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which is known as Iopamidol, is one of the most widely employed non-ionic
10 radiographic contrast agents in the world.

It was first described in GB1472050, where its synthesis by the process
outlined in the following Scheme has been reported:

4, Reaction with

1. H,/cat (S)-2-(acetyloxy)
2. lodination Iodination 3. Chlormatlon propanoyl cloude
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10 substituents, thus causing remarkable wasting of expensive reactant. WO
00l 50385 has recently descri bed a process for the preparation of

pol yhydr 8@ ozaidounds (i ncluding i.a. iopamdol ) conpri sPAYEPHEIEep of
deacyl ati ng, under acidic condi tions, acylated conpound havi ng the
formula: O NHR4 O | Il R3 N\ I NHRS R6 T O 1S wherein R4 and RS are
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More part ctu Ions 10 exe I WO 00/5038S for
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It has now beeWé%m@mss‘%absePé B! dodbrldddsh RBE 16f thDiBpAReR of S

i nvention, that 'S p055| arry out t eacylatio

pent acyI opgli tyi p u

i opam dol?% %hﬁpm xt re y%‘iﬁaﬁ ggt ?dclgdl}ﬁb(%?l)tfe% rl{lhg?%rlrlgr E‘e&gl tgrhas
been foung oddAbtREC Al e?gaERllEhG?ﬁ)&l S QRgRICSHp O ThiARe 'tthés not
necessary i so e pentacylated pro uct 20 nor e %aru cul ar has

been Founﬂn5mgg |ntrodUC|ng the (S)-2 (acetyloxy)propanoyl substltuent onto
the S-amno group of a N, N -bis[2 hydr@xy- o hydroxymethyl)ethyl]-2,4,6-tr

i i odo-1, 3-benzenedi car boxam de wherei n” & ydr oxy groups of the

car boxam do substituents have been s |taaly ?cylated and then renoving all
t he acyl groups under basic condit@®on hout isolating the

i ntermedi ate product, the overall |proce does oceed with very high
yield. Finally, it has been fou ¥ 6cess according to the present
i nvention can be enployed, with ow%?nod fication, also when protection of

15
wherein R, and Rs are optionally acylated dihydroxyalkyl groups, Rg is alkyl

and R; is 1.a. a methyl group.
According to WO 00/50385 the acid used in this deacylation reaction is
then removed by batch treatment with an acid scavenging resin; an aqueous
20 solution of the thus obtained product is purified by passing through a non-
ionic polymeric adsorbent resin; the eluate is concentrated to an oil; and the
oil is crystallised from acetonitrile/ethanol or ethanol.
The above method is said to reduce racemization at the chiral carbon

that — according to WO 00/50385 — occurs whenever basic conditions are
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O(I) startlng t he conpoun

WO 02/el132 4 PCTIEPO1 / 13939 the hydr oxy groups of the carboxam do
substituents is achieved by conversion of these groups into optionally
2- nronosube? dx/4u13d or 2, 2-di substituted N, N bis( PCT/EP01/13939

1, 3-di oxan- 5-yl ) carboxam des. The new internedi at es
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formJIa(II wi th a'sultabl tecting agent, to give a conpound o _

formul a (dutfstitue the ]513‘1%11% 'ﬁ'fﬁxﬂ) of d té’ﬂf—é\‘:sfeﬂ oNHR B eQn{ﬂcJ 9%4 Wﬁ@ﬂ@- Ris
a group of formula A or BOR CI/ EPO 1°7/13939

wherein Rl3lge e!ﬁ%@fo%%@xﬁhﬂi@ al“ﬁé %lﬁ%ercfi' Bﬁta%&la@é&nﬁh%ué’d kyd %é?dlp or

acCil-c4 stral t or branched al koxy group, ~ 'S ogen atom a 10
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al koxy group and R3 is ‘a C-~C4 straight or branched allcyl group;
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in position 5 of the internedi ate conmpoun

10 exempllﬁed in WO 00/50385 for iopamidol are heating the pentacetyl
derivative at the reflux temperature with hydrochloric acid in methanol for 30
hours.

SUMMARY OF THE INVENTION
It has now been found, and represents a first object of the present

15 invention, that it is possible to carry out the deacylation of a pentacylated
iopamidol, under basic conditions getting a final product, iopamidol, that has
an extremely high optical purity.

Furthermore, it has been found that according to the process of the
present invention it is not necessary to isolate the pentacylated product;

20 more particularly, it has been found that introducing the (S)-2-
(acetyloxy)propanoyl substituent onto the 5-amino group of a N,N’-bis[2-
hydroxy-1-(hydroxymethyl)ethyl]-2,4,6-triiodo-1,3-benzenedicarboxamide
wherein the hydroxy groups of the carboxamido substituents have been
suitably acylated and then removing all the acyl groups under basic conditions

25  without isolating the intermediate product, the overall process does proceed
with very high yield.

Finally, it has been found that the process according to the present

invention can be employed, with some modification, also when protection of



of fornlula (Ill), by reaction with a (S)-2-(acetyl oxy)propanoyl chloride
15 to give a conpound of formula (IV) ONHROIl , I N~1 NHRQAc HI O
(1v) VWoO/8182 6 wherein Ris as defined above; and PORCEROW/1B3®39 C)
removing all the acyl groups present irl#the conmpound of forrmula {IV) under
basi c conditi ons, wth prior cleavage of the cyclic protections of the

hydr oxy 3 ng?(ﬁ%ﬁﬂﬁ_ib'frﬂf@%ﬁ) ‘ilxﬁ'lrdoas‘ﬂbq 1%\%‘9@% Etbl?i’é%ewb%cﬁl\% kDnd

group of e conmpoun fornu pr o uct and

its pr epacrfaﬂtegg *?‘%“E’;qu %ﬁ)‘i{raggt ANtiniRE &nowl dﬁﬁfﬁéﬂ%tegl 4 oly>.as

t hose descri 627 S3 or US'5,278;311. Accor to step
a) of theyp pggﬁmﬁgﬁ StP?Csur B idegvention the 10 conpound (I1) is reacted

*with a conpoun I ch y sel ected anong al dehydes, ketones

(possibly in tfge gl ﬁﬁ@%@ﬂ%e@%eﬁﬁlln&'l\l ket@k dﬁ {8 DOmBRdsutfthRgst ers,

or anhydrides, depending on the type o protec I'ng group to be 1 ntroduced.

