PROCESS FOR THE | ODI NATI ON OF AROVATI C COVMPOUNDS The_present invention

iel ates to a process for the preparation of iodinated aromatic conpounds

In particular, it relates to a process including the e

i odi nation of 3,5-disubstituted phenols to the correspﬂmﬂmmmm m“mgr
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the synthesis of x-ray contrast nedia, and to the preparation of—t
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These latter, in turn, may be further converted and processed through the so-calied

Smile’s rearrangement, to the expected final compounds.

For a general reference to the above synthetic route and Smile’s rearrangement see,

for instance, WO 88/09328, WO 97/05097 and WO 00/32561 (Bracco).

lodination on the phenol ring may occur at the ortho and para free positions, i.e. at the

2, 4 and 6 positions, according to the well-known electrophilic substitution mechanism,

thus leading to the triiodinated ring.

The iodination step. in particular, may be performed according to several methods

known in the art.
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The above problens nmay be well addressed according to an alternative path
conpri sing el ectrochem cal iodination of suitable aromatic nuclei.

El ectrochem cal iodination involves, in particular, the anodic fornmation of
r ions froman iodine source, for instance 12 itself, in an electrolytic
ceII substantially as per the followi ng Schene: 21 and the thus fornmed I+
cations may then act as iodinating agents on the aromatic nucI eus of the
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process for the preparation of herbicides conprising the el ectrochem cal

i odi nati on of 4-hydroxybenzonitrile in the presence of 10- ions, so as to
provide the corresponding rmr]g or _di 9 qtdiingted derivatives bearing iodine
atons in positions 3 and/or 57 Remarkably, the above iodination process is
directly carried out vvlthl n the electrolytic cell, that i s under the
oxi di zi ng _condi sting at the anodic co as _t he presence of
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. specie may be generated on need, thus av01d|ng the storage of corrosive reagents.

Moreover, as no chlorine source is present, no chlorination by-products affecting the
purity of the final compound may be thus obtained.

The electrochemical iodination of aromatic substrates is known in the art as reported,
for instance, in J. Am. Chem. Soc., Vol. 98, No. 6, 1976, pages 1515-1519; and EP
828705 (Nycomed Imaging As).

According to EP 828705, in particular, it is disclosed a process for the preparation of
monomeric or dimeric triiodoaniline compounds comprising the electrochemical
iodination of 3,5-disubstituted anilines or 3,3’-disubstituted-5,5-linked bisanilines.

As far as phenols and derivatives thereof are concerned, instead, US 3,833,490

discloses a process for the preparation of herbicides comprising the electrochemical



Obj ect of the invention The present invention thus provides a process for
the el ectrochem cal iodination of 3,5di-substituted phenols and, also, a
net hod for the preparation of x-ray contrast agents including the above
el ectrochem cal iodination step. It is therefore a first object of the
present invention a process for the preparation of 3, 5-
di substi t ut ed- 2, 4, 6- triiodophenols of fornula (2), ‘which process conpri ses:
(a) el ect I (o} 5o u e source:
d (b) |{()) 'ﬁ%awl ér\{g‘! 'g%gg(g&gju@% rIP}t 'Ggﬂe\%%?e%gﬁ%l s of Fan@ % %é% ?V'hgm e presence
of t he abeareespandig menes omdl@ﬂ@pteeai)erlvatmb%aﬂngwdmmatRmSﬂ@pe%%@ﬁﬁ t he sane
or differghyofg omeach other, a group selected from carboxy -COCH,
car boxyester -COORL and car boxam do - CONH2, - CONHRL or - CONR2R3; wherein
Rl, R2 anbemarkalipriae abve ipdination peocgss 'aldF?%'lyéﬁ'E”ef’PBW'@&%Wec?ﬂ%érP'yf'ca strai ght
or brancheggl, tabt Cunabkink ofidRing cohditdhs sxistng bnﬁabhwusctbﬁﬁarﬁmanadasbye one or
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sel ect ed phemaiic Nd«'qu-gﬁeqp m&r@nder(tl=@boe. subSifaB=@ps suscpiit®=0f) exidatijeC=0) NH- ,
>SO or >SQ2. gifyps. The present process enables, advantageously, the
recovery of trirodinated 3,5- disubstituted phenols of forrmula (2) in high
yields and purity. In the present description, unless otherw se provided,

with the H@wm&t sﬁe%t caHyiky anqrh@@dﬁaﬂanms@blbmts.@rmal@léwolyn&eéud tige | I near or
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the said 99 I'O’QP mlrwhtaHﬁg'”%tHWpsﬂeg'é rﬁﬁhem'é?'wﬁe”eﬁt‘b oﬁg i sopropyl
n-butyl, psohisttib expetedutyllts dsemiixtimat ylf bymopeﬂ&yﬂeremnd“lea@bbtamw the like.
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variety o I'es as ‘set the term Cl-

al koxy wetheriolewihggeperimietidl septign.gr oup wherein the al kyl noiety just
represents any of the above straight or branched Cl1-C6 al kyl groups.

Sui t abl e exa | es of al koxy groups of the invention may thus conprise
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car boxyestenpqun@®OR1) and car boxam do (- CONH2, CO\IHRl or -CO\|R2R3) wherein
IRL, R2 and R3 are, the sane or different fromeach other, a straight or
branched Cl-C4 al kyl group optionally substituted by one or nore hydroxy
groups. E@bipcheftheppensiprbly, within the conpounds of formula (1) and (2),

R and R HRPpRSEAInvehttR thdBRoiesd Frb®ke i tHeQlldhtrBeethidl loginatich BBUP sel ect ed
from di-substituted phenols and, also, a method for the preparation of x-ray contrast agents
including the above electrochemical iodination step.
It is therefore a first object of the present invention a process for the preparation of 3,5-
disubstituted-2,4,6-triiodophenois of formula (2). which process comprises:
(a) electrochemically generating I” cations from a suitable iodine source; and
(b) iodinating 3,5-disubstituted-phenols of formula (1) in the presence of the above

I” cations of step (a):

HO R' HO R’

(1) (2)



- COOH, -CO0OCH3, -COQ(CH2)3-C H3, -CON H2, CONHCH3,

CONHCH2- CH( OH) - CH2(OH), CONHCH[ CH201-1]2 From all of the above, as both R
and R groups do not take direct part to the reaction step, as per the
details below, it is clear to the skilled person that optional substituents
or groups, anyway present within the neanings of R and R and which may
uhdergo unwant ed side reactions, need to be suitably protected before
reaction ;vag.-gﬁ, pl ace. Protection and subsequent deprot ection of the said

ed b t f K inth t
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corrpartrrents Sul ta?) | e anodes are fhose convent i onal Xl known 1 n the art and
may conpr PRIONGIVAPRIRR Riaensai MR divdlentareure seiscted e maodes, > Glat i num

anodes or —@&)0p|-a(Caom, aNH@ED raneckes)NWh| €30 at +SY.sgremys. | ncl ude ot her netal s
such as, for instance, iridium titaniumor conductive titanium dioxide.
Particularly preferred are platinumand graphitic carbon anodes. As the
cat hode, Theveedenbmadceon esalries; dbvaetpéargiyd tias rmh/eryi oic kringiinaged 8&r | nst ance,

carbon, plat ity %'ég‘lfym“'iéﬂﬂ h,d;]q};g?@sr RpuRgai nl ess steel cathodes as

wel |l as m xtures t ereo and ste cat odes in particular, are the
nost preferred. Cathode and anode are el ectrochem cally interconnected

acc?r di ngid %ec%tfééérﬁlt U%ﬁﬂ)tloﬁeﬂlﬁk‘ass lwnem.@@r&mdéaawmefheorendl ﬁ@kyhawmnbf or

i nstance consj stin orou or rane
mcer ol RORRF G rardoApieb P Tinad ¢ lnedh actrapPp Sl naBCuRy T ELE e
process otarbbeatomsedtitadie, exbingles atitinasaitgky petipe may tnepoemesd mathgly | odi ne
cations r |t I oo ource, for
[ nstance(cc%)rl Si %?Sr?%ﬁrebgl ﬁ g’&ﬁ%bﬁiy§U|{a@V1e%ﬁ%b rt)?v'ﬁa \)’ggn i ke the

al kal i ne #wllike. Nal or K1 or even hydriodic acid, or any mxture of them

W thin thepprgseMiky: PV&E ' ?’be'?@rltr?e?Qbﬁsﬁltdt&ﬂémor(nltg)ruétﬁdB tiafdyas | Y
preferred. Because 0 oi chiometry of the reaction the présent process

refers toMoities aygqt °3thrﬁ?P\é‘f’s of the reactive (1+) specie are required for
each nol eVthm&h@rﬁNﬂth@téhﬁU-@s@IkOiy Weoihtent any dikylHory reup whéreditnasied to t he
correspong];orilgyconpo nq for{nrJ1

justrepresents any o b{)vg straight or branched C4-Cg alkyl groups.
Suitable examples of alkoxy groups of the invention may thus comprise methoxy.
ethoxy, n-propoxy, isopropoxy, n-pentyloxy, and the like.

