DMF
(10 ml) and K,CO, (0.124 g, 0.90 mmol) was added. After

30 stirring for 17 h, water (20 ml) was added and the solu-
tion was extracted with ethyl acetate. After washn.ng
w1th water (2x10 ml), drying (Na,so.,; and evaporatlon of
the solvent, the residue was purified by c_h:_oma_tography
-on silica gel using ethyl acetate as the eluent. Yield:

35° .0.121 g (75 %). _ - | -
MS (ESP, m/e): 375 ([M+1]*, 100 %), 397 ([M+Nal*, 39 %),
413 ([M+K}*, 35 %). |



triiodophenyl)ether is carried out analogous to simlar 35 reactions

descri beqyhBetiddgs! i terature, e. g. using so- ©dium rref,&p,@hggoﬁg,‘ t he
base in a proper solvent such as propyl ene glycol, and

3-chl or opropane- 1, 2-diol (see, for WO 96/ 09285 -
PCT/ GB95/ 02264 _ - 47 - exanpl e: . US
4250113). The product is purified by presg - parative HPLC.

- Exampl e 22, Di[3-hydroxyacetyl am no-5-(2,3- 5
_d|hydroxyprqpyhﬁp1§q§aafgﬁgtylgmﬁn§phe lA]_)e{;ﬁéj:-odophenylImethanol _
a. D(3- acetylphenenyl)ketone cet ophenone (57.6 g, 0.48 mml) and
Al C13 (160 g, 1.2 mol ) were nlxed and heated to 100 C under an argon

at nospher e frs aﬁhrmirrop!&émylemol 5hgdiacaetplaminophpoyidether (0t.are,

CaTerr] (300 1§ )2 4¥yigg0iogh and kb6 P Bhcaasy Deakgidese acad (2! U5

t enper at.ur e C00 ature, —a mxture
of wat & anmborﬁféilth%%’é%ﬂl-@ the re@%% Femperatuygs EHGEdPCM‘i]@raqueous

phase was ex{d a£tPf was aadbdhi rﬁiéhs(aﬁﬁgﬁgnt)miﬁd hlg@egonbi ned
or.gani ¢ phases wer e evapor resid %iaveﬁ gsolve in 70 %

et ha- ?ﬁﬁl%ﬁﬁﬁgn#?ra%dhthEh§0F8%P5ﬁ°ﬂa¥aﬁr? Pe L
reflux tenpemdiists Ehmperatuoe,oécébﬂcsahhgdridéoKnoﬂeml) was mﬁded

29.97g (77 Ad Hedt O N NRPERRERPCHP, GnbEReBLETh . The %roﬁé’v‘é% "8 %
(dt, Jd=7.8 were thén DHémovédlbP eyapgrgplongstpgtreg@@pe]wasy ,
Jlerr]=1.5 Haetda wWhth ethP? Atetdtd, 'ciiterbl aRab8vhporided. The
| residue was dissolved in acetone and the 'solution was ‘
filtered though a pad of 5111ca gel. Evaporat;on of the

solvent gave 84 (66 $) of the product

P fepes

o sww

L 15 IH NMR (CD30D) 7. 52 (s, 2H), 7.08 (s, 4H), 2.12 (s,

AR 12H). |

B ~ MS (ESP, m/e): 399 ([M+1]*, 62 %), 421 ([M+Nal*, 41 %),
437 ([M+KI*, 100 %). o S

20 f. Di(3,5-diaoetylamino-2;4,6-triiodopheny1)ether.

Iodination of di{3,5-diacetylaminophenyl)ether is car-
ried out using‘the standard prooedures for iodination of
activated aromatics, e.g. using KICl, in an aqueous
25  solution or im a mlxture of water and an alcohol as
| described in the.llterature (see for example EP-A-501875
and DE-A-2629228) . Purification of the product is per-
formed by chromatography or recrystallization.'