" For imstagce M&%bsﬂd’c@dﬁ@ cﬁ%?lﬁ?'%gﬁ 2'4' @tléf&ﬁf ﬁ%e%ﬁzéh&%% Ohndde?

fornula A the compound (T’ reacte a di
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sel ect ed al dehydes or ketone ossrbly In

cor r espongiisiBsRegs R Rl :F&iib yulyedober i('oraogrtgp R 2ls af “a smal

amount of a tri-(Cl-C4)al t hof or as de géent when R~ is
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=Ca straight or branched al kyl 'group or wth orthoesters of” formul a

RlC( R2) 3 %?fe@énthﬁ%ﬁu&@ is an allcoxy group. Wen, on the other hand, -R
in the conpounds (I11) represents a group of for mul a B, said group is

typigqg ly intr ODEWL@’DVBESURHQ’FI@\IWH‘WEQ’HESBE\Q{SIPW@NTI@WU' tably
sel ected anhydride of fornula (R3C0)20. Wen -R in the conpounds (I11)

represents a QAoﬂPstO(f)bflerBﬂﬁne“*pré’sfe%fcqmr@ﬂt1§ﬁ”i§0ﬂh@§'§fo@éea tReSRsWRT fiegn bot h
Rl and RZ are C, -C4 straight or branched al kyl groups; nore preferred are

those whep amttg;ﬂpof%m id2 (Bye WO 02/i-L132 PCT/EP(11/13939 7 CQt=C4
strai ght aI groups; and even nore preferred are those wherein both Rl
and R2 are rret hyl . Anot her group of preferred conpounds (I11) wherein -R
represents a group A are those vvhe{?el ﬁef{ hydrogen and R2 is a C1~C~
strai ght al koxy 5 group. Wen -R i rgﬁ)unds (I'1'l) represents a group

of formul a B,
O H OH
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4y

starting from the compound of formula (IT)

H OH
o 8
OH
1 I
L
N
N OH
I O
(ID)
which process comprises

15  a) reacting the compound of formula (II) with a suitable protecting agent,

to give a compound of formula (I11)



10 preferred conpounds are those wherein R3 represents a Cl=C4 straight or
branched, al kyl group; nore preferred are those wherein R3 represents a
C~=C4 st me gtit413d kyl group; even nore preferred are thosePGREPBI/BIRB |s
met hyl . The reaction of step a) is carrded out in the presence of an
organi c solvent selected fromthe dipoltar organic solvents, e.g. NN

di met hyl f ormam de, N, N di net hyl acet am de, and N net hyl -2-pyrrolidone, the
inert aprotic organic solvents, and the m xtures thereof. The reaction is
carried out using at |east the stoi chieMB®ic anount of 15 the reactants
but preferably at |east a slight eﬁcess OE the reactant introducing the
protecting group with respect to the 3fting conpound (I11). Needless to
say that if a conpound of formula_ (| isNtgsired wherein 20 25 Ris a
group A, at least two mol of the &b respoidi ng al dehyde or ketone (also in
the formof the corresponding acetal or k@tal) or orthoester have to be

J

“enpl oyed per nol of starting conmpound (I1); while when a conmpound (I11) is

desired wherein -Ris a group B then #tD| east four nol of the corresponding
anhydri de nust be used. In both cases, however, at |east a slight excess,
e.g. at |whsteinnRetscegrowf ofibomuls AxdnyB ol over the stoichionetric anount
is typically enployed, a nolar excess of up to about 50 % bei ng preferred.
The reaction is typically carried out at roomtenperature but |ower or

hi gher tenperatures may as well be enploygd. As an exanple, tenperatures in
the range of fromabout 5 C to abou CyerByed to be suitable fox step
a). The introduction of the proté%?ing Qéﬁ%Rgn step a) is preferably
carried WO 02/e132 PCT/EP(11/1393") g out under slightly different
reactipon conditions depending on the particular reactant enployed, The
persom skilled in the art "will be aware of these differences and will be
able to optimse the reaction conditio 5 @Oe basis of his per sonal

know edge. S As an exanpl e, Wheng=a'rﬁg;§;gpound (rrr)y -Ris a group of
formula A, then step a) in the above pr ORyi | | be preferably carried out
in the presence of an acidic catalyst. Mre particularly the reaction wl|
be preferably canied out in the presence of fromabout 0.1 to about 2 nol
of an acid per nol of conmpound of forrmula (I1). Suitable acids that can be
enploved ' thiheRlifPRIT R A0h{ BodeliS e aSth L2 | draAghflor MiineRBA ik act d,
met hanesul f oni ¢ aci d, 6 t ol uenes oni ¢ aci d, or car oxylic acids, sutch as
formc acj i i Walol oS- r FN the
nost pref ﬁufg;sg%n%bun‘ijgtg?%:‘h(t)ﬁﬁnuqﬁgﬂ??ﬂ ?HdV\C)hqgrée:I?rﬁllpt’ II-If)llilsg é;ﬁ?g?%greglu%&\%\nh’e?ei n
R~ anfh R~Cate, RahlpHestiianghedRskylt ioupS4 €f (), etrai @AChHABfanichedGkOXE | N
the presence of a.” small anobunt of a tii (ClL~C4)allcyl orthoformate or

2, 2- di net BexHPAR® REis WD, +€, bkasigM&riiranaiél hiky] Protipea cApOUREStIBI, ber mul a
(rrn) mhe?ein -R ?g an Algréup erein RL is ﬁ?h?%geg and RZ is AQE%:CQ
strai ght altigeklorghidiRyl gfsumref erred reactants are the correspondi ng
tri-(Cl=C4)straight alkyl orthoformates. 20 In the actual practice, in the
above cas®) thacyladiagi e aniho Reows éh ayaitiyn Gaof itkel intérmvdistei aahpourd

m xture of an excess over the stoichionetric of the suitably sel ected

ket one/ |l cetal of ferhhbf gllh)atb@ feaggbharitiMat ()2 Catelyldiypeopamtyl dypiidel |y
about 0.1 nol per nol of conpound of formula (11), of a strong acid,
prefet®bly sul tapive acomidwmikesifdranila (B¢)d, into a solution of the 2S
conmpound of forrmula (I1) in a Bipolar aprotic solvent, typically N, N

di net hyl acet am de. Once the reaction, ghatyjgpy take fromfew mnutes to 30
hours to be