According to a preferred embodiment of the process of the invention, within the
compounds of formula (1) and (2), R and R’ represent, the same or different from each
other, a group selected from carboxy (-COOH), carboxyester (-COOR') and
carboxamido (-CONH,, -CONHR' or -CONR?R®) wherein R, R? and R® are, the same
or different from each other, a straight or branched Ci-Cs alkyl group optionally
substituted by one or more hydroxy groups.

Even more preferably, within the compounds of formula (1) and (2), R and R’
represent, the same or different form each other, a group selected from:

-COOH,

-COOCH;,

-COO(CH3)s-CHs.

-CONH,,



Preferably, a slight excess of the iodinating agent to the phenolic
substrate will be enployed so that the equivalent ratio between them may
vary from1l:1 to 3:1 or, even nore preferably, froml:1 to 2:1. semcelle
contenuti diversi The anodic reaction is carried out in the presence of an
organi c solvent, preferably a polar and/or protic solvent such as, for

i hst ance. acetonltrile, | ower al cohols C1-C4 and m xtures thereof.
PreferabIEOBphg{ rocess is carried out in the presence of |ower alcohols

wher ei n met han ey re preferred. Hydroal coholic solvent systens
conpri si n %@Vﬂfogﬁﬁﬁ'#@ Jof wat er, for instance water : nethanol
m xt ures CONMOMICBJOH]satio of 1 : 1 or with an even | ower water content,
for instance of 1 : 4, should be preferably avoided. To this extent,

particul arly when generating the reactive (l+) specie in step (a) from
nol ecul arFromdilired theeatioerasaion® aod R ggebhide noi teke direet part todhe eeacoehi de, the

presence of, %rgggrnlrhé d8fai B |{ Q?%H%Xh ARG DelsbR tf?a?b?@ohl' §u¥>st|tt§bn‘i§qe sol vent

medi um appé to negative e reaction ou
Conpar at i ¥drespsnphevay present \a&hm therraeanings of Reantdr iy e i el may P@M@Oon of

i odi ne, asmwahfedsid@ReddBdnsOheddns bBrs@ifébﬁﬁ)rotb&ed?Béfbrbeébcﬂbﬁ takéd pladehe gi ven wat er

. al cohol t ted iodi d at th
end of tHEOSFIERS SRHaR Beisraoe ol BB aRE cEompart ReAr eI I hed.
i nst ead, tdnetyadfomethbdsmividalyi kms/non thdrartcdrali canverdtiondlly artmbtednh systiem are not
needed a”%h@??‘fe%h é syk&%%mg r&’rfce"t\@ r%'i HPeVgr SSHERERE Hé%%/tgﬁnp' oyed.

Typi cal |y, ven S acetonitril
al cohol s mdfqnmwcadTnWt Grees. f’mfrcé\tﬁ GFCWR? 'fb@f@t'?ﬁl W@@S'SAM% N-Hem

met hanol - yggh ?Thé*b%&#ﬁcﬁém@éle%‘é?ﬂénbﬁ%qf la¥ dérr%fté‘d (aE)Q)f tHdBrdcR3E bt e Medi umi's
usually kept to an acid b rou acid dd|t| on for

w7,
i nst ance BYentghELRIFPIEdN AP FFGFT(EO'Y}IC %eh’fqeﬂ?? [ ”é‘?: Prd’sgrécegff a@‘?%’de and
H2SO4. Pr eéaﬁfoaiblomenmké teﬁerrleepﬁ ad&todkend Gataodlc éora;mltmeetsen nmore preferably,

bet ween atlvel .St erfornmed in_t presence
of known SORB RGP Pisr 851 ruate RPN ARrg e e St
el ect r ol ytarporcatddes avitledausesrhoseahofdes, lateuabavadegor gesre platifan afibys

el ect rochmsébvh.eﬁgﬁygma%c%e bihef AblaR%cRLs, tfmns@gmgqnd.@m Mphdi@ger across the
el ectrodes ma so as to have an anode potential fromabout 1 to

about 3 \mmékl%tug t@eEm( digxide-aR tcutasly PRIPITEd elet RlgfiEMaand: eaPhilF eaBor e
el ectrodejnogbseferably, the reaction is carried out wwth an anode potenti al

conpri Sed { {he caﬁ\%(c)igt co]hventlonal (?noes ma]y b8e eanonedSacs:Ewell including, for instance,

carbon, platinum, palladium, lead, copper or stainless steel cathodes as well as
mixtures thereof. Carbon and steel cathodes in particular, are the most preferred.
Cathode and anode are electrochemically interconnected according to conventional
means, by a porous barrier or diaphragm, for instance consisting of a porous frit or of
any other permeable membrane material known in the art for the intended purpose.
According to the process of the invention, the iodinating specie is represented by iodine
cations (I") that are generated in situ from any suitable iodine source, for instance
comprising molecular |, or suitable iodide derivatives like the alkaline salts Nal or Kl or
even hydriodic acid, or any mixture of them. _

Within the present invention, molecular iodine (1) is particularly preferred.

Because of the stoichiometry of the reaction the present process refers to, at least 3
moles of the reactive (I") specie are required for each mole of aromatic substrate of

formula (1) to be triiodinated to the corresponding compound of formula (2).



Alternatively, the electrolytic process according to the present invention
may be perfornmed in a gal vanostatic node, i.e. a constant current is passed
t hrough the solution during the process, for instance corresponding to
1-500 mA/ cnR. The tenperature during the process is kept constant, for
|nstance bet ween 15C and 25C by operating according to conventi onal

nmet hods. Typically, as the heat generated during the process may lead to a
l|c;a_r|t! al epvriammyia:)ﬂugaf eid’éﬁs&ﬂih\é%dlnatm@rdgieﬁubalﬁé thfwaseumdawwmlgael ower )
oi ling sol vents I t vent nay be
added so a”%pl?yed thal&stee%%"\%[;e%k ﬁn?%gtwtg? gp‘ ure arTlfli\lél‘{'l ven{ {oe‘ﬁ?orsgvenTh

resul ti ngnsrblﬁmferehlydmnm anmag selmcq”@domwutwgwpem e is then contacted with
the aromatic substrate (1), or a suitable solution thereof, as fornerly
indicated. Typically, as reported in the experinmental section, the

i odi nat i ofheo@nodigereagtionnist ¢asries eIt i KecPresenePindll erognig sphens Arelp@llydut in a
separ at e saGhajor pieESIdht BRihtast foR ins R bd) akétBaitRO lower BRoAJNSPD-6F #4d (a) and

t he substrate (é% ei ther as such or suitable dissolved in a selected

sol vent, TBI9ME¢ENce i ncluding those previously indicated, are properly
cont act edPre%’raﬂ)erths)lpjoceas S0 lcatried rouofin thee peubrsier aft lewfrd picbimisa whew#r  al cohol ,
i ke met hrggt%n Iis ngopé/&g roybsequent work-up of the reaction mxture may
be then acco (1 shed accorgl ng to conventional techniques w dely known in
the art sbyc&gal@@cﬂlgmlm@résmam@b@raprmsIrtgwrelet\/iarrviaam@lmgijwdebfforfIoa?tarmea (2). As

an exanpl ateWNRGthAR Rgkiired ﬁ%%@éht 'ré?i@'o'f‘@‘ § Qr GRNST &eR 1dvshvafcbgs, at the
end of the reaction any excess é or 12 could be easily renpved

accor di ngfof BS@BRRAAL o?f%ﬂ“'drﬁ?t%?fﬁ@b'%)?v 8&f ng suitable anounts of alkali
i odi de, fwtmsw@ttamp@art&ulawm demefatingttereacitle thafECIdG]:Bste:p)(mlfmm Li kewi se,

excess of i d| ne oul d,.be rou ddi ti on of spdi um
oATTT e omoRPUT FDE: Sina® e R IateF Sih 3hY BB RE b shoheRhe B The
conpoundsaroburitsloﬁwlataercfla)t ey Btrartitsngpluteltyemi tiessobent medipmoeeswrofo t he

i nventi on,ay. aﬁvé&ﬁé%@t tﬁé‘?’eac!n&n Aonomrerci al 'y avail able per se, may be all
pr epar ed accor known nethods. For a general reference to the

corrpoundsAﬁ)Pe"fQﬁrﬁQﬁr&“V@ﬂxa@é@ 3. froflact, waemKeeedmehestieh ene#ian M0 88/ 09328,
WD 97/ 050997;)&%&/\19) Q%%%‘é&ﬂess Lis k&8 Qut Willythetgheh wRaCtadthor ek, sol vent
bei ng enpl o in thfe i nstg rocess I%{ﬁﬁﬁhm aglﬂ1 readily avail abl e.

