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| odi nat ed Xwm96/09082 r ast nedia. 5 Thi s inventi on PEI/GBY022¢5
-inprovenents in and relating to contrast media, and in particul ar
I odi nat ed ' X-ray contrast nedia. " Contrast nedia may be
adm nistered in nmedical 10 I magi ng procedures, for exanple X-ray, -
magneti c ~resonance and ul trasound i nmagi ng, to enhance the inmage
contrast in imges of a subject, generally a -human or "non- human
ani mal body. The resulting enhanced contrast . enabl es different
organs, tissue types or body 15 conpartments to be nore clearly observed .

or identified. In X-ray I 1dted %rﬁ?%ﬁ?ﬁ%t%ﬁ function by
[ the '

nmodi fying the X-ray absorption characteristics o body sites into
whi ch they distribute. Clearly however the utility of a materi al
as a 20 ontrast nmediumis governed largely by its toxicity, by

its diagnostic efficaoyisbineéheiondrelsceeltecimpidvenmants in dimmye on the

subject to which_it_jis_adpinj I . by o EASE S nd
ease of adm ni st f’éi‘?‘%ﬁr.lg & éSﬁ@rgggi ‘ﬁ%@l%hc%n?reld? aEB aZlIr. e coné\};en c}(%%a ey‘iﬂused
for 25 di agno¥t¥raypaepbrast rmedda.t han to achieve a direct

therapeutic effect, whgAcdg¥e! AREDA MEW KO AdREL] fEHE in medi@E IS a
.general desire to develp nedi.a haV|ng as ﬁ%lttle as possi bl e an
effect on tfe va%Wﬁﬁ%nﬁlgFBE?gﬁfes' £or examnl e %ﬁY¢rmF$§§F%°or t he. body
as this will 30 resgearcal ayd| ehtirasoundeimaging) toxemhancerikhe cimage
SYerse of 0 o SEAEERRE. 1p tmages, of csiecll st snlal gl el
the medium e.g. PPRehYBRADCARIBALCRPAY er FRevEPFUbLing eMtANCed FAREEASHgent
and its conponengfiabed. di@PEr¥he’ 6rghanks tissue types or body
' © 15 compartments to be more clearly observed or identified.
In X-ray imaging, the contrast media function by
modifying the X-ray absorption characteristics of the
body sites into which they distribute. .
Clearly however tpe_utility of a material as a
20 contrast medium is governed largely by its toxicity, by
its.diagnostic efficacy; by other adverse.effects it may
have on the subject to which it is administered, and by
its ease of storage and ease of administration.
. ~ Since such media.are_conventionally used for
25 diagnostic purposes rather than to achieve a direct
therapeutic effect, when developing new contrast media
there is a general desire to develop media having as
little as possible an efféct on the various biological
mechanisms of the cells or thée body as this will
30 ° generally lead to lower animal toxicity and lower.
adverse clinical effects. o |
The toxicity and adverse bioclogical effects of a
contrast medium are COhtributed to by the components of
the medium, e.g. the solvent or carrier as well as the
35 contrast agent andfits compqnents (e.g. ions where it is
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-2- wOoosa2B2 and net abol i tes. ‘The fol | owi NnBCIVGB95/02265
contributing factors to - contrast nedia toxicity and adverse effects
have been i dentifi ed: - the chenotoxicity of t he contrast -
agent, .- .the osmpolality of the contrast nmedium and - the
ionic composition (or lack thereof) of thé ~ contrast nmedium 10
I'n coronary a ap for_.exanple, injection . into the-circulatory .
syst em of con?%fgg) %’?(% a.booée:? associated wth several serious
effects on cardi ac The folflmngbmaj‘ﬁmsmnﬂ:ﬁwtanar €astbiiscitent | y severe as
to pl acecdnted |t5g5;, C QL '
.contrast nedi a, # é)rrltc%{]l?:sl procedure % EEESeﬁ:fgrst %Sé’%; g’(?]é)f tinme a
holus_of cont cgntitieds %g her.than bl ood flows through

ot ﬂ;ﬁw@y SpaER o ik

s

er"ences

"oy conhecal nalug Slad¥eBOAY Tl WEIA0 erbhe bl ood hat o
Ira

tenporarily replaces can give rise g effects e.g.
arrhyt hni as, QT-pr d?%gﬁ“!‘b'lrﬁllty of é:r?& consaass medinmduenidon in cardi ac

contractile force the 1cﬁﬁd: G dERERO T ore Nhkke eharebieh)! idel @eon. There
have been mar}_yo nve Iﬁ'%ﬁll ons into these negative effects on 25
cardiac function of Whnt rast nedi a into the . circulatory

system 10 g. duri n@mr@Wﬁn@m@m for exhupleeddngegtdbn
el imnating these eHL AR %X temb g%gérﬁg'ﬂg{&cha has been Ear | y

I njectable ionic X-ra cont rast gefit
trii odophenyl A899847 h sevipriad ﬁ&lrtlpb‘ﬁl gfffgcts on gazddagted with ‘

osnot oxi ¢ ef f ehtrectde vi r'ngefsfe)mftfleets are buﬁe&beeneusryseirekaea@%r ast’
ne @ N PEL S e aamracaDNel oY RAR, RlCthy 8848 ABRI b o8kl ol o
cel l.s, #% hegantzasthmesdaiessel nuscle - cells. Loss of water makes
red biood fe]|3 stifyf t3% procediyRe’ ¥R &l Ehort"pERLBA! Bkl ¥iRRd,
non- optlna I%Pﬁus A% contrast medium rather than blood flows through
the_c1rcu1atory system and dlfferences in the chemical
and physicochemical nature of the contrast medium and
20 . the blood that it temporarily replaces can give rise to
- undesirable effects, e.g. arrhythmias, QT-prolongation,
and, especially, reduction in cardiac contractile force
and occurrence. of ventricular fibrillation There have
been many 1nvestlgat10ns into these negative effects on
25 cardlac function of infusion of contrast media into the
c1rculatory system, e.g. durlng angiography, and means
for reducing or ellmlnatlng these effects have been
widely sought.
Early_injétﬁable ionide-raychnttast egents, based
30 on triiodophenYIcarboxylete_salts,'were'particularly
‘associated with osmotoxic effects deriﬁing from the
hypertonicity of ‘the contrast media injected.
7 ™~ This hypertonicity causes osmotic effects such as
'the“draining out of water from_red-blded cells, .
35  endothelial cells, and heart and blood vessel muscle
cells. Loss of water makes red blood cells stiff and
hypertbnicity, chemotoxicity and non-optimal ionic make-
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- 3- U@ 8GRI | y or t oget her reduce the contractile fBFBEBISO226%¢

b’ he nuscle cells and cause dilation-of small bl ood vessels and a
tesultant decrease in blood.pressure. The osnotoxicity problem:
was addressed by the 5 devel opnent of thg non-ionic triiodophenyl
nonomner s, such as iohexol, which allowed the sane contrast .

ef fective i od neuﬁogéﬁaﬁ@éifr&t&g@a?éf afézﬁﬂcé/weﬂa contrag.-rt@.qfel ¥drduced

at t endant OSITD'[OXICI'[ e . drive towards _red uce

‘osnotoxicity | ed®¥nt ]&%e““i%cj'e AN QW%&H%P Lofmadd bdR
bi s(triiodophenyvesselerand sachessl tant xteureaseiirh blood pmme

-osnot oxi city associ atgg pé 4"?&%&‘%}“?;‘5&&‘? as a(?f@sjs%\&n%gloq_@l@rast

effective iodine concentrations I eve toni c
solutions. 35 development of |ths 4@%@/&%@%}3% { SONOFeLSaedi ne
.f:onc;ant E aLi.onss\gsﬁmuastMéwonlwﬁiaﬂ aTEradd itine Wanted contragtsot gnl c

evel s about ur t 1p] ntrl ution to
toxicity of |on|%€'9§rg§i{'S %F%gélol]‘ ncen %%%’r%g ecg’ tttarl%Cel :"é:r]i1 of

vari ous pl asima cgréanty nedeeed ammmobsmtmmme eﬁfamsg0/01194 and

WO 91/ 13636 - of 'i‘ﬂéoafijvé MBS Sreduced osmotdHAWENS 1éd dh Gd r ast
medi a, at c nmer ci al 8 I odi ne concentrations, of, about 300 nyl/m ,
have - el at FOBRF§eh aht}e?s‘é:%‘é ¢1oRment ofithe MWALAGE 15 to 25

about 60 nPas atbasbtebiofeppenyl urdimetd, tdwechliaweriadixanol ,mediixtgener al | y
being more vi SCoH3ata"LAS: SRIOIEL | fesociard® ibn Uil siAIOTR P OS

problems to the nedi um 1 ég wrm&
rel atively | ar geabbpeingecarntrast reffecpive e’ep%fé% san@ematloam ta e

Par}: cularly pro&@Hﬂé@Qd'ﬁl@ﬁeﬂyﬁéﬁoﬁlc solutBsh®graphy and in radi ographic
echni ques

angi ogr aph§7¥m| N requ&'ﬁlsrh%bb}%@én?o|?‘|&é¥?‘?%ﬁd%Stégesff?er%’\yegé'ﬁéfw

probl em encount ecedcenthat iengrwitheut taking aseluhicdrDsmolEiuid w ivpid f r om
'g?;% ?;Eggﬂ)ztzgg | PYEELH2B PLO¥1LSCPabout YOmSERASH,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 WO-90/01194 and WO- 91/13636 of
Nycomed Imaglng AS.

However X-ray contrast media, at commercial hlgh
iodine concentratlons of about 300 mgI/ml have
relatlvely hlgh viscosities, ranging from about 15 to

25 about 60 mPas at ambient temperature with the dimeric

| media generally béing more viscous than the monomeric
media. Such viscosities pose problems to the
_administrator of the_contfast medium, requiring
relatively large -bore needles or high applied pressure,

30 and are partlcularly pronounced in paediatric

- 'radlography and in radlographlc techniques which require
rapid, bolus admlnlstratlon, e.g. in anglography

- The present invention addresses the viscosity'

problem encountered with the prior art materials and

35 thus viewed from one aspect the invention provides



-4- i odi nated aryl conpounds, useful as X-ray contrast agents, «

of fornmul w0 96/09282 [err] 10 (wherein nis 0 or 1, PaVdBYSexes n iS- 1
each Cferr]Rlerr] noiety may be the sane or different; each group R

I s a hydrogen ‘atom an iodine atomor a hydr ophilic nmoiety Mor . ¢
Merr], two or three non-adjacent Rgroups tn each Cerr]Rerr]

noi ety being 15 i odine and at | east one? and preferably two or three, R

. groups in each err]Rlerr] _moiety-being Mor:Merr] noieties; X

denot es a bond1GRiRage§ pryloFrapRynds: nsefulsas X-ray %ﬁﬁ%tl 2, 3 or
4 atom chain Iagbnngtw €befmulll err] noieties ~or, where n is 0 X
denotes a group-R each M 20 i ndependently is a non-ionic hydrophilic
noi ety; and each l_\/[_er_r] I ndg pendent I y represents a Cerr]al kyl group-
..Substituted -£as - optionally Li

ne R group, 25 especi al | y

o-- rab .
preferably at |east --( N -@0- rR[err] m)elty, bei ng an
" Merr] noiety; with the sot al\\ubg s zerdD ei ther at | east- :
one Merr] group other t an a ‘hydy oxymezhyl or 1,2 di-hydr oxyet hyl (and. -
optionally other than aly 30R hydRoxyetRyl) [group is present or then if '
one . hydr oxynet hyl or.1, 2-di ydroxyethyl M err] group (and
optional by any hydroxyethyl group) is presentd gt |east one

Toi ety- cont ai it RGP APoRy L6 0apEotpy 888 ¥HEES B 45, <ARH GRecupieby |y
stereoi soners wmag bet bhersame or @hffevént; each group R is a hydrogen ‘
‘atom, an iodine atom or a hydrophilic moiety M or M,, two |
or three non-adjacent R groups in each C¢Rs moiety being
15 jodine and at least one, and preferably two or three, R
" groups in each CeR; moiety being M or M, moieties; X
" denotes a bond or a group providing a 1 to 7, for |
example 1, 2, 3 or 4 atom chain linking two -CsRs moieties
or, where n islo, X denotes a group R; each M
20 indepehdently is a non-ionic hydrophilic moiety; and
each M; independently represents a C,.,alkyl group
substituted by ‘at least one hydroxyl' group and
optionally linked to the phenyl ring via a carbonyl,
sulphone or sulphox:.de group, at least one R group,
25 preferably at least two R groups and espec1ally
- preferably at least one R group in each CeRs moeity,
being an M, moiety; with the proviso that where n is zero
either at least one M, group other than a hydroxymethyl
or 1,2- d:.hydroxyethyl (and opt:.onally other than any
- 30 hydroxyethyl) group is present ox then if one
hydroxymethyl or 1, 2- d:.hydroxyethyl M, group (and
opt:.onally any hydroxyethyl group) is present at least
om_e n:.trogen-att;ached hydroxylated alkyl (preferably
C;-4-alkyl) moiety_—contai'r'i:i.ng M group is also present)
35 and isomers, especially stereoisomers and rotamers,
thereof. o
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It is found Waa609282 corrpounds of the invention exhi bi t Pgﬁmﬁ’ﬂ%}éﬁusl y
low viscosity in aqueous solution; this is thought to derive fromthe -
presence of Merr] groups on the phenyl groups, from conpound

asymmetry 5 and, in the diner conpounds,. fy Qmthe-nature of the

| i nker X (espeC|aIIy where X provides a Ilnkage | ess - ~than 5 atons in

| engt h). Th I 5&55 r | B

conpounds accordi ng, tgét % |nvent|%?1@t$1 Iﬁgiefl oﬁ@ﬂé{)elg% ed h;B\?{e

exhi bi t ed vi scosP¥RiRif ARYaRFRFLPREIY o]F°W Vls"r?;ﬁ’?éyolln agqueous  The
conmpounds of forsvlationfethief s atthought tcaa;emqlﬂrom fudre thre gearuETRIE

conpounds (where,n = 0 b r

substitution of erflheqﬁ P8 p%nt}{] i’r{%l Egor%%ﬁ] r?ewg ?gﬁgiahggrmggﬁyeved
by the Suse @ﬂdanlasyhﬂeﬂm%rzcmpm@at@ﬁ%@%-ﬁéﬂ-‘r&ﬁ%@fgr%

and/ or by Se|eCt19ﬂka y LS Y @iaﬁﬁ& ﬁiéié]i{§¥dﬁldﬁéﬂaﬁilnké§e less by

non-i denti cal gﬁtlt ti on o ﬁ |oq58hen end groups. Asymmetric
nol ecul es are pr&fafr daﬁgm§h%§ aher been found to have better
wat er-sol ubi lity. Thus fofuekampheiakhtofdthsatexr18dlublsd ndromerny|
end groups, chiiBothER %b@fa‘:ﬁgoglaﬁgﬁgu%g\?é&eff& byhd¥a it > been

di fferent nunbers of positions oOf tut)on an/or Q’
di fferent ﬁﬁn‘oerﬁesbﬁglP?‘éﬂseﬁlf*lpﬁ'éﬁ‘élﬂ-%%o%*tﬁ 1gyeyr Whan (fhat o
~substitution. Toonexohize iodine |oading, . tri odophenyl end groups,

(hese®tho"tuo,  proupkhuPBECEREE b fofina  aF SARAAER 0% 1T
preferably both agﬁmgggngcw| For the monomer compounds (where n =
this may be achieved by asymmetric substitution of the-
15 phenyl ring. For the dimers this can be achieved by the
use of an asymmetric 2 or more atom chain-forming group
X and/or by selection of non-identical C¢Rs groups, i.e.
by non-identical substitution of the iodophenyl end
~ groups. Asymmetric molecules are preferred as they have
20 been found to have better water-solubility.

' Such non-identical substitution of the phenyl end
groups, the CgRs moieties, may be achieved by having
different numbers or p031tlons of iodine substitution
and/or by different numbers, positions or identities of

25 M or M, substitution. To maximize iodine loadlng,
~ triodophenyl end groups, i.e. groups of formula

30

35 _
' ~are preferred, and in these the two R groups may be 'the
same or different, a:_Lthough preferably both represent M
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-6- worshéser] groups.. SR VWere a phenyl endpgreaBosoRes

di substituted by . iodine, it is preferably of fornula 10 _
(where each M2 nmay be the sane or different and represents an Merr] ¢
or Mgroup, at |least one on each ring preferably representing an _
Merr] group). _ Ceneral ly, dii6d6pﬁeny| di i odophenyl dinmers will

be 15 | ess reFFrred t han the diiodophenyl -triiodophenyl or
triiodophenyl - OFi f8d8pRERFt - di mers, due primarily to their reduced

i odi ne | oading, i eWherﬁaahphenwaneﬁdogreup is disubstitpeeddbyrer nol ecule.
| ndeed t he trlh@ggagenlk is preflirab@yoBReRymdLaErS are generally-
preferred due to 20 t hei r "hi gher 1 0di ne | oadi ng. _ For the
i sophenyl.: conpounds are -~ agai n. preferped..
may, be any .of - the. non-- R S

i nclude for exanpl epma2-: ai ght chain or brap
preferably - Cerr] , optionaldey wit h"0nhe
noi et ires. repl aced by M% r :nitrogen atons and
substituted by one or re grpups sel ected 30 fre _
carboxyl derivative,  and oxo substituted sul phur a
atonms. PaPticul ar- exanpl es i ncl ude pol yhydroxyal kyl ,

hydr oxyal koxyal(msbre eachaﬁd BAF IO YeRe VShiKOXYAl iyt £ eunch 5 Uit O OUPS

attached to h,w he group via an an de |inkage such as 35
“hydr oxyal kyl an - %I‘NMaI Q%M group, r@%d%%/% l&f? F&hdng and . ‘

bi s- hydpmefakhﬁﬂgnrepcesbnnyhgganum@ grdugf er r ed annng 'such
Generally, diiodophenyl-diiodophenyl dimers will be
15  less preferred than thefdiiodophenyl-triiodophenyl or
triiodophenyl—triiodophenyl dimers, due primarily'to
their reduced iodine loading, i.e. 4 rather than 5 or 6

2 hydroxy, am no,
‘phosphor us

S

iodines per dimer molecule. Indeed the triiodophenyl-
tr;iodophenyl dimers are generélly preferred due to
20 their higher iodine'loading.' ‘
For the monomers, the triiodophenyl compounds are
again preferred;’ _ o '
The solubilizing groups M may be any of the non-
ionizing groups conventionally used to enhance water
25 solubility. Suitable groups include for example
straight chain or branched C;.;o-alkyl groups, preferably
'Cbﬁ groups, optionally with one or more CH, or CH
moieties replaced by oxygen or nitrogen atoms and
optionaliy subetituted by one or more groups selected
30 from oxo, hydroxy, amino, carboxyl derivative, and oxo
substituted sulphur and phosphorus atoms. Particular
examples include‘polyhydroxyalkyl, hydroxyalkoxyalkyl.
and hydroxypolyalkoxyalkyl and such groups attached to
_ the phenyl group via an amide linkage such as
35  hydroxyalkylaminocarbonyl, N-alkyl-
" hydroxyalkylaminocarbonyl and bis-
' hydroxyalleaﬁinbcarbonyl groups. Preferred émong such
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-7- JVe8ee9282 ¢ t hose cont ai ning 1, .2, 3, 4, 5 or 6, B@?ﬂ@ﬁally
1, 2 or 3,-hydroxy groups, e.dg. CC]\II-I-CI-I[err]CH[err]C]-I 5

"—’_CO\II—I-CI—I[err]CI—IO—ICI—I[err]O—I -CONH-CH(CH err]OH)[err]
(CHerr]CHerr]OH)[err] as well as othgr groups such as )
-CONH err] 10 - CONHCH3 OCOCH[e'rr]' - -N(COCHS)H -N

(COCH[err])C[err qono, dr.oxy
Clerr]-alkyl 15 “ﬁ%céﬁﬁ[éFPPFGf%Gﬁ&mBPs fr-’ﬁs’i’-% ?’o% Brerr]-alkyl -
- -N (COCH[ err] OH) espekcially 1-,C®\Io@:CE[,ehyh€bI®yICb|ﬁ-’enp]SQ-§: gCH err]CH err] OH)
-CONH-C (CH err]OH)[err] and -CONH-CH(CH err]OH) (CHOHCH err] OH). 20
In general, the M %roups wi |l preferabl y each conpri se a pol yhydr oxy
Clerr]-al kyl groafONETCH GH2GH 3. di hydr oxyprop-2-yl or