0! I
NH
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OAcE I 0
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conplete, is over, the protected conpound of forrmula (I1l) wherein -Ris a
WO 02/.1-t132 9 PCT/EPU 1 /13939 group of forrmula Ais isolated, through
neutral i 300218 the acidic catal yst, precipitation of tRETHEE8I/1383P
conmpound (I11) by the addition of a diluted (generally 3 % by wei ght)
sol ution of bicarbonate, and purification of the precipitate by _
compound {111\ HeT eI ATELnEPE B E and, ) ep Ry in the above
process Wil | r abl i in otk 7y Mor e
Part  cul 01y evhy pEyP e SN pFSuit bradinl BF cRE SRR of BARRIIREV)
catal ytic ano ty.Ri: : -4 .
“starting corrptliil}‘%dda(r (}?%‘?%ébﬁgiéﬁpn@glﬁﬁ% gor%r] %%?‘6%%8?%% dﬁ%glcr a(.)(t: I é)on 18f
solvent may b - [Walc) . - .t h i; r iC
or gani ¢ sol ve'ralt%1 geljlf#g%g’ Cear@%ﬁgﬁlqﬁ?/%ﬁlggg} a?l \éﬁ ucI)lrd gglr%’l%gdléo %@ﬁpghgyﬂg

*m Xt ures thereqf,. W{ﬁln J roup B, al so weakly basic or ganic
sol ver?ts, sucﬁge'{lsgpy |%It;§)elj,lﬁur71§y&be enpl oyed. In the actual practice the

reaction to g el s yiesiely iR 4 ound
of fornula B \e/)\nhil% r&g’éﬁ%re e?’g_ls)flogﬂ%ga?r(lﬁzdgpﬁkhg%/mé?fpp| ggﬁgﬂ rln{gx%%})gro?&gn
and o car oy, PRSI OUORE A ZpPing REoRH! pi¥thded SRE RS O B el
of fornul (&h ' y: ine in a solution of the starting
conpound %P( *%?er%ﬁa’ ?ﬁﬁ@?ﬁ lK’I]rgd?’@rr)\g{gf‘\gy‘f:jlicet am de. 20 The
4- (di nmet hyl am -1 di i X t S or
Suppor ted on i eoiihg [ STBY BF FCRE BRaeRt GORneL P, M Eopr iy,
couplg of n i aCLi j ok enpleyed,
IS COISr)pI e%(g@ﬂ?ﬁ%apI tlgsc{% t%(g%rrggﬁ%ds o?%%@%l?lgﬁ%hﬁtd\}hﬂgggg%&?%ai S aé) gr oup
of fornmul 2 I phdat : t i 1 r || Hid W th
veter or/ BSEhZFunRrRARS FRATLPE, T PRSPPI S r Reult vy,
Process Ofid)eHrihBR¥ RS oBS hihpdrided, MR pRANIA bAThEAFBE! Hptedthifs RESGHRI Y
am no group of the conpounds o forrrulg (rrr), wth WO 02/ -4A32710
PCT/ EPOL/ {388hipbdh&apt 1 nol of (5')-2-(acetyl oxy)propanoyl chloride to
gi ve the conpounds of fornmula (1V). The reaction is usually carried out in
an inert dipolpsr 3RE@MEE WRENEIR iauafe @dnhhdndsmEIDY kesRkentsdg, group of
N, N-di met hyl formam de, 1-nmethyl-2 5 pyrrolidone and the |ike so%vents and
in preseng@nffladn, 8 bmpPeufg (IIRQ&illClé’é\ré"ewté@Wiﬂl ReliqL-oyrdkbty-pi&Bake are
for instance hydr ohalic acid that can easily be intr oduced into the
react | on GhEhUBGHAR, 16l RYRRNBY i cRalith el Aatbipaltéotanrdllibhyaed vent s
enpl oyed, such as the N, N di nethyl acetam de hydrochloride or - preferably -
by bubbl i Reionles &hiytholis Rl‘@:(DRgr(@@@ﬁb?Iiﬁrt}@eccﬁ‘esp@ﬁ@in ecétabdiri katal
m xture. The acid is typically enployed in an anount of fromabout 0.1 to
about 0. 4retetedpdorm®) @f theoptssenod dOravmall ! Amounthef tenps(@{CHalksl this
step of the reaction is generally conprised between about 5 and about 60 C.
15 Pref er atthpformoatevay dehipdratacupgem whenaRy iiech hydragen atomt emaeCatGye or
a _

20  straight or branched alkyl group and R, is a C;+C4 straight or branched alkyl

group or with orthoesters of formula R{C(R;); when at least R, is an alkoxy
group. |
When, on the other hand, -R in the compounds (III) represents a group
of formula B, said group is typically introduced by reacting the compound (II)
25  with the suitably selected anhydride of formula (R;CQO),0.
When -R in the compounds (IIT) represents a group of formula A,
preferred compounds are those wherein both Ry and R, are C,+C, straight or

branched alkyl groups; more preferred are those wherein both R; and R, are



tenperature slightly above roomtenperature (about 45-50 C). The reaction
of step b) is typically conplete in a tinme conprised betwen about 2 and
about 20W@03/613-dependi ng on the sol vent enpl oyed and t he PEEA®HT/ B3
conditions adopted. 20 In the follow n?] step c) all the acyl groups which
are present in the internediate conpound of fornmula (1V) are renoved under

acidi o contis srelianl 0wt AR mip it of ARppEFL il B,

conpound npl o wherein -R is a group 25 of fornmula A, the basic
hydr ol ysilél \P%d#%n%"\?e‘ Fﬁkﬁacetyl protecting group of the

eSS AR VI LR e
| - R

“the acSetyI rotecting group of the 5-[(2-hydroxy-1-oxopropyl)am no]
substltuegirtO s well as the four R3CO groups are renoved in one single step