Dot a0l o CORDEPRPAES HierBrR BrRars Fhveri A B e TaB5H s eq n ¢ he

foll ow ng experinental section for the el ectrochem cal i odination of

3, 5-di subgt{ | S M , ch is
novever Shoi o B ROE pBEERed i bobnod oo ERLub M ANk ol 1 1 2
crucibl e, ch@cmfab@aowm.smte@ afe ygtraﬁeldﬁiénd mpc@rvaawrmgn@mnt%ofswter er system

A plati num,apede.chssitipempRyspended and pI aced bet ween the porous frit
constituting the bottomof the nelting and the inner bottom of the

crystal | i z@¥cally %‘iﬁrtaéﬁ’loép%ﬁﬂ't’erﬁ? Sy %?I"‘\‘PGH%WF”E QYPLRIFRIP!DFNY WSS el ect ed

i odi ne somm.mrésqmere@faﬁ@}@@nao;edtl on of 12 in nethanol, is poured into the
crystalli the el ectrochem cal

cont act %ﬁhnfﬁgmpr&e@aga V‘fa?etr mnqwgs Wpa?ﬁ{?ﬂlﬁfl)p%rﬁérrgﬁd is then added. A
sui tabl e amount of an al cohol -water m xture is then poured into the nelting

pot, foll ?N@Féa%gtr&% Lﬁw'g'utsbéing k85t 1880 Q&?]QPHWE:EB 1508, tﬂraubﬁ aad Qﬂ&ltldﬁ'th its

content is di into dine al co i C so ution @lte cathode is
i nt roduce®r |“T$f&§‘°? I9E coRsehiraied piic ‘Hrfd’"@rf?ea%‘i/set%lﬂ7°/°st%rf’r%fP@€ rpidds |y

connect edkep‘t\bémaéﬁ a@hdﬁlae@tewcﬁhbrefdr@rwabg EAvédnal gk, t hen hydrogen forns at
t he cathog and t he |o?| ne sol%)tlog tErns bro;v)g to yel |l ow ran%i«? Duri ng
the react PH§Matlyely FeR () B1aX b RRTOTBEC {1 188 RrESR19 A BTOWCOMPLS ST D nwi se to
t he anodi o @aimpdn cordictisity asthindhe efgoeolyat eeleveapiohas uead &ndhé abkeep a

per manent EBQ& act between the glass frit of the nelting pot and the
surroundi Rg Podi ne solution. After a suitable ti me, for instance of about
three hours, the solution is yellow pale. Then, electric power is stopped
and the i odi nating solution in the crystallizer is transferred into a
one-neck flask. A suitable amobunt of the selected conpound of fornula (1)
or of a solution thereof is then added. either as such or portionw se. and
the m xture is heated under reflux. The reaction is nonitored by TLC and
heating is continued up to quantitative conversion. The final solution thus
obtained is lead cooling to roomtenperature.



Then, any excess of 1+ and 12 nmay be elimnated by addition of suitable

sol utions of KI and of a saturated solution of NaSO3 bei ng added up to
decol ouri sation. The solvent is then evaporated and the residue is
extracted with a suitable solvent, for instance ethyl acetate. The sol ution
is dried, filtered and evaporated to residue. The crude is purified by
flash chromat ography onto silica gel or by elution onto a hydrophobic

pol ymeri cpof @i éb&@J:Hé'Fﬂ"bal géﬁéréﬂongofa* Hétid?l@ JkH bRk 4 v&l%g@'a‘cﬂis@&ﬁ@ i odi ne
salts and then wt nce Q/elute t he

abl e i nst acet on
roduct | EHEEIER I REAP IS SR SAIRE: B1o0GPIIIA TP9yo05y" BAOPHAY easi | y
?onve{te?vemMQsmmekmnawesp@nﬁlHgdkneayﬁ@nnmnmséemgﬂmb$ of interest having
ornmul a ur t t, hnvent
b ocese f Blerael e BaRER s o Ry B e PR e brdtd BEEER 18 W "
process cbnﬂxmbb&v\@a§célectrochenlcalIy generating | cations froma
sui tabl e A?g‘l}'ngtﬁ/e O%&%iecmlc( ?r))c s@dé Fd'ir@gto the” glle%%m |T‘1\'/etn'ﬂ r?qlna?/hﬁ@m s of

formula (1 n the presence o ove cation wherein R
and R havefarmed n@@ngﬁwoatam/@w@pwt%&on%@ta‘é}r% %tﬁaa?ew trféJgEdh?)ounds of

formul a (ZdlutidnGurih@®elprdddsd, iR insRABO bitebspdndingrienilsao mA¥em?ei t her as such or
wherei n the hydroxy group on the benzene ring is present as alkali or

al kali-earth nmetal salt, with a conpound of fornula (3) R4HN(C=0) CH( R5) Z( 3)
wher ei n R&¥hamshdeatarealurib dthesaoaesois Idhpf f:@Tstamt fériostareadtetvatehel5C laydr ogen or a

straight 9Ee @%ﬂb%ghqg%ggﬁ E&ﬁo%kve%l&{épmg ngﬁkéﬂyséél}ﬁé hééf&]gpergééd one or

nor e hydr oxy groups and ogen atom or any suitable
| eavi ng gdBiRA the Prasess Bavisedina aa@@lrﬁy@e@r@ﬂ@f offthg ﬁfvzwea\t (Rgyticularly when

employing lower boiling solvents like methanol, additional amounts of fresh solvent
may be added so as to keep steady both temperature and solvent volume.

The resulting solution containing the iodinating specie is then contacted with the
aromatic substrate (1). or a suitable solution thereof, as formerly indicated.

Typically, as reported in the experimental section, the iodination of the aromatic
substrate of formula (1) is carried out in a separate reactor, wherein both the iodinating
solution from step (a) and the substrate (1), either as such or suitable dissolved in a
selected solvent, for instance including those previously indicated, are properly
contacted.

Preferably, a solution of the substrate (1) in a lower alcohol, like methanol, is
employed.

Subsequent work-up of the reaction mixture may be then accomplished according to
conventional techniques widely known in the art so as to isolate and obtain the final
compound of formula (2).

As an example, when using molecular iodine to generate (I*) cations, at the end of the
reaction any excess of (I") or |, could be easily removed according to conventional
methods by adding suitable amounts of alkali iodide, for instance Kl, so as to form |,
and, then, Kl; complex. Likewise, excess of iodine could be also removed through the
addition of sodium sulfite or bisulfite, up to discolouration of the reaction medium.

The compounds of formula (1) as starting materials of the process of the invention are
known and, if not commercially available per se. may be all prepared according to
known methods.



(4) wherein RR, R, R4 and R5 have the above reported neani ngs; and (d)
subj ecting the conpound of fornmula (4) to Smle's rearrangenent in the
presence of bases, so as to obtain the final conpound of fornula (5)
According to the present process for preparing x-ray contrast agents, the
el ectrochem cal iodination of steps (a) and (b) is carried out as fornerly
réported whilst steps (c) and (d), conprehensive of experinmental conditions
and opti oRal a ganérahtesertchees ofhe cmepdundsvof fatmukee(1aste aor insporceedhe f or

I nstance, _J > af h AN ' j.ans WO 88/ 09328, WO
97/ 05097 3%%&\7(1%%%}1%@5?@5%%?&g@?@%@%vﬁnﬁ?mdngq}#eggbnppunds of formula (3),
Z is.a brbigwiee.qnyelieoreastaniandier neRt beipgeppleyed ialie/instanerrperssant pr ocess

nmay be appldwdtiniQeddigapiishar ati on of widely known x-ray contrast agents
| i ke i opoam dol (wherein, respectively, R and IR both represent a

- CONH- CH( PRRHS)CPNGRBURY tRaPiosess aF BigelR vV amiPRE S '€ PREEAYD thes ERIOWRS Mer ck
:?nng, hXI bpekthenta? 8ttion Wer. thd BledtroeHeniicimeiratior( Whesaiisubstitgeaeetndrel y, R and
oth repre

ent .a - CONH CH2- CH( OH). CH2OH group, R4 is nethyl and R5 is
ydr ogon. SEBETENG eGP RirTon Mo e s erdel B! TV 800 B 1D
an additional object of the invention a process for the preparation of

| opam dol A%enﬂar@rg.!@@,ro%meﬁé@ 19Gs bF MeEFe%Iéégguﬂﬁy%?aZ%ryitgﬁ F?gﬂbc?w 2a) or