2, 3-di hydr osypr opCONH-CH CHOHCHZOH O her such M groups as are conventi onal
V\Athl n the 25 E‘J%Jg? dophenyl X-ray contrast agents may al so be
used and the intr 8 broups ont o i odophenyl structures may
be achi eved by ccﬁ@@rﬂcﬂ'l@ﬁliboﬂ)ezchm ques: In general, Merr]
groups preferabl gscq,@irll % Gtdet] groups s@lchyLasgroups subst i t ut ed by 1, 2,
3 or 4 hydroxy groups. 30 (e.g. hydr oxynmet hyl , 2-hydroxyet hyl,

2, 3- bi shydr oxy- -Co 2propyl, 1, 3-hi shydroxyprop 2-yl,

2,3,4-t_ri hydr oxy B @CONHCH, and 1,2, 4-trihydroxybut - 2. yl) optlonally
connected to cb?:g phenyl ring via a CO, SO or SdJerr] group (e.g.
COCH err] CH Qerr]CH[err]O—D 35 In the dineric

conpounds of the-NiIEORHbH, the i nker group X is conveniently a bond.
or alto 7, eg lN(COCH3)C1 s-alkyl ' . ' L
' ' -N (COCH,;) -mono, bis or. trls—hydroxy C14-alky1
15 -N (COCH,0H) -mono, bis or tris-hydroxy qu—alkyl
-N (COCH,0H) , t
~CON (CH,CHOHCH,OH) (CH,CH,OH)
~CONH~-C (CH,0H) ; and
-CONH-CH (CH,0H) (CHOHCH,OH) .
20 ' : _
In general, the M groups will preferably each
comprise alpolyhydroxy'cgq-alkyl group, such as 1,3-
dihydroxyprop-z-yl'or'2,3—dihydroxyprpp—l-yl.
Other such'M'groups as are conventional within the
25 field of triiodophenyl X-ray contrast agents may also be
used and the infrbduétion of M groups onto iodophenyl
structures may be.achieveﬁ by conventional techniques.
In general, M; groups preferably comprise C;_,-
. alkyl groups sﬁbétituted by 1, 2, 3 or 4 hydroxy groups
30 (é g. hydroxymethyl, 2-hydroxyethyl, 2,3-bishydroxy-
' propyl, 1, 3-blshydroxyprop—2-yl, 2,3,4-trihydroxybutyl,
_and 1,2,4- trlhydroxybut-z yl) optlonally connected to
the phenyl ring via a CO, SO or SO, group (e.g. COCH,OH
or ‘SO,CH,0H) .
35 In the dimeric compounds of the 1nvent10n, the
linker group X is conveniently a bond or a 1 to 7, eqg 1,



WO 96/ 09282 N ) ~ PCT/ GB95/ 02265

2, 3 or 4,woeetmsrd chain conprising carbon, nitrogen, PCT/GBIS/@R2265 Or

sul phur atoms, e.g. a bond, - a0, S Nor Cone atomchain, 5
a NN, NC, NS, CC or COtwo atom chain, ~.or a NCN, GCN, CNC, OCO, . NSN,
CSN, COC, OCC or CCC three atom chai n, for exanple: an

oxygen atomor a group NR[err], CO SCIe'rrﬁ or CRlerr]; 10 a group COCO,

CON S N
CR[E[rE]”N]R[err] brgcéf ?&@g{) l,éd %%{11)- err%jr % CErR][ne{%}KS\H‘err],
CONR[ err] CQ, G@er@%elpmurms, e.g. _CR[err]OCR[err] OCR[ err] CO

CR[err]CO\IR[erg‘]bogg{{err]CR[err]CR[err] COCR err] R err] CO
CRerr]NRl err] CRlerr]SOerr]NRerr], CRerr]OCO or

NR[ err] SO err|ARPerfi :N18T C operateefi3ing hydrogen or a (Jerr]-al. kyl O

B al koxy gr®up a NN, mpxlnsnal tg subeoutmeaitdny dhaliroxy, al koxy, oxa or 0xo
(e.g. a pol yhydroxy yl or ty, YALLOXY, al or
Vg ép}?‘éﬁ o\c,\x;gI 8&‘& 888 sy géb?, doc, 0cC o é&% thESe

hydroxyal koxy grou ahd ere Tt attach
may al so be a abemox§aimroup. 20 When X pr OVI des a 4-7 atom
i nkage, convef@j_-og,aém le: l'i nker groups, such as for exanple

t hose- suggest ed Justesa in WO 10078 r Bra I n US- A-4348377
and WO 194%135199% ARG RE (R PFouP I‘?R%{ A &lg?a such |inkages
Wil coniise apgromal C9CA5 CONRYa GOCR3 A samsztll.t sogmklal IoRLECR, G hai ns
optionally c 1Nﬁar5£n@ Rberr] substituents, especially such groups

termnating wwthimne n or, fpore 1eferabl carbonyl carb
at ons, preferb?yg’f'féllll?)riﬁlﬁr@ﬂ?o: OCONR nFPRIR &0 GRt2/i OFQO.uNits Wit hlil

the chai n. 30 CRlﬁUy:glip,xxj@ilgdophgkmmmphcagcarlgcﬁ pndotR*riegd xanol are

particularly p 1 es o ghai ns are NCCN,
NCOON, CNCCONG: R RRIE: °an&RGMR1eg % kﬁRF ¢OCONR[ err] -

-NR[err]IiI}{ewhérﬁ)E{eﬂs]hydrogen or a C,_¢- alkyl or alkoxy group
optlonally substltuted by hydroxy, alkoxy, ‘0Xa or oxo
(e.g. a polyhydroxyalkyl, formyl, acetylﬁ hydroxyl,
. alkdxy or hydroxyalkoxy group) and where it is attached
to a carbon atom R! may alsb be a hydroxyl group.
20 - When X provides a 4-7 atom linkage, conventional
' linker groups, such as for example those suggested by
Justesa in W0-93/10078 or Bracco .in US-A-4348377 and Wo-
94/14478 may be used. = S _
. In general such linkages will comprlse optionally
25 aza or oxa substltuted alkylene chains optlonally
-carrlng R? substltuents, especially such groups
terminating with imine nitrogen or, more preferably,
carbonyl carbon atoms, préferbly belonging to
iminocarbonyl fuhctional units within the chain. o
30 Hydroxylated chains, such as are found in iodixanol are
particularly preferred. :
, .Examples of such chains are NCCN, NCCCN, CNCCCNC,
and--CNCCN, eq.

35  -NR!COCONR!-
-NR!COCR},CONR!-
-NR1CR12CR10HCR1 NR!-



'NR[err]CR[err]CR[err]O—lCR[err]NR[err] WO 96/ 09282

PCT/ GB95/ 02286 96109282 . -9- PCT/GBI5/02265
-CONRerr]CRlerr] CONR[err]- and -N (COR[err]) CRerr]CRerr] OHN
(CORerr]) -, eg as found iniotrolan, iofratol, ioxaglic acid and

| odi xanol, or as otherw se indicated in WO 94/ 14478. 5 .

Advant ageousl y, in the dimer conpounds the group I's not symmetrical.

symetrical chain substituted as ‘NHCONR[ err]) or by
sel ection of an -N(CO s)WRﬁQHN:m )é@.g. OCN substituted as OCONRL). In

10 particul ar,edtas SEdired eink eﬂoﬁf@IaﬂﬁeléffH‘&fl Oridigiic acidh@Hd be
pol ar and al so th%Jsx J;;)uld be h dro

preferred structtf? fhPt P erwﬁ]% ’r’?ﬂ/‘e?ﬁ‘?eo% ﬁ%gﬁlgﬁlﬂ o2 [ er r

WO 96/ 092825 Advantageously, in the dimer compounds thRCK @3%8102265
- 10 - _ is not symmetrical. This may be achieved for example by
asymmetrical substitution of a symmetrical chain (e.gq.
N-C-N substituted ae NHCONR!) or by selection of an
asymmetric chain (e. g. OCN substituted as OCONR!). 1In
10 partlcular, it is preferred that the linker group X '
- should be polar and also that it should be hydrophilic.
Thus examples of preferred structures accordlng to
the invention include:

This may be achl (?\lgﬂlfc% &@ﬁpl %nl%y asymmetri cal -substitution of a

=Q

O=w
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SUBSTI TUTE SHEET (RULE 26) WD 96/ 09282

PCT/- GB95/ 02240 96/09282 ' o= 11 - PCAIERIS/02265 h
Merr] is Merr] or M at |east one in each conpound (and preferably
on each ring) being Merr], . especially where at | east one M2 is a |
Cerr]-al kyl group substltuted by 1, 2, 3 _0r.4_hydroxy 5 groups (e.g.
hydroxymet hyl , 2- hydroxyet hyl, 2,3- . blghydroxy propyl, '

1,3- b'ShydrOXypr%ﬂe%eyEac% ﬁz%s or h{'g¥dﬁQ§¥QUBME 1ANdach compound

1, 2, 4- trlhydroxybut 2-yl) ‘ionall connected to the phenyl ring via -
a 0O, SO or SQQFﬂfe&Péﬂﬁ PE @aCEOEHPE rPeHPErMsg err] CH err] OH),

-ﬁ g a hy?Loryalbﬁbeb&alhy’wh;&sonxaubhbcabhenu¥tﬁsFmp in particular a
ydr oxynet hy, raxy r
2- hydr oxyet hyl car dhé%ﬂéh‘éé%%g Sgﬁg gr?? X % 3 ér : hydroxP{ydroxyl
hydroxyal kyB (e. §roZpy deodyehdrpxymeshyll , oR- hydroxmya ¥kyaPk§tcar bonyl .
- Parti cwighylir@xg-pépiaTPeyBdpizhedkbryprop-2oyml 2, 3, 4-

CH [err] trlhydroxybutyl, and 1,2,4-trihydroxybut-2- yl)
optionally connected to the phenyl ring via a Co, so or
. S0, group (e.g. COCH,OH or SO,CH,OH), e.g. a hydroxyalkyl
10 or hydroxyalkylcarbonyl group, in particular a
hydroxymethyl, hydroxymethylcarbonyl, 2- hydroxyethyl or
" 2-hydroxyethylcarbonyl group, and where R! is hydrogen,
hydroxyl, hydroxyalkyl (e.g. zvhydroxyethyl)/ acetyl or
hydroxyalkylcarbonyl._
15 Particular preferred compounds are those of formula
20
25
30

35



WO 96/ 09282 o PCT/ GB95/ 02265

- 12 - WO 96/09282 HO oH . [err] PCT/GB95/02265. The
conmpounds of the invention nay in general be - "prepared in two or three
stages: (a) dinmer formation 15 ‘(where necessary); (b) iodination of
phenyl groups and (c) substitution OB phenyl groups and/ or optionally
| i nker noieties by solubilizing noieties. Wiile, in theory,
stages (a), (b) and (c) can be perforned in any order, it wll

"~ generally be preferred 200 to performthe diner formation step before the
I odi nati on step and, for reasons of econony, it will be preferred to
performthe iodination step at as'late.a -~ stage in-the synthesis as is
feasible so as to regyce i odi ne %ﬁstage The dlner formation stage

may itself be 25 a I ti-stgp procegdre wif

: resyltln

H
| i nker - nononer conj ugat RY xefond nomoner .

Al ternatively, dinert » apl Lisilarly
or cooperatively o ”cdg'ﬂéagﬁbp it he .
nononer s | eadi ng :@r r formati dn. N— ActMher d desired -t he | iNdaer
group X may be pr ceéﬁb?. nmo@K| catt®h, e. substi tution, i dation
or reduction, of & precursor linker, e.g"oT a precursor nmono H- 35

For the A8nomer conpounds, especially those where- OH rlng sub§9|tut|on S
asymetric, iodine |oading wll -

The compounds of the invention may in general be
_ prepared in two or three stages: (a) dimer formation
- 15 . (where necessary), -(b) iodination of phenyl groups and
(c) substitution of phenyl groups ard/or optionally
linker moieties by solubilizing moieties.

While, in theory, stages (a), (b) and (c) can be
performed in any order, it will generally be preferred

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

25_ a multl ~step procedure with an appropriate actlvated
llnker first being attached to one monomer before the
resulting linker-monomer conjugate is reacted with a
second monomerﬂ AltérﬁatiVely, dimer formation may be
by way of reaction of similarly or cooperatively ' '

o 30 . substituted monomers with the conjugation of the
monomers leading to dimer formation. .

Where desired the ‘linker group X may be produced by
mod1f1catlon, e.g. substitution, oxidation or reduction,
of_a precursor linker, e.g. in a precursor mbnomer.

_35 . For the mbnomer‘compoundé, especially those where
ring substitution is asymmetric, iodine loading will |
generally be effected before or-after partial



general ly be effected before or-after parti al WO 96/ 09282

PCT/ GB95/ 023%8 96/09282 - 13 - PCTIGHIIR26R | on
of the phenyl ring with R groups. In all cases, conventiona
Synthetic routes wel | known in the literature (eg net hods anal ogous to -
t hose used and descr.i bed for the productionigf_the 5 conpounds referred
to in WD 94/ 14478) may. be used. The conmpounds of the invention
nmay be -used as suB¥titutiof W rasd HIOERN x?i}fbtvﬁ.ﬁmllﬁ grshgdey nmay be -
fornul at ed Wi t conant i onal car [i ers ex ent s t roduce

di aghostic contrast 1¢pses, a@mé?”f aspect the

“invention - mbNKMalml‘dpo]sitercnnms(eq are wds |amarigagwua)mmund

of formula | (asciedd Nesb@DONE)adOOLIHES ot 't diiRfifction ofhe
physi ol ogical ly tol erable carrier or excipient i.n_aqueous
sol ution i P wat éFOTRPURGS et eFced pt? oh%l‘? 144ﬁfgé‘lar§'erb%‘{she dded

pl asma i ons or dissol Tied campeunds of the J.n\TémtImnmtagstbeingd campoa'ratyons
of the inventio t S [
Toont rasfTHobE: 81 L8N {05456 8 VUAN A W S MmiBLLE

formul ated i n concen ormfor I'on prior
General |y corrpos‘l’lttlé)n@oﬁlﬁem'éh@yal ocasrieps anql R¥F iR Ientm ko iRrpdice

‘concentrations oailgéml,ggﬁt_- contrag@()ﬂgaigd preferabl y at |east 150 nygl/ n1
with oncentratjons of at ast 30 {\T‘g{l %‘? 3%9 to 400

‘mgl/m beih @ gener al | ‘b?e’!’%?‘?’%ql 1?‘?1‘@ ﬁlg FheR, 2ReF T Lhe lnv%‘f‘n’c‘%‘htratlon
the higher the dvegwbdescavaiagnbsti@Scompesitklily ¢dmpii sirey ahsoxum’ommdon S
viscosity and | {t el i on
for-a given corrr)oundcs)ﬁ;q}*'gl L éafe’\gén%%a ggg\{gpxi Hé)ﬁd ‘gﬁl-' d?#by t he
upper tol erable ‘PlﬂﬁnP%Wb@loglcalws‘é@%???bhﬁdci%m%l‘?’c‘ yex%{Plentr e.%or
contralst rred:c a V\ihCélq@éQuédeDuﬁi.@ﬁeﬂnbMater fot- nil?f?ct@.fbné iwptdﬁ@%? e] o
upper |im or u ent .t enperat ure err

i s 30nPas; is € %Q\Q}EF V?‘Elao§¥??§spé)?¥’ﬂ% {.%n%oo%rdae %%%s can
be tol erated al t houghThéecontsastnagernti aompesfsions r@ﬂlttge aplmyem\ticbnt hen
generally be congzgl pgi gat fgadyfees-use cofiBht A3t1 R4l S WikgMpere Lo be

gi ven by bolus inject] | ogr ap rocedures, osnotoxic
effects mnust formulated in concentrate orm for dl tlon prior to
administration. Generally compositions in’ ready—to—use
20 form will have iodine concentrations of at least

100mgI/ml, preferably at least 150 mgI/ml, with
concentrations of at least 300mgI/ml, e.g. 320 to 400
‘mgIl/ml being qenerailylpreferred. The higher the iodine
- concentration the higher the diagnostic value but =
25 equally the higher the solution's viscosity and
osﬁblality. Normally the maximum iodine concentration
for a given compound will be determined by its
SQlubility, and by the upper tolerable limits for
viscosity and osmolality.
30 For contrast media which are administered by
- injection, the desirable upper limit for solution
viscosity at ambient temperature (20°C) is 30OmPas:;
. however viscosities of up to 50 or even up to 60mPas can
be tolerated although their use in paediatric
35 radiography will then generally be contraindicated. For
contrast media whicb are to be given by bolus injection,
e.qg. in.angiographic procedures, osmotoxic effects must



WD 96/ 09282 PCT/ GB95/ 02265

- 14 - WO 968982 0nsi dered and preferably osnolality shoukdTricBofe2esy

1 Gsmkg Herr]O especially below 850 mOsnmikg Herr]O, in parti cul ar
W thin 50 or less, preferably within 10, mOsm of isotonicity (about.
300 mOsni kg H[err]C» 5 ~ Wth the ionpounds of the invention, such
vi scosity, osnolality and i-odine concent rafi on targets can readl ly be

met. | ndeed efBSCEbﬁgld%g Q?Pnd gr?ggggﬁf§r§%ﬁ8 %ﬁf@{:&%ﬁ&%?ﬁgeg% Won

hypot oni ¢ sol utions I'Ta
tonicity by 101 OSmAkgaHdP: i esPesidlhy deekon i&h mosmika d.Pedive t he

toxicity contrphytienlwki whteeni BQSoErQé‘séPn%:EeféM%ﬂ%tlﬁn 1b@f f 1 Iﬁd 4
esliraply e | NCl uae

fol |l oM ng bol ug_i-n tion,

in the ranges 8698;%8%881%%&63 &t 5@@/’6&5@4"%6&?% 91/13636. 15
PreferredSpl asnma caWigh tbet entpofindst b€ thatineention, smhia of the
“invention, eSp@EBébEYtQ}OnB%ﬁEﬁ.a?TFéyaafntﬁglodlnez Oéék%éigifé’é%n A frfeed 0! | ovs:

sodi um 10 especli a
particul arly 262Poreadijy, pQPFrchH@F?d ‘Skeéctive iodine 25 to 35 mv
cal cium - opnten8rtipnef nagbby 0efbhéd With hypotonlc solutions.

especially O. 1I£0?;y2th8§rFgcaggik%bgeléo %ke %R)solqﬁlon to§1c1tyrE£

pOtaSSIU E era to 1. ecCl a
0.3 to 119, paF ecaddfttyon aftpl@smarmatl@ms so mgriesixeduce wpeto 0.8,

preferably 0.0Bok@cft§, contrlbutlon which defS¥e€ifdny {drolid Gbarance -
par.ti C_U| arly o, %fects follow:l.ng bolus J.njoegélcmxw. Such cations will ‘
desirably be 1ncluded in the ranges suggested in WO- |
90/01194 and WO-91/13636. | |
15 _ Preferred plasma cation contents for the contrast
media of the inVention,-especially contrast media for
angiography, are as follows: | |

sodium 2 to 100, espeéially 15 to 75,

_2Q ' 'partlcularly 20 to 70, more partlcularly
' 25 to 35 mM
calcium  up to 3.0, preferably 0.05 to 1.6,
- "especially 0.1 to 1.2, particularly 0.15
25 ' to 0.7mM
potaSsium up to 2, preferably 0.2 to 1.5, especially

0.3 to 1.2, particularly 0.4 to 0.9 mM

30_-' magnesium up to 0.8, préferably 0.05 to 0.6,

especially 0.1 to 0.5, particularly 0.1 to =
0.25 mM

The plasma catlons may be ‘presented, in whole or in
35 'part, as counterions in ionic contrast agents.
Otherwlse they will generally be provided in the form of .
'salts with physiologically tolerable counteranions, e.qg.