30 g. ‘Dil2, 4,6- trllodo N, N'-(2 3- dlhydroxypropyl) -3, 5-
' acetylamlnophenyl]ether :

'Alkylatlon of di(3,5- dlacetylamlno -2,4,6-
trllodophenyl)ether is carrled out analogous to similar
'35 reactions descrlbed 1n the literature, e. g. using so-
 dium methoxide as the base in a proper solvent such as
propylene glycol, and_3_chloropropane -1,2-diol (see, for



:M5 (ESP, mie): 268 (Merr], 100 %.
«b. Di (3 ni tw ) 951092850 0x y pheny| ) ket one. 30 Di ( 3- acet yl phen&/FHRM244e

(60.0 g, 0.224 nol) was dis- solved in concentrated sulfuric acid
‘(400 m) and the sol utkon was cooled to O [eérr]C. A mxture of
concentrat ed sul furic acid (120 m) ﬁnd concentrated nitric acid (120
m) was then added dropw se and the sol ut#bn"was then 35 stirred at

anbi ent tenperatur for 17 h, After tirrin for 24 h at 40
[err]C and fo?axeml?i éﬁ‘e Procﬁﬁﬁ:t‘r% ‘i%ﬁéspﬁﬁur ed onto
i ce and the pparaaneteHPLc MD 96/ 09285

PCT/-GB95/ 02264 - - 48 - was
col | ected, washed w th mater and drled Yield: 77. 6 g (96 9.

[err] H NVR ( DhSSIREL 133 IV = & ! et, J=1.8 Hz,
2H), 8.5 (t, gd {150 = NB (ESP-, me): 359
([M1][err], -nitro-5- carooxyphenyl)ketone di et hyl
ester A bt - D (3-nitro-5- carboxyphenyl)ketone (10.0
g, 28 mml) was dlssolved in nethanol (250 m) containing

concentrat ed i §u|f rﬁ%@ d t he solution was heated to

ref | ux tenperaturé for Iveﬁ% Was evapor at ed, wat er (70

m ) and ethyl acetate (300 n1) wer.e added and 15 t he organi c phase was
separatgg andpdet8phefiddd @ARCg, 0.48 mmol) and AlCl; (160 g, 1.2
mol) were mixed and heated tofloo °C under an argon
atmosphere for 30 min. After cooling to ambient tempera-
ture, CCl, (300 ml) was added and the mixture was heated
to reflux temperature for 4 h. After cooling to ambient
15 temperature, a mlxture of water and concentrated HCL
(300 m1, 1:1) was added. The aqueous phase was extracted
with CHCl3 (3x200 ml) and the combined organic phases
were evaporated. The residue was dissolved in 70 % etha-
nol (400 ml) and the solution was briefly heated to
20 reflux temperature. Evaporation of the solvents followed
by'recrystallization from agueous acetone gave the pure
product. Yield: 49.9 g (77 %).
1H NMR (CDCl,): .8.36 (t, J=1.5 Hz, 2H), 8.20 (dt, Jh-? 8
Hz, J.=1.5 Hz, 2H), 7.98 (dt, J4=7.7 Hz, J.=1.5 Hz, 2H),
25 . 7.62 (t, J=7.7 Hz, 2H), 2.65 (s, 6H).
| MS (ESP, m/e): 268 (M*, 100 %).

b.Di (3-nitro-5-carboxyphenyl)ketone.

30 Di(3-acetylphenenyl)keténe_(60.0 g, 0.224 mol) was dis-

' solved in concegtrated-sulfu:ic_acid (400 ml) and the
soiution'was cooléd'to 0 °C. A mixture of concentrated
sulfurlc acid (120 ml) and concentrated nitric ‘acid (120
ml) was then added dropw1se and the solution was then

35  stirred at ambient temperature for 17 h. After stirring
for another 24 h at 40 °C and for 6 h at 60 °C, the
reaction mixture was poured onto ice and the precipitate



ration of the sol vent, the residue was dissolved in THF cont ai ni ng T

Klerr 87 g, 28 mol) and CH err]l (5.0 M) and
[ ]%@J@ﬁ g ) [err]l ( ) PCTI BosI03%64

sol ution red at ambient tenperature for 70 e reaction
m xture was filtered and evaporated to 20 dryness and the resi due was ¥
purified by preparative HPLC. Yield: 2.6 g (250/c) [err]H NWMR
- (cDC[err]): 8.76-8.78 (m 2H), 8.58 (t4g8J=1.7 Hz, 2H), 8.41 (t,
J=1.6 Hz, 2H), 398(5 6H) 3.19 (s, 6H) M5 (EI, mle): 403
([ M OCH err] r 2
di hydroxypropy am nocar oh V%éﬁ y‘f::]"ﬁgt‘g)%éé .Qh& 8r§eé1 Tield: 77.6