(2b), respecti the sal d conpounds 0 n ei ng
obt ai ned TRECRIGIFITHSYEPBe L PRERETRERAC IP SianrasRepAedNCRIATRIRCEI®RY or (-1Db),
respecti vgbius &f deRétititingRhe baktord Al tHdhelihgpae 4MdaaESMepTbottbm difveent i on.
crystallizer.
A suitable amount of an alcoholic solution of the selected iodine source, for example a
solution of I; in methanol, is poured into the crystallizer so that its volume is such to
provide the electrochemical contact with the porous frit, and an amount of acid is then
added. A suitable amount of an alcohol-water mixture is then poured into the melting
pot, followed by the addition of an acid. When the melting pot with its content is dipped
into the iodine alcoholic solution, a graphite cathode is introduced into the melting pot
and the system is then electrically connected. A constant electrical flow is maintained,
then hydrogen forms at the cathode and the iodine solution turns brown to yellow-
orange. During the reaction, a suitable amount of fresh methanol is added portionwise
to the anodic compartment so as to compensate evaporation and to keep a permanent
contact between the glass frit of the melting pot and the surrounding iodine solution.
After a suitabie time, for instance of about three hours, the solution is yellow-pale.
Then, electric power is stopped and the iodinating solution in the crystallizer is
transferred into a one-neck flask. A suitable amount of the selected compound of
formula (1) or of a solution thereof is then added. either as such or portionwise, and the
mixture is heated under reflux. The reaction is monitored by TLC and heating is
continued up to quantitative conversion. The final solution thus obtained is lead cooling
to room temperature.
Then, any excess of |+ and |, may be eliminated by addition of suitable solutions of Kl
and of a saturated solution of NaSO3; being added up to decolourisation. The solvent is
then evaporated and the residue is extracted with a suitable soivent, for instance ethyl
acetate. The solution is dried, filtered and evaporated to residue. The crude is purified
by fiash chromatography onto silica gel or by elution onto a hydrophobic polymeric



According to an additional aspect of the invention, the instant process nmay
be conveniently enployed also for the preparation of suitably substituted
ani | i nes bearing given carboxy or carboxyester groups, substantially as set
forth bel ow. Hence, according to an additional enbodi nent of the invention,
it is herewith provided a process for the preparation of
3,5-disubstituted-2,4,6-triiodoanilines of formula (7), which process
conpri sesfesinolune HagRm i M) Wibeidp ZIiMingte iding saFSner AT B4 t abl e

i odi ne soui@sle s@lﬂ&mt(f@blnétﬁfﬁﬂe%étioﬁ@ tSelbtedhspBsidtt ut ed- ani | i nes of fornula (6)

in the presence o e above ca ons st e resent, the
sanme or ﬁf‘f%?%tﬁ'f‘e? B FULRNgS ﬂfe‘llorm'éag‘;ﬁrrﬂ%& %S@ 0085‘?%339@3‘5) group

- COOR1, whetesponditl x-ray aorstasiadgghits obintebesa hatirgfoGii05) bélay! gr oup Whl ch is
optionally substituted by one or nore groups selected from hydroxy, an no,
sul phydryl, C1-C6 al koxy or carboxy, and/or optionally interrupted by one
or nore dHesdeeitis yiudhgyobieel of Hreauiegenbinventipp a pragess foidhe prepaati) o-the - 0( C=0) -

- NH( C=0) - cornfdurntd dibrmui3®) &rlov?ﬁﬂgh rroeé's@%om eTshe pr esent descri pti on,
unl ess othermnse prOV|d ed, t hi or mul a and the definitions of R

and R- and, (Refie@ochamige]ly Q%T%att"ﬂés‘@t'?i?sé((ﬂnb §‘I”§?b're %’Hmeiﬁ’@f erably, within
t he above pr(@)c|esnr5atfngr3 Pdisatiturg-phelCoffpaiundd ) bfthé pregeiad of e addve and R- are
t he sane and bot g%§%6§ a group -COOH or -COORL wherein RL is a

strai ght or braﬁ%ﬁba ‘al kyl group. The above process is carried out by
first generating the iodinating source I+ as fornerly reported that, in
subsequent step (b). allgws for the conplete triiodination of the aromatic
ring in high yields and purity. Also in this c se, the starting materials

of formula (6) are know ording to known
i tabl y hrydrogemat i ng

met hods, for instance | yvvay reduci ng the
correspondi ng nitrgjsepRihatgc acid, optionaldor "t oybe~gubsequently
for the conversion of

functionalized according to conventi onal technique~
carboxy to carboxyester greups. The conpounds formula (7) thus obtained
are useful internediates f t he synt hesis of ray contrast agents, anong
whi ch are the aforenentioned i opam dol and ioneprol, by working according
to met hodg, ufeHeR Unk ROl el the FBSniAGS aboVk #ébohbaf Bidb ebt%ttﬁ@eom,!)duﬁag rate the
present invention, out posing any limtation to it, the follow ng
exanpl es &FErM#Zi ven. Exanple 1 Generation of the |+ solutlon

(c) reacting the compound of formula (2), either as such or wherein the hydroxy group

on the benzene ring is present as alkali or alkali-earth metal salt, with a compound of
formulia (3)

R*HN(C=0)CH(R®)Z (3)
wherein R* and R® are, the same or different from each other, hydrogen or a straight or
branched C;-C¢ alkyl group optionally substituted by one or more hydroxy or C4+-Ce
alkoxy groups and Z is a halogen atom or any suitable leaving group; so as to obtain a

compound of formula (4)

o
\
Z
:§7
O
A

o) ! (4)

wherein R, R’, R*and R® have the above reported meanings; and



A stock solution of iodine in nethanol (0.55 M 10 nL) was introduced in a
100 nlL beaker, diluted with nmethanol (20 nL) and acidified with 0.2 nL 97%
H2SO4. A porous crucible (6 pmpore dianmeter) was partially filled with

met hanol (2 L), water (6 nL) and 97% H2SO4 (0.2 nmlL) and introduced in the
beaker. A platinum sheet anode was inserted in the beaker and a graphite
cat hode was introduced in the crucible. The electrolysis was perforned in
gal vanost @) subjevtiothe 26@poaidaiBymulat(4)lto Sie'arsimatgentkins mchepreeertce of i ght

yel | ow. Qﬁggtgtoa%sqggb@gIt%]ﬂngpco\p@)%u%gfqo%ws(g;h in the subsequent iodination

reactions _
3, 5-bis(2. 3-di hydroxvpropyl am nocarponvl)- 2. 4. 6-t hi odophenol
1) -phenol (56.5 ngy, 0.17 mml) was

3, 5-Bi s( 2, 3-di hydr oxypr opyl am noegarbqQn

added in a round bottoned flask cd ning the 1+ solution (obtained by
wor ki ng as described in Bxa , o 1. 55 mol 12 and 50 nL MeOH). The
reaction mixture was refluxgd f8 1ThouR. An additional amount of

3, 5-bi s(2, 3-di hydr oxypr opyl mm negcar bonyl) - pheno(s) (56.5 ng, 0.17 nmol) was
t hen added and the solution was refluxed for 1 hour. A third portion of

3, 5-bi s(2, 3-di hydr oxypr opyl am nocar bonyl ) - phenol was finally added (56.5
mg, 0.17 pe®dridirntb tHEaGpr%@th btewas for eplepartrd unh'yl c@mmpﬂ edgentsortker si on was

b d. ft t d
aqucous. sBFEHIEBER iRt alis G BSarER ol B Fesfi MBI became.
pal e yel | steps Mtarainel), emprelenmsive df erokeimentd worditiqs exsluerdiosal dvatiards yel | ow
resi due V\gw%r#wdré 'kﬁ(?'ern e 3R é%nriasérkédt ?o(’rr)stz?%p nl@@@aﬁ%n‘nﬁﬁﬂom hdition with

wat er (10 were co renoved and then with
wat er / ace?%‘éat@FQV‘(Q_wOQﬁ?ﬁ WG %V%Oggercﬂ W&%O@gﬁ@ .Spectral data 1H NVR (D20,
300 MHz, BREoid iinRRebonsBduRdd dlrmaia’4), eREiBlodife ot thieridelatbmHz J2 = 3.7 Hz
3.62 ppmj%Lezn%oflelprgfer]é%ly,sthghlns‘gaznt ;rocéss n'jazy be applied to the preparation of widely

known x-ray contrast agents like iopoamidol (wherein, respectively, R and R’ both

represent a —CONH-CH(CH,OH), group, R* is hydrogen and R® is methyl; see The

Merck Index, XlIl Ed., 2001, No. 5073) or iomeprol (wherein, respectively, R and R’

both represent a —CONH-CH,—CH(OH)CH,OH group, R* is methyl and R’ is hydrogen:

see The Merck Index, Xlli Ed., 2001, No. 5071).

Therefore, it is an additional object of the invention a process for the preparation of
iopamidol or iomeprol by starting from the compounds of formula (2a) or (2b),
respectively, the said compounds of formuta (2a) and (2b) being obtained through the
electrochemical iodination of compounds (1a) or (1b), respectively, as per steps (a) and

(b) of the process of the invention.