The plasma cations may be presented, in whole or in 35 part, as

count eri ons Wo 9688282 contrast agents. O herwi se they wiPCT/GRINER2AS| y
be provided in the formof salts with phy5|olog|cally tol erable
tount erani ons, e.g. WO 96/ 09282 o

PCT/ GB95/ 02265 ' _ _ -1 - chi ori de,

sul phate, phosphate, hydrogen carbonate, et% with pl asma ani ons.

v especially prefer ein NSg he
contrast nedia nﬁ€P°¥18e’ gﬂggﬁﬁtﬁth%?O%%E%FeTl %@Pﬁ%%¢2§$ﬁb8§£t8 IEEIOHIC
and 5  such countbrpbasmananlon5cgapgelglbye@ﬁ@ﬁ@r%kiy being\usedegical |y

tol erabl e. Exanpl €s: 0ﬁe§!&€s'ﬁﬂ§sma cat6hyfetRé kabnt pas ankalangagarth
nmetal ions, amoniu

chl ori de, pﬁ8§BﬁéPe°t§ﬁH ﬁ9HPg§§h°B§?ﬁgﬁﬁ?eQ§€1%%ﬁgggg%tgg%gﬁsaﬁs

conventionak in phahnaoanterabn&owmtlaofoqouageapsefeeably beused. The
compos {1 one 1o" BAYES oBY1£ADI3I Rl UFLNSE. | ExambREROBENSSCRORYRS! onal in

X-ray contrast Publ i cati gons
referred to hereiﬁcéﬂéelﬁé&ﬁ&éraﬂédalsallnﬁePéFﬁhbyeF%}e+%ﬂ§e ammon.ium,

The invention w pkglaiibe,desaahbeemite} haiethhholaminef eéhlentdel o the |
foll ow ng non-1li
1,3,5-Triiodo-2. Bl BFPga§é3n5P§h93F5?9ef gégngg?o OF?er counterions

( 3- hydr oxya0- pr openvéngliphedz énepharmaceutical formulatlon may also be _
1.3,5-Triiodo-2. ﬂs@dﬁr'@ﬁkhﬁb geﬁﬁﬂﬁons moreob@ﬂ'ﬂﬁy(é@n@aﬂn fﬁr&ﬁ@k) was

di ssol ved in carbon 25 orid % . g g é . 50
nmmol) and EP@PPPFPF&OF@&E@PG}QFBﬁe P X 53Vd€°F§§ 8%y Eahnﬁlﬂ
~were added and t bef¥elrdt,i @tcwas stirred at anblent tenperature for

hours. The precipitat i . I bhtn (Ao mashed
with cold carbon 30 %quEF§@HW§$|5§f 5%§r|edh%$ *dg % g ngﬁ%?d
' 15 herein by reference. : -
' The invention will now be descrlbed further with
reference to the following non-limiting Examples.

50 ) 1)-6-(3- . a-1-

. Iodine (19.0 g, 75 mmol) was dissolved in carbon

25 tetrachlorlde (75 ml) . Mesitylene (7.0 ml; 50 mmol) and
bls(tr1f1uoroacetoxy)phenyl iodide (35.5 g, 82 mmol)
were added and the solutlon was stirred at ambient
temperature for 2 hours. The prec1p1tate, whlch was

_ collected by filtration, was washed with cold carbon
30 tetrachloride'and'dried. Yield: 20.5 g (82 %).
~ H NMR (CDCl,): 3.31 (s).

35 Trllodome51tylene (19.5 g; 39 mmol) was added to glacial
acetic acid (200 ml) containing acetic anhydride (400
ml) and concentrated sulfuric acid (40 ml). Solid



[err]H NMR (CDCl [err]): 3. 31 (s). b, ' .
1.3.5-Tri i wooeezR26-t ri-acet oxymet hyl benzene 35 Tri i odaascesioess (19.5

g, 39 mmol) was added to gl aci al aceticacid (200 m) containing
acetic anhydride (400 m ) and concentrated sulfuric acid (40 m).
Solid WD 96/ 09282 . :

PCT/ GB95/ 02265 ' -1%6 - . 16 - pot assi um
per manganate (24.6 g,. 156 nnDI) was then added in small portions
over a period &R é% (24.6 g;oR586MROL} Heas okbent added

“evaporated and :Lmtsatal(lztﬂﬁarrﬂ:.bns over ‘wapetddadof TBeh a0NLOLS §E§E§Eﬁ§0” was

: t t d th | t

A I ke
resi due was su¥Fénded @@téﬂ@eous sugpenshonwas cextyacaedi withr oduct
was col |l est ed Eﬁchloroﬁ@dﬂdﬁ@”(QBo 119! dnd9tBeJotganil phlse whE' "] H NVR
13,50 Tr1 | bao- FaRER, phih ek oo Rpplcibinedriea (iigs0,) ana
-1, 3, 5-Tri i odo- 2vapératiedceThey sellidl residne ¢as3syspdXdédlbn acevdhy Was
suspended i MapBRRSl (AReoinA0d1 KR! bOBREEE] vkl ddzactoqdoy 3 1)

was added. The m.xture was erar yfor 16 h,
and , after nefil&FREdOERonYield: 8 3t fe (35| &ion with 2N|aqueous HO , the

organi c 10 $n| NMRt (@BELEVADI6Y ek, B ,F esixuqsyasgsyspended in 20

water and.the white solid was col | ect'ed by f|1trat|on and washed with
wat er, net hanol and ether Yleld 7.1 g (94 9 . [err]H NMR .
(Dl\/BOd[err]) i - 2o bemize | 4

1.3.5- Trllodobenzene 2 4. 67tf|aldehyde |

1,3,5-Triiodo-2,4,6-triacetoxymethylbenzene (9.3 g, 13.8

15 mmol) was suspended in methanol (120 ml) and K,CO, (0.32
g, 2.3 mmol) was added. The mixture was stirred at
ambient temperatu;e for 16 h, and ,» after neutralization
of the solution with 2M aqueous HC1, the organic
solvent was evaporated. The residue was suspended in

20 water and the white solid was collected by filtratioh
and washed with water, methanol and ethex. Yleld 7.1 g
(94 %). _ .
H NMR (DMSO-de): 5.08 (s, 6H), 3.35 (br s, 3H).

25 - — i . e - -. i
1,3,5- Trllodo 2,4,6- trlhydroxymethylbenzene- (4.5 g, 8.2
mmol) was dissolved in DMSO (80 ml) Trlethylamlne (51.7
ml, 371 mmol) and pyridine-SO; (11.8 g, 74.2 mmol) were

30 added and the mixture was stirred for two hours. The
two phases were separated and the lower phase was cooled
to'o °C, poured into water (150 ml) and stirred for 30
mif at 0 °C. The white solid was collected by

: flltratlon, washed with water and drled Yield: 3.0g
- 35 (67 %). _ :
' " 1H NMR (DMSO-d;): 9.64 (s).



4,3,5-Triiodo-2,4,6-trihydroxynet hyl benzene (4.5

g, 8.2 nmol ) _was
di ssol ved i wWOMAD2§280 m ). Tri et hyl amine (51.7 m, 371 RAHEPINA6S
Pyrldlne S03 (11.8 g, 74.2 mol) were 30 - added and the m xture was
stirred for two hours. The .. two phases were separated and the | ower
phase was cool ed to 0 [err]C, poured into water (150 m) and stirred
for 30 mn at O[err]C The white sori 47was col |l ected by

filtration, washed with water
[err]H NVR ( DVB(Rd b I K 5970 —aean s
PCT/GBQ5/02265 mg;hxl_gs;gr' ' - 17 - . e.
1.3,5-Triiodo-2.4:6-tris(2-prop-1-enoic aC|d)benzene nmet hyl ester
Sodi um hydride (194 ng 80 %in mneral oil, 6.5 mol) 5 was dlssolved in
'DVBO (13 i) andSodium hydeide| phosph@rddcetin ainerdl Ails &G WY wa

and drled Yleld 3.0 g 35

added. Aft#ésséiéébi"@e&hfnsﬂhsé' fiB fe1) Hhdin, 1,3, 5-
tr||odobenzene 2 6- tr|

the reaction m x%ﬁ%%tkﬁé% ‘P?P wé%?ti%‘gh(ffgg H‘\?\&‘% eé;@%’mﬁaa%;{gﬁ@n
added and the pHafeeragiistingtthe solutiiontfor M agreous HG~ The slurry

was extracted w {:Pllodobeﬁiﬁ&li'%ogofﬁé h@Pfai&é(lfg@%"t%@%t NE, Otk was

organlc 0] es were ter

dﬁlémiéﬁﬁa
and evapor at ed. F@@ﬁ@lcéﬂﬂohh%yreéFﬁhﬂnc%%%ﬁ%?%d?%%h%tﬁffe gel
CH err] C [epr] - nRhPaPOL288 hl) 0R¥E thénPaddedr &fdCthe pH was adjMétedsodid.

O
I|Iz)6| d5 336(39 3ﬁ|il yith 2 Ml%J!‘Q Pé? ﬁl&/f?,o%n ég‘#‘l’% “?;34%%&&'?‘%% ‘?JI'ET?QH J
7.2 Hz) . 2@ichloromethafe5{Ix200dwlp, dnd- th&s@qmbﬁnﬁ@x9¥ﬁiﬁi©n 3-
yl) benzene phases were washed with water (3x50 ml), dried (MgSO,)
and evaporated. Purification by column chromatography
15 (silica gel CH,Cl,-methanol 99:1) gave the pure product
as a white solid. Yield: 426 mg (44 %). .
1§ NMR (CDC1,): 7.48 (4, 3H, J 16.2 Hz), 5.95 (d, 3H, J
16.2 Hz), 4.30 (g, 6H, J 7.2 Hz), 1.36 (t, SH, J 7.2
Hz) . - .
20

-1,3,5-Triiodo-§,4,6-tris(2-prop-1eenoic acid)benzene
25 methyl ester (650 mg, 0.87 mmol) was dissolved in
. toluene (10 ml) and diisobutylaluminium hydride (5.44 ml
of a 1.2 M solution in toluene) was added at 0 °C. After
stirring for 40 min at 0 °C, the solution was poured
into methanol (Sb ml) and the resulting slurry was
30 - stlrred for another 45 min. The solids were filtered off
and the solutlon was evaporated glv1ng a white solid
resldue which was purified by trituration with diethyl
ether. Yield: 510 mg (94 %). ' :
1H NMR (CD,OD) : 6.44 (d, 3H, J 16.0 Hz), 5.57 (dt, 3H, J4
35  16.0 Hz, J. 5.8 Hz), 4.23 (m, 6H). -



1,3,5-Triiodo-2,4,6-tris(2-prop-1-enoic acid)benzene 25 met hyl ester
(650 ng, Owddemwpaez) was di ssolved in t ol uene (10 ) PeEwWAEB9IS/02265

di i sobut yl al um ni um hydri de (5.44 nm of a 1.2 Msolution in tol uene)
was added at O [err]C. After stirring for 40 mn at O [err]C, .the
sol uti.on was poured i nto met hanol (§Q m) and the resulting slurry
was 30 stirred for another 45 m n. The SO|IdS were filtered off .

and the sol utign ye ] esi due whi ch
was purified by b 7 ' h%%‘c#‘SlOrrg(% 9% .
[err]H NNR(CEILbLh?JLE;nRG 44(d 3H J 160Hz) 5.57 (dt, 3H, Jd 35

16.0 Hz, J[err] 5.8 Hz), 4.23 (m 6H). WO 96/ 09282

PCT/ GB95/ 02265

1.3.5-Triiodo- 273 8" T:F?'%?‘ioa%ef‘b§<yf)ﬂ)?)(Jer?‘%droxyprO%Tﬁn'baeWzlﬁrPéanZ%ne

1, 3, 5-Tri5odo- 2580 6mgy i 8(90 hywobk ypaspdissdlyed venzemixtiire qfH60 ng, 0.90.

I di t
ol ) e &Sﬁﬁt*f“g fortht] ifia doeric aifdAlde (&), 3?‘2"%56 16 hours,
t he .sol v& %rﬁh’égeﬂﬁp%‘?’%%%ﬂt aﬁ%f“g?ﬂéa‘?‘é%? RRF s Fi &t
%epar ati VF . HRbGréhP- %8s ?ﬁpﬁi)?&@dfi{n?rtfﬂ@ﬁsﬁl[ije v}ésal6 1(:316
9 . err rr
1R, Gl Ry
Jlerr] 10- 5(46HR) . J2 1. 2.12 (s, [err]CNI\/R(CDO[err])

170.6, 146.3, fGnd Adc Zg tg% 36 G35, 3ﬁ5 Jd 20.91z, I, 1 shnz>,

s g T S R el G, e, . g

1,3,5-Triiodo-2,8 thr.@(ﬂGadM)qx;mnmo (@n- 38)|.) benzene - (100 mg, 0.133.

mml)was di ssp I?I?Eﬁ C | ( i ngp S
peroxi de (0.054 ¢ Prtha?g \/véts:lé‘]‘gﬁ:2 :L‘forre?iﬂ;t]fial gz;nbl ent’ te’g'grrpeé;rat ure -
for 21-hddrs- a?]@l he

20 1,3,5-Triiodo-2,4,6-tris(1-acetoxyprop-en-3-yl)benzene
. (100 mg, 0.133 mmol) was dissolved in formic acid (5 ml)
containing hydrogen 'peroxide (0.054 ®l). The mixture was
stirred at ambient temperature for 21 hours and the
: solvent was evaporated Methanol (5 ml) was added
25  followed by solid K,CO; (195 mg), and, after st:.rr:.ng for
' 1 hour, the solvent was evaporated The product was
purified by preparative HPLC (CH,CN: H,0 3:97). |
H NMR (D;0): 6.45 (d, 1H, J 16.0 Hz), 5.40-5.55 (m, 1H),
4.54-4.90 (m, 11H), 4.23-4.31 (m, 2H), 3.62- 3.91 (m,
30 4H). R o |
MS (ESP): 692 (M*).

35

1,3,5-Triiodo-2,4,6-tris (1-acetoxyprop-en-3-yl)benzene
(100 mg, 0.133 mmol, from Example lg) was dissolved in



sol vent was evaporated. Methanol (5 m) was added 25 foll owed by solid
Klerr] CO errMo1®®9283), and, after stirring for 1 hour, RCERGBS/0226St
was evaporated. The product was purified by preparative HPLC

(CH err]CN: Herr]O 3:97). - [err]HNWR (Dlerr]O: 6.45 (d, 1H, J 16.0
Hz), 5.40-5.55 (m 1H), 4.54-4.90 (m 11H) 4.23-4.31 (m 2H), 3.62-
3.917 (m 30 4H) - M5 (ESP): 692 (I\/Flr) 15 Exam1p| e 2:
1.3.5-Triiodo-2. tr|(1 3- ydro yl ) benz 35
1,3,5-Trii odo- 2, chl (esttd'léopﬁ%‘ )’Wéiﬂ:%gﬁg‘ rox ?fod%&s"o 133
rrrml from Exarrpltté.)lg)‘l‘hmsmdat:sm:d e |st1rred WP ge/go2eRperature for 40

PCT/ GB95/ 02265 hour and th ivent v d.1fethanol (50KiC acid
(5 M) containin (?ro en eerosx°| eert w(%s € aporarﬁ 9% a‘ntureSV\H/aTs)

stirred.at room t gldrovigs bY solisl KCad (19R '%’I ver vikter
evapor at ed. sMet hzsui]rx(ﬁgﬁf)or 1 h, wise atdeseritoMasesrapprated Kherr] CJerr]

195 ted. Th
E)rodug'?) vvagnpurl Froq:roalug:t wrazs:)zfrlﬁilve {iﬁ_yl %&%‘%r%rﬁ%%ﬁ E#g‘ rr] gneﬁﬁpﬁr@ 87). ©
[err]H NVR (CD[ e 9®))- 4.57-4.94 (m 15 H), 3.62-3.99 (m 6H); (S
(ESP): 744 (Mr18py #fR (cD,0B¥anpl§734. ghA@gty153thdgqun§t@yluﬁ (&up:

di hydr oxypropyl a ony, ll-é 3-di hydroxypropy ) -
2.4.6-triiodoani IrlLH: %%’Ep) J4)4a J\@ dr oxmet hyl - 3-ni tro-5-benzoic acid
met hyl esta0 1-Ni troi sophthalic acid rmnorret hyl ester (22.5 g, 100

mol ) was di ssol ' i " and. I = oY O (25.2
:ﬁ%&l@? T T (o. 1.0, 135 mmt ) as then added

m, 200 nmol ) wa
portionw se duri i

15 = yl-3-nitro-5-

1-Nitroisophthalic acid monomethyl ester (22.5 g, 100
mmol) was dissolved in dry THF (675 ml) and BF;¢Et,0
(25.2 ml, 200 mmol) was added. NaBH, (5.1 g, 135 mmol)
20 was then added portionwise during 1 h. After stirring
for 2 additional h, ethanol (20 ml) was added slowly
followed by water (200 ml) and diethyl ether (400 ml).
The phases were separated and the aqueous phase was
extracted once with diethyl ether (100 ml). The combined
- 25 organic phases were washed with a saturated aqueous
sdiﬁtion of NaHCO;, dried (Na,SO,) and.evaporated. Yield:
20 g (96 %). HPLC analysis indicated >95 % purity of the
product. : o o o o
H NMR (CDCl,): 8.72 (s, 1H), 8.42 (s, 1H), 8.32 (s, 1H),
30  4.86 (s, 2H), 3.97 (s, 3H), 2.37 (br s, 1H).

35 The methyl ester from Example 3a (20.5 g, 97 mmol) was
mixed with 2,3-dihydroxypropylamine (9.6 g, 106 wmmol)
and the mixture was heated to 90 °C. After 45 min, the



for 2 additional h, ethanol (20 ml) was added slowy fol.l oned by

wat er (200wwlosnoeasd di et hyl ether (400 m). The phasegciRrRigdspRRer at ed
and t he aqueous phase was extracted once with diethyl -ether (100 m).

The conbi ned 25 organi ¢ phases were washed with a saturated aqueous.
solution of NaHCJ err], dried (Na[err]Sderr]) and evaporated. Yield:

20 g (96 % . HPLC anaIyS|s indicated >95 B%urity of the pr oduct .
[err]H NVR (CDCl[err]): 8,72 (s 1H), 8.42 (s, 1H), 32 (s, 1H), 30 °

4.86 (s, 2H), PUPEfULe 338 Ie e@ortcs 20pHm Hg and heatlng was :
1- Hydr oxy et hyboammmea Fox( 2 ¥. The czﬁalaygm&uatot)yhaﬂbﬂwagbgas' ybenzene

35 The neth m xed
with 2,3-dihyd oi%bropﬁ 554 naéﬁésafééyﬁﬁﬁr was. usegnﬁmgﬁguﬁtxture was

heated to 90 [ér\lrr]t@emmfd&aam;l time the next\/\@teﬁl 0¥282d: 22.8 g(87
PCT/ GB95/ 62265 %) : - 20 - pressure

~was reduced to d heat ' continued for 2 h. The crude
product , whi chﬁv\gggméﬁ }?Drs 'aét?yr'dlﬁrgzat o Spdan B - 8 s(s.wddllused

wi t hout ﬂuﬂﬂhe(rs,p_aﬂ)fIGaBﬂ.GB 88 t(me amEX{ 3tBP-3Y6BI @i, 24P .9(87 5

9 . [err]H NWVR (CD[err]OD): 8.57 (s, 1H), 8.38 (s, Mﬂ 8.19 (s, 1H),
4.77 (s, 2H), 3.81-3..88 (m 1H), 3.39-3.63 (m 4H).
3-FydroxynethyFh53@§¥319¥Nmﬁhhﬂih§dd3x§propylantnocarbonyl)anlI|ne

1- Hydr oxyoet hy g4 Bvidirioxeon® 2minocarho EAXYPREPY! am nocar bonyl ) benzene
(12.0 g, 44.4 mol) Was hydrogenated in et hanol (150 M) at 60 psi

H err] using 15 Pd/ C (10 % 100 ng) as the catalyst. The catal yst was
renoved by fllﬂPQVﬂmnxandthy& Benidwe-Bag2¢8aporated. - _

_dlhydroxypropylamlnocarbonyl)benzene (12.0 g, 44 .4 mmol)
was hydrogenated in methanol (150 ml) at 60 psi H, using
- 15 Pd/C (10 %, 100-m§).as the catalyst. The catalyst was’
removed by filtration and the residue was evaporated.
Addition of methanol (10 ml),precipitatéd the product as
a white solid which was filtered off and dried. Yield:
. 6.6 g (62%). . S | o
20 '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) | " |
MS (ESP, m/e): 241 ([M+1]*, 100 %).

25

3-Hydroxymethyl-5-(2,3-
dlhydroxypropylamlnocarbonyl)anlllne (500 mg, 2.1 mmol)
30 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 total amount of 1.0 ml KICl, solution was
added. After 'a total reaction time of 6 h, the solution
- was. extracted with ethyl acetate (1000 ml) which was :
35 - separated and washed with an aqueous solution of Na,S,0,
o (0.2M, 100 ml). Evaporation followed by purification by
preparative HPLC.gave 432 mg (33 %) of the pure product.



