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Taliaferro, C. et al in "New multidentate ligands. 22. N,N"-dipyridoxysthylenediamine-N,N'-diacetic acid:
a new chelating ligand for trivalent metal ions", Inorg.Chgm. 23:1188-1192 (1984) describe development of
N.N-dipyridoxyethylenediamine-N,N'-diacetic acid (PLED)-as a chelating compound for trivalent metal ions.
Other chelating compounds described are the Fe(lfl) chelates of N,N-ethylenebis-2-(o-hydroxyphenyl)-
s6 glycine (EHPG) and N,N'-bis(1-hydroxybenzyl)ethylenediamine-N,N'-diacetic acid (HBED). Properties of
chelates of PLED, HBED, EHPG and EDTA with ions of copper, nickel, cobalt, zinc, iron, indium and gallium
are compared. Investigation of the structure of PLED is reported by Taliaferro, C. et al, Inorg.Chem.
24:2408-2413 (1985). Green, M. et al, Int.J.Nucl.Med.Biol. 12(5):381-386 (1985) report their evaluation of
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Use of alkylenediam ne chelates with a variety of paramagnetic ions are
described in U S. Patent 45 4,647,447. Ferrioxam ne- par amagnetl C contrast
agents are described in U S Patgp ;02% 09478929, Manganese- (ii) is listed as
a suitable paramagnetic netal ion for.use with polysaccharide derivatives
of a variety of chel ati ng conpounds includi ng EDTA, DTPA and am noet hyl
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manganes ?Tlﬁée ¥ (‘:n | f&r}l\fﬁﬁuddg oﬁKlgﬁérﬁbﬁlarggﬂoW\ ﬁ'\%rmqul s oxidation occurred even

under ,j nert at nospheres e witers concluded that the oxidation
occurred at the expense of the ligand or solvent. 10 Anderegg. G et al,
Hel v. Chim Acta. 47:1067R(1964) found theRyj gh stability of the Fe(lll)
che| gte of EHPG was due tws the high affinity of the Fe(lll) ion for the
two phenol ate groups presenl -+ Re—+ohj zed |igand. LOEplathenier, F. et
al , (&. Am Chem Soc. 89: 837/ (1967) descrl\be\s studi es HBED i nvol ving acid
titrati ons of HBED in t etpresence of a vaHgty of tal ions, including
manganese(l 1). No manganese chel ate was isd| at ed, CHsRP {OR,)gmnganese

o@cts wer e not*schar ed. Bagiéd.on suhsequent work by Patch et al,

| nog. Chem 21(] 2- 2977 (1982), ifs clear that the manganese

(II) fo%on was oxi di zed ghenollcll uring the titrations of
L' Epl at henier et al. ett (1'1'1) conplex by reacting
Mi(1l1) salts wth EHPG and concl uded the reaction involved the oxidation
of the Ilgand in an irreversibl éXdeaction. The ability to maintain M(I11)
in thg + oxidation state was said.-to be a unique characteristic of the
EHPG rmlvﬁ,gmne. U. S. Patent 3,632,637 describes phenolic chelating agents
such as N, iisblgsn¥dr oxyl benzyl ) - 20 et hyl enecdi am ne-N, N-di acetic acid
and their use in chelating trivalent and tetraval ent netal. These agents
are usually stable in the presence of garomatic hydroxy groups. No use of
a congound Wi th an aromatic hydroxy group as a chelating agent for
manganese(l1) ions is di scl osed in thest references, confirmng the
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general Icnowi edge about the oxidising properties of the aronmatic hydroxy
group on ‘manganese com pounds, in particular manganese(ll) ions. 25