10



3.56-3.36 pprmm{ 4H  13C- NMVR (D20, 75.4 Mz,

148. 2 ppn{ C] 85.3 ppn{ C 78.9 ppni C]
ppn{ C H2] Exanple 3 Synthesis of

298K) 172.6 ppniC] 156.0 ppniC

70.5 ppni CH 64.4 ppniCl-12] 42.9

3. 5-bi s(1- hydroxvnet hv1- 2- hvdr oxvet hvl am nocar bonvl)-2.4.6- triiodophenol

OH
OH
OH
NH
HO HO
OH

(1a)

(1b)

OH
OH

(2b)

According to an additional aspect of the invention, the instant process may be

conveniently employed also for the preparation of suitably substituted anilines bearing

given carboxy or carboxyester groups, substantially as set forth below.

Hence, according to an additional embodiment of the invention, it is herewith provided

a process for the preparation of 3,5-disubstituted-2.4,6-triiodoaniiines of formula (7),

which process comprises:

(a) electrochemically generating |" cations from a suitable iodine source; and

(b) iodinating 3,5-disubstituted-anilines of formula (6) in the presence of the above

I” cations of step (a):

Rn

H,N R™

(6)

wherein

11



3 ,5-Bis(1-hydroxymethyl-2-hyd roxyet hyl am nocar bonyl)-phen ol (56.5 ng,
@.17 mmol ) was added in a round bottomed flask containing the 1 solution
(obt ai ned by working as described in Exanple 1, from 1.55 mml 12 and 50 niL
MeOH). The reaction m xture was refluxed for 1 hour. An additional anount
of the above phenol derivative (56.5 ng, 0.17 mmol) was then added and the
solution was refluxed for 1 hour. A third portion of the above phenol
derivati vB" wag R'i ieptebgntatid edmeSs. &fferent fOm gacmothgr, anehrvdxg -€61QH pon was

refl UﬁTerg Hgbaigye&gmb@ﬂ ECOBRY SRR W@éa%@’ﬁ@ﬁtv@rdoraﬁiw&@b@Q%ikglg%oudﬂ (257 nyg.

1.55 a saturated aqueols sol ution was added
dr opwi se Wh'ﬂ‘ lis ?M@”@UI%P‘?‘@HG%%%‘%%&‘P@ gayrsoteleckast froam BYdriys afBRoved under

reduced pg@stidi® @, bRexy &l éé?%%yesh@i/ueomaﬁan Mitdrk@sle b} Bn@Br Asker lite(r)

XAD 1600 col um by el uti wager unt %t conpl etely
removed afRlEMSOURE SR ‘?5?'7’5&& C(Z' d# ‘?)3' M‘Sﬁg* 55%
Spectral d@=)NEHSOMR >S02aroupf0 I\/Hz, 298K) 4.11 ppmoui nt[2HJ = 5.2 Hz
3.85-3.70 ppnn{ 8H 13C-NMR (D20, 75.4 Mz, 298K) 172.1 ppn{C] 156.0 ppn{C]

148.4 ppn{ C 85.1 ppn C
in the present description, uniess otherwise provided, within formula (6) and (7) the

definitions of R” and R” and, hence, of R', are those previously reported.

Preferably, within the above process for preparing the compounds of formula (7), R”
and R are the same and both represent a group ~COOH or —-COOR" wherein R' is a
straight or branched C4-C, alkyi group.

The above process is carried out by first generating the iodinating source [* as formerly
reported that, in subsequent step (b). allows for the complete triiodination of the
aromatic ring in high yields and purity.

Also in this case, the starting materials of formula (6) are known or can be easily
prepared according to known methods, for instance by suitably hydrogenating or
anyway reducing the corresponding nitroisophthalic acid, optionally to be subsequently
functionalized according to conventional techniques for the conversion of carboxy to
carboxyester groups.

The compounds of formula (7) thus obtained are useful intermediates for the synthesis
of X-ray contrast agents, among which are the aforementioned iopamidol and iomeprol,
by working according to methods wideiy known in the art.

With the aim to better illustrate the present invention, without posing any limitation to it,

the following examples are now given.

Example 1
Generation of the |” solution

A stock solution of iodine in methanol (0.55 M, 10 mL) was introduced in a 100 mL
beaker, diluted with methanol (20 mL) and acidified with 0.2 mL 97% H,SO,4. A porous
crucible (6 um pore diameter) was partially filled with methanol (2 mL), water (6 mL)
and 97% H,SO, (0.2 mL) and introduced in the beaker. A platinum sheet anode was

12



78.7 ppn{Cl- 60.0 ppnf CH2] 53.2 ppni{ CH Exanple 4 Synthesis of

3. 5- hi s(n-but oxycarbonyl)-2,4,6-triiodochenol In a round bottoned fl ask

containing the I+ solution (obtained by working as described in Exanple 1,

fromO.78 nmmol 12 and 50 nL MeOH), 3, 5-bi s(n-butoxycarbonyl)-phenol (25.0

ng, 0.085 mmol) was added. The sol ution obtained was refluxed for 1 hour.

An additional anount of the above phenol derivative was then added (25.0

ng, 0. 085ingertsd) indhel bepler o 1/ DERNiGagathate| Wageiitrpditced im#igr Srugblehihel porti on

?L thel a?_@l\é@crc@ﬂ%nﬂb? ﬁﬁﬁbﬁaﬁ%ﬁ'iﬁegél\@tﬁpftétf&ahb?e ?Q@iﬁﬁl\Aﬁﬁﬁ)QnﬂfgheQn@%&* mmlj) and
e solution was refluxe ..un conpl ete conversi on S observed.

Aft er cooF'F?Rj?re&fo llgf%é'ﬁﬁ; -F'E?. %a'ﬁﬁ‘iﬁ‘}'“t{%ngvaédﬁg aaﬁHC'h'"g%& gﬁ?ﬁ%‘ifn queous

sol uti on phUinkERSetwes dropped until the solution becane pale yellow.

Met hanol was renoved under reduced pressure and the yell ow solution so

obt ai ned was diluted with water and extracted with AcOEt (3x20 nL). The

organi ¢ phase was dried over Na2SExampi¢ Zvapor ated under reduced pressure.

The bl aCkSQrﬁﬁéﬁg‘@ MBS (2, 3-dihydroxypropylaminocarbonyl)-2.4.6-triiodophenol

. OH
Os_N._H~_OH

! ' OH

H
o N.__OH

I O

3,5-Bis(2,3-dihydroxypropylaminocarbonyl)-phenol (566.5 mg, 0.17 mmol) was added in
a round bottomed flask containing the I" solution (obtained by working as described in
Example 1, from 1.55 mmol |, and 50 mL MeOH). The reaction mixture was refluxed for
1 hour. An additional amount of 3,5-bis(2,3-dihydroxypropylaminocarbonyl)-phenol
(56.5 mg, 0.17 mmol) was then added and the solution was refluxed for 1 hour. A third
portion of 3,5-bis(2,3-dihydroxypropylaminocarbonyl)-phenol was finally added (56.5
mg, 0.17 mmol) and the solution was refiuxed until complete conversion was observed.
After cooling, KI (257 mg, 1.55 mmol) was added and a saturated aqueous solution of
Na,SO; was added dropwise until the solution became pale yeilow.

Methanol was removed under reduced pressure and the yellow residue was purified
with an Amberiite® XAD 1600 column by elution with water (100 mL) until salts were
completely remoVed and then with water/acetone 8/2 (100 mL).

Yield: 300 mg, 82%.

Spectral data
"H-NMR (D;0, 300 MHz, 298K)

4.00 ppm b quint[2H]

3.74 ppm dd[2H] J, =116 Hz J,= 3.7 Hz
3.62 ppm dd[2H] J1=11.8Hz J,= 6.6 Hz
3.56-3.36 ppm m{4H]
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purified by flash chromat ography onto silica gel (eluent: 9 petroleum
ether/ 0.5 isopropanol/ 0.5 AcOEt). Yield: 100 ng, 58% Spectral data

1H NWVR (CDCl 3, 300 MHz. 298K) 6.23 ppnbs[1H] 4.36 ppnt[4HJ = 6.6 Hz 1.75
ppmui nt[4HJ = 6.7 Hz 1.47 ppnsext[4HJ = 7.4 Hz 0.95 ppnt[6HJ = 7.4 Hz
13C-NWR (CDCI 3. 75.4 MHz, 298K) 167.8 ppniC] 154.7 ppni C] 147.9 ppniC] 80.8

ppni €| 76”%-an%@(§0, 75.4 MHz, 298K)
172.6 ppm  [C]
156.0 ppm [C]
1482 ppm [C]
85.3 ppm [C]
78.9 ppm [C]

70.5 ppm [CH]
64.4 ppm [CH;]
42.9 ppm [CH;]

Example 3
Synthesis of 3.5-bis(1-hydroxymethyi-2-hydroxyethylaminocarbonyl)-2.4.6-

triiodophenol

3,5-Bis(1-hydroxymethyl-2-hydroxyethylaminocarbonyl)-phenol (56.5 mg, 0.17 mmol)
was added in a round bottomed flask containing the I” solution (obtained by working as
described in Example 1, from 1.55 mmol |, and 50 mL MeOH).