Addition of nethanol (10 m) precipitated the product as a white

sol i d whi ch wease/fazsz ered of f and dried. Yield: 6.6 g (BCTNIBISA2Q65
[err]HNVMR (CD{err]OD): 7.05-7.09 (m 1H), 6.98-7.03 (m 1H),
.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) M8 (ESP, nfe): 241 ([M¥1]+, 100 @@. 25 .
3- Hydr oxynet hyl -'5- (2. 3-di hydr oxypr opyl am rro@d-r bonyl ) -
2.4.6-triiodoaniline 3- Hydr oxymnet h 2, 3-
- di hydr oxypr opy! ahi & 6SPaAD)znig -k %/950(? 32 30-3rm88) (To lH)wa§ -di%ssol ved

in water (175 ™ xgaaq & @qwa@%s Satd oy, J3=110i ﬁkﬁl[fnrl 37@o@ada/wb

S farey Lo o0y b e oy s 0 08 iRl LA PR e T

sol uti on WHE, ed+ 23t BOHZ tHEHEL hy|3Acéddd e J.:00C Hz), v'\ﬂaFéhlv\Hs,BS

separated agd wa th,a ueguss sl ut , 03 2dNadd rd Ser (d4) e :

(0.2M 100 Ed) Ehg%%\r,%t?%?r?ﬁﬁeﬁ) 62 Pégujr'l??l cation % (S%érq%ar)!itlve

HPLC gave 432 ngMB33ESP.oR/eha ﬁaﬁe(Hrod 0o %) . 64Q\d BN a0

PCT/ GB95/ 02265 - 21 - [err]H NWVR
(CDerr]OD): 5.1 - (ddd, J[err]=0.7 Hz,

J[lerr]=4.2 Hz, J3=tT: ; P ; ferr]=6.0 Hz, J[err]=11.4.

Hz, 1H), 3.49 (dddacefoxypropylaminorarboagl) _‘ 6-tgliodaanilines

1H), 3.37 ggdd, J[err] 12 Hz J[err] 61Hz 5 J3=13.2 Hz, 1H), 2.62

s, 1 2.28 and 2. 4 2S 618 00 9%,
240 (F%%hb][err] et%?ﬁ 55.(2x33 BEP&ErQ*XEEP§¥§ﬁﬂ%ﬂ§3;€5?§Y%}‘ "
di acet oxypr opyl am nocat&&ﬂbkibaﬂﬂlﬁet r(Bi.edganbl. 3nemed) was suspended in

3- Hydr oxynet hyl - ?l%(%‘j%d g@%@&g@@&&%p%&%%ﬁeaghgn? acetic athgdrllde

~2,4,6-triiodoani was ‘suspende
acetic acid (12 AP madt andi cgngedtrateshgylfyzic acid (0.08 m

15 mixture was stirred at 60 °C for 3 h, allowed to cool to
room temperature, and CH,Cl, (100 ml) and water (100 ml)
were added. The organic phase was washed with water
(3x50 ml) and a saturated aqueous solution of NaHCO,

_ (2x50 ml). After drying (MgsSO,) and evaporation, the

20 residue was dissolved in a mixture of CH,Cl, and methanol
(9:1) and filtered through a short silica pad and
evaporated. Yield: 3.0 g (71 %). ' |
1H NMR (CDClg)q 8.27-8.32 (m, 1H), 5.51 (s, 2H), 5.18-
5.22 (m, 1H), 4.17-4.42 (m, 2H), 3.67-3.84 (m, 1H),

25 3.41-3.60 (m, 1H), 2.56 (s, 3H), 2.04-2.14 (8s, 12H).
MS (BESP, m/e): 786 (M*, 100 %), 809 (_[—M+Na]*, 81 %).

30 - 2.4.6-triiodoanili

N-ecetyl-3-acetoiymethyl-s-(2,3-
'ai5&etoxypropylaminocarbonyl)-2,4,6-triiodoaniline (1.0
g, 1.27 mmol) was suspended in a mixture of methanol (6
35 ml) and water (30 ml) and pH was adjusted to 12.0 using
'a 2 M aqueous solution of NaOH.After stirring for 1 h,
1-bromo-2,3-propanediol (0.99 g, 6.4 mmol) was added and



(48 m) and concentrated sulfuric acid (0.08 m). The 15 m Xt ure was
stirred atw@9/49%282 ] C for 3 h, allowed to cool to I OOPCY/GBYSAR2GSUT €,
and CH err]C [err] (100 M) and water (100 nm) wer e added. The
organi ¢ phase was washed with water (3x50 m) and a saturated aqueous
sol uti on of NaHCGO3 ' (2x50 m). After drying (MySO4) and evaporation,
the 20 resi due was dissolved in a nmixt@2e-of CHerr]d[er]r and nethanol
(9:1) and flltered t hrough a short silica pad and - evaporated. Yield:
3.0 g (71 % . the PH yas| pdipRtedDer| &1 §)usingrag2 3¢ qmequa scSleﬁ:.én

2H), 5.18- . of HC22 fABrdhh-2431 répéae&m%b;sé &$7-8: 25

o (Morr) | 1BBRER 3855@&%]%% Gia"sd s i 480 34 n, K e ”’_e)

N- Acet yl - 3- hydadiyabetlyto56( 3. 681ng a 2 M aqueous solution of HC1.
dihydroxygr opyASERROE3aPaRYELoR, (End- P%Ei/&ﬁéw&é ;.l:}faséc? Py,

2.4.6-triiodoanil acetoxy
.d|acetoxypropy?ﬁﬁ?ﬂﬁ%ﬁ?ﬁﬁn§?¥c2 ﬁl i 9 ¥R (4R P10 g, 1.27 nmol)
was suspended 1 NMRii (@@ e @&f. 20et(8anek)(63333-3.pb) (Rpdipa) er1(99 f(h% and
pH was adj ust g%}o 12.0 using a 2 M aqueous solution of NaOH. Aff
stirring for 1- br onp- 2, 3- propanedi ol (0.99 g, ‘6.4 mmol) was
added and MS (ESBo/mHeB2 734 (M*, 60 %), 756 ([M+Nal*, 100 %).

PCT/ GB951 2265 - - 22 - t he pH was
adjusted to 116 us'ng‘a , aquequs_sol ution ' _
1- Brono- 2, 3- profiene e R A B L L B C S AR gddodbaf ter 16,

todelbdn zwilkh L] adjusted to 6.5 using a 2 Nlaqueouir
solution of HOI. 5 After evaporation, the residue was purified by

and 18 h and AL )

preparative HPLC. Yield: 0.373 g (40 9. : [err]H NVR (D[err]O: 5.20
(s, 2H), 3.23-R-gbFzRiaminobenzadaluohol 3H) . . I\/IS('ESP, me): 734
(l\/[err] , 1850 %9, 756 ([MrNa][err], 100 %. 10 . Exanple 4 :

N; N - b' s(hydr% ocletéljgn ofIS dlsaralrhoitro%enzylalcohol (2.20 g, 11.1
mmol) in methanol (90 ml) and a Pd/C catalyst (10 %, 100
mg) was hydrogenated in a Parr apparatus at 60 psi. The

- solution was filtered -and the solvent was removed by
20 .evaporation. The crude product was used without
purification in the next step. ' :
H NMR (CDCl,;): 6.12-6.14 (m, 2H), 5.96-5.98 (m, -1H),
4.51 (s, 2H), -3.60 (br s, 4H).

25 -Diamino- -

" The crude prodﬁct from the previous example dissolved in
a mixture of methanol (310 ml) and water (60 ml) and pH
- was adjusted to 1. 5 using a 4 M aqueous solution of HC1.
30 - A solution of KICl, (70 %,_11.2 g) was added dropwise at
such a rate, that the-color disappeared betWeen each
addition. After stirring for 5 additional min, the
prééipitate.was filtered off and washed with water (3x50
ml), ether (3x50 ml) and dried. Yield: 4.50 g (80 %).
35 I NMR (DMSO-dg): 5.20 (s, 4H), 4.81-4.94 (m, 3H).

v



triiodobenzyl al cohol a. 3,5-D am nobenzyl al cohol 15 A '
sol uti on of Womembzszt r obenzyl al cohol (2.20 g, 11.1 mmll)C'lVGBﬂimzﬁénol
(90 M) and a Pd/C catalyst (10 % 100 " mg) was hydrogenated in a Parr
apparatus at 60 psi. The -~ solution was filtered and the sol vent was
~renmoved by 20 evaporation. The crude product  was used without
purification in the next step. - [err]H2BR(CDCl [err]): 6.12-6.14 (m
2H), 5.96-5.98 (m 1H) 451(s 2H), 3.60 (br s, 4H).' 25 b.
" 3.5-Diamino-2.4. & ' 2 4 : , o 88Q@Sr oduct fromthe
previ gus exanpl e di ssol ved in a mxture of rret hanol (310 m) and

water (60 m) and p. S a uste.d queo | ution
of 130" ) A oot A RAAmnR e o 1 {irrShenay g B 2
such a rate, thatnuhdnb) MQrdmmrm D etdnetnrres ath pyrldlrmjdﬁao onl) Afncer
stirring forg5 a e r MRS~ i I

washed \g/]mth wat e(rjgf %gaénm&lr#{ (25 %ml)p aﬁ'@()mﬁ?tngnd drélt é{:lése %éda%g
(80 % . 35 [errqummmm[%rfrqs 16 o'lzrse &ﬂ%ve%%f’ezrea@‘(qﬁomed

WD 96/ 09282 and the residue was washed with et¥aW BSOS water

3 §3D| aﬁ no- 2, 4, 6%’?5&0‘@@0 ?ﬁ%lé’f:ﬁ%‘%“&%ﬂf _Zr%yg%cit@tse %) nmol ) was

dissolved in a m%HM’Roﬁ‘DMS,Or-Ide me5¢38 ) 2HH,55.28af8ti 4HhnhPdPrdés(2.5

m) and thelénxtUﬁQ was stlrred at roomtenperature for 16 h. The
solvents were ev orat residue was washe_gl wi th ether_(3x50
m), water | a’?’ xvam(?MﬁﬁdddheH7°we|h484?521%39( B0 73.67 6701

NMVR (DVBO-d[err])205835 (s, 2H), 5.28 (s, 4H), 2.04 (s,

15  triiodobenzylacetate

3,5-Diamino-2, 4, 6-triiodobenzylacetate (5.58 g, 10 mmol)
was mixed with acetoxyacetyl chloride (3.22 ml, 30 mmol)
and dimethylacetamide- (50 ml) and the mixture was |
20 . stirred for 17 h. Ether (600 ml) was added, and after 20
min, the precipitate was collected, washed with water
(3x50 ml) and dried. Recrystallization from
acetonitrile gave 3.3 g (44 %) of ;hé pure product.
H NMR (DMSO-dg): 10.27 and 10.19 (2s, 2:1, 2H), 5.51 (s,
25 2H), 4.66 (s, 4H), 2.13 (s, 3H), 2.12 (s, 3H), 2.06 (s,
3H). ' ' : :

| - - - - -

triiodol 1alcohol

30 o .
3,5-Bis(acetoxyadetylamino)-2,4,S-triiodobenzylacetate
leZ mg, 0.2 mmoi) was dissolved in a mixture of
meEhanol (6 ml) and 1 M agqueous NaOH (2 ml) and the
solutlon was stirred for 2 h at room temperature. After

5 neutrallzatlon with-1 M HC1, ‘the solvents were removed
by evaporation and the product was purified by
preparative HPLC. Yield: 105 mg (83 %).



10 3H). [err]C NMR (DVMBO-d[err]): 170.5, 148.1, 139.0, 78.0, 73.6,

70. 0, " WO02009282 d. 3.5-Bi s(acetoxyacetyl am no) - 2pér/GBosiiz2es.
triiodobenzyl acetate 3,5-Diam no-2,4,6-triiodobenzyl acetate (5.58
g, 10 mmol) was m xed with acetoxyacetyl chloride (3.22 m, 30 mol.) -

and di net hyl acetam de (50 m) and the m xture was 20 stirred for 17 h.

Et her (600 m) was added, and after 20 - 24 4nin, the precipitate was -

col |l ected, washed with water (3x50 m) and dried. Recrystallization
from aceMdni(BSH,emyaje $53 d [(M4¥aY), olooh%e) pure product. - [err]H
NVR (DIVBOd[err]) 10. 27 and 10.19 (2s, 2:1, 2H), 5.51 (s, 25 2H) 4.66 -
(s, 4H), 2.13 - 2. ' ' ' 3 ' '

N, N' - bi s( hydr oxastesays % 30

3, 5- Bi s(acet oxgagetd agiin 4 -6 it e (152 ng, 0.2
mol ) wasgdi ssolved in a mxture of o rret hanol (6 M) -and 1 M aqueous
NaCH (2 n15) andthe B solutlon was stlrredfor 2hat roomterrperature,
After 35 ned Bisd{acetioxyal d2<atgboxvebbvh). zed by
evapor ati on ang4 pr epar at | ve HPLC Yield:
105 ng (83 %9. { L o -
PCT/ GB95/ 02265 ' - 24 - - M5 (ESP,
me): 655 ([ M+rNa] beBik, (ai:@&o%i/acetylamnoExamDI, e-Er:L:Lodobenzylacetate

N, N - Bi sqjydr 035%?% g'- (@mgX?rQﬁéeﬁgégzﬂved in a mixture of DMSO

3.5-di am no- 2 enz
5 ml) and dlmethylacetamlde (5 ml) containing Cs,CO,
,(1.0 g, 3.07 rmnol) and 2-bromoethyl acetate (0.31 ml, . ‘

~ 2.84 ml). The mixture was stirred at room temperature
.for 48 h, ether (100 ml) and aqueous NaH,PO, buffer were
15 added and the organic phase was washed with water and
dried. Purification by preparative HPLC gave 520 mg (22
%) of the product. : :
H NMR (CDCl,): 7.86 (s, 1H), 5.66 (s, 2H), 4.80 (s, 2H),
3.81-4.44 (m, 6H), 2.13-2.27 (m, 12H).
20 MS (ESP, m/e): 845 ([M+1]*, 100 %), 866 ([M+Nal*, 24 %).

25 N,.N'-B:.s(acetoxyacetyl)-N- (2~ acetoxyethyl) -3,5- d:.am:.no—
2,4,6- tr:.:.odobenzylacetate (0.50 g, 0.59 mmol) was
dissolved in a mixture of, methanol (5 ml), water (5 ml)
and aqueous 1 M NaCH (1 ml). The solution was stirred

. for 2 h, pH was adjusted to 2 us:.ng aqueous HCl and t:he

30 * product was pur:.f:.ed by preparat:.ve HPLC. Y:Leld 240 mg

(67 %). : _

1H NMR DMSO-dq) : 9.85' (br s, 1H), 5.77 (br s, ‘1H), 4.79-

5.26 (m, 3H), 3.20-3.71 (m, 6H). |

MS “(ESP, m/e): 676 (M*, 57 %), 698 ([M+Na]* 100 %).

35 : '



9. N N - Bi s(acet oxyacetyl)- N (2-acetoxyet hyl)- 3, 5-

di ani no- 2. 4W8.96/09283dobenzyl acet at e 3, 5-Bis (acet oﬁ%@%ﬂ"&?ﬂsno)
-2,4, 6-triiodobenzylacetate 10 (2.15 g, 2.84 mmol) was dissolved in a
“m xture of DMSO (5 m) and- di nmethyl acetam de (5 m ) contai ni ng
Cs[err]COerr]- - (1.0 g, 3.07 mmol) and 2-bronoethyl acetate (0.31 n,
..2.84 ). The m xture was stirred at roon1t@§pérature for 48 h,
ether (100 m) and aqueous NaHZPCA buffer mere 15 _apded and the organic
phase was washeda¥RiR~Gal, = M2t Se e -—ereibySpr epar ati ve
HPLC gave 520 thy§ . Rcshi[err]):

"7.86 (s, 1H), 5. 66‘(3: ZFD ‘4 80 (s"ZFD ‘ 3.81- é 44Akn1 6H) ,
2.13-2.27 (m 12H). 20 M5 (ESP, me): 845 - Mrl][erréo 100 %, 866
([ MFNa] +, 24 9% .3.,5- Bls(agetmwcetxz.ﬁwmky&c@t§H;rwe b@mngz@ehgt; 3, 5-
' aiﬁﬁigo ? 45? trK19?0ﬁ§nZM|2§Cﬁﬁei), fargdSaccordlng to Example 4, .

i s(acet oxyace X
Bk et odobe SeF AL PaPLYER §8 SitgtaYLbeeranind E W) puder an argem
m xture of met haatho$pheard, maBeomééthy; acetatend0 azgieolis 2.0/ tdack) (dndl ) .
The sol ution wasg %drgq_gs f%r{ngncjg_ Wéf@a%d@dushﬁQeg &g $S| Pgs@,queous

S HPL

HCO and the 30 pro uct reparative 240
(67 % [ er £ HP NWR) DN%cbap@P?legasst%? é° -33)ml 5 Z70 (WRok) ang,
4.79- 1105. 26K{@0, B8 HxB0-13.07dmloD) Were added WRA( ERB, stkpknsddh

PCT/G895/02265
N, N, - Bi s( hydr oxyan@dt the- Keshlbing2solution was extracted with ether

hydroxyethyl) - 3. p3gb 8- 27 Sebibi R4QPEPZ N 2L CORRLes were washed ‘with
water (4k20 ml) and then dried (MgsSO,). The solvent was
15 removed by evaporatlon and the residue, a colorless oil,
was dissolved in a mixture of methanol (3 ml) an 1 M
aqueous NaOH (3 ml). The solution was stirred for 1 h,

(Merr], 57 %, 088 ({MNal 7100 % 36 " " pleblgaian,ro, was pdged.

pH was adjusted to 6 using aqueous HCl and the solvents

were removed by evaporation. Purification by preparative
20 HPLC gave 60 mg (33 %) of the product. |

MS (ESP, m/e): 720 (M*, 100 %), 742 ([M+Nal*, 36 %).

25 -

30 - 3;5-Bis(acetoxyacetylamino)-2,4,6-triiodobenzYlacetate'
(90 mg, 0.12 mmol), prepared according to Example 4, was

ﬁiésolved”in a mixture of dimethylacetamide (3 ml) and
'DM§b (3 ml). 4-Bromomethyl-2,2-dimethyl-1,3-dioxolane
(0.097 g, 0.5 mmol) and Cs,CO; (0.10 g, 0.3 mmol) were

35 added and the solution was stirred at room temperature
for 48 h. Aqueous NaH,PO, was added and the solution was
extracted with ether (3x25 ml). The combined organic



3, 5-Bi s(acet oxyacetyl am no) -2, 4, 6-triiodobenzyl acetate 5 (190 ny, O.

nmol ) ,
di met hyl acetam de (5 nl) under an argon at nosphere. 2-Bronoet hyl

acetate (0.22 m, 2.0 nml) and
added. After 16 h, DMSO "~ (1.5 m), 2-bronoethyl "acetate (0.22 m,

nmol ) and 10

pr emeo ssh9zg2cor di ng to Exanpl e 4,

suspensi.on
and the result|H§a§GPuﬁﬁ6ﬁ washed: withewatprh (3xherml), - dr%@dZﬁMg$¢4)The

conbi ned or gani anahasagowatédwamedfwt:hhmn by PRESArativE ﬁﬁ.cagn v tﬁ@

was di ssol vedraTGB9S5/02265

Klerr]CJerr] (138 ng, 1.-02fwol) were added and the
was stirred for another 24 h. Aqueous NaH2PO4 was adde

by evaporation

d d S | ed
e (Ngacig{gﬁ%eégg ?O of°he"§ R&Eedp§98P9 d in a mxture of nethanol

resi.due

m) an 1 M

pH was adjgsted4tg86 Si aqgeeys (kiC d $hg-s e%%f no
Purléﬁba??%n % Qgréggrg??ve§2g7 ?éFI ave e?% "0y of

by evaporati on.

the product .

1Hammommm%)(3 0 )30 Tier ol UH)on5wa3 IBi,r rzaol far.si-h,

1.17r4- Bfspm, PBY - 720 (Merr], 100 9%, 742 ([M+Na][err],
ExaMp| ¢EZP, NmMe) Bi 864y (TR¥NATES yiOO $)(,2.93:0 (IM+K1*, 11 %).
a.

d|hydroxypropyl) 3. 5-di am no- 2. 4. 6- trllodobenzylalcohol 25

N, N -

Bi s(acet oxyacetyl)-N-. [(2 2- dlnethyl
di oxol ane- 4-y| ) RaelNolN! FB3sthydnoKya

1. 3-

3, 5- Bi s(ag@t 0XYasehyhaobna) g2 f1 fl. ‘ ZyhEcet at e | (90Ang, 0.
mol ), npl
di net hyl acetanm de (3 nml) and DNBO (3 m).