Di (3-nitro- Ec%&%c&)yphenyl)ketone di methyl ester di-. 30 met hyl ket al
(1.0 g, 2. 31@% gb ql vede|3n (5t balals Hz, 2H)3. @) CoNtRDi8g

am nopr opane:- n h re was heated
to 95p[elror] @@orz 2 (g? (t' J‘%O@ %I—%ﬁyg\f%ér gg%l ?hghﬁ)uanbl e?\t

t emper & ur e M8 h@SP' m/) v 389 vibM+Idmovéd® 0y levapor ati on and the residue
was 35 purified by preparative HPLC. Yield: O 78 g (67 %9. - [err]H

NVR (DVMBO-d[err]): 9.03-9.15 (m 2H), 8.90-9.03 H}‘@! 8.58-8.73.
(m 4H), 4.38 @k (¥;nisyo-4- erlpgxynherzyﬂ)ketone 96“96 dogster

PCT/ GB95/ 0226nethvl ketal .- 49 - - 3.61-3.70
(m 2H), 3.39-3. 4§,J(m 2H), 3.35 (br s, 2H), 3.33 (br s, 2H),
3.15-3.26 (m 2H). ~[err]C NMR (DMSO-d[err]): 163.9, 148.3, 138.1,

137.9,10136. Di(3- nltﬂé%%aiﬁﬁxﬁphéﬂﬁlﬂkeﬁﬁné (30.8, g4328. nm'@ll\YBv(a%P[err]
i by oxypr OFSASRA VAR o BOISFIBRBhy  FRQ BT fORCHiRNG Soncentraces o
sulfuric acid (20 ml) and the solution was heated to _
- reflux temperature for 17 h. The solvent was evaporated
‘water (70 ml) and ethyl acetate (300 ml) were added and
15 -the organic phase - was separated and dried. After evapo-
ration of the solvent, ‘the residue was d:.ssolved :.n THF
conta:.nlng cho3 (3.87 g, 28 mmol) and CH,I (5 0 ml) ‘and
the solut:.on was st:.rred at ambient temperature for 70
h. The reaction mxture was fn.ltered and evaporated to
20 dryness and the res:.due was pur:LfJ.ed by preparat:.ve
' HPLC. Yield: 2.6 g (25 %). o
H-NMR (CDCl;): 8.76-8.78 (m, 2H), 8.58 (t, J=1.7 Hz,
2H), 8.41 (t, Js1. 6 Hz, 2H), 3.98 (s, GH), 3.19 (s, 6H).
MS (EI, m/e) : 403_([M OCH,]1*, 1'00 ). ' '
25 | IR
d. Di[3-nitro-5-(2,3-
dlhydroxypropylam:l.nocarbonyl) phenyl] ketone .

Di(3-nitro-5- carboxyphenyl)ketone dimethyl ester di-
30 - methyl ketal (1.0 g, 2. 3 mmol) was dissolved in methanol
'(3 0 ml) contalnlng am;nopropane-z 3-diol (0.84 g, 9. 2
' mmol) and the mixture was heated to 95 °C for 2. 5 h at
'200 mm Hg. After coollng to ‘ambient temperature, the
solvent was removed by evaporat;on and the residue was
35 'pur1f1ed by preparatlve HPLC Yleld '0.78 g (67 %).
1H NMR (DMSO- dg): 9.03-9. 15 (m, 2H). 8. 90_ -9.03 (m, 2H),
8.58-8.73 (m, 4H), 4.38 (br s, 2H), 4.12 (br s, 2H),