The reaction mixture was refluxed for 1 hour. An additional amount of the above phenol
derivative (56.5 mg, 0.17 mmol) was then added and the solution was refluxed for 1
hour. A third portion of the above phenol derivative was finally added (56.5 mg, 0.17
mmol) and the solution was refluxed until complete conversion was observed. After
cooling, K! (257 mg, 1.55 mmol) was added and a saturated aqueous solution of
Na,SO; was added dropwise until the solution became pale yellow.

Methanol was removed under reduced pressure and the yeliow residue was purified
with an Amberlite® XAD 1600 column by elution with water (100 mL) until salts were
completely removed and then with water/acetone 8/2 (100 mL).

Yield: 200 mg, 55%.
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66. 8 ppni{ CH2] 30.3 ppnf CH2] 19.3 ppni CH2] 13.7 ppn{ CH3] Exanple 5 Synthesis
of . 3,.5- bi s(net hoxycar bonyl)-2.4.6-triiodophenol 0 HO In a round bottoned
flask containing the r solution (obtained by working as described in
Example 1, from0.78 nmmol 12 and 50 nL MeOH),
3, 5- bi s(net hoxycar bony1) - phenol (53.0 ng, 0.085 mmol) was added. The
sol ution obtained was refluxed for 1 hour. An additional anount of the
above pheﬁpﬂic_trdm”éiﬂlative was then added (53.0 ng, 0.085 mmol) and the
sol ution vag x:gﬁhﬁ our. Athird portion of the above phenol
sol ution was Jﬁ&ﬁ ngr)r 0.085 nmol ) and the sol ution was
refl uxed iOHﬁpmuntlI c ofiit coH\r 3H8n was observed. After cooling, Kl
(125 ny, Q838709 Wasmpjed and a saturated aqueous sol ution of Na2S03
was dropped until the solution becane pale yellow. Methanol was renoved
under reduced pressure and the yellow solution so obtained was diluted with
wat er andPexNIMRCDL] 784tNHAREEK) (3x20 nL). The organi ¢ phase was dried over
Na2SO4 an f)(%g ra}@ under reduced pressure. The bl ack residue was
purified w chromat ography onto silica gel (eluent: 9 petrol eum
benzi ne/ 05%0peopr d@lanol / 0.5 AcOEt). Yield: 90 ng, 60%

148.4 ppm [C]

85.1 ppm [C]

78.7 ppm [C]

60.0 ppm [CHZ]

53.2 ppm [CH]

Example 4
Synthesis of 3.5-bis{n-butoxycarbony!)-2.4,6-triiodophenol

In a round bottomed flask containing the I" solution (obtained by working as described
in Example 1, from 0.78 mmol I, and 50 mL MeOH), 3,5-bis(n-butoxycarbonyl)-phenol
(25.0 mg, 0.085 mmol) was added. The solution obtained was refluxed for 1 hour. An
additional amount of the above phenol derivative was then added (25.0 mg. 0.085
mmol) and the solution was refluxed for 1 hour. A third portion of the above phenoi
derivative was finally added (25.0 mg, 0.085 mmol) and the solution was refluxed 7 h,
until complete conversion was observed.

After cooling, K1 (125 mg, 0.76 mmol) was added and a saturated aqueous solution of
Na,SO; was dropped until the soiution became pale yellow.

Methanol was removed under reduced pressure and the yellow solution so obtained
was diluted with water and extracted with AcOEt (3x20 mL). The organic phase was

dried over Na,SQO, and evaporated under reduced pressure. The black residue was

[y
th



Spectral data 1H NMR (CDCI 3, 300 MHz, 298K) 6.23 ppnbs[1H 3.95 ppns[6H|
13C-NVR (CDCI 3, 75.4 MHz, 298K) 168.1 ppniC] 154.8 ppn{ C] 147.7 ppni C] 81.
ppn C] 76.4 ppn{C] 53.6 ppn] CH3] Conparative Exanple 1 |odination of phenol
In a round bottoned flask containing the 1+ solution (obtained in Exanple 1
fromO0.78 mmol 12 and 50 nL MeOH), phenol (24.4 ng, 0.26 nmmol) was added.

The reaction m xture was refluxed for 5 h. After cooling, KI (131 ng, 0.79
mol ) waspaididedydadh ahsataiogdpragwetusiiddag80isot: L pemoleas aberdd.dr opwi se.

isopropanol/ 0.5 AcOEt).
Yield: 100 mg, 58%.

H

Specitral data
'H-NMR (CDCls, 300 MHz, 298K)

6.23 ppm bs[1H]

4.36 ppm t[4H] J=6.6 Hz
1.75 ppm quint[4H] J=6.7 Hz
1.47 ppm  sext[4H] J=7.4Hz
0.95 ppm t[6H] J=74Hz

3C-NMR (CDCls, 75.4 MHz, 298K)
167.8 ppm [C]

154.7 ppm [C]

1479 ppm [C]

80.8 ppm iC]

76.4 ppm [C]

66.8 ppm [CHy]

30.3 ppm [CH2]

19.3 ppm [CHZ]

13.7 ppm [CH3]

Example 5
Synthesis of 3,5-bis(methoxycarbonyl)-2.4.6-triiodophenol

HO I

In a round bottomed flask containing the I solution (obtained by working as described
in Example 1, from 0.78 mmol I; and 50 mL MeQOH). 3,5-bis(methoxycarbonyt)-phenol
(53.0 mg, 0.085 mmol) was added. The solution obtained was refluxed for 1 hour. An

additional amount of the above phenol derivative was then added (53.0 mg, 0.085

16



Met hanol was renoved under reduced pressure and the yell ow solution so
ebt.ained was diluted with water and extracted with AcOEt (3x20 nL). The
organi ¢ phase was dried over Na2SO4 and evaporat ed under reduced pressure
and the brown residue was charged on a flash chromatography col um and
eluted with 9 petrol eum benzine/ 1 AcCet. Yield: 25 ng, 21% Spectral data
OH 1 1H NVR DVSO- d6+D 0. 300 MHz. 298K 8.01 ppmns[2H] 13C- NVR DMVSO d6+D 0.
75. 4 MHz, ma®8khd 1sbsButippnids] relidbeBop pp@HRA third portion of the above phenol

solution was finally added (53.0 mg, 0.085 mmol) and the solution was refluxed 10 h,
until complete conversion was observed.

After cooling, Kl (125 mg, 0.76 mmol) was added and a saturated aqueous solution of
Na,S0; was dropped until the solution became paie yellow.

Methanol was removed under reduced pressure and the yellow solution so obtained
was diluted with water and extracted with AcOEt (3x20 mL). The organic phase was
dried over Na,SO. and evaporated under reduced pressure. The black residue was
purified with flash chromatography onto silica gel (eluent: 9 petroleum benzine/ 0.5
isopropanol/ 0.5 AcOEt).

Yield: 90 mg, 60%.

Spectral data
"H-NMR (CDCl3, 300 MHz, 298K)

6.23 ppm bs[1H]
3.95 ppm s[6H]

3C-NMR (CDCls, 75.4 MHz, 298K)
168.1 ppm  [C]

154.8 ppm  [C]

147.7 ppm  [C]

81.1 ppm [C]

76.4 ppm [C]

53.6 ppm [CH3]

Comparative Example 1
lodination of phenol

in a round bottomed flask containing the I solution (obtained in Example 1 from 0.78
mmol |, and 50 mL MeOH), phenol (24.4 mg, 0.26 mmol) was added. The reaction
mixture was refluxed for 5 h. After cooling, Kl (131 mg, 0.79 mmol) was added and a
satured agueous Na,SO; solution was added dropwise.

Methanol was removed under reduced pressure and the yellow solution so obtained
was diluted with water and extracted with AcOEt (3x20 mL). The organic phase was

dried over Na,S0O, and evaporated under reduced pressure and the brown residue was

17



88.5 ppn{C] 85.0 ppn{C] ESI-M (negative node) Calc. for C6H3I130: 471.7
u.ma. Found: 471.1 (MH+), 964.4 (M+Na+-2H+) I n subsequent fractions, nore
pol ar byproducts were coll ected, anbng which 2- iodohydroqui none and a

di i odobi phenol . Conparative Exanple 2 lodination of pyrogallol In a round
bottomed flask containing the 1+ solution (obtained as in Exanple 1 from

0.78 mmmol 12 and 5Q niL MeO rogal l ol (32 Q.26 | ) was, added. The
reaction FR3BERE MéSW@TrPW%@@gP’C lugn a&pte&teﬁgmgr@}ro@&%_{m% 0.79
nol ) MBSAaﬁHEd and a satured aqueous Na2S03 sol ution was added dr opw se.
Met hanol ggn@vgg under reduced pressure and the yellow solution so

obt ai ned W& vm'th wat er and extracted with AcOEt (3x20 nmlL). The
organi c pwdrl ed over Na2SO4 and evaporated under reduced pressure.
The chromat ographic analysis of the brown residue so obtained showed a
conpl ex and bnseparable m xture of oxidized and iodinated byproducts.