4- Br ononet hyl -
Cs[err]COerr] 4C

prepared according to

stirred at
the sol ution wa8d, 0.042xamelt) cvwasi dhssekeed (mg miyturen ot sretihaab or g

- WD 96/ 09288

26 -

20

25

30

35

was di ssolved in a n1xtur

NN Hi Bibs hgatetoRydcotpl pen- [ (2, 2 dihéfﬁyx}l(BiﬁiBﬁ&ﬂaﬁ§U1

(3 ml) and water (4 ml) and the pH Wi/

p&éa:ls.r?gs 2°1 \/\géﬂeegug\n éolt\xl\tla:l.oerg éfg XL%aSOHm )Afterrl' est::l. I\:ég‘:.%g for
-2 h, pH was adjusted to 1 using 1 M aqueous HCl and .
stirring was éontinued“for 16 h. The solution was
neutralized with an aqueous NaH,PO, buffer, the solvent.s
were removed by evaporation and the residue was purified
by preparative HPLC to give 24 mg (81 %) of the pure
product | | :
MS (ESP, m/e)- 704 (M+ 100 %), 726 ([M+Nal*, 34 %).

3,5-Diamino-2,4,6-triiodobenzylacetate (2.79 g, 5.0
pmbl)_was dissolved in dimethylacetamide (25 ml) and
cooled to 0 °C. 2-Acetoxypropionyl chloride (3.73 g, 25
mmol) was added dropwise and the mixture was stirred at
room temperature for 17.h.:Thé.solvents_were=evaporatéd
and the residue was triturated with diethyl ethexr. The
-801id residue was then purified by flash chromatography

25

KlerrJCJerr] (138 ng, 1.0 nmml) were

2.0
d

(3

ved

12
e of

q

ani c

(EpofiertlyD) U5 LapBhind®s, 4 RSO LI RbA 1E

room-t

36

r



and evaporated. Purification by preparative HPLC gave 36 g35 % of
t he pure proM086/09282 [err]H NVMR (DVSO-d[err]): 10.30 (br g,crl%() 0R633
(s, 2H, 3.61- 5 4.68 (m 9H), 2.13 (s, 3H), 2.07 (s, 3H, 2.06 (s,

3 ©1.17-1.34 (m. 6H). M5 (ESP, me): 894 ([M+Na][err], 100
%9, 910 ([MK][err], 11 9. . b. NN - Bls(hydroxyacetyl) -N

(2. 3-di hydroxypropyl )-3.5- 10. di am no- 2, 45 26-Trii odobenzyl al cohol

N N -B t t ,2-dimethyl -1, 3-d
Byl ) -motyl 1 -3, ISR e WAl o A S b AP acetqpitsile,

mrol ) was di ssol vigti)n s nihe Larlmeﬁt.rrehreilrd)d 221 g (($6n1’6)) .and water (4 m)
and the pH was adjgugjgd (bgls%zd 10u§ ngoazg M‘aqyﬁpuss sg)i ugsona@f  NaCH.
After stirring for ?—i ed usi ng M aqueous HC
-and stirri rﬁg—%%t(%ueﬂﬂfrorz 1‘@1? %e‘%ol%)uoﬂ- \ﬁé‘s (4, -9 Hz,
neutral i zed5/v|them agueous NaH2PO4 buffer, the solvents 20 @ were renoved
by evaporation and the residue was purifi ed ' by prepar ative HPLC to

give 24 nmg (81 % of the pure product \ (ESP rﬂe) 704
(I\/[err] 100 % 7.2 6N (N NANCE 5 A7TS A

- Bi s(2- hydroxyprﬁm&&%@@ - 2.4.6- tr| [ odobenzyl al cohol
a. N. N -Bis(2-acetoxypropionyl)-3.5-di am no-2. 4, 6-
triiodobenzyl acetate 30 -~ 3,5-Diamino-2,4,6-triiodobenzyl acetate (2.79

g, F 8 010[ mmiﬁ , NeB ik mcmbﬂyrf& rtwl)a?.t?rdxmz(r%m‘!),aﬂd

"~ cooled to err et oxypr

added dropw se an I-tf":‘t:'h {}y]ga?i%sa%%' #hioé) a‘# % 23 nz'lr?oolgm deJ'rSzﬁoulr

h. The sol vents vemixtumref atethanol antb twk) rand d%%t%s(i r“i]t)uraendetim t h

diethyl ether. They wag adfldtkd &5 AP WEend e Mrddishdsdlhidsion of
- chr omat ogr aphy WO 96/109282, 1
PCT/ GB95/ 02265 NaOH. After stirring for 15 h, the so utlon was

15 neutralized with 1 M HCl and the solvents were removed
by evaporation. Purification by preparative HPLC gave
61l mg (46 %) of the pui'e product.
MS (ESP, m/e): 660 (M*, 5 %), 682 ([M+Na]*, 100 %), 698
([M+K1*, 17 %). :

20

N,N'-Bis (2-acetoxypropionyl) -3,5-diamino-2,4, 6-
triiodobenzylacetate (393 mg, 0.50 mmol) was dissolved
in a mixture of dimethylacetamide (4 ml) and DMSO (4 ml)
30  containing 2-bromoethyl acetate (0.083 g, 0.50 mmol) and '
| Cs,CO; (244 mg, 0.75 mmol). The mixture was stirred for -
17 h, water (20 ml) was added and the mixture was
' extracted with ether (3x25 ml). The combined organic
phases were washed with water (3x20 ml), dried (MgsoO,)
35 and evaporated. The residue was purified by preparative
HPLC to give 80 mg (18 %) of pure product.
1H NMR (CD,OD): 5.72-5.82 (m, 2H), 5\.20-5.42' (m, 2H),



- 27 - ~on silica gel using a m xture of CH[err]CI[err] and
acetoni triW@9/09282 (5:1) as the eluent. Yield: 2.21 g (56 BGI/GB95/02265[ err] H

NVR (DMSO-d[err]): 10.20-10.23 (m 2H), 5.52(5,_2H), - 5.21-5.24 (m
2H) 2.06-2.13 (m 9H), "1.51 (d, J=6.9 Hz,-5 ~ 6H). . . b. .
N. N - Bi s{2- hydr oxypr opi onyl ) - 3, 5-di am no- 2. 4. 6- ~ triiodobenzyl al cohol.
10 N, N - Bi s(2- acet oxypropi onyl ) - 3, 5- di &8i no- 2, 4, 6-
triiodobenzyl t 0.2 mmol) was dissol ved in ©a mxture of
net hanol (5 m§ éﬁ Zmég }m( 54H) ) %m%or%uez‘l (m, HFiwad -&f usted=4D. 12 using
a 1. M aqueous B} uéHEpn of - NaOH. After stirring for 15 h, the solution
_was 15 neut pal 1 vents were rem)ved by
evapor at i on. P%?l ¥|ﬁ%gf Y‘ﬁ‘o}'Q y J'['E)éruse_lgg):la tive HP%@ g‘\?é ' ng (46 % of

-the pure product . -I\/S(ESP n1e) 660(I\/[err] 5%, 682([|\/Hr|\la][err],
100°/c) 698 - » A0 ron - _ _

hydroxyet hyI) bRV ram: . ’
N, N - Bi s(2-acet oxyprop| onyl) N-(2 acet oxyet hyI) 3,5- 25

di ani no- 2. 4. 6-i i OOLEAZY, . o
N, N - Bi s(2- aceﬁox r opi ony+§€%£ﬁ§13?plon 1)-N-%2 acetoxy, ertlhy&aol}éﬁzyl acet at e
(393 ng, 0.50 nQz: 44 xeriAqdobenzylaceratie (28 80, di0nddhyimadst ani de

(4 m) amol DVBRL AidsoBfed i &) indistiue wat%tﬁmlv #2951 ahA MatddRhcd 0. 50

mol ) and er rr] (244 The_m xture was stirred
for 17 h”vng él}%}ﬁi J g:rﬂﬁtzh GPe LwMs aqueouseyt r act
with ether (3>@csluﬂ Qnﬁﬁammlr'ﬂrbmmune was stilrredsfoere nasped with

3x20 m
\Sﬁﬁ |e1E [ fadxby prva%)sa%‘%ﬁ%eéé\@%)? g h g 8@ la%?%B g;gg SP 13e gggpwsaﬁct
[err]H NI\/R (CISv&@RqRgHed 5 The. @@zit{qﬁ Wm) p@l@@eé hz pnr-paﬁ;atzve

HPLC. Y:Leld 70 mg (72 %).

'H' NMR (CD,0D): 5.27-5.34 (m, 2H), 4.31-4.41 (m, 11-1'), _
3.82-4.12 (m, 4H), 3.55-3.73 (m, 1H), 1. 51-1.60 (m, 3H),
1.23-1.32 (m, 3H). '

MS (ESP, m/e): 726 ([M+Nal]*, 100 %).

20

25 -3 B-diaming-: -

N,N'-Bis (2-acetoxypropionyl) -3,5-diamino-2,4,6-
triiodobenzylacetate (197 mg, 0.25 mmol) was dissolved
- in a mixture of dimethylacetamide (5 m1) and DMSO (1.5
30 ml) containing 2-bromoethyl acetate (0.11 ml, 1.0 mmol)
' and Cs,CO; (162 mg,“o 50 mmol) . The mixture was stirred
_for 67 h, water (20 ml) was added and the mixture was
extracted with ether (2x75 ml) . The combined organic
phases were washed with water (5x75 ml), dried (Na,soq)
35 and evaporated. The residue was purlfled by preparative
HPLC to give 35 mg (15 %) of pure product.
1H NMR (DMSO-dg) :' 5.49-5.73 (m, 2H), 4.97-'5.22 (m, 2H),



WO 96/ 09282 PCT/ GB95/ 02265

- 28 - wo9809a8e 4. 48 (m 4H), 1.90-2.24 (m 12H), 1.66 (BCT/GBIS02265

Hz, 6H). : M5 (ESP, nfe): 1004 ([M+Cs][err], 100 % . 5 b.

N, N'- Bi s(2- hydr oxypropi onyl ) - N- (2- hydr oxyet hyI) 3 5,, ;

diam no-2.4.6-triiodobenzyl al cohol

N, N -Bi s(2-acet oxypropi onyl ) - N-(2-acet oxye’eh@@) 3, 5-

di am no-2, 4, 6-triiodobenzyl acetate (120 ng, 0.14 mmol) 10 was di ssol ved
in a mxture of 3wA%f4 (Q0 (k) 6HIJ rei8Erikd.08 (m, 15H)nl JL.88d lpEswdm,

adjusted to 12 usdippg an 1 M aqueous - solution of NaOH. The m xture
was stirred for 2°-h, pH was adjusted to 7 with aqueous HCO and the
sol vents were evaporat ed The product was purlfled by preparative 15
HPLC. Yield: 70 rg ) 4227-5.34 (m 2H),
431441(r’g1H) , 1. 60
(m 3H) 1. T . - . ' . . - r] ’
100 % . 20 Exanpl e 10. N. N -Bis(2- hydroxypropi onyl)-N. N -bis(2-

hydr oxyet hyl ) - 3, ENCit-a-rﬁ{lé)(z?-é'cécé -Qi.Q@h-l!Jis (2-acetckyethyl) -

N, N, - Bi s(2-aceto r opj on S(2- : e

acet oxlye'g hyl ) - 3. 24 éﬁ*ﬂd@gﬁzéﬁl ( zé’ér—?ﬁftt@te (_175 mg, 0.18

N, N' - Bi s(2 acet owb)plms'ldx&&wbdirdmm hikthire of methanmdobd@nmil)acetdt e
197 : I of t4h e
(5 ) “and Teo (1858 wE) A58 pit vas dufhdbed 4P 12 AcH 1W) gl
1.0 nmol ) | MQ&[M‘F?C@@H}'IQQGQOW o, aﬁl%ﬁﬂ )utlmb W&Sct ure was
stirred - forp fhlﬂ@é&rwi@ﬁ) Adpled@s e Rl idat i by e was

extracted with et her 2X 15 he  conpl ned i C hases r
washed with waterP e %ﬂ"‘goﬁ?\‘%n‘% rrTgSCfJef%r}) of5 the fﬁg%eyﬁ\é&%ﬁete'd.
The residue was p’utlmmad(ctngopr)epar aci-8e38 (m, BRLC 3044+4e085(mpy 6Hb, %) of
pure produc.II_5 1.3£_e:[.r§§—| NY.R élg\/SO dlerr]): 5.49-5.73 (m 2H), 4.97-5.22

2 o
(m 2 MS (ESP, m/e): 770 ([M+Nal*, 100 %).

.20

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

' triiodobenzylacet‘ate (393 mg, 0.50 mmol) was dissolved
in a mixture of DMSO (4 ml) and dimethylacetamide (4 ml)
containing Cs,CO; (1.80 g, 5.52 mmol) and 4-bromomethyl-
2,2-dimethyl-1,3-dioxolane (1.0 ml). The mixture was

30  stirred for 7 days and was then worked up analogous to
Example 7a. Purification by preparative HPLC gave 115 mg
(26 %) of the pure product. _
i NMR (CD3OD) 5.61-5.5.75 (m, 2H), 5.03-5.44 (m, 2H), -
3.47-4.55 (m, 6H), 1.98-2.23 (m, 9H), 1.30-1.71 (m,

35 12H). | . - i :
MS (ESP, m/e): 922 ([M+Nal*, 100 %).



WD 96/ 09282 PCT/ GB95/ 02265

- 29 - WO096/89282- 4. 00 (m 6H), 1.86-12.08 (m 15H), 1.09pCTiEBIS/M265
6H) . b. N N -Bis(2-hydroxypropionyl)-N N -bis(2- 5
hydroxyethyl) 3.5-diam no-2, 4,6-triiodobenzyl al cohol

N, N - Bi s(2- acetoxyproplonyl) N N - bi s(2-acet oxyet hyl ) -

3, 5-di anino-2,4,6-triiodobenzyl acetate (129 mg, 0.18 nmol ) was -

di ssolved in a mxture of rrethanol (8 rﬂ) and 10 vvater (8 m-) and pH was
adj usted to 125w ¥h844e8 > o454 T UL AYVGLOXYD RO he
sol uti on was ' \

preparative HPLC gave50rrg (37 % of thepur ioruct [err]H NVR
(CDerr]OD): 5.26-5.38 (m 2H), 3.44-4.08 (m 6H) 15 1.32-1.59 (m 6H).
M5 (ESP, m e): N7NO-Bimtaeetoxypropdonyd) -N-[(2,2 &ameuhyiam+3-_

N. N -Bi s(3- hydaﬂéﬁBiQﬁéQ@¥&i)bhé@h?l] -3,5-diamino-2,
di hydr oxypr opy -tr||odobenz Ialcoho " 20 a.

N. N - Bi s(acet oﬁ%b?'BgPBﬁi}FygﬁgFFEtE dtHetRg4-9; 53 mmol) was dissolved
di oxol ane- 4-yl j.nnatinyktuBeSeﬂlmetnan&MS ml) andtwattadomarmy)l e e 25

(505 o o, o0 hAKY RN Lot 12 P e Audods i i Heon; A4 OdO%%y"aSﬁEate
di met hyl acet anPHewaa agjusted teohtwithny Ms3@uequEOHGX ] Af_lr.e}ﬂ g, 5 52
mol ) ando 4- bseiBEELYEer 17 h 2tﬁedéa®ﬁéw6n1wé%Chéﬁ%%éiﬁaéd-Jﬁ n The

m xture was 30 stlrre f or d en worked u ousto
Exanpl e 7a. PUPERERUE ;Y iﬁp‘!ppé‘ﬁgie%ﬂ%‘g HgECSQ VEREg WREe gemov?gt; % of
t he pure produeiraporatn.oxherm]lﬂf\h&tﬁihdw]mpafatﬁﬂvé HRL date 49 ,mg
5.03-5.44 (M 26).3) of tRe’fade PrddihcH), 1 98-2.23 (m 9H), 1.30-

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

15

20

3,5-Diamino-2, 4, 6- triiodoben.zy'l'ac'etate“ (3.54 g, 6.3 °
mmol) and 2, z-d:Lmethyl -1,3- dloxolane 4- carboxyl:..c ac:l.d

_ chloride (3.13 g, 19 mmol) were ‘dissolved in

25 d:unethylacetam:.de (40 ml) and the solution was st:.rred

- for 3.5 h. The solvent was removed by evaporation and

the residue was treated with an aqueous solution of
NaHCO;. The crystalline residue was filtered off, washed
with water and dr:.ed Pur:.f:.cat:.on by flash

30 .chromatography using a mixture of CH,C1, and CI-I3CN (3:1)

' - as the eluent gave 1.90 g (37 %) of the pure product '
1H NMR (DMSO-dg): 9.93-10.02 (m, 2H), 5.30 (s, 2H), 4.58
(t, J=6.2 Hz, 1H), 4.29 (t, J=7.3 Hz, 1H), 4.10 (t,
J=6.1 Hz, 1H), 2.06 (s, 3H), 1.54 (s, 3H), 1.38 (s, 3H).

35 MS (ESP, m/e): 902 ([M+dimethylacetamide]*, 100 %).



35 12H) . M5 (ESP, me): 922 ([M+Na][err], 100 9% . WO
96/09282 WO 96/09282 - PCT/ GB95/ 0226PCT/GBISI02265

- 30 - b. N. N -Bis(2-hydroxypropionyl)- N-(2 3-di hydr oypropyl ) -
3.5-di am no-2, 4, 6-trii odobenzyl al cohol .

N, N' - Bi s(acet oxypropi onyl )-N-[ (2, 2-di methyl -1, 3- 5

di oxol ane-4-yl)-net hyl]-3, 5-di am no- 2, 4, 6-- 31 - triiodobenzyl acetate (115
ng, 0.13 nmmol) was di ssol ved : ina mxture of -methanol (8 rﬂ) and
water. (8 m) andRpHN.N!-Big{P Ichdihye YDIZ yld 3 4
2.5 h, pHmWhZMaqueous HCI After 10
stirring for 17 h,- the solution was neutralized with an aqueous
NaH2PO4 buffer and the solvents were renoved evapor at i on.
Purification by phdpaBdits (25 2HEiGethyd -45 3rdioxolane6a- %.rbbnynee -Byse

product. 8. Mgkt n{,@ o3 B Auleeatd” (Y2518, 1.55 RIS

12. NN - BIS(23 oXypro |ony
di ami no- 2. 4. trF"P&d G-Wola mixture of water (50 ml), methanol

N, N - Bi s(2. 2- dlnﬁuhyhﬂJ &n@<@©hd@merat@arMQnykb 8 m1)20After stirring
dlamn0246tr||

C
e e 5 R R SN s on was gpurratized with agueous,
2, 2-di net hyl -1, SN@%R@kaated&marmmwéntzs acexe removesh hy isdag@railion. Ithe

ol ) ver &34/ s5oLgdu e AiUETIYRN aAselaRe (40uT)) aBR0chBCEROluly o

was stirred sol vent was renove y evap ora I on and
the residue was BOINEERTON @nwéﬁﬂeéﬁl%sufqﬁgﬁ ofpfter 3°NE‘F-I€GB‘= The

Crysgalllne reSl?Pﬂuﬁﬂ%ﬂfWa@ehgdlﬁfheuw&ﬁhﬂded and bhehswaventasdsdri ed.
Gierr]  [orr] afdaeRrareon T, Frodtct” whe Badeal BV kEeBorasiye 37 o
of the pure prodH®LC. Yield:edBSBHMEVR4EDMEQ d[err]): 9.93-10.02 (m 2H),
5.30 (s, 2Ws 4. %8 NMR (9.65-9.83 (m, 2H), 5.77 (s, 2H), 5.20 (s, 1H),
4.95-5.03 (m, 2H), 4.81 (s, 2H), 4.00-4.08 (m, 2H),
3.72-3.82 (m, 2H), 3.50-3.63 (m, 2H).
MS (ESP, m/e): 692 (M*, 62 %), 714 ([M+Nal*, 100 %).