Di-pyri doxyl anal ogues of pyri doxamgme 28 eqar@sphat e havi ng t he general
structure 1, n-bis(5 -phospho-4'- pyridoxyl)-1,n-diam noal kane are descri bed
I n Bowers-Konro et al., Bioinorganic Chem stry 15, 224-236 (1987). Such
conmpounds arfe iphvdpeeed sinply as cleft-depth probes for the catalytic site
of enzymes and a chel ating function is not reported. The novel conpounds of
this invention are shown in Formula |. 30 [err] 40 (1) 45 wherein Ris
hydrogen or [err] 4 EP 0 290 047 Bl [er] is hydrogen or 5 [err] 10
wth tHe proviso that at |east one of R dnd[err] is other than hydrogen;
[err] is alkylene having from1l to 8 ctg{zgg optionally al kyl -substituted
1, 2-cycl oal kyl ene having from5 to 8 C or optionally

al kyl -substituted 1, 2-aryl ene having from6 to 10 carbons; and R4 is

hydrogq h b QS Fsg' Lwat XLG&%VA“EE ogﬁ}tﬂ‘ant@gé;‘arbons or [err] 20 [err]
are eac P& pﬁF\Xngf { %eart% 7 alic Q;ulifs 121 4.25cPciobfyiodd HAARPsrom 5
hydr oxy- smtamo PRYdiRbd 1rzoaw|aaeha,. ofmd ) SarbordllaP O al kyl ami do
havi ng fromﬂ:li@d%@eﬁﬁf%%mhﬁ@ ynm@f}amta@emmemtly i s hydrogen,
optional | y hydroxy-substituted al kyl having from1 to 18 carbons,
opt konat | y -hydroxy-substituted al kyI anono al kyl having from1 to 18
car bons; 25 or a salt thereof. ? included in this invention are the
chel ates of the conpounds of forrrula |} and salts thereof with netal ions,
preferably paramagnetic net al IOﬂS’%QPIﬁ@RﬂXZOm ¢ nunbers of from 21-29, 42,
44 or, 58-70, and optinmally manganese (11), and their use as inmagi ng agents.
TheMfovel i nternedi at e conmpounds from whi ch the corrpounds of Formula | are
prepared ar &5a"S 6% 38 ”F’h&"ﬁﬂ’éﬂ?’w t"YH’?i‘Vt e 118 papoms.ihydrepysplpfituted o
1 shows a2y ﬂ%"t’\gr‘faw ity 1 nﬁnam ino 9 Egt\gﬁa w gfrom 1 to18 carbons; and

V)

N, N -b PR depe sé*b 2l hadeg fram 449 1P catiBtyi
the di L_Sgg'ytr '(’;{b% J"”‘ l@q dg"'"o SV"'sqfrned tsg‘ oes’plrotonatlon sites "

Ol &
descri b ed ' rl\ls%‘ léamjthl;‘ invention ‘are the chelates of the compounds of formula |, and salts thereof with
metal ions, preferably paramagnsetic metal ions having atomic numbers of from 21-29, 42, 44 or 58-70, and
optimally manganese (il), and their use as imaging agents.
The novel intermediate compounds from which the compounds of Formuia | are prepared are also
30 included within the compounds of this invention.
Fig. 1 shows a structural formula of a species of N,N'-bis{pyridoxal-5-phosphate)ethylenediamine-N,N'-
diacetic acid, showing the dissociation constants, pK's, as assigned to the protonation sites described in
W Example 11. - _
Fig. 2 is a graph showing the relationship bstween dosage and relaxivity using the Mn{DPDP)
35 compound of this invention based on the data shown in Example 8.
The novel compounds of thig invention are shown in Formula I. The pharmaceutically acceptable water-
soluble compatible salts of the compounds of Formuia | and the chelates thereof are also included within
, the compounds. of this invention.
L In Formula !, Rs and Rg are preferably each individually hydroxy, alkoxy having from 1 to 8 carbons, 2-
40 hydroxyethoxy, 2.;3-dihydroxyprqpoxy, amino or alkylamido having from 1 to 8 carbons. Optimally, Rs and
Rs are hydroxy and the salts thereof.

-The term "atkyl™ and "alkylene_'-', as used herein, include both straight and branch-chained, saturated
and unsaturated hydrocarbons. The term "1,2-cycloalkylene” includes both cis and trans cycloalkylene
groups and alky} substituted cycloalkylene groups bonded at the 1,2-positions to respective nitrogen atoms

45 and alkyl substituted derivatives thereof having from 5 to 8 carbons. The term "1,2-arylene” includes phenyl
and naphthyl groups bonded at the 1,2-positions to respective nitrogen atoms and alkyl substituted
derivalives thereof, having from 6 to 10 carbons.