R e
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by the add rong c |on exchange’resin,
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sol ution of thepequpo #89 19fc EQEHIB& 1@1}{% a"t‘."]‘?:ﬁ?c' the ﬁoﬁfﬁﬁnﬂﬁﬂepmﬁb hiloyater

or in a mxturé of wa n organi c-solvent m Ssci erevmt such as

a Cl-{a SE@G@%%%%%P@%W ﬁlﬁi&gt aQligh + GxReLAbE 2R %a&aﬂmﬁm@&ﬁévent

such as N I rret acet am de,

met hyl - 2- gyd f)fﬁtbgﬁﬂg gé@ﬁ@ wibe rdd gé%t &P{H(-;eﬂtaﬁmg-r 'E!Snﬁi&%'at(lp)f acid required in

this step I's conpri tween about 0.2 and about 0.4 hol of acid per nol

of conpound of Ne%ﬁ[@é'seto(éay)th‘é’f‘ﬁf@bﬁmﬂguhﬂ & ﬂfrﬁuﬂa/émmedega@d ek —
preferably carried out at "a tenperature slight

R is a group A, at least two mol of the correspondmg aldehyde or ketone (also

in the form of the corresponding acetal or ketal) or orthoester have to be

20 employed per mol of starting compound (II); while when a compound (III) is
desired wherein —R is a group B then at least four mol of the corresponding
anhydride must be used. In both cases, however, at least a slight excess, e.g. at
least an excess of about 5 % by mol over the stoichiometric amount is
typically employed, a molar excess of up to about 50 % being preferred.

25 The reaction is typically carried out at room temperature but lower or
higher temperatures may as well be employed. As an example, temperatures in
the range of from about 5 °C to about 60 °C proved to be suitable for step a).

The introduction of the protecting group in step a) is preferably carried



WO 02/i-4132 PCT/ EPOL/ 13939 12 above roomtenperature, e.g. conprised

bet ween about 40 C and about 55 C, and is typically conplete in 2 to 5
hours demamad/fig3on t he reaction conditions enployed. The RYBESIYENY under
basic conditions to yield the end iopargdol is then 5 just obtained by
addi ng an aqueous solution of NaOH or directly thereto in such an
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For the preparation of the most preferred compound of formula (III)
wherein —R is an A group wherein R; and R, are both methyl groups, the

15 preferred reactant is acetone in the presence of a.small amount of a tri-
(C1+Cy)alky! orthoformate or 2,2-dimethoxypropane, while for the preparation
of the compounds of formula (II[) wherein —R is an A group wherein R; is
hydrogen and R, is a C;+C4 straight alkoxy group, the preferred reactants are
the corresponding tri-(C;+C,)straight alkyl orthoformates.

20 In the actual practice, in the above case, the reaction will be preferably
carried out by dripping a mixture of an excess over the stoichiometric of the
suitably selected ketone/ketal or orthoformate together with a catalytic
amount, typically about 0.1 mol per mol of compound of formula (II), of a
strong acid, preferably sulfuric or methanesulfonic acid, into a solution of the

25 compound of formula (II) in a dipolar aprotic solvent, typically N,N-
dimethylacetamide. |

Once the reaction, that may take from few minutes to 30 hours to be

complete, is over, the protected compound of formula (III) wherein —R is a



10 1. 3-benzenedi carboxamde f,(Il11l1: -R = a group A wherein R and R2 =
meth 1 2, 2- Di net hoxypropane (9.5 nL, 77.S nmmol) and 98% sul furic acid (0.25
g, 2.6 nw02/am& dripped into a 0.5 L vessel containing aPEVERI/BA3DT t he
conmpound of forrmula (I1) (18.3 g, 25.9 |) (prepared as described in GB
1472050) in dinethylacetamde (90 nL) Stirred at roomtenperature. After 15
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~and M5 ar€ consi’s i cated structur8. reparation

of 5~ am gy b 35 RN o Foflh NPT e, 6111 Todlo-1,3 25

benzenedi’car boxam de = roup A wherein Rl is hydrogen and R2
(5.25%, 62, 4 Rty CHRA AR, dekch B g8 cGmBolE ANFER IS4 B oREOHALEL T,
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crystalli'zed tw ce from t hano t he conpound of the title

(14.7 g, : E@I WY oSG d hxl!)(@' ﬁ@!,}{lﬁlﬁq M i

consi ster#ém]nzlto tﬁiem?lﬁgfdcat%d s(% pg)c)élﬁ e. 11r(r)13: Exanp?)'ﬁgﬁigﬁg Al ?Eﬁ%ﬁ%e
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added over oal olution of the conmpound of formula (I11) (40 g, 57

mol ) andiypddargnehi oRie AGksup B Saise: wealllywRdit drigahid\sdiventd)ydureeian de

(400 nL), stirs ed at room tenperature. Aftér 15 mn, the reaction m xture

i s neut rgﬁ,g}ﬁggle\;\,irﬁgy BMebigWolye®. 7 mL, 5.7 mmol) and N, N di methyl acetam de is
distilledto give an oily résidue. The latter is poured into 1 % ag. NaHC03

causing the 2014 gigmdtu@nNpictReViciradtis kPidetlite thafpoualdsaif beomulaitey
stirring, is recovered by filtration, washed with H20 and dried. The solid

is then suspesidedRi i3 absshpbenetdfafsimdla0B Whil, be @irbfpralblyf earrfedh@ut sbyand
allowed to cool to roomtenperature. The solid is recovered by filtration,

washed W gHppirdh @dRtiie) ot efédsbier thé kesidhioiretepbdthedsuifatipecldctiéd (40
g, 48.95 mmol) as a white 25 solid. Yield: 86 % The 1H NWR 13C-NWR IR

and M5 ar gnlepdisdS (RRCON,Ohatiden cadlyred achatatycypicelly fro@ 001 to t0l B2mdb
Baml e 3per mol of compound of formula (II), of 4-(dimethylamino)pyridine in a
solution of the starting compound of formula (IIT) in N,N-dimethylacetamide.
20 The 4-(dimethylamino)pyridine may be added to the reaction mixture as such

or supported on a resin.