.10 D[3-nitro-5-(2, 3- d|hydroxypropylan1nocarbonyl) Henyl ] ket one
:(0.70 g, 1WR96/09285 nmp|) was dissol ved in nethanol (40 nl) Hfd/'GESWr oge-

nated at 60 psi using a Pd/C catalyst (10 % 0.20 g). The cat al yst
‘was filtered off and the sol vent was evapo- 15 rated. Analysis by [err]H
NMVR i ndi cat ed conpl ete conver:si.on to the product Yield: 0.62 g (100
9 . [err]H NVR (DVBO-d[err]): 8.36-4957 (m 1H), 7.77-8.35 (m 3H),
7.04-7.72 (m 4H), 5.62-5.75 (m 1H), 5.10 ébr s, 1 4.23 (br s,
1H), 4.06 (br 35612|3) 703, @n- W5 (3713%1% 490(m, 2HD;3- ) (pr s0HRH), VS
B E[Sg ne): 54é93€a'\/[(w ]s i) %3, j15-3.26 fm, 21-1)

am no- 5- r.opy. n1nocar
2,4,6-trii odop 85) p5l63. i‘%)?l be ’d?'['s"an?-ﬁé 842, 3-

di hydr oxypropy.Bammoqa!élGW,yIJ)mem,yljmhaeszJ saTa8ried. out using the
st.andard procg%pqgﬁﬁ g@lng§ oqmp 0 actlvated aromatics, e. ¢
' é d F PIO%

using KiQ [err an'ag in a mxture of water and
an al cohol as described in the I|terature (see for exanple

EP- A-501875 o, pignd dnfErfs2R28223). Purification of the product is per-
fornmed by.chraqnat ography or recrystallization g.

Di[3- hydroxyaSGE@*%HHWKP@?H¥?%@1n°car beppi e Qﬁﬂ¥ﬂ¥ﬂ$@%ﬁgﬂ%carbonyl-2,4,6r
trii odophenyl ] net hanol . WO 96/ 09285

PCT[689§602266i[3-nitro-5-(2,3- _ - 50 -
dihydroxypropylaminocarbonyl)phenyllketone (0.70 g, 1.4
- mmol) was dissolved in methanol (40 ml) and was hydroge-
nated at 60 psi using a P4d/C catalyst (10 %, 0.20 g).
The catalyst was filtered off and the solvent was evapof
15 rated. Analysis by H NMR indicated complete conversion
to the product. Yield: 0.62 g (100 %).
1H NMR (DMSO-d¢): 8.36-8.57 (m, 1H), 7.77-8.35 (m, 3H),
7.04-7.72 (m, 4H), 5.62-5.75 (m, 1H), 5.10 (br s, 1H),
4.23 (br s, 1H), 4.06 (br s, 2H), 3.60-3.85 (m, 4H),
20 2.91-3.40 (m, 10H). : '
MS (ESP, m/e): 449 (M*, 100 %).

£. Di[3-amino-57(2,3—dihydroxypropylaminooarbonyl)-
2,4, 6-triiodophenylimethanol.

25 _
Iodination of di([3-amino-5-(2,3-
dihydroxypropylaminocarbonyl)phenyl]lmethanol is carried
out using the standard procedures for iodination of
activated aromaticé, e..g.ousing KICl, in an aqueous

30 - solution or in a mixture of water and an alcohol as

' described in the_llterature (see for example EP-A-~501875
ana DE-A-2629228) . Pur1f1catlon of the product is per-
formed by chromatography or recrystalllzatlon

35 . g. Di[3—hydroxyécetylamino-5-(2.3'
-~ dihydroxypropylaminocarbonyl-2,4,6-
triiodophenyl]lmethanol. '



" Acylation of di[3-am no-5-(2,3- - di hydr oxypr opyl anmi nocar bonyl ) - 2, 4, 6-
trii odoptw@gﬁg%ghanol usi ng acetoxyacetyl chloride is PCERIHOLBEhep Ut
a

anal ogous to npl e 19b. The crude. product 5 is then hydrolyzed with
~aqueous NaOH. The product is purified by preparative HPLC _

- 51 - C ai ns: 1. A compound of formula I [err] 5 10
(wherein each CJerr]Rlerr] noeity may _bggthe sane or different; each
R denotes -a hydrogen or iodine atomor a group M two or three -
non- adj acent OURS & € C REers]q00i ety denoti ng iodi ne
atons and or%ec_!,%]%gv\o or c?ﬂr edelfg:,'%@%%él?%n(%]ﬁ each C6R5 noi ety denoting M

groups, eacKi¥ATRYRFIPY hapbrgearbonyl) ng. 4/ €rii odophenyl group or a
group in whitdi ikaidpiRnyl] méth&hoRruibny Kydtogpacetyleconlogidedigup
providing a tom chai n_| I nk grou and each

by OV N9 8 chrried G ata IR B Teka iR A0 TR CPde0pRtRta N ¢

t her eoB. is then hydrolyzed with aqueous NaOH. The product is
purified by preparative HPLC.