I
'H-NMR (DMSO-dg+D,0. 300 MHz. 298K)

8.01 ppm s[2H]

3C-NMR (DMSO-dg+D,0. 75.4 MHz, 298K)
155.8 ppm [C]

145.8 ppm [CH]

88.5 ppm [C]

85.0 ppm [C]

ESI-MS (negative mode)
Calc. for CgH3l30: 471.7 u.m.a.
Found: 471.1 (M-H"), 964.4 (M+Na*-2H")

in subsequent fractions, more polar byproducts were coliected, among which 2-
iodohydroguinone and a diiodobiphenol.

Comparative Example 2
lodination of pyrogallol

in a round bottomed flask containing the | solution (obtained as in Example 1 from
0.78 mmol I, and 50 mL MeOH), pyrogallol (32 mg, 0.26 mmol) was added. The
reaction mixture was refiuxed for 3 h. After cooling, Ki (131 mg, 0.79 mmol) was added
and a satured aqueous Na,SO; solution was added dropwise.

Methanot was removed under reduced pressure and the yeliow solution so obtained
was diluted with water and extracted with AcOEt (3x20 mL). The organic phase was
dried over Na,SO, and evaporated under reduced pressure. The chromatographic
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Conpar ati ve Exanple 3 El ectrochem cal generation of I+ in a hvdroal coholic
iredi ym The el ectrochem cal iodination apparatus consisted of a cell
conposed of: an anode conpartnment with a platinum anode (foil, 3 cnR) and a
magnetic stirring bar; a cathode conpartnent with a stainless steel cathode
(plate, 8 cnR). The two conpartnents were separated by a porous glass frit
(average pore size 6 u.n). In the anode conpartnent it was placed a 0.15 M
sol Iu';l on @falw‘ﬂhhé tli‘roWR'td%&ltl@hb\bﬁfa&lred@E@.ﬁ&fh cc#ﬁbléﬁ_éndaﬁﬁpbmfbiﬁr‘rﬁif((u%ﬁZ Ingb 3
nmol ) was t orous stirring. OMng to the | ow solubilit
of iodi nec’fa})t)\(| g H‘? ? tg\é\nbéprf)‘ir @ portion of it was still present, as a d
precipitate, at the bottomof the anode conpartment; the m xture showed a
pal e orange col our. pH was a )E'amﬁ: usi ng a 40% aqueous sol ution
of HBF4. In the cathode conpguﬁtr%aq'gt'\;eoe vvaslé)%{l aced a 0.15 Msolution of
NaBF4 i n Hegtechemicakgeagrafignyfidgn a hgdraglgoholic @edidmant current of 400 mA was

applied. #fd éﬂéct@'@ﬁ’élﬁlcé’rﬁbdmaﬂéﬂﬁﬁ)ara'ftd}ﬁ:oﬁélété@ﬂﬁa ébﬂ%ﬂﬁpéééddﬁcrease and after
about 40 mnutes the current i mum power supply

Toltage of 51 8 SOUHETER TEM ML AP YT AICIR AP ) 10 BOFHBIC of the
starting iodi ngimngastil| present at the bottom of the anol yte conpartnent.
The solid iodi in wat er and dri ed,
wei ghi ng 678 Qg?t%%CO%ggN@é@q’g gusﬁlalrrlé%(rs:?ee P&th(?\é@g%"&g é& 'MS 1) A process for
t he prepaflbe iworcoopad@néntslivsigheparaied dy-aDorbus glass frib@ugragnpdrs s@e Sfuomnul a (2)

whi ch progegs gﬁmo'rﬁ?)gﬁment(l dasedﬁﬂ QF’{Belﬁ‘sB@MrVon\?a%%r ﬁnthé\gaHoJﬂwQ@F' ons from

a suitabl e 1odi ne source: i odi nating 3. di substit ut ed- phenol s of
formul a (80/90n4Q Aé) preivdine &7 63fme.IFemaEBl was PMQQdP?rGWWH‘fV'@J@ﬁ stignne-
Owing to the low solubility of iodine in the mixture, a large portion of it was still present,
as a precipitate, at the bottom of the anode compartment; the mixture showed a pale
orange colour. pH was adjusted to 1.5 by using a 40% aqueous solution of HBF,.
In the cathode compartment, it was placed a 0.15 M solution of NaBF, in
methanol/water (50/50, 15 mL).
A constant current of 400 mA was applied. After about 30 minutes, the current began to
decrease and after about 40 minutes the current dropped to ~60 mA at the maximum
power supply voltage of 31.6 V. The solution was yellow and the major portion of the
starting iodine was still present at the bottom of the anolyte compartment. The solid
iodine was recovered by filtration, washed with water and dried, weighing 678 mg (89%

recovery of unreacted iodine).

19



(1)(2) wherein Rand R represent, the sane or different fromeach other, a
group sel ected from carboxy -COOH, carboxyester -COORL and carboxam do
-CONH2, -CONHRL or CONR2R3; wherein RlL. R2 and R3 represent, the sanme or
different fromeach other, a straight or branched Cl-C6 al kyl group which
is optionally substituted by one or nore groups sel ected from hydroxy,

am no, sul phydryl, Cl1-C6 al koxy or carboxy, and/or optionally interrupted
by one or nore dival ent groups selecApgfrom-NH+, -0-, >0=0, -(C=0)0-,
-0(C=0)-, -NH(C=0)-, -(C=0)NH, >SO or >S02 groups. 2) A process according
to claim1 wherein, within the conpounds of fornmula (1) and (2), R and R

represent 1) then %ﬂ@&és@l’foﬂltﬁé e pHratfon0 81 exx fis@ishted-24, 6trdbdophehasioed from
car boxy - | 2?] th ester -COORL and carboxam do - CON H2, -CONHRL or
- CONR2R3 WHBY%f Whe Ceéﬁﬁorﬁe%"sg?e the sane or different from each ot her,

a straighta)or d]ﬂcandimeﬁbaﬂ;lgéb@raihgwcagmrtstirpnoqosdibaulaliddywesaob&biarldt ed by one or

mor e hydr gxy 95 PHRg 3 |su%s {it RénoRC&G o uﬂagﬁ ﬂtﬁé o} Vg@ﬁ{eedb'ave‘“th' n the
&ﬁ ﬁ% (51 tﬁ ?§§ é']s 3 E)reseﬁﬂt

conmpounds f'ormu e sane or different
f or m each!” setnos of siegytadup sel ected from 0001 1, -COOCH3, 000(CH2)3-CH3,

CON H2,
R
{ i+ ! I
e
HO R’ HO R

(1) (2)
wherein
R and R’ represent, the same or different from each other, a group selected from
carboxy -COOH, carboxyester -COOR' and carboxamido -CONH,, -CONHR" or
~CONR?R® wherein R', R? and R® represent, the same or different from each other, a
straight or branched C;-C¢ alkyl group which is optionally substituted by one or more
groups selected from hydroxy, amino, sulphydryl, C4-Ce¢ alkoxy or carboxy, and/or
optionally interrupted by one or more divalent groups selected from —NH-, -O-, >C=0,
—(C=0)0-, -0(C=0)~, ~NH(C=0)-, —-(C=0)NH-, >SO or >SO, groups.

2) A process according to claim 1 wherein, within the compounds of formula (1)
and (2), R and R’ represent, the same or different from each other, a group selected
from carboxy -COOH, carboxyester -COOR' and carboxamido -CONH,, -CONHR' or

—~CONR?R® wherein R', R? and R® are, the same or different from each other, a straight

or branched C+-C,4 alkyl group optionally substituted by one or more hydroxy groups.