Once the reaction, that typically may take from a couple of hours to one
day, depending on the reaction conditions employed, is complete, the
protected compounds of formula (III) wherein —R is a group of formula B are

25 precipitated from the reaction mixture by dilution with water or/and ethanol
and isolated by filtration.

Step b) in the overall process outlined above consists in the acylation

reaction of the primary amino group of the compounds of formula (IIT), with
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N - bi s~2-acetyl oxy-1-[ (acetvl oxyl nethvl]ethyl]-5-amno 2 4 6-triiodo-1

3- benzen®d eatbixanm de ((I1111: -Ris a group B where R3 i BCHEPN/BI® Acetic
anhydride (9 nL, 95 mmol) is dripped ig 0 a suspension of the conmpound of
formula (11) (7 g, 10 mml) (prepared described in GB 1472050) in

Ried ar ahared 1 SALPETS 20eoxbep Bl Kb Ra R AR B L ADALIET 2,

by filtr ﬁﬁmﬁ% with 5 %acetic acid, then with deionized 10 water,
and fi nal fy der vacuum at the terrperature of 40 C for 12 hour to
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Zggﬁs tlher etoql‘% tlﬂiatanhydrl‘ga6 bgekglg%%g s %ﬂeg 'i’_ﬁ” ppeig)r I(laértéllén over
stirred Q&Hrrggﬁqﬁ g%g%trtﬁ%tuéé{?%l% héﬁlﬁs&\%ag‘ &éﬁ@ﬁe%&?&%hﬁ&tﬁ'&%&}g@[ Ih:mol
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N - bisgl 2-, L-%ﬁl&l@é %ﬁ?tl%(ﬂooff%l b oh it 5 [(2

acetyl oXy- 1 oxopr opyl trii 1.3- benzenedl car boxam de (1V):

Ris a ~ oup %{\4’1 éﬂdflgs |1éﬁf%h{blé?<lédm%n Ceta fgfdﬁ?%'b%ﬁt om Exapshe 3 (

11 g, 12,6 mmo di et cont ai ni ng

gaseous Hgly ‘{‘thgf‘ég’é o]féﬁo'aim%{ )Jfg&qlnﬁlgg(lﬁql ution i s maintai ned at a

tenperature co tween 15 and 17C. "(S)-2-(Acetyl oxy) propanoyl

chloride (4.757ge téﬁly@rﬂﬁ%)fo'rst}ﬁ'i'sl@é}?%ﬁ RS ebdbtRUE s 3RnErally adnphSed
obtained reaction mxture is stirred'at 23 C for 10 2 hours The sol vent

i's then eyaRRendRfhitYNaed ayssugorand the oily residue is taken up with 4 %
aq. NaHCO3 (250 nmL). The obtained precipitate is recovered by filtration,

washegd; and dr lﬁ«éféfab j{\ielh@wbh@r GREPOARDIOEs ddieicti dutat(Bofh Bmpérabiurel or a
Yiel d:” 80% 15 The | H'NVR, I3CGNVR, IR and MS are consistent with the

i ndi cat ediephpdtahire &lighkigab ey drddit Rafm teteﬁﬁr@fabout 45-50 °C).
(S)-N, N -bis(2,2-di meth~l -1, 3-di oxan-5-~)-5-[(2-acetyl oxy-1

oxour ouyl | am nphe -#2adtibnt bflﬂép b) asbggﬂ&lgdlmnpwtamnda tinhd/l comprised 20
group A wherein R1L and R2 are nethvl|l The conmpound prepared in Exanple 1

(15 g, | 9bstwden atsouti B aaldvaisbutr2 (Nhbuth, rdepey lamebanhdeof Béhindhphmridaamd ng
HCl gas (0.073 g, 2 mol). (S)-2 (Acet yl oxy) propanoyl chloride (8 g, 53
ol ) is the rRetonwendd@ons adopted. t he
20 In the following step c¢) all the acyl groups which are present in the
intermediate compound of formula (IV) are removed under basic conditions,
with prior cleavage of the cyclic protections under acidic conditions when R is
a group of formula A.
In particular when a compound (IV) is employed wherein —R is a group
25 of formula A, the basic hydrolysis to remove the acetyl protecting group of the
5-[(2-hydroxy-1-oxopropyl)amino] is preceded by cleavage of the cyclic
protections of the carboxamido hydroxy groups under acidic conditions.

When on the other hand a compound (IV) is employed wherein —R is a



obtai ned solution cooled to 15 C. After tw hours at the sane tenperature,
25 the reaction mxture is allowed to warmup to roomtenperature and
stirred W oxnddsxi onal 12 hours. The solvent is then evapBCEERH/ Hder
vacuum and the residue is taken up vvittf 4 % NaHCO3 (130 nL). The solid
obtained is f Itered, washed and dried 30 gi ve the conpound of the title
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L NVR L MRonl and 1B are consistent with the indicated structure. 20
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18 PCT/ EPIQQEA113939 After two hours, the reaction mxture is cooled to room
tenperature and purified on ionic exchange resins. The neutral eluate thus

obtained, is ¢ @C%E@Eﬁqa@@& t@ﬁeﬁeﬁi ﬁ{é: ceﬁf&}%‘uﬁ‘ﬁdof Fofmyitd V) 26¢ {roem

et hanol (80 niL idis’filter e nd dried to give the conpound of

the ty4l egﬁdl}p (of %orn?u rmng%e isi q{}/r(ﬁgly-gi‘@ HHHINVR el AN hdR @pdpdB are

consistent wth the Tndicat struct
preceded by the cleavage of the cyclic protections of the hydroxy groups of

the carboxamido substituents under acidic conditions.
This is easily achieved by the addition of a strong cation exchange
resin, preferably Duolite C20MB, Amberlite IR120 or Amberjet 1200 (Rohm
20 & Haas) or of an aqueous solution of a strong mineral acid, e.g. hydrochloric
or sulfuric aqid, to a solution of the compound of formula (IV) wherein -R is a
group A, in water or in a mixture of water and an organic solvent miscible
therewith such as a C,;+C, straight or branched alkanol, or a dipolar aprotic
organic solvent such as N,N-dimethylformamide, N,N-dimethylacetamide, 1-
25 methyl-2-pyrrolidone, and the like solvents.
The amount of acid required in this step is comprised between about 0.2
and about 0.4 mol of acid per mol of compound of formula (IV) wherein —R is