20 _ 1 -Bi -di - _N= (2=

N,N'-Bis(2,2-dimethyl-1,3-dioxolane-4-carbonyl)-3,5-
diamino-2,4, 6-triiodobenzylacetate (204 mg, 0.25 mmol)
25  was dissolved in a mixture of dimethylacetamide (4 ml)
and DMSO (2.5 ml) containing Cs,CO; (650 mg, 2.0 mmol)
and 2-bromoethyl acetate (0.035 ml, 0.31 mmol). After
stitring for 1 week, ether (150 ml) and a NaH,PO, buffer
(100 ml) were added, the organic phase was separated and
30 the aqueous phase was extracted with ether (150 ml). The
combined organic.phases were then washed with water
(6x100 ml), dried (Na,SO,) and evaporated. The residue
was dissolved in a mixture of methanol (20 ml) and water
(20'ml) and pH was adjusted to 12 with aqueous NaOH.
35 After stirring for 1 h, the pH was adjusted to 1.5 with
| concentrated HC1l and stirred for another 16 h. The
solution was neutralized with aqueous NaH,PO; and the



(t, J=6.2 Hz, 1H), 4.29 (t, J=7.3 Hz, 1H), 4.10 (t,- J=6.1 Hz, 1H),
2.06 (s, 3Wposmns (s, 3H), 1.38 (s, 3H). 35 M5 (ESP, ni e)pcPeRoso226s

([ Mdi et hyl acet ami de][err], 100 % . . WO 96/ 09282

PCT/ GB95/ 02265 - 31 - b.
N, N -Bi s(2.3-di hydroxyprop| onyl ) - 3. 5-di am no- 2 4.6- S
triiodobenzyl al cohol - 32 -

N, N - Bi s(2, 2-di net hyl -1, 3-di oxol ane- 4- car bonyl) 3,5- 5
di ami no- 2, 4, 6- tSQY VSRR ey EVARCT ALEA25 Ry epares ivel HPLC gaveassdimgsol ved

inamxture of (3Atser dHOGHE Jpu Itgatﬂ}@aq (25 m) and concentrated HO " .
(0.5 m). Afteﬁlz@gg %l{ f or gg solution was neutralized with .
agqueous a e[)h‘e 34 \/g’nt szﬁe r &by ERREVag@%tslon. The 10

resi due was di ssol ved |n wat'er (10 rr1) and t he pH was : adj usted to 12

and the S01v o ip s iy et

and t he sol ven
' ti &Ly c =Y. N3N0 G . & E Erlaleohel165- 9. 83
E%Z?Ll)ao;\é(en (s, 2H) 5. 20 (s T 92053023(m 2H), 4.81 (s, 2H)
m
(ESP, me): ﬂl\/[ Bis (2, ézd%“etgﬁ ?['%%PF&FP?‘E 1oea§§3>nvﬂoa 5- Exarrpl e

13. N, N -Bi s(2déamlmpdﬁoﬁyﬁr@mcnsib):eﬂzﬂrlacetate (204 mg, 0.25 mmol)
hydr oxyetlgyl ) - faz- ﬁ&%@b’i@eg 4nb: tfnh.k QQ‘QG fyh?&gﬂgiacetamde (5 m1)

N, N - Bi s(2, 2-di gat oxol-ane-4-car
di ami no- 2, 4, 6- & Bé@gerﬂyﬁaﬁ‘él’ aF@nEQGRAH‘g Ky (%78 19252.0 wawldi sadl ved

ICQ a mxture ok-drombeyhgtchestdee( 40042 ml, 4. emﬁnél/ﬁoiﬁtérﬂéhf?ﬂ&%" “'G
LS o) £88°98™, g alRGs yan,pd] O TRE, MagacLal el 035 1
buf f er (md\atnr)e WsseeaUUedtedhwlbhganherph&beQ\mlbeﬁmm ed and 30 .
the aquegys phééﬂbwﬁéde&réaﬁi@dpﬂhﬁﬁ eﬁ@f’é fdsRed ditd NPater (6£PO' Ned
organi ¢ phasesm}ﬁ re rggg \?ﬁg SO,) and evaporated The solid residue
280, was
dissolved in a mixture of methanol (12 ml) and water (12
ml) and the pH was adjusted to 12 with aqueous NaOH.
After st:er:Lng for 18-h, the solution was acidified with
- 20 _-concentrated HCl1 (0.70 ml) and stirring was continued
3 The solution was neutralized and the: solven;-g
W €vaporation. The product was purifi
‘prep 'HPLC. Yield: 98 mg (50 %).
MS (ESP, m/e): 802 ([M+Nal*n 100 %).

25

_ N,N'-Bis(2, 2-diméthy1-1, 3-d:i,bxolané-4-carbony_l) -3,5-
30 diamino-2,4, 6-triiodobenzylacetate (408 mg, 0.50 mmol)
- was dissolved in a mixture of dimethylacetamide (4 ml)
and DMSO (4 ml) ‘containing_' Cs,C0; (1.80 g, 5.52 mmol) and
2, fédimethyl -1,3-dioxolane-4-carboxylic acid chloride
(2.0 ml). After stirring for 8 days, aqueous NaH,PO, (100
ml) was added and the mixture was extracted. _w:.th d:.ethyl
.':"ether (2x150 ml) The combined organic phasé's:" were
washed ‘with wat:er (6x100 ml), dried (Na,SO,) and




(6x100 m ), dried (Na[err]SO err]) and evaporated. The residue was
di ssol ved | weaognogsir e of nethanol (20 m ) and water (ROT/GBYS/2265 pH
was adjusted to 12 with aqueous NaOH 35 After stirring for 1 h, the pH
Wwas adjusted to 1.5 with _ concentrated HC and stirred for another 16 -
h. The sol ution was neutralized with aqueous NaH2PO4 and t he

WD 96/ 09282 - 33 - PCT/ GB95/ 02265

- 32 - sol vents wer e evapor at ed. Preparative HPLC gave 55 ng

(30 % of the puevaposared. The residme Wsp, digsplvedeipMpeMiktuze of . 758

- §\I[ “N/“Ng] [?rzr] dlg({’ndeq@nanol Qo ml'-:)X%’ﬁa %akér (10 ml) and pH was adjusted
is i y r

hydr oxyet hyl ) - 3. %Q’HTFQQ aﬁé"t"ﬁ N?t?&)e%ﬁil g5itgring for 2 h,

N, N - Bi s(2, 2-di rreidnden];n’&uiad)xm:lar(a. 4 acdnbemagl pd8e8- and stirrdngmivas- 2, 4,

6-triiodobe | a 5 SS ed .

mxtur e of o et Rercgped Fotae 46> AR neliral if@F10he" Ehk Bonbeics.

Klerr]cerr] (27@1:@9 evzm:rfmq ansy the resigug yagcPHYLLAES: BYe (0.44 ni,

4.0 mmol ). After piidgarative HPLC.f &fied@:h.143nmyqusgus)NaH2PO4 buf fer was

conbi ned. or gani ¢ "ho B BN (ph SlabLe "7ERIBHHREI®Y 9 0P 4"

(Na2SO4) and evaporated. The solid re5|due was : di ssolved in a
m xture of ygpthangl £} g ~miaehvald -t(he spH was

adjusted to 12 withn &g ) ‘
solution was acid

was -cont i nued
sol vent s wer e ne.-ved by,
preparati ve HPLCS=r

([MeNa] [err]n 10@M19§Qammple 15. '
N. N - Bi s( 2,43 di hydr oxypropi onyl ) - N- (2. 3- o )

di hydro ropyl)-3.5-diam no-2,4.6-triiodaobenzyl al-coh |
! y xypropyl)- Hydzl'oxjnnethyl - (2, ' dlhydroyxypropyq.am:.nocarbonyl) -

2,4,6- t:r:.:.odoam.l:.r;e '(1.89 g, 3.06 mmol) prepared
according to Example 3d, was dissolved in a mixture of
_ acetic anhydride (5 ml) and pyridine (5 ml). The mixture
20 . was stirred at room temperature for 24 h, CH,C1l, (100 ml)
was added and the solution was washed with water (3x25
ml), with a saturated aqueous solution of NaHCO;, dried
(Na,SO,) and evaporated. The product was purified by
flash chromatography on silica gel using a mixture of
- 25 -. CH,Cl, and methanol (98:2) as the eluent. Yield: 1.30 g
(57 %). :
1H NMR (CDCl,;): 6.10-6.25.(m, 1H), 5.48 (s, 2H), 5.20-
5.28 (m, 1H), 4.22-4.43 (m, 2H), 3.53-3.89 (m, 2H),
2.06-2.13 (m, SH). |
30 . MS (ESP, m/e): 744 (M*, 100 %)

35 3- Acetoxymethyl -5-(2,3- d:.acetoxypropylam1nocarbonyl) -
2,4, 6-triiodoaniline (100 mg, 0.134 mmol) was dissolved
in dioxane (1.0 ml) and the solution was heated to 90



N, N - Bi s(2, 2-di net hyl -1, 3-di oxol ane-4-carbonyl)-3,5- 30

di ami no- 2, wo®elovisk odobenzyl acet ate (408 ny, 0.50 mmol) PCT/CH98/05b66 SOl ved
in a mxture of dinethylacetamde (4 m) and DVMSO (4 nl) containing
Cs[err]CJerr] (1.80 g, 5.52 nmol) and . _

2, 2-di met hyl - 1, 3- di oxol ane- 4- carboxylic acid chloride (2.0 m).
After stirring for 8 days, aqueous NaH2POB4( +t00 35 m ) was added and the
m xture was extracted with diethyl ether (2x150 m). The conbi ned

or gani c - phases "Ger@xalyl chiexhded W 09Germol) orels) Rdded amd itdk (Na2SO4)

and : WO 96&1@&%&2@ was st:l.rred at 78 °C for 17 h. After éaogﬁf Clﬁgﬁ;l 02265
ev+raporated. The residue was dlssolved m Xt ure

nethanol (10 nfP° &eWQFEPtPTG ' nWREERd (HrP WBL) éﬂ?%s?@gﬁd and pR W3S yj t h
aqueous NaOH Afijestedi toi g Wwhth2alueous NaOWncEftentstitkindg IEdr™ ) was

added andssti b} NgnEeSeTusoROBRRTHER RS 900 AL LSO DG YLagtiOn. the

sol vent s re evapora Ut Was Ppurl
preparative HPEE?PQFQFGd and Khe( gesiglue was PﬂEi(EEﬁ’bYﬂngePaﬁitxméerr]

0 .. 788 (I Meba:. y189a%. 14 4 (16E¥pople 16, Oxalic |
is ydr oxy

di hydroxypropﬁ%c&m 5>2f 8 2R doBerBshe It él‘@] 10H) . a. 3
- Acet oxynet hyl M§- ((BSBadmdeétoxgﬁﬂopw.arﬁm&ﬂar HEn )([M+Nal*, 100 %).
2,4,6-trypodoaniline 15 =

3- Fwdroxynethyl 5- 2 3-dih droxypropylan1nocarbonyl)

2,4, 6-trii odoassriy : B, a5
Exanpl e 3d, 3ihvé > 2 N 4 il4 ’ ,
pyridine (5 m). The m Xt Ur e 20 mas st |rred at roon1tenperature or 24°
h, CHerr]C[err] (100 m) = - was added and the sol ution was washed with
wat er (3x25 - 3-Acetdxymethyd-Sal2r it dikceexypEropyianiooasridiyis, dri ed

(ha2Soh)1end eyaR0satediodaEn Dl PHEC 118G mgLT0 115 dhibl) o rﬁ%%%fe”] and

.chr omat ography on silica us % m xtur e_of
met hanol (98 27°%9r?ﬁ%9eF ﬁ;amg; | 46 aﬁ.@EFQFlsS°1Vﬁ§3an@1°xane (1.0
" ml) and malonyl chloride (0.097 mmol) was added. The

mixture was stirred at 90 °C for 2 h and the solution
was allowed to cool to room temperature. Water (1 ml)
20 was added and pH was adjusted to 12 with aqueous NaOH.
After stirring at 60 °C for 18 h, the solution was
neutralized and the solvents were evaporated. The
product was purlfzed by preparatlve HPLC. Yield: 34 mng
(39 %). o
25 MS. (ESP, m/e): 1304_(M+_, 68 %), 1326 ([_M+Na_]+, 100 %) .

30 .
| N-acety1-3-acetoxymethyl-é-(2,3-
acétoxypropylamiﬁocarbonyl)-2,4,6-triibdoaniline 1300
' mg, 0.38 mmol) prepared according to Example 3e was
dissolved in a mixture of water (1.2 ml) and methanol
35 (0.2 ml) and pH was adjusted to 12 with aqueous NaOH.
Epichorohydrine (0.28 mmol) was added and the mixture
.was stirred at room temperature for 65 h. The solution



ferr]HNWR (CDCl[err]): 6.10-6.25.(m 1H), 5.48 (s, 2H), 5.20- 5. 28
(m 1H), 4. ARe4¢ds28tm 2H), 3.53-3.89 (m 2H), 2. 06- 2 PCI/GRIS/OENEF . 30
Ms (ESP, nie): 744 (Merr], 100% _ b. Oxalic ' )
bi-s[ 3- hydr oxynet hyl - 5- (2, 3.

di. hydr oxypr opyl am nocar bonyl ) - 2. 4. 6-trii odobenzeneam de] 35

3- Acet oxynet hyl -'5- ( 2, 3- di acet oxypr opyl anmi nec3®bonyl ) -

2,4,6-triiodoaniline (100 ng, 0.134 mmol) was di ssol ved i n di oxane
(1 0 m) and the was Meutrakizetantl the JProduct wasDigE1eEes by

PCT/ GB95/ 02265 re arat:.ve HPLC, Y:Leld 60 g (20 %)34 - . [err]C
Oxal yl chl orlde-(;s 8@ Was . addeP - m xture was stirred at
78 [err]Cfor 17 R 'Eo%h ri'g3%% L +Na‘]rool:!'ptc’eﬁﬁerature water (1.0 ni)
was added and pH was adj usted to 12 with aqueous NaOH After stirring
for 4 5 h, tha solyliph vwas:nailg.al 16 SPJ Wents were

evaporated and tHET O OTE S 1 Iedsprgretnyl 2= te s N HPLC.. Yield :
14 ny (16 % dikh A VD ROV ARG XNV L) -, 4 ‘.‘9- 0 oom)q-)t‘ a'dlae. (m
10H) - IVS( i 3 d P ¥ d TN 1 amineed s 4 -100 %

10 - Exanple 17.. Mal onic - hydroxymet hy15 (2, 3-
di hydr oxypr opyl a . -triiodobenzeneam de]
3- Acet oxynet hyl - 5- (2, 3- di acet oxypropyl am nocar bonyl )- 15

2,4,6-trii ani l%%%&@%?&i J(Pr _par ed - according to
Exanpl e 162’?@\/\@5 I'S I F E%—bj - - o . chl ori de

(0 097 I'TI’TD| ) was SeeRicRQXVAL OT)

and the sol utionpyr Wb o | Dv@itha > SOvrDE G0V Dl 1 e AS (1
m) 20 was added. an H ad usted to 12 W|th aqueous NaO—I '
After stirring at-%mm t he sol ution was neutralized
and the solvents were evaporated. The product was purified by

preparati ve;giPLC 3 ¥ 83 {k (343 [@i acetoxypropylaminocarbonyl) -2, 4, 6-
triiodoaniline (260 mg, 0.30 mmol) was dissolved in
‘dioxane (1.0 ml) and a solution of phosgene in toluene
(1.93 M,1.8 ml) was added. The flask was tightly sealed
and then heated to 60" °C for 17 h. After cooling to room

20 temperature, the solvent was distilled off at reduced
| ' préssure.- Dioxane (3 ml) was added and distilled off
‘again. This procedure was repeated twice. Dioxane (1 ml)
'was added followed by 3-acetoxymethyl-5-(2,3-
 diacetoxypropylaminocarbonyl)-2,4,6-triiodoaniline
25 (245 g, 0.31 mmol) , prepared according to Example 16a,
 and Hg(OCOCF,), (20 mg). The mixture was stirred for 16 h
‘at room temperature, the .solvent was evaporated and the
residue was pur:.f:.ed by preparatn.ve HPLC. Yield: 0.192 g
(39 %). : :
30 MS (ESP, m/e): 1643 (M",' 100 %), 1665 ([M+N_a]*. 34 %).

35 - triiodophenyllurea

The product from Example 19a was dissolved in a mixture



(39 %. 25 M5 (ESP, mle): 1304 (Merr], 68 %, 1326 ([ MtNaJ[err], 100
wopgezsze 18. N, N -di acet yI N, N' - bi s[ 3- hydr oxymePOyiGBS5/02265

(2 3-di hydr opropyl am nocar bonyl )-2. 4. 6-triiodophenyl]- o

1. 3-di am no- 2- hydr oxypr oane 30 N acet yl - 3- acet oxynet hyl'-5-(2, 3- :

acet oxypropyl am nocar bonyl ) -2, 4, 6-trii odoaniline (300 ng, 0.38 nmmol)

prepared according to Exanple 3e was - 3@issolved in a nmixture of water

(1.2 m). and nethanol 35 (0.2 m) and pH was adjusted to 12 wth aqueous

NaOH. Ep.%d@%%e(-‘( mbig anpdivater &dodd and the mHmase was

stirred at roomadjmidtes af aisfify b 2T aiﬂel&.ﬂsO%oluuo\&Oo%%%%ﬁz

PCT/ GB95/ 02265 t

neutralized- an(ffttf%: Bt FRRANGELT KBt &, pH was S'Td@b‘ﬁFéﬁ e ﬁP@Cu% d:

60 ng (20 % . aquedus (HESP,and ehe ERHAertd Welrfec evihpot@ie®).. The 5
Exanpl e 1% N [o3-daiHtoXdR iduy! :.ﬁe(dzu?s arﬂt]:.ve HPLC. Yield: 68

d|hydroxypropylan1 gwbonyl) 2. 4. 6- trIIO&%
N'[3 5-bis(2, 3™ H@Hﬁ ypropylan1nocarbony|) 2.4.6-

triiodophenyl | MseaAESEL0 m/e)a. US4B-@ret 08y ¥R hyB72- (PMBNal+*, 100 %) .
di acet oxypropyl ami'nocar bonyl )-2. 4. 6-trii odophenyl] -
N [ 3,5-bis(2.3- d|hacetoxypropylan1nocarbonyl -2.4.6-

“triiodophenyl ] waHR.LE] N3 Ehvdt
triiodoanigl |ne19%ggﬁ55&d%§§&ﬁ2§b )
~and a solution of phosgene in to ( . O W ; e
flask was tlghtly sealed - and t hen heated to 60 [err]C for 17 h.
After cooling ' : i id 1 ‘

15 A mixture of 3-iodo-5-nitrobenzoic acid methyl ester
(307 mg, 1.0 mmol), Pd(OAc), (67 mg, 0.30 mmol),
triphenylphosphine (0.032 g, 0.60 mmol), AgNO; (170 mg,
1.0 mmol), triethylamiqe (0.167 ml, 1.2 mmol) - and
vinyltrimethylsilane {0.309 ml, 2.0 mmol) was dissolved

- 20 in acetonitrile (10 ml) and the solution was heated to
60 °C in a closed vessel for 48 h. The_pfecipitated
. salts were filtered off and,the_filtrate was evaporated.
The residue was . chromatographed on silica gel ueing a
- mixture of ethyl acetate and heptane (1:11) as: the -

25 eluent. Yield: 210 mg (75 %). _
I NMR (CDCls): 8.70-8.73 (m, 1H), 8.36-8.47 (m, 2H),
6.93 (d, J=19.2 Hz, 1H), 6.75 (d, J=19.2 Hz, 1H), 3.99
(s, 3H), 0.20 (s, 9H). '
MS (APci, m/e): 279 (M*, 100 %).