3) A process according to claim 2 wherein, within the compounds of formula (1)
and (2), R and R’ represent, the same or different form each other, a group selected
from:

-COOH,

-COOCH;,

-COO(CHz)s-CHs,

-CONH_,

20



CONHCH3, CONHCH2- CH(OH) - CH2(OH), CONHCH CH201-1]2. 4) A process according
to.,anyone of clains from1l to 3 wherein iodine cations 1+ are generated in
situ froma suitable iodine source including nolecular 12, sodium or

pot assi um i odi de or hydriodic acid, or m xture of them 5) A process
according to claim4 wherein iodine cations 1+ are generated in situ from
nol ecul ar 12. 6) A process according to claim1 carried out in the
presence T %ar and/or protic organic solvent, the sanme or different
for steps-dGNHEHMECH(IOH)-CH.(OH)A process according to claim6 wherein the

sol vent, ?b h@_@{]‘o I|_| conpartment for the el ectrochem cal generation of 1-
cations, as % é ]%'a), is selected fromacetonitrile, |ower alcohols

Cl-C4 or mixtures thereof. 8) A process according to claim?7 wherein the

sol vent i &) nEt!b?’ﬁ)géss ac%rdrﬁ‘g% Qﬁy%%? REERAITI 1tt9]g3%9é?r‘?i09fnecbla%n@ﬁ+ from1l to

8 wherein,” for el ectrochemccal generation of 1+ cations at the anode in
step (a), agroeanEins ipGite fremaa syiableripding seycgingluging siplectlerlbj SOMPBOT ed.  10) A

process agaaSlinBdikie ofhyakiBaidadher ainurk Betmamode potential is from1.2 to 1.8
V versus SCE. 11) A process according to anyone of clainms from1l to 8

wherein, the electrochem cal generation of 1+ cations at the anode in step
(a), is carriodpmatssi avccardpaltv alams ¥ athieceimndiee logtigpad Saregpeacmatedso aitd  cur r ent

of 1-500 %%&%Epugh the solution. 12) A process according to anyone of
clainms from 0 “wherein step (b) is carried out in a separate reactor.
13) A process according to claim 12 wherein the resulting solution of step

(a) is tragnsfeq b%@eé@a&oﬁﬁrﬂﬁfoaélzﬁmr?@é}Fié’é 0B ti6OpYea6d @i Wi ddartdigioe ompound  of
formula (1) or a solution thereof.
protic organic solvent, the same or different for steps (a) and (b).

7) A process according to claim 6 wherein the solvent, in the anod'ic compartment
for the electrochemical generation of I” cations, as per step (a), is selected from

acetonitrile, lower alcohols C4-C4 or mixtures thereof.
8) A process according to claim 7 wherein the solvent is methanol.

9) A process according to anyone of claims from 1 to 8 wherein, for the
electrochemical generation of I” cations at the anode in step (a), an anode potential of

from 1 to 3 V versus SCE is applied.

10) A process according to claim 9 wherein the anode potential is from 1.2 10 1.8 V

versus SCE.

11) A process according to anyone of claims from 1 to 8 wherein, the
electrochemical generation of | cations at the anode in step (a), is carried out in a
galvanostatic mode by passing a constant current of 1-500 mA/cm? through the

solution.

12) A process according to anyone of claims from 1 to 11 wherein step (b) is carried

out in a separate reactor.
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14) A process for the preparation of a conmpound of fornmula (5) which
conpriises: (a) electrochemcally generating r cations froma suitable

i odi ne source; and (b) iodinating 3,5-disubstituted-phenols of fornmula (1)
in the presence of the above |* cations of step (a): (2) wherein R and
R have the neanings reported in claiml1l, so as to obtain a conpound of

formula (2), c)l. I I e .G - r such or
wherein tﬁé)hyéf%%?ggggﬁ%aggﬂ%ﬂg'Benggggﬂ{w%géggh%fgﬁgﬁp%%éﬁgﬁﬂgﬁi or

al kal i - eatrahsfes¢chin aszeperatenien¢toransmepiaaied with thepeamposnd gi forawpi(1Ce03 CH( R5) Z( 3)
wher ei n R afsh tReregf € the same or different fromeach other, hydrogen or a
straight or branched Cl1-C6 al kyl group optiagnally substituted by one or
nore hydroxy or Cl-C6 al koxy groups and Z is a hal ogen atom or any suitable

| eavi ng grayp: ASRcaSs foPthe Ricpartion 6NGRHPAAnD6f fbrevurb pwlidh confphibes:
(@) electrochemically generating I" cations from a suitable iodine source; and
(b) iodinating 3,5-disubstituted-phenols of formula (1) in the presence of the above

I" cations of step (a):

R
I !
@\ |+
_—
HO R HO R

(1 (2)

wherein R and R’ have the meanings reported in claim 1, so as to obtain a compound
of formula (2);

(c) reacting the compound of formula (2), either as such or wherein the hydroxy
group on the benzene ring is present as alkali or alkali-earth metal salt, with a
compound of formula (3)

R*HN(C=0)CH(R®*)Z (3)

wherein R* and R® are, the same or different from each other, hydrogen or a straight or
branched C;-Cs alkyl group optionally substituted by one or more hydroxy or C1-Cs
alkoxy groups and Z is a halogen atom or any suitable leaving group: so as to obtain a
compound of formula (4)

o) | )
wherein R, R, R*and R® have the above reported meanings; and

(d) subjecting the compound of formula (4) to Smile’s rearrangement in the presence of

bases, so as to obtain the final compound of formula (5)
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wherein R R, R4 andR5 have the above reported neanings; and (d)

subj gcting the conpound of fornula (4) to Smle's rearrangenent in the
presence of bases, so as to obtain the final conpound of fornula (5) 15)
A process according to claim 14 wherein, within the conpounds of fornmula
(3), Zis a bromne or chlorine atom 16) A process according to clains 14
or 15 for the preparation of a corrpgund of fornmula (5) wherein both R and
R are a - CONH CH(CH2OH) 2 group, R4}is hydrogen and R5 is nethyl. 17) A
process according to clains 14 bx 15 the preparation of a conpound of
formula (5) wherein both R angl R esent a - CONH CH2- CH( OH) CH2OH gr oup,
R4 is methyl and R5 is hyl®g N A _process for the preparation of

i opam dol or iomeprol by st rti'ﬁg ffom Rhe correspondi ng conpounds of
formula (2) wherein these IBfteR, aré prepared atording to the process of
claiml. 19) A process for the preparation of
3,5-disubstituted-2,4,6-triiodoanilines of fornmula (7). which process
conpri ses15) ( 8 pekesstacoakmgite abiny14gehareiat witign the coatppwts of foomula ($ui t abl e

i odi ne SOEriscgbroﬁﬁﬂ% or chlorine atom.

16) A process according to claims 14 or 15 for the preparation of a compound of
formula (5) wherein both R and R’ are a -CONH-CH(CH,OH), group, R* is hydrogen
and R® is methyl.

17) A process according to claims 14 or 15 for the preparation of a compound of
formula (5) wherein both R and R’ represent a —-CONH-CH,—CH(OH)CH,OH group, R
is methyl and R® is hydrogen.

18) A process for the preparation of iopamidol or iomeprol by starting from the
corresponding compounds of formula (2) wherein these Ilatter are prepared according

to the process of claim 1.

19) A process for the preparation of 3,5-disubstituted-2,4,6-triicdoanilines of formula
(7). which process comprises:

(@) electrochemically generating I” cations from a suitable iodine source; and

(b) iodinating 3,5-disubstituted-anilines of formula (6) in the presence of the above

I" cations of step (a):

H.N R™ H,N R™

(6) | (7)

wherein
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(b) iodinating 3,5-disubstituted-anilines of fornmula (6) in the presence of
the gbove |+ cations of step (a): wherein R' and R' represent, the sane
or different fromeach other, a carboxy -COOH or carboxyester group - COOR1,
wherein Rl is a straight or branched Cl-C6 al kyl group which is optionally
substituted by one or nore groups selected from hydroxy, am no, sul phydryl,
Cl- C6 al koxy or carboxy, and/or optionally interrupted by one or nore

di vc(':llcfgg gr @u@csiz”s;@b@@éra,dthé rsame-sdgd;biﬁereﬂ-f;ow%, othérCalgabooxy ~QOCHD br | |
-NH(C=0)-, -(C=Q)NH-, > o> soups,. . 20) A 0 cording to claim
19 wher ei Fla,rbéﬁy?%%rngrP'ﬁPe_(?@Q%du Q%e'?)?{ f'SoE%P'g%(%)br%%hef%?'%F?%ﬁ(gﬁ%fgw are the
sanme and wbiph éseptionalycabditigd by oog or BOEHIroupsceRidstedyfessn Bydropryo aminoCOOR1

wher ei n j strai 0 h - K ocess for
the pr epgguéérlﬁlg 1’04:1 |ésoglggrjr)1(yd§)rl p%?&ﬁbﬁg%%f’&@ﬁ!!t ﬁetrrlgﬁtg&%yo?n%tlﬁre%'gg% r espondi ng
conpounds diggleft@ronps gelegtpd ffmd\lé’l—ﬂ*@he%cé"q,at(@%q)oar@&@daré‘@“@t@br ding to
the procesg=0fiNaL 3istBorb$NlGrotds.

20) A process according to claim 19 wherein, within the compounds of formula (6)
and (7) R” and R’ are the same and represent a carboxy group —-COOH or

carboxyester group ~COOR' wherein R' is a straight or branched C4-C, alkyl group.
21) A process for the preparation of iopamidol or iomeprol by starting from the

corresponding compounds of formula (7), wherein these latter are prepared according

to the process of claims 19 or 20.
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