a group A. The reaction is preferably carried out at a temperature slightly



Exanple 8 10 Alternative preparation of SI-NN -bisf2-h
derv-1- (hydroxynet h~yethyl]-5 f(2-hydroxy-1-oxoprop~

am no] - 2w @&/44132 odo- 1. 3- benzenedi carboxarnide (11 PCT/EP01/13939
5- Ami no- N, N - bi s(2, 2-di net hyl -1, 3-di oxah-5-yl)-2,4,6-triiodo-1,3
benzenedi car boxam de prepared as in Ex le 1, is reacted as described in
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concent r t(?%ggﬂlt: %’;Pd&?hﬁﬁge%gl |44 %g’lc}%ﬁﬁ y &htodgHa XAt Filfation unit

vvater/rret resulting spension 15 5 heated to 45 C and

2M Na@H (gszﬁeg%béﬁs%mla%ﬂlé iadoed A0y &1 33%1%9 EWA-%VSSZI@OtHﬂIWGﬂOA}VS' s

is conplete lution I's concentrated’to half volunmg, éextracted With

CH2C12 (6 t a S wex
G50, i PysiatigRien POF IETPRRLRR (), MBp 1B e R ¢ 1

water. Thg t vapen d and 10 the solid reS|due (49 g) thus
obt ai ned |S€Ac¢b%slt?1 qjﬁléed’g?r ?n@et hanol (450 nmL). The recovered solid (40.5

g) is dissolveg mut&osl%é&ﬁcr%ajeéﬂ@fttﬁ@ p%eééﬁtlﬁﬁyehﬁaﬂe&emieouﬁenﬂe@mé ite

XAD- 16. 00 resin col um that 1s’eluted with water. The eluate is
evapor at egog géuhﬂﬁ of g1t (m Ia@ﬂigmafwﬂ@rr@hnlqpm @oburt 40 fBruldA. 5 ol )
as a white s 15 Yield: J43 - 5.17 (40 % H20). Exanple 10

Al terymtive ~re~aration of ~~S) N. N bi s[ 2- hvdr oxv-1- (hvdroxvnet hvl I ethyl | -5
f f 2-1~droxv-1-oxopropyll arq' ng} 4,6-triiodg- 1ygrbenzenedi car boxam de (||
20 (S)-2-(Acetyl oxy) propanoy ChFI[OI‘I de (16.5 g, 110 mmol ) i s added, over 20
mn, to a stirred sol utionlIQ I
N, N - bi s[ 2-acet yl oxy- 1[ (acet y)ﬁﬁ%hyl\lréihy a o 2,4,6-triiodo-1, 3-b
enzenedi car boxani de (53. 39§ 1) N SN NSl acetam de (75 nl)
whi | e keeping the - terrperatune of the reactl on mojture below 30 C. A
further amount of (S)-2 25 (a(ﬁstyl oxy) propanoyhvghl oride (0.9 g, 6.0 mmol)
is added after 24 and 30 hour's“and the rgaction fxture is stirred at the
sanme tenperature for addltlona a5 rs><W NaCH (90 ni, 450 mmol) is

dri pped over a period of 2 hou into rRgacti on mi xture vigorously
stirred at 45C. After two hours the WO 02/ -4A32 PCT/ EPOL/ 13939 20

wherein R, is a hydrogen atom, a C;+Cy straight or branched alkyl group or a

C,+C4 straight or branched alkoxy group, and R, is hydrogen, a C+C, straight
or branched alkyl group or a C;+Cy straight or branched alkoxy group.

20 Preferred among the compounds of formula (IIT) and (IV) wherein —R is
a group A are those wherein R; and R, are C,+C, straight or branched alkyl
groups; more preferred are those wherein both R; and R, are C;+C, straight

alkyl groups; and even more preferred are those wherein both R; and R; are



m xture i s concentrated under vacuum and reintegrated with additional N, N
di net hyl acetam de (200 nlL). After two hours at roomtenperature the
resul ti nggosesigexrsion is filtered and the solid washed w t PCT/EP01/13939
N, Ndi net hyl acetam de (2 X 20 nL). The [t her liquors, conmbined with the 5
washi ngs, are concentrated to an oily residue, which is diluted with water
(200 ”L)éﬁé}ﬂ anoflltered The retentate is | oaded onto an Anberlite
XAD- 16. 0 g col um ( 160 nmL) that is eluted with water. The eluate is

trated \ I 50 15
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O(I) starting fr compoun ormul a
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conp ornul a a suit protecting agent, to give
conpound 1H{er%&rt?3ffao 2 a1 '19a Qn%h&ﬁ\llgkﬁm&%e% NHR 2111 O(Ill) 10 V\/nerel n

-Ris a grou WO |12/ ~~ 132 22 O A- ~
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Preparation of 5-amino-N. N '-bis(2.2-dimethyl-1.3-dioxan-

5-y1)-2.4.6-triiodo-
10 1.3-benzenedicarboxamide ((ITI): -R = a group A wherein R, and R, = methyl)
2,2-Dimethoxypropane (9.5 mL, 77.§ mmol) and 98% sulfuric acid
(0.25 g, 2.6 mmol) are dripped into a 0.5 L vessel containing a solution of the
compound of formula (II) (18.3 g, 25.9 mmol) (prepared as described in
GB1472050) in dimethylacetamide (90 mL) stirred at room temperature. After
15 20 hours under stirring the solution is neutralised with NaHCO; and
concentrated under vacuum. Acetone (250 mL) and 3 % aq. NaHCO; (50 mL)
are then added to the obtained oily residue and the solid is recovered by
filtration and crystallized from 70% ethanol to give the compound of the title
(13 g, 16.5 mmol after drying).
20  Yield: 64 %
The !H-NMR, 13C-NMR, IR and MS are consistent with the indicated
structure.
Example 2