~2. A corrpound as claimed in claiml wherein where X is or _contai ns in
,the bridgi W@9%/9928§ a carbonyl oxy group. 25 3. A conpolifd/sB9502264ne
in claiml wherein each Mis. a monohydroxy- or pol yhydroxy-al kyl

¥ group. 4. A conpound as claimed in claim1l mw
asymmetric group providing a 2 or 3 atomghain |inking 30 the two

Clerr] R err] groups. 5. A corrpoéﬁ'd as cl ai med M’I"
the two C“‘.‘%ﬁgﬁgroups are non-identically substi tut ﬂm Hjﬂ

" conpound as inclaiml wherel n at | east | one CBRH ngo
formul a - VWO 96/ 09285 _ ' PCT/ G895102264
-92- A ¢&fpdund of formula I

5

OO+ o
10

(wherein each CgR; moeity may be the same or different;
each R denotes a hydrogen or iodine atom or a group M,
two or three non-adjacent R groups on each Ce¢Rs moiety
15 denoting iodine atoms and one, two or three R groups on
each C¢Rg; moiety denoting M groups;
X denotes a group providing a 1, 2 or 3 atom chain
linking the two C¢Rs; groups; and each M is independently
a non-_ionié hydrophilic moiety) and isomers thereof.
20 | ’ o
2. A compound as claimed in claim 1 wherein where X is
or contains in the bridging chain a carbonyloxy group
and each C¢Rs group is a triodophenyl group or a groi:lp in
which each R is other than hydrogen. '
25 | o | |
3. A compound as cldimed in claim 1 wherein each M is
a monohydroxy- or polyhydroxy-alkyl group.

4, A compound as- claimed in claim 1 wherein X is an
30  asymmetric group providing a 2 or 3 atom chain linking
the two C;Rs groups.

5. A compound as claimed in claim 1 wherein the two
CsRs groups are non-identically substituted.
35 - '
6. A compound as claimed in claim 1 where:l.n at least
one CeRg; group is of formula '

‘This Sheet Has Been Re

IO

THIS SHEET HAS BEEN
REPLACED




10  wherein the two R groups are the same or different. 7. A

conmpound @gp édiphgsed in claiml wherein at |east

is of fornula [err] 20 wherein the Mgroups are the sane or
different. 8. A conpound as clainmed in claim1 wherein the M
groups are straight-chain or branched Cferr]-al kyl groups whi ch have
one or nore CH err] or CH noieties repLaggd by 25 | oxygen or HILlUgeW
atonms or which are. substituted by one nore g om
oxo, hydroxy, am no., car- boxyl derlvatlve E&EB

sul phur and phos- phorus atons. 30 . A conpoun

claim1l wherein the M groups are polyhydroxyalkyl hydroxyalkoxyalkyl

or

phenyl group via an am de |inkage.
claim1l wherein the M ~ o groups a
PCT/ GB9S/ 02264 [

10

15

20

25

30

35

hydr oxypol yal koxyal kyl gro®s optgi onal |y attached to the
35 10. A conpound as clainmed in
ected from WO 96/ 09285

wherein the two R groups are the same or different.

7. . A compound as clalmed in claim 1 wherein at least
one CgRs group is of formula

or

wherein the M groups are the same or different.

8. A compound as claimed in claim 1 wherein the M
groups afe'straight-chain or branched Clqj-alkYI groups
which have one or more CH, or CH moieties'réplaced by
oxygen or nltrogen atoms or which are substltuted by one
Oor more groups selected from oxo, hydroxy, amino, car-
boxyl derivative, and oxo substituted sulphur and phos-
phorus atoms.