30 -

_3-ﬁitro-sf(2-trimEthylsily1vinyl)benzoic acid methyl
_ ester (2.44 g, 8.71 mmol) was dissolved in acetonltrlle
35 (150 ml), the solutlon was heated to reflux temperature
and HCl gas was bubbled through the solution until the
starting material had dlsappeared-accordlng to HPLC



20 tenperature, the solvent was distilled off at reduced ~ pressure.
‘Di oxane (3 nwpoegmesadded and distilled off - agai n. Thi srp'irmsmzes was
Tepeated twi ce. Dioxane (1 m) ' was added fol | owed by

3- acet oxymet hyl - 5- (2, 3-- -

.di acet oxypr opyl am nocarbonyl )-2,4,6-trii ‘odoani | | ne 25 (0.245 g, 0.31 .
nmmol ), prepared according to Exarrple 16a;, - 37 -and Hg(OCOCF[err])[err] (20
ng). The m xture was stirred for 16 h at room:tenperature,

t he. sol vent was @I@Mse.dmujsdwtlon wasegqld.wedagOpgppﬂl andbyhe

preparative HPLCgMivRidt ksl trE:ved by ¢ (3Rpdratidn. THE ¢EsPaud ®hs 1943
(Merr], 100 %, 1665([M+Na é)
N[ 3- hydroxynet h)ﬁ BHre agco :.ng to HPLC and was used without further

di hydr oxypr opy| anpumicirdamidn) .- X4 1@ t 12 |0mdgom8t9yl%l)- ~ N[3,
5- bi s(2, 3-dihydrq; ympxb% aébggyk)%(/ dﬁ’l'n 835?4 Striﬂ)odcg)\t%n t;% 09 »

The product Trom Exanpl e s dr ss
PCT/ GB95/ 02265 6.96 (44, J1-10 8 Hz, J,=17.4 Hz, lH) 311 (4, T=%7.4

met hanol (5 m) ang wafer £ 591 a,ankide pi2,wag), 4.o00adisystey .to 12 using
a2 Maqueous sol ution of NaOH After stirring for 2 h, t he pH was

adjusted to 6.5 using aqueous HCI and the solvents were evaporat ed.
The 5 pr oduc Tual K = ‘ s

‘ ‘ i X > . . ny
(44 9. 1 Nsnﬁ%@) me): 1349(!\/[err] 15% 1372([|\/Hr|\la][err] 100
9% . 0Exa N-Hydroyacetyl 3- (1 2-di hydroxyet hyl )-5- 10 :
(2, 3-di hydroxyropyl am nocarbonyl )-2.4.6-triiodoaniline

3-Nitro-5-(2-tri rmiﬁmdfd-laf-lvﬁﬂmﬁé@mu Qadd tettiyllylester (2e$)12elg, 9.76

mmol) was dissolved in a mixture of acetone and water
(200 ml, 9:1), and, .after cooling to 0 °C, OsO, (60 mg,
15 0.24 mmol) was added followed by N-methylmorpholine-N-
oxide (2.34 g, 20.0 mmol). After stirring for 46 h at
. room temperature, an aqueous solution of Na,S,05 (3.7 g)
in water (150 ml) was added and the solution was '
acidified with dilute- aqueous HCl. The volume of the
20 solution was reduced to 150 ml by evaporation and the
reéidue was extracted with ethyl acetate (3x100 ml). The
combined organic phases were evaporated and the residue
was purified by column chromatography on silica gel |
using ethyl acetate as theé eluent. Yield: 1.60 g (60 %).
25 H.NMR (CD,CN): 8.62-8.66 (m, 1H), 8.44-8.48 (m, 1H),
8.36-8.40 (m, 1H), 4.88-4.94 (m, 1H), 3.98 (s, 3H),
3.60-3.79 (m, 4H).

30

3 Nltro 5-(1,2- d1hydroxyethyl)benzo;c acid methyl ester

(0 .40 g, 1.69 mmol) and 2, 3- dzhydroxypropylamlne (0.17

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

35 solution was stirred at 75 °C for 1 h..Thé.préssureiwas
' then reduced to 200 mm Hg ~and stirring was continued at

95 °C for 2 h. The crude reaction mixture was purified



15 A m xture of 3-iodo-5-nitrobenzoic acid nethyl ester (307 ng,
1.0 mol ), wbe¢83[err] (67 ng, 0.30 nmol), t ri phenyCpioBeson2685°
(0.032 g, 0.60 mmol), AgNJerr] (170 nyg, - ' 1.0 mmol ), triethylam ne
(0.167 M, 1.2 mol) and vinyltrinethylsilane (0.309 mi, 2.0 mmol)
was di ssol ved 20 in acetonitrile (10 mM) and the solution was heated to
60 [err]Cin a closed vessel for 48 h. The3$recipitated salts were
filtered off and the filtrate was evaporat ed. The resi due was

chr omat ogr aphe®yoprspanatigs HBLGg Yield: 0 mmmr(eeo%)et hyl acetate and
hept ane (1:11) 2 el te rm049l+d: 0 (75 9% [err]H NWR
(Chderr]): SN%@SE!%S ?nné)l—bw(m 1‘? %86 %?Ii? 6'93(d, J=19. 2
Hz, 1H), 6.75 (d, J192Hz ~1H), " 3.99 (s 3H) 020(5 9H) .

M5 (APci, nle): X X cAdror’ ami ) i - gi-nyl benzoi c
acid nethy esﬁ%@%}% (2 trinet hyI si I yI VI nyl’) benzoi ¢ acid
met hyl eSte ) was dissolved in acetonitrile 35

- (150 m), the solution was heated to reflux tenperature and HC gas
was bubbl ed thﬂ@t{@hﬁ-‘m ik dﬁ?tﬂémﬂ&arbonyli’)f-gl’-hhﬁﬂo@t‘ﬂ' L had

di d di 6/ 09282
-Pg?ggg/r 8222,2%051 Idnr(i]> t'ﬂyllg:benzene (% 40 g, 1.32 mpel) was dlsgﬁa]@gl S

The sol ution wda al miwEshrieo cfoaietiagolhd 40 ml) soldveatewad20emby edThy
evaporatipgn. T alll Ya,pU 0 o] C and wa
19 '%%l‘h%ioﬁjx ?za‘%‘a% genated ‘h@ 69 i%g. Bgﬁ.ﬂgégl?é?: [er ‘H

used without furt | cat I on.
NVR (CD{ err] CNFatslla'ét( s(lolﬁ): 5@ ng) (sTthﬁolstAQn(§a51 ltered .96 (ddg.
Jert]=10. Hzinidudl aftselthd Bnbloblvedts7wire renched By, 5.59 (0, q

3N tro 5. (1 DSYRRVRPRAPE nyPRLBROGRECGHPR A28y} PGS DY HPLC amalysis

. and was used without further purification.
15~ MsS (ESP, m/e): 271 ([M+1]*, 100 %), 293 ([M+Nal*, 45 %).

20 3-(2,3- Dlhydroxypropylamnocarbonyl) -5-(1,2-
d:.hydroxyethyl)am.l:.ne (0.37 g, 1. 35 mmol) was dlssolved
in a mixture of methanol (30 ml) and water (90 ml1)..
KICl, (1.37 g, 4.05 mmol) was added and the solution was

- stirred at 35 °C for 24 h. Additional KICl, (1.0 mmol)
25  was. added, and stirring was continued at 60 °C for 72 h.
© An aqueous solution of Na,S,05 (1.0 g in 50 ml) was added
and the solvents were removed by evaporation.
Purification by preparat:.ve HPLC gave 87 mg (10 %) of
the pure product.
30 1H NMR (CD,OD): 8.60 (m, 1H), 5. 38 5. 47 (m,_lH), 3.96-
1 4.26 (m, 3H), 3.30-3.84 (m, 10 H). |
MS (ESP, m/e): 648 (M*, 15 %), 670 ([M+Nal*, 100 %).

35 - -di 1) - -

3- (2, 3-Dihydroxypropylaminocarbonyl) -5- (1, 2=



3-Ni tro-5-vinyl benzoic acid nmethyl ester (2.02 g, 9.76 mol ) was

di ssol ved | Ry@ 9&fposksir e of acetone and water = (200 m, 9rtY/GBasiaR26mif t er
cooling to O [err]C, Gsderr] (60 ng, 15 0.24 mmol) was added fol | owed
~by N-net hyl nor phol i ne- N oxide (2.34 g, 20.0 mml). After stirring
for 46 h at . roomtenperature, an aqueous sol ution of '
Na[err]S[err](ferr] (3.7 ) in water-(3%0--n1) was added and the

‘sol ution was acidified with dilute aqueous HC.. The volune of the 20
sol uti on was redudieydroxrdEngl b2 sv,aparitddmandid rieid 0. 059 &,edH.M%L was

extracted with etﬁ#]f)a%gt cféegd‘]ypz.ocﬁda)ce Ui@acetér&. TS Qg ig jphases

were evaporated an he resi cqQl.um chromat ogr aphy

on silica gel conwwmmw-%@r@@wqw u‘é:‘ﬂ't4 whleapd £hgh g (60
9. 25 [err] H vt was | sdrrdéd Gt SEE morlu); h8. 4‘1&e8m4&t(1lre

i 80 (8 e B 00l Moy Voempbilen, yarer il dolfhd o

“di hydr oxyet hyl) betixe:rmolvents w@:e\h :temp*&q j!m-eﬂarmm hyiher ressiduenci d
met hyl ester f‘é)? ?oﬁmiaﬂnaimxy@.roommaraﬂm wak !

g, 1.86 mmol ) . mere di ssol ved 1 n net hanol ) sol tion was |
stirred at 75 [erf} G‘#)oralidhan‘[?‘@‘?ﬁ‘é%sﬁﬁlé“ﬁﬂé%’z F'%a &'ﬁ % Mrdde d”’aﬂ)o mm
Hg and stirring vaddedntTheesoRition wadSstirrdd dtorrddm teTﬂ;cemumee for -

|r3?;'|a'/CtG;382 / Ozgésgre 193, p&ﬁéfégﬂtzon Wi WL zea w1r.3}§ aqueous I-I%l and

preparative HPLC the esolvents wexegevgporated. NESL Y e a o) bYZSﬁPLg gave
([M1][err], 100 t’ﬁ ure pro&uc@ (2. 3-Di hydroxypropyl am nocar bonyl

-5-(1,2- 5 di h th 1-
3- D|( hydroxyproplyl o b%ﬁé) ?n+%6 nﬁﬂr'o 190 (%f 2-

5 =Di (h ino) - =

20 . 3,5-Dinitroacetophenone (2.02 g, 9.5 mmol) which had
_béen prepared according to the literature prodedure,(Y.
Nagase et al., Macromol. Chem. Rapid Comm. (1990) 11,
185-191) was dissolved in methanol (100 ml) and
hydrogenated at 60 psi using a Pd/C catalyst (5 %, 100

25 mg).. The catalyst was filtered off and the solvent was
removed by evaporation. The product was used without
purification in the next step. Yield: 1.22 g (84 %).
H NMR (CDCl;): 6.20 (4, J=2.0 Hz, 2H), 6.08 (t, J=2.0
Hz, 1H), 4.90 (br s, 4H), 4.62 (q, J=7.0 Hz, 1H), 3.37

30 (d, J=7.0 Hz, 3H).

MS (ESP, m/e): 151 ([M-11*, 100 %).

35 1,3-Diamino-5- (1-hydroxyethyl)benzene (1.18 g, 7.72
mmol) was dissolved in a mixture of methanol and water
(5:1, 168 ml) containing 1 M aqueous HCl (16 ml). An



di hydr oxyet hyl ) benzene (0.40 g, 1.32 nmol) was dissol ved in a mxture
of met hanovo@éiw2ed ) and water (20 ml). The 10 sol uti on pefcByde8enat ed

at 60 psi using a Pd/C catalyst (10 % 50 nyg). The sol ution was
filtered through celite and the solvents were renoved by .
evaporation. The product was >95 % pure by HPLC anal ysi s and was used
w thout further purification. 15 - M5 (-E@B -me): 271 ([M+l][err], 100 %,
293 ([MtNa][err], 45 9. f. 3-(2.3 -Di hydroxypropyl am nocar bonyl.) -
-5- (1. 2- aqdebysdr solathph) of. KIG1r (DB, i32.9 midl) was added

- 3-(2, 3-Di hyd | anj 18- (1,2: di h hyl)ani | i
(057 g 1755 SHBFREY, JhA2 CRRRARY stirith*tor, 5o ik MRS WGLIY 028 )

and water (90 fijtered off, cvpshefl witB7watex amd dinied wdEhadprodunt! t he

solution was was pltkl bpdTAEL 8R4l & MR far1yid). viddid.i anads K (qe[ae”]

(1.0 mol L 25 was added, and stirring was continued at 60 [€rr for 72
h. : n aqﬁéOus solution of Na[err]S[err](err] (1.0 g in 50 nl) was
added - antH (¥R sODCLyt:s 4nvd6e (bansyedH)y @uépor(sl i BH) . :

Purificati b NBa ! @D HP. ave t he re
plrJ{):jul:tCé_ |38n wg:%ﬁ_@d@zﬂ ggﬁ?%\é }gg.'gg %%719'%/?-1)?65738-5.47 (Ironu 1H),
3. 96- 4. Y8 (APcipym/ ?3’05§.88!1M%m1°l(b Y- M (ESP, me): 648
(Merr], 15 %, 670 ([M:Na][err],. q. |
3 CL Oy [

N- Hydr oxyﬁcet yL-3
5- (1. 2-di hydr oXye LN R R _ > '
3-(2, 3- D hydr oxypropyl am nocar bonyl ) -5- (1, 2- WO 96/ 09282

PCT/ GB95/ 02265, , 3-piamino-2, 4, 6-triiodoacetophenons (0. .
di hydr oxyet hylé-Z,él,'GrP%??o baht L he (0 0B0 & 0 T5i P g 3 Y439 ed ¢ |
wi th acet oxyact®§| ItfPo+Yed 1. ¢imeyhylacetypidg niigy MINGAHAIRANE et ani de

(0.4 m) and taeetoxyacetyl chloride (1.1 ml, 10.2 mmol) and the
15 solution was stirred for 65 h at room temperature. The
solvents were removed by evaporation and the residue was
purified by preparative HPLC. Yield: 1.69 g (68 %). . |
H NMR DMSO-d¢) : 10.13-10.27 (m, 2H), 4.65 (s, 4H), 2.56
(s, 3H), 2.12 (s, 6H).
20 . MS(ESP, m/e): 750 ([M+Nal*, 100 %), 766 ([M+Kl*, 26 %).

1,3-Di (acetoxyacetylamino) -2, 4, 6-triiodoacetophenone
25 . (0.171 g, 0.23 mmol) was dissolved in a mixture of
methanol (30 ml) and water (5 ml) containing 2 M aqueous
NaOH (3 ml);'The solution. was stirred for 90 min and was
then neutralized using a strongly acidic cation exchange
resin. The solvents were rgmoved'by.evaporation and the
30 residue was purified by preparative HPLC. Yield: 98 mg
(54 %). . S - o
MS (ESP, m/e): 644 (M*, 100 %), 666 ([M+Nal*, 95 %).




mxture was stirred at 60 [err]C for 48 h. The mixture was 5 allowed to

-cool" to roonwioagpersat ure, water was added and t he sol verd13GBY3/02265
renoved by evaporation. The residue’ was dissolved in a mxture of

met hanol (10 nml) and wat er (5 m) and an aqueous sol uti'on of NaCOH (5
M 1 m) was added. The solution was stirred at room tenperature for
10 1 h, the solution was neutralized w thaagdeous HO and - t he

sol vents were evapor at ed. Purlflcatlon by HPLC gave t he pure product.
VB (ESP ITfE) 7 Gl 132 1005 904 (h X et . XV3

3. 5-D (hydroxyac ] - = tr| i odoacet ophenone - a.
13Damn05(1%%%1ﬁ@%%ﬁ% 20 . 3,5-Dnitroacetophenone (2.02
g, 9.5 mmol) which had been prepared according to the literature
procedure (Y. NS ( o y A i1 , 3 4. 1Q90) 11,
185-191) vvasspdl S oI ved. i,n._net hanol ( ) - hydrogenate at 60
psi using a Pd/ CW% 100 25 ng). The catalyst was filtered
of f and the sol vent was renoved by- evaporation. The product was used
Wi thout purg fjﬁléﬁéﬁ&ﬁdé}?eﬂﬁ%mﬂ&p 2.4 e&-q:rn.]:.o%.%élzé\%h@none

[err]H NIVR(CDCI[ 43 6. 20 @
1H), 4.90 (br s &H) BeXP (%q 9 ymoly yas 1dhs %1%3#3‘61 glacialjacerig, 3H).
MS (ESP, me): 1Ea'lc:(ci Mrd [roind 00 %944 g, 0.28 hnmol) was added. The

1.3-Di am °

I 30 am na®: (1%4#%%%2%% VR 20 55 b ap 75 C and ghen gaaowea

di ssol ved in a nitS@ ©wackhs The tmf-kﬂ‘em megrremoved Gy evapggratiiorc @ndi ni ng
1 Maqueous HO (ghfs esidie was usetD SAAOB2 in the next step.

P 22
CT/ G895/ 02265 MS (ESP, m/e): 806 (M*, 100 %), 808 (M*, 98 %).

15 _. -'_ . Ja ,-_' _
triiodgl

3,5-Di (acétoxyacetylamino) -l-bromoacetyl-2,4,6-
_ triiodobenzene (10 mg, 0.12 mmol) was converted into. the
20 coz_'respondj.ng acetate by heating to 110 °C in glacial
- acetic acid (S ml) containing sodium acetate (1 mmol) .
and AGOCOCF; (0.11 g, 0.5 mmol) for 16 h. The product was
. purified by preparative HPLC. The yield was not
determined. | B
25 MS. (ESP, m/e): 786 (M*, 100 %).

! » » i ] )

. 30.  Hydrolysis of 3,5-di(acetoxyacetylamino)-1-
acetoxyacetyl-2,4, 6-triiodobenzene was carried out
'analogous to Example 4e. The crude product was pur:.fied
by preparat:.ve HPLC. The yield was not determined.

MS (ESP, m/e): 687 ([M+HCOOH]*, 100 %).

35 :



- 40 - _ aqueous solution of KICJ[err] (7.31 g, 30.9 mvol ) was added .
qui ckly, aw®96@9282r stirring for 50 min, the solid was PCTiGB950228s] Of T,

washed with water and dried. The product was pure by TLC and [err]H

NVR anal ysis. Yield: 3.62.g (89 5 [err]H NVMR CDCl [err]): 4.86 (br s,
4H), 2.62 (s, 3H). [err]C NWR (CDCl [err]): 204.7, 151.1, 146.8, 28.7.
M5 (APci, me): 528 (Merr], 100 %. 10 42 €. o ' :
1,3-D (acet oxyacet yl am no) - 2 4,6-trii odoacet ophenone
1, 3- Di am no- 2, 4a6RlRL.2.0402 pyibiio Hayrdgxdyan : )
di ssol ved in di g b1 ' '

chloride (1.1 ni

7 acet oxyacetyl
“sol utron was stirred for 65 h at

room tenperature. The soI vents were renoved by evaporation and the
resi due was Lre g staned HPLC. Yield: 1.69 g (68 9.
[err]H NNR_-,DIVBOd[err]) 10 13 10 27 (m 2H), 4.65 (s, 4H), 2.56 . (s,
3H), 2.12 (s, 6H) MS(ESP, me): 750 ([IVHrNa][err] 100 %9, 766
([MeK][err], ,0,5 Dlnltroac%pophenone (3.27 g, 0.0156 mol) was

i g Di (hydr oxyaiﬁsdmm(ﬁ)n?a‘h\iﬁcﬁdrd @oeRioLRtene’Banol (75 m1)

rol ) vas d ST L e A HRAER5 e ke e oot B85 )

containing 2 M&udbig 7.9 mm—IV(aB rdd)d.edl'laads@het mimtuare whisr sedrired 90
m n and. v@s for thep dl:?u-t:l.r@“bze%a'ﬂ%i‘ngaa @) Ogﬂaye@ﬁ%ii c&@é&gnwgééhange
resin. The solvents were removed by evaporatign and 3 was
purified by pr i JheyRhaseg sere ggpagated andsghey organic phagesp,

me): 644 (M emds Wm% Wit WetdeNa(sloeml) . a8 Bried  (Nay¥d 36/ @982 ‘
PCT/ GB95/ 02265 solvents were removed by evaporation an& the residue was
purified by chromatography on neutral alumina using a
15 mixture of pentane and ethyl acetate (1:1) as the
 eluent. Yield: 2.52 g (76 %).
1H NMR (CDC1l,): 8.95 (t, J=2.0 Hz, 1H), 8.60 (d, J=2.0
Hz, 1H), 8.59 (d, J=2.0 Hz, 1H), 5.15 (q, J=7.5 Hz, 1H),
1.61 (d, J= 7.5 Hz, 3H).
20 |
b. 3.5-Dini !