Preparation of 5-amino-N.N’-bis(2-ethoxy-1.3-dioxan-5-v1)-2.4.6-triiodo-1.3-

25  benzenedicarboxamide ((III): -R = a group A wherein R is hydrogen and R, is

ethoxy)
Methanesulfonic acid (0.27 g, 2.8 mmol) and triethyl orthoformate

(9.25 g, 62.4 mmol) are dripped in 1 hour into a solution of the compound of



5 wherein Rl is a hydrogen atom a C-=C4 straight or branched al kyl group
or a C 1=C4 straight or br anched al koxy gr oup, R2 is hydrogen, a C ~ =4
st rai ght waro4adeched al kyl group or a C 1-C4 strai ght or PEHESNEEI koxy
group and R3 is a Cl=C4 straight or brznched al kyl group, a trifluoronethyl
or a trichloronethyl group; 10 b) acyl fli ng the amno group in position 5
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filtration, washed with HpO and dried. The solid is then suspended in absolute
ethanol (600 mL), refluxed for 3 hours and allowed to cool to room
temperature. The solid is recovered by filtration, washed with EtOH (30 mL)
and dried to afford the compound of the title (40 g, 48.95 mmol) as a white
25 solid.
Yield: 86 %. _
The 1H-NMR, 13C-NMR, IR and MS are consistent with the indicated

structure.
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" SEM1QUAR () - Ffﬁg‘%%q)%n@pﬂé@apécp@/ﬁghple 3 (11 g, 12,6 mmol) is dissolved in
N,N-dimetylacetamide (200 mL) containing gaseous HCl (0.055 g, 1.5 mmol)

and the solution is maintained at a temperature comprised between 15 and
17°C. (8)-2-(Acetyloxy)propanoyl chloride (4.75 g, 31.5 mmol) is dripped
therein over 30 min. and the obtained reaction mixture is stirred at 23 °C for
10 20 hours. The solvent is then evaporated under vacuum and the oily residue is
taken up with 4 % aqg. NaHCO; (250 mL). The obtained precipitate is
recovered by filtration, washed and dried to yield the compound of the title
(9.9 g, 10 mmol).
Yield: 80%
15 The !H-NMR, 13C-NMR, IR and MS are consistent with the indicated

structure.
Example 5
Preparation of (S)-N,N’-bis(2,2-dimethyl-1,3-dioxan-5-yl)-3-[(2-acetyloxy-1-

DNaminol--2.4.6-triiodo-1.3-benzenedicarboxamide IVY:

20  group A wherein R; and R, are methyl)

The compound prepared in Example 1 (15 g, 19 mmol) is dissolved in
N,N-dimethylacetamide (80 mL) containing HCI gas (0.073 g, 2 mmol). (5)-2-
(Acetyloxy)propanoyl chloride (8 g, 53 mmol) is dripped over 30 min into the
obtained solution cooled to 15 °C. After two hours at the same temperature,

25  the reaction mixture is allowed to warm up to room temperature and stirred for
additional 12 hours. The solvent is then evaporated under vacuum and the
residue is taken up with 4 % NaHCO; (130 mL). The solid obtained is filtered,
washed and dried to give the compound of the title (14 g, 15,6 mmol).
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(S)-N,N’-Bis[2-acetyloxy-1-[(acetyloxy)methyl]ethyl]-5-[(2-acetyloxy-

1-oxopropyl)amino]-2,4,6-triiodo-1,3-benzenedicarboxamide (4.9 g, 5 mmol)
prepared in Example 4 is admixed with deionized water (30 mL) and methanol
10 (30 mL). The suspension is warmed to 50 °C, then 2M NaOH (12.8 mL) is
dripped therein over a period of 4 hours, keeping the pH of the mixture in the
range of from 10 to 11. The solution is purified on ion exchange resins
columns and the neutral eluate thus obtained is concentrated under vacuum
and the residue is crystallized from ethanol to give the compound of the title
15 (2.8 g, 3.6 mmol)
Yield: 72%.
o [ = - 5.15 (40 % Ho0).
The lH-NMR, 13C-NMR, IR and MS are consistent with the indicated
structure.
20 Example 7

Alternative preparation of (S)-N.N’-bis[2-hvdroxy-1-(hydroxymethyl)ethyl]-5-

0.2 M HCI (15 mL) is added to a solution of (S)—N,N’-bis(2,2-dimethyl-
1,3-dioxan-5-yl)-5-[(2-acetyloxy-1-oxopropyl)amino]--2,4,6-triiodo-1,3-

25 benzenedicarboxamide (9 g, 10 mmol) prepared as described in the Example
5, in methanol (60 mL), and the obtained mixture is stirred at 50 °C for 2
hours, and then cooled to 40 °C. 1M NaOH (14 mL) is then dripped therein
over a period of 2 hours to keep the pH between 10.5 and 11.
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structure.

Example 8§

10  Alternative preparation of (S)-N.N’-bis[2-hydroxy-1-(hydroxymethvl)ethyl]-5-

[(2-hvdroxy-1-oxopropyl)amino]-2.4.6-triiodo-1.3-benzenedicarboxamide (1)

5-Amino-N, N -bis(2,2-dimethyl-1,3-dioxan-5-yl)-2,4,6-triiodo-1,3-

benzenedicarboxamide prepared as in Example 1, is reacted as described in

Example 5. The (S)-N,N’-bis(2,2-dimethyl-1,3-dioxan-5-yl)-5-[(2-acetyloxy-
15  1l-oxopropyl)amino]--2,4,6-triiodo-1,3-benzenedicarboxamide obtained from

the reaction is not isolated, but directly deprotected according to the method

described in Example 7 above to give the compound of the title.

Yield: 74 %.

The 1H-NMR, 13C-NMR, IR and MS are consistent with the indicated
20  structure.