9. A compound as clalmed in claim 1 whereln the M
?groups are polyhydroxyalkyl, hydroxyalkoxyalkyl or
hyﬁroxypolyalkoxyalkyl groups opthnally attached to the
bhenyl group via an amide linkage. '

10. A compound as claimed in claim 1 wherein the M
groups .are selected from

one Clifndpdspntds group

q
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-CONH-CH err]CH err] OH, - CO\II—l—CI—l[err]CI—lC]—lCI—l[err]O—l

- CONH- CH( o a¢/og288) [err], - CON( CH[ er r] CH[ er r] OH) [ er r PCT/GB9S/02264
-CONH[ err], - CONHCH err], : OCOCH[err] ’ -N _ _
“(CoCH err])H, -N(CG:H[err])C[err] aIkyI Mbls

or tris-hydroxy Cferr]-alkyl, : err]O—’) nono, bis or
tris-hydroxy (err]-alkyl, - err])( oxy
Cerr]-al kyl)éﬁg_{ - N (COCH[err]C]—I)[err] ”mmm'"'m”ﬂ"lm
e e e e o, szﬁgmmae;;]
an
~clained in cl.azcm;ﬂ..@m€|: bhe M groups are pol yhydroxy (err]-alkyl

groups. 20 orrpound as claimed in claim1l wherein X is an
oxygen at om or Q&J&‘:}éﬁl err], CO S(err], CRerr], COCO CONRerr],
COCR[ erry , SCTRMNH,] , SCIerr]NR[err] CR[err]CR[err], CRlerr]NR[err],
CRerr]Q NR[QfCrI‘]}@ER%err] : OCO\IR[err], CONRJ err] CO,
CC]\IR[err]CR[err ., CRlerr]CCR[err], OCRerr]CO 25

CR[ er r | CONR[ e13GOCHaR[ err] CR[ err] CRl err] .- COCR[err] Rl err] CO
CR[err]NR[err..]zﬂ%Em%,HCR[err]8qerr]NR[err] CR[ err] OCO

2l koxy oroup CHTSHERIG SRSt d by hydroy, i koxy: - - xa o oxo
or wherl® at t adheCDCH; )ameadhobil e |taiss~tatdaodye Gy-4-alkyl hydr oxyl group.
0 130 GOmRH oo, BIFbd A Adraly B2, SS1kPE,
' -C(COCH;) (mono, bis or tris-hydroxy C;.;-alkyl),,
-N- (COCH,0H) ,,
'-CON (CH,CHOHCH,0H) (CH,CH,OH) ,
15 -CONH-C(CH,OH) ; and
~CONH-CH (CH,OH) (CHOHCH,OH) .

11. A compound as claimed in claim 1 wherein the M

groups are polyhydroxy-C,_ -alkyl groups.

20 e _
12. A compound as claimed in claim 1 wherein X is an
oxygen atom or a group NR!, CO, SO,, CR,*, COCO, CONR?,
COCR,*, SOCR,!, SO,NR!, CR,CR,?, CR,!NR!, CR,0, NRCONR?,
OCONR!, CONR}CO, -CONRICR!,, OCOO, CR},0CR!,, OCR,CO,

25 - CR1,CONR?, CR!,CR!,CR!,, COCR!R!CO, CR!,NR!CR!,, CR1,SO,NR!,
- CR',0CO, NR!'SO,NR!, where R! is hydrogen or a C,.¢-alkyl or
alkoxy gi:oup optionally substituted by hydroxy, alkoxy,
oxa or oxo or where attached to a carbon R! may also be a
hydroxyl group. '

30 - . . .

13, a compound as claimed in claim 1 of one of the -

formulae ' . ' o |
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AND 96/ 09285 PCT/ GB95/ 02264

- 55 - WO P8 Mis as defined in claiml and Rlerr] i sPGEGBE22@] in
.claim 12). 14. A di agnostic ‘conposition conprising a conpound of 5
formula I as defined in any preceding clai mtogether with at | east one '
physi ol ogically tolerable carrier or - 5&Xcipient.

(where M is as defined in claim 1 and R is as defined in
claim 12).

14. A diagnostic composition comprising a compound of

5 formula I as defined in any preceding claim together
with at least one physiologically tolerable carrier or
excipient.

. ' ARR ) Hl[l I