3,5-Dinitrophenylethanol (1.0 g, 4.7 mmol) was mixed
with P,0s (1.0 g, 0.71 mmol) and the stirred mixture was
25 heated to 100 °C. After 3 h, the mixture was allowed to
cool to room temperature and water (0.4 ml) was added.
The pH was adjusted to 9 using 1 M aqueous NaOH and
extracted with diethyl ether (2x25 ml). The combined
organic phases were dried (Na,S0,) a:id evapbrated. The
30 - crude product was _usled' without further purification in
the next step. '
IH NMR CDCl,): 8.92 (t, J=2.0 Hz, 1H), 8.56 (d, J=2.0 Hz,
2H), 6.86 (dd, J,= 18.4 Hz, J,=10.9 Hz, 1H), 6.08 (q,
J=18.0 Hz, 1H), 5.67 (d, J=10.9 Hz, 1H). |
35



Exanpl e 22. 3, 5-Di (hydroxyacetyl am no) - 1- hydr oxyacet yl .
2,4, 6-111 1 NoYPRVHH? a. ' | PCT/GBY95/02265

3, 5-Di (acet oxyacet yl am no) - 1-bronoacetyl-2,4,6-- 5 triiodobenzene

1, 3-Di (acet oxyacetylam no)-2,4,6-tril odoacet ophenone (0.20 g, 0.279
mmol ) was dissol ved in gl aci al acetic ' acid and bromne (0.044 g, 0.28
- mol ) was added. The 10  reaction was stirgged_at 2.5 h at" 75 [err]C and

t hen al | oned . to cooI The sol vents wer e rem)ved by evaporati on and
the residue was - r oM AmaP, me) 806
(Merr], 100 %, . ace oxyacet yl am no)
- 1- acet oxyacet yI 2, 4 6- trii odobenzene ' :
3, 5-Di (acet oxyaced ,y5-dm:|m)rdsttymr£acm )80 34,558 mmol)t demm&fﬁ €%y

, 0.12 |
Egatl ng tgmilz) \[Ngérr T %Ie%fcéllf&éﬂée - ace ar'ce%r n:éjndirqq%lﬁc‘%tng %"1% sodi um
acetate (1 rfol) Solutiomwagcaaded (te 0 °¢ 9594 L94$o$. 18- 18 whel)

product was anl fmicjbzglgb mr?l emrs |tﬁﬂb1|'ﬂplvféreﬂﬁdéc?|£1d’\’%§1en@olutlon

-d d. 25 . 78
| 361:565”1( Rgdr oxyacetyt aﬁ#’fﬁéﬁ ﬁﬁ/cﬁ V\é[ﬁerag%%%r 16 b m@f 30

Hydr ol ysi s of 3 B‘Iahseage(bx@agz)etm aiatrm) (1120 ml) was added and the

acet oxyacetyl - did loRRGZENS t X

Exanpl e 4e. The cr ucﬁ product was pur| ylﬁrnepel?%?l %%H%LC The
yield was MR detRhafhatps extragqyed "é')Yl GFEtELR-HEAAT Pl r pndl she)) .
35 : WO 96/ @tidined organic phases were dried (Nazso4 am{T/ GBI5/ 02265

evaporated. The product was pur:.f:Led by preparat:.ve

HPLC. Yield: 0.44 g (75 %). ' '

H NMR (CD,CN): 8.87 (t, J=2.0 Hz, 1H), 8.63 (t, J=2.0
15 Hz, 2H), 4.98 (t, J=6.0 Hz, 1H),364379 (m, 2H), 2.34

(s, 2H).

MS (ESP-, m/e): 227 (M-, 50 %), 197 ([M-CH,0]-, 100 %).

20 . .
1-(1,2-Dihydroxyethyl) -3, 5-dinitrobenzene (0.10 g, 0.44
mmol) was dissolved in methanol (35 ml) and
hydrogenation'ﬁas carried out at 60 psi using a Pd/C
catalyst (10 %, 50 mg). The catalyst was filtered off

25 and the solution was evaporated. Yield: 0.074 g (100 %).
IH NMR (CD;OD): 6.14 (d, J=2.0 Hz, 2H), 6.06 (t, J=2.0
'Hz, 1H), 4.98 (br s, 6H),-4.43-4.50 (m, 1H), 3.52-3.57
(m, 2H). . ' -
MS (ESP, m/e): 170 (M*, 100 %), 210 ([M+K]*, 18 %).

30 ' '

1-(1,2-Dihydroxyethyl) -3, 5-diaminobenzene (0.0584 g,

35  0.242 mmol) was dissolved in a mixture of methanol (5
ml) and aqueous 2 M HC1 (1.2 ml) and a solution of KICl,
(70 % in water, 0.97 mmol) was added in one portion.



- 42 - Exanpl e 23. 3, 5-Di (hydroxyacetyl am no)-1-(1, 2-

di hydr oxyeivasio282 4, 6-trii odobenzene ~a. 3,5-Dinit pepliaybaksanol

5 3, 5-Di ni troacet ophenone (3.27 g, 0.0156 nol) was di ssolved in
a mxture of absolute ethanol (75 m) and THF (37.5 m) and the ,
m xture was cooled to -10 [err]C. NaBH err] (0.30 g, 7.9 mol) was
added and the m xture was stirred 10 foolgql _h at -10 [err] C. Water (80
~m) and ethyl acetate were ~added, the phases were separat ed and the

organi ¢ phase After"‘@ﬁ:.!@iﬁgdf&'t bo%iﬁra£8908ﬁl)t%ﬁt§je 10 %
(Na[err].Sferr] vent s we{e renmopved vVa oratlon and the

resi due was ‘)"quﬁﬁPFf}qaﬁsgi/ LR gt ShyPIgn “Wtﬁnatdée | fRensaidtens s 15
m xture of pentuaeeanelmevbglbyxce'traperéﬂ.idu) ansd t tise res:.du?éuﬁ”ﬁ putefikq 2. 52

BEY R § %&%"@%” 1§y frdind d g N Gy (O

1.61 (d, J2 7 5" 56175 -35. (m:nﬂ-ﬁr)@sﬁypéné 12 (m, 1H),

3,5-Di nltrophenyl'EQhanOV (i, 018) , 45 706Mpby ¥ASeHy xed With
Plerr]Jerr] (1.0 g, 0.71 nmol) and the stirred mxture was 25 heated to
100 [err]C. After 3 h, the mxture was al | oned to .cool to room

t enper at ur e andhwatlr.ll 0s LDl oy il rArdtvearetadiansime £ 0 9

~ using 1 Maquewwwacted with diet hyI ether (2x25 m).
‘The conbi ped or gani c. phases were dried (Na2804) and evaporated. The
30 cr product was used w thout further purification in t he next
step. [erxmmﬂiﬁfw&anyﬂsz {1diateihd 2z, GJJ'd)nll%diﬁaérfbenh-z 0

i0.0 v, 11y £ B Phked ol ydbedfload P ligis Hysllro” @ (¢ @
PCT/ GB95/ 02265 example such a procedure as described in Example 4d. The
crude product is then. hydrolyzed analogous to Example 4e
15  to give the final product. Purification of the crude
product is carried out using preparative HPLC.



v 43 - c. 1-(1.2-Di hydroxyethyl)-3,5-dinitrobenzene

3,5-Dinitrosygweersy 0. 50 g, 2.58 mml) was dissolved in PCI/GBOS/0226% oOf
acetone and water (8:1, 70 nl) and the 5  solution was cooled to O
Terr]C. err]derr] (0.046 g, 0.18 mmol) and| NVO-(6-60-g,— 5. 15 mol ) -
were added and the solution was stirred at rob erature for 16 h.
A sol ution of Na[err] S[err]Jerr] (1l.%)-in #g}\ !ﬂummm added
“and the organi ¢ sol vent renoved by evaporatio I
~ phase was extract@imd h ethyl acetate (2x70 nl) and the "cotbihed:
organi ¢ phases were dried (Na2SO4) and evapor at ed. The product was
purified by preparative . HPLC. Yield: 0.44 g (75 %. [err]H NWR
(CD[err]CN) 8.87 (t, Cempaunds dff)fom®melx (8, J=2.0 15 Hz, 2H), 4.98 (t,
=6.0 Hz, 1H), 3.64-3.79 (m 2H), 2.34 (s - Ms (ESP[err],

rﬂe) 227( err], 50 %, 197 ([M[err]O] d.

1- (1. 2- D hydt oxyet hyl ) - 3. Rdi anjRaob B

1- (1, 2- Di hydroxyet hyl ) - 3, 5-§4nit r ob nmol ) was

di ssol ved in nethanol (35 : s carried out at 60
psi using a Pd/C at (16( ) st was filtered
of f 25 and the sol ution sA\evapoy ategd\Yieldf 0.074 g (100 %9 . .
[err]H NVR (CD[err]QD): 6. R J=2.0 Hz,-
1H), 498(brs 6H), 4.43-4.50. (m : (m 2H). \S)

ESP, me):1870 (Merr], 100 %, 210L([ MK [err]) nl8 %. 30 e.
(1, 2- Di hydr oxyet hyl) - 3,'5'- di am no- 2, 4, 6- tr| | odobenzene
(1
Ss

, 2- Di hydr oxye vliyé;)e%% % %r’a rk?)p%z% (&# s 35 eacH?- @NF ﬁggiiywas_

i ssolved in a m ure ueous HC1,
m) and a sol ut.dmofbexl@q &3ne or dlizfm-”%fm mfbrgr%mﬂ Ml %Hﬂbd

in one portion. atom, an iodine atom or a hydroph:.l:.c moiety M or M;, two

(
1-
1-
di

15 or three non- adjac_ent R groups in each C¢R; moiety being
jodine and at least one R group in each CgRs moiety being -
M or M, moieties; X denotes a bond or a group providing a
1 to 7 atom chain linking two C¢Rs moieties or, where n
ig 0, X derotes a group R; each M independently is a
20 non-ionic hydrophilic moiety; and each M, independently
represents a C,.4alkyl group substituted by at least one
hydroxyl group and optionally linked to the phenyl ring
‘'via a carbonyi', sulphone or sulphoxide group, at least
one R group being an M, moeity; with the prov:.so that
-25 where n is zero either at least one M, group other t:han a
) hydroxymethyl or 1,2-dihydroxyethyl group is present or
then if one hydroxymethyl. or 1,2-dihydroxyethyl M, grdup_
_ is present at least one nitrogen-attached hydroxylated
alkyl moiety-containing M group is also present) and

30 isomers thereof.
2. Compounds as claimed in claim 1 wherein n is 1.
3. Compounds as claimed in claim 2 wherein at least

35 one R group in each C¢Rs; moiety is an M; moiety.



WD 96/ 09282 — PCT/ GB95/ 02265

- 44 - stlrrlng fo t enper at ur

aqueous Nal!gtf@rg?fz sol ution (0. H "‘t he sol ven&a%&%m{%@re
renoved by evaporation and the reS|due.mas puUrktied by preparative
HPLC. Yield: 31.4 ng (24 %9. 5 [err]H NVR (CD{err] QD): 5.56-5.63 (m
1H), 4.03-4.12 (m 1FD, 3.79-3.87 {me1H), 5.06 (br s, 4H).

f. 1-(1, 2-Di hydroxyet hyl)-3.5-di (hydroxyaetyl am no) - 2

6-trii odobenzerfe 10Compounds as claimed in claim 2 wherein. X is an

" 1-(1, 2-Di hydro 1:? % l_@;nno 2,4,6-triiodobenzene °~ is acylated
- Wi th acet oxyacet ori1 de usl ng for exanpl e such a procedure as
described in Exanple 4d. The crude product is then hydrol yzed

anal ogous to Bsanpl €ofpolinds ads0 Piadtmedhdnf idlalimoduelreiBUENE ¢4t RO

t he crude Q&Jléc 1S : i out” usi ng preparatlve HPLC. WO
5
96/ 09282 gt'd ta‘le di¥edrghe’ PCT/ GB95/ 02265,
45 Cl ai s 1. Conpounds of forrrul al
6. Compounds as claimed in claim 1 wherein n is zero
and the phenyl r:.ng is asymmetrlcally substituted.
10 7. Compounds as claimed in claim 2 wherein one Cg¢Rg
group is of formula
_ M2
5 '
where each M? independently is a group M or ML,
20 o o S - o |
| 8. Compounds as claimed in claim 2 wherein one CgRs
~ group is of formula
.25 .
30 where each M? indepe”n'dently is a group M or Ml.

(9. Compounds as cla:.med in clan.m 2 wherein each C¢Rg

group is of formula



<10 [err] . mh rein s 0 or 1, and where n is 1 each
d err] R err vdoiohss may be t Hﬂhlﬂ “ ”ment; eachpgriospsi?zes a

hydr ogen atom an i odine ato c noiety Mor Merr],
two 15 or three non-adjacent- R groups in each C6R5 noi ety being .
iodine and at |east one R group in each C6R5 noiety being Mor Merr]
noi eties; X denotes a bond or -a group prowvidmng a . . 1 to 7 atomchain

|l inking two C6R5 npi eties or, where n is 0, X denotes a group R each
M i ndependently is a 20 non-ioni ¢ hydrophilic noiety; and each Merr]

i ndependently - represents a (err]al kyl group substituted- by at |east
one hydroxyl group and optionall i to the phenyl ring Vi a
.a carbonyl, sul phone -or sul phoxi.de group, | east - one R group being

where n is zero either at
roxymet hyl or
then if one hydroxynmethyl or -

an Merr] noeity; with the proviso th
| east one N&err] group other than a
1, 2-di hydroxXyet hyl group is present or

1, 2-di hydroxyethyl Merr] group M2 presepnt at |east one

ni t rogen-attached hydroxyl at ed al kyl noi ety-cont ai ni ng ngroup IS

al so present) and 30 i soners thereof. - 2. Conpounds as clainmed in
claiml wherein nis 1. 3. Conpounds as clainmed in claim2 wherein
at |east 35 O@ReReeqER WP ﬁ@&&p&ﬂ&éﬁﬂﬂ%éla f§¥d¥£ M oMM err] noiety.
WD 96/ 09282 / GB95/ 02265

- 46 - 0 4 Conmpounds as clainmed in claim?2 mhereln X is an

asymmetric groupi0o. Compofinds &snphatmedasnctiaimdl iwhetaim Zhehdrei n t he
two pierr]R[err]grgups_9§8u9§r§58hgiEﬂgiﬁnér branched qug-alkyl groups
with one or more CH, or CH moieties replaced by oxygen or
nitrogen atoms or substituted by one or more groups
15 selected from oxo, hydroxy, émino, carboxyl dgrivative,
and oxo substituted sulphur and phosphorus atoms. '

11. Compounds as claimed in claim 1 wherein the M
‘groups are groups selected from’

20 | _
~CONH-CH,CH,0H,
-CONH-CH,CHOHCH,0H,
~CONH-CH (CH,0H).,,
—CON (CH,CH,O0H) ,,

25 -CONH,, '
~CONHCH;,

-OCOCH;,
-N (COCH;) H,
—N(COCH3)Crg—alky1,

30 -N(COCH3)—mono, bis or trls-hydroxy C14 alkyl,
~N (COCH,0H) -mono,; bis or tris-hydroxy C,_,- alkyl,
=N (COCH,OH) ,,

-CON (CH,CHOHCH,0H) (CH,CH,0H) ,
-CONH-C (CH,0H) ; and
35  -CONH-CH (CH,OH) (CHOHCH,OH) .



n

6. Conmpounds as claimed in cI aiml in I S and the .phenyl . -
ring is awowmissxal |y substitgt H"III”"HB'D L}]l l I rrpounds PET/EBRI/GTREG | N
claim?2 wherein one (Jerr]Rerr] of formula [err]

where each Merr] independently is a group Mo Merr]. 20 8. i
Conpounds as cI aimed in cl al[m 2] wher ei n3828e C[Vﬁrr] R[er[]] i | group is of
formul a : err ~wher e eac err

i ndependent I y i roup M or err]. Compounds as clainmed in

cl ai ﬁ1 2 wher elﬁeac‘ﬁm@‘g‘m‘}ﬂ%ﬁ rqlaimed g‘rIbLﬂﬂ-all@ &f wherednathe M, WO 96/ 09282

PCT/ GB95/ 02265groups are selected from C,_,-alkyl groupd/ substituted by
1, 2, 3 or 4 hydroxy groups and optionally connected to
the phenyl ring via a CO, SO or SO, group.

13. Compounds as claimed in claim 1 wherein the M,

' groups are selected from hYdroxymethyl, 2-hydroxyethyl,

2,3-bishydroxy-propyl, 1,3- bishYdroxyprop 2-yl, 2,3,4~

trihydroxybutyl, 1,2, 4- tr:.hydroxybut 2-yl, COCH,OH and
10 sozcazon

14. Compounds as cla:.med in cla:.m 1 where:l.n n 1s 1 and ‘
X is a bond an oxygen atom or a group NR!, CO, SO,,
CR,?, COCO, COl_\TR1 COCR,?, SOCRZ ' 802NR1 CR21CR2 » CR,INR?,
15  CR},0, NRCONR!, OCONR1 CONRCO, CONR1CR12, 0Coo0,
' - CRY,0CR?,, ocnlzco cnlzcomal' cnlzcnlzcnlz, cocnlnlco
CR12NR1C:R12,' CRlzsozNR1 CR},0CO or NR!SO,NR!, where R! is
" hydrogen or a C, ¢-alkyl or alkoxy group optlonally
‘substituted by hydroxy, alkoxy, oxa or oxo and where it
20 is attached to a carbon atom R! may also be a hydroxyl
group. |

15. Compounds..as claimed in claim 1 wherein n is 1 and
X is -NR!COCONR!-, -NR!COCR!,CONR!-, -NRCR,CRIOHCR,NR!-,
25 -CONR!CR1,CONR!-, or -N (CORY) CR?, CRIOHN(CORI) - where Rl is
- as defined in claim 14.

16. A dlagnost:.c compos:Lt:.on compr:.s:.ng a compound of
formula I as defined in any preceding cla:.m together
30 with-at least one phys:.olog:.cally tolerable carr:.er or
' exc:.p:.ent
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(54) Title: IODINATED X-RAY CONTRAST MEDIA
(57) Abstract
The invention provides low viscosity iodinated aryl com- ' W
pounds, useful as X-ray contrast agents, of formula (I), whereinn - R R R R
is 0 or 1, and where n is 1 each CsRs moiety may be the same or '
dxfferent,eachg'ouprsahydrogenatmn an iodine atom or a ;
hydrophilic moiety M or M, two or three non-adjacent R groups in R X R o
" | each CgRs moiety being iodine and at least one, and preferably two
or three, R groups in each CeRs moiety being M or My moieties; -
X denotes a bond or a group providing a 1 to 7 atom chain linking
two CeRs moicties or, where n'is 0, X denotes a group R; each R R R R
M independently is a non-ionic hydrophilic moiety; and each M; . '
independently represents a Cjalkyl group substituted by at least

one hydroxyl group and optionally linked to the phenyl ring viaa . _ - °n

carbonyl, sulphone or sulphoxlde group, at least one R group being

an M) moiety; with the proviso that where n is zerq gither at least '
one My group other than a hydroxymethyl or 1 ,2-dihydroxyethyl group is present or then if one hydroxymethyl orl 2-d1hydroxyethyl M |
group is present at least one mtrogen-amehed or hydroxylated-C3 4 alkyl moiety-containing M group is also present and isomers thereof.




.12. . Conpounds as clained in claim1l wherein the Merr] groups are
selected from (Jerr]-al kyl groups substituted by 1, 2, 3 or 4 '
hydroxy groups and optionally connected-to - the phenyl ring via a .
CO SOor SJerr] group. 5 13. . Conmpounds as clainmed in claimi1: . - ¥
wherein the N[err] .. groups are selected f rom hydr oxymet hyl , o
2- hydr oxyet hyl , . 2, 3-Dbi shydroxy-propyl, 1, 3-bishydroxyprop-2-yl, -

2,3, 4- : trihydroxybutyl, 1,2,4-trihydroxybut-2-y|, COCH err] OH and 10
SJerr]CH err] CH 14, - Conpounds as clained in claiml wherein n.
isl1and . ~ X is a bond, an oxygen atomor a group NRlerr], CO ' |
SgJerr], CR[err], COCO CONR[err], COCR[err], SCCR err], - - .
Sgerr]NRlerr], CRlerr]CRlerr], CRerr]NR.err], CRlerr] O : :
NR[err]CO\IR[err] OCONR[ err ], CO\IR[err]CO CO\IR[err]CR[err] OCOO0, '
CRerr]JCCR[ert], OCR[err]CO CR[err]CO\IR[err] CR[err]CR[err]CR[err]

COCR[err]R[err]CO o CR[err]NR[err]CR[err] CR[err]SCIerr]NR[err]
CRlerr]OCO or NR[err]SOerr]NRerr], where R[err] is hydr ogen or a
Clerr]-al kyl or al koxy group opti onaIIy substituted by hydroxy,

al koxy, oxa or oxo and where it 20 is attached to a carbon atem Rerr]
may al so be a hydroxyl ~group. '15. Conpounds as claingéd in
claiml1 wherein'nis 1 and : Xis -NR err] COCONR[ err] -

-NR[ err] COOR] err] CONR{err] -, -NR{err] CRlerr] CRlerr] CHOR{err] NRlerr]-, 25
CO\IR[err]CR[err]CO\IR[err]-, or -N(COR[err])CRlerr] CRlerr] OHN(COR[err]) -

where Rferr] is . as .defined in claiml14. : 16. A diagnostic
conposition corrprl sing a corrpound of - ~ formula | as defined i.n any -
pr ecedi ng cl ai m together 30 © with at |east.one physiologically tol erabl e

carrier or exci pl ent.
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