Example 9

Alternative preparation of (S)-N.N’-bis[2-hydroxy-1-(hvdroxymethylethyl]-5-

(S)-2-(Acetyloxy)propanoyl chloride (16.5 g, 110 mmol) is added, over

25 a period of 20 min, to a stirred solution of N,N’-bis[2-acetyloxy-1-
[(acetyloxy)methyl]ethyl]-5-amino-2,4,6-triiodo-1,3-benzenedicarboxamide

(53.3 g, 61.1 mmol) in N,N-dimethylacetamide (75 mL) while keeping the

temperature of the reaction mixture below 30 °C. An additional amount of (5)-
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| 7TF10% (After 2 h the hydrolysis is complete, the solution is concentrated to half

volume, extracted with CH2Cly (6 x 100 mL) and loaded onto two ion
exchange resin columns (Dowex® C350, HY form, 200 mL; Relite® MG1,
OH- form, 160 mL) that are eluted with water. The eluate is evaporated and
10 the solid residue (49 g) thus obtained is crystallized from ethanol (450 mL).
The recovered solid (40.5 g) is dissolved in HpO (400 mL) and the solution
loaded onto an Amberlite® XAD-16.00 resin column (160 mL) that is eluted
with water. The eluate is evaporated and the residue dried to afford lopamidol
(40.0 g, 51.5 mmol) as a white solid.
15  Yield: 84 %
o[ = - 5.17 (40 % HHO0).
Example 10

Alternative preparation of (S)-N. N ’-bis[2-hydroxy-1-(hydroxymethyl)ethyl]-5-

-2.4.6-triiodo-1.3-benzenedicarboxamide (I

20 (8)-2-(Acetyloxy)propanoyl chloride (16.5 g, 110 mmol) is added, over
200 min, to a stirred solution of  N,N’-bis[2-acetyloxy-1-
[(acetyloxy)methyl]ethyl}-5-amino-2,4,6-triiodo-1,3-benzenedicarboxamide
(53.3 g, 61.1 mmol) in N,N-dimethylacetamide (75 mL) while keeping the
temperature of the reaction mixture below 30 °C. A further amount of (5)-2-

25 (acetyloxy)propanoyl chloride (0.9 g, 6.0 mmol) is added after 24 and 30
hours and the reaction mixture is stirred at the same temperature for additional
15 hours. SM NaOH (90 mL, 450 mmol) is dripped over a period of 2 hours

into the reaction mixture vigorously stirred at 45°C. After two hours the
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and loaded onto two ion exchange resin columns (Dowex® C350 15 mL,

Relite® MG1 10 mL). The eluate is concentrated and the solid residue is

10  crystallized from ethanol to afford Iopamidol (41.2 g, 53 mmol).
Yield: 87%
o [2,= - 5.19 (40 % Hy0).
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starting from the compound of formula (II)
H OH
o1
OH
I
H OH
nd
HN OH
O

I
(1)
which process comprises

a) reacting the compound of formula (II) with a suitable protecting agent,

to give a compound of formula (III)

0. NHR
I I
NHR
I O
()

HN

10 wherein -R is a group of formula A or B
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5 wherein R; is a hydrogen atom, a C,+C, straight or branched alkyl

group or a C;+C, straight or branched ailkoxy group, R, is hydrogen, a C{+C,4

straight or branched alkyl group or a C;+Cy straight or branched alkoxy group

and Rj; is a C;+Cy straight or branched alkyl group, a trifluoromethyl or a
trichloromethyl group;

10 b) acylating the amino group in position 5 of the intermediate compound

of formula (III), by reaction with a (5)-2-(acetyloxy)propanoyl chioride

to give a compound of formula (IV)

0._NHR
5! I
NHR
\HLN
oaAcH 1 O
(1v)

wherein R is as defined above; and
c) removing all the acyl groups present in the compound of formula (IV)
15 under basic conditions, with prior cleavage of the cyclic protection
under acidic conditions when R is a group of formula A
2. The process of claim 1 wherein, in the intermediate compound of
formula (III) obtained in step a), -R is a group A.
3. The process of claim 2 wherein R; and R, are C,+C, straight alkyl
20  groups.
4. The process of claim 1 wherein, in the intermediate compound of

formula (IIT) obtained in step a), —R is a group B.
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wherein R; is a hydrogen atom or a C,+C, straight or branched alkyl group
and R, is a C;+C, straight or branched alkyl group and orthoesters R;C(R;);
when at least R, is an alkoxy group, in the presence of from about 0.1 to about
2 mol of an acid per mol of compound of formula (II).

10 7. The process of claim 4 wherein step a) is carried out by reacting the
compound of formula (II) which at least four mol of an anhydride (R3CO),0
per mol of compound of formula (II) in the presence of catalytic amounts of 4-
(dimethylamino)pyridine in a dipolar aprotic organic solvent.
8. The process of claim 1 wherein the acylation of step b) is carried out by

15 reacting the compounds (III) with at least one mol of (§)-2-(acetyloxy)-
propanoyl chloride in an inert dipolar aprotic solvent and in presence of from
about 0.1 to about 0.4 mol per mol of product of formula (III) of an acid.
9. The process of claim 2 wherein removal of the acyl group of the
compound of formula (IV) wherein —R is a group of formula A under basic

20  conditions according to step c) is carried out in water or in a mixture of water
and an organic solvent miscible therewith, keeping the pH of the reaction
mixture between 10 and 11 by the addition of a strong inorganic base, and is
preceded by cleavage of the cyclic protections of the carboxamido hydroxy
groups under acidic conditions.

25 10. The process of claim 4 wherein removal of all the acyl groups under
basic conditions of step ¢) is carried out in water or in a mixture of water and
an organic solvent miscible therewith keeping the pH of the reaction mixture

between 10 and 11 by the addition of a strong inorganic base.
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13. A compound of formula (IIT) or (IV)

O NHR O NHR

I
N NHR \)L 15;(1\11{11

I OAc
(III) (IV)

R = A=—<:Z><I§;

wherein —R is a group A wherein R; is a hydrogen atom, a C;+C4 straight or
10  branched alkyl group or a C;+C, straight or branched alkoxy group, and R, is
hydrogen, a C{+C, straight or branched alkyl group or a C,+C, straight or
branched alkoxy group.
14. A compound of claim 13 wherein R; and R; are both a C;+C, straight or
branched alkyl group.
15 15. A compound of claim 14 wherein R; and R, are both a C+C, straight
alkyl group.
16. A compound of claim 15 wherein R, and R, are both methyl.
17 A compound of claim 13 wherein R; is hydrogen and R, is a C1+C4
straight alkoxy group.
20 18. Use of a compound of claim 13 as intermediate in a process for the

manufacture of iopamidol (I).