The compound, N,N'-bis-(pyridoxal-5-phosphate)ethylensdiamine-N,N'-diacetic acid or N,N-bis(3-
hydroxy-2-methy!-5-phosphonomsthyl-4-pyridylmethyl)ethylenediamine-N,N'-diacetic acid, is referred to

s0 hereinafter as DPDP, and the Manganese(ll) chelate is referred to hersinafter as Mn(DPDP).

The dicarbonyl compound of Formula I, when Rs and Rs are hydroxy and Rs is ethylens, is DPDP,
DPDP has the dissociation constants for the protonation sites shown in Fig. 1. As described in Example 11,
at pH of 3 and above, the ligand is anionic and possesses deprotonated meta! binding sites, both important
criteria for metal chelating agents.
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Fig.,2 1s?a~graph showi ng the rel ati onshi p ‘bet ween dosage and rel axivity
using the WMn(DPDP) 35 conpound of this invention based on the data shown
in Exanpl e 9. The novel conpoundgp@feghlipghnvention are shown in Fornula |
The pharnmaceutically acceptabl e water-ysol uble conpatible salts of the
conpounds of Formula | and the chelates thereof are also included within

t he comubEpAlEESOf this invention. In Formula I, [err] ‘are preferably each

i ndi vi dual I'y hydroxy, al koxy having from1 to 8 carbons, 2- 40 :
hydr oxyet hBwychelgtes3of diisipdnionprer chplatrs/of therdompoups of [FRyulavitiymplahiensgThe chrlates t o 8
car bons .caCn iepragenipd by Egrinplaghdf! grd.r | are hydroxy and the salts thereof. The
term3%al kyl" and "al kyl ene", as used herein, include both straight and
branch-chai ned, saturated and unsaturated hydrocarbons. The term

"1, 2-cycl oal kyl eneRsPREHpdes both ci s an@HREQRg cycl oal kyl ene groups and
al kyl substituted cycBoalkylene roups/zondéd at the 1,2-positions to
respe%tive'nitrogen atahséﬁﬁgfﬁh'aatkyl substituted derivatives thereof
having from5 to 8 carbong ~The tengpﬂffziar | ene” includes phenyl and
napht hyl groups bonded ap®ghe 1;3-9position

and al kyl substituted de}ivatiyes thereof,
conpound, N, N -bis4( sty ¥ 95-phosB
aci d_gr N, N -bis(3- '

20 respegtive nitrogen atons

havig%%:non16 to 10 carbons. The
FFL{ A e N, N -di acetic

hydr oxy- 2- met hyl - 5- phospyj "'hhylﬁ4ép t hyl ) et hyl enedi am ne-N, N -di a
cetic acid, is referred to so RerePrafter as DPDP, and the Manganesell)
chelate is referred to hereinafter as Mh(DPDP). The dicarbonyl conpound of
Formula |, when [err] are hydro4yI?nd R3 is ethylene, is DPDP. DPDP has the-
di sSd#i ation constants for the protonation sites shown in Fig. 1. As
described in Exanple 11, at pH of 3 and above, the ligand is anionic and
possesses deprotonated netal binding sites, both inportant criteria for
nmetal chel ating aggp&§¥:,5 5 - EP 0 290 047 Bl CHELATES The chel ates of
this invention are &g 1%; of the compounds of Fornula | with netal ions.
The c¥el ates can be rébges‘q&gQ_Qy_Egr lae 11, 111 or IV. 5 [err] [err] 55
bet ween the oxygen and niY poge al%ns.éﬁkgjhe metal ion. One of the acetyl
groups in Forrmula Il is nggw.&he ptdne o .éﬁe aromatic pyridine rings and
the other acetyl group ig ove 1%e pl ane 2he aropmtic pyridine rings,
so thg netal ion R,s_tigtly I'd wixdin t i nteki the chel ate salt
compl Bx i th the 6% SER-™ 4 N ¥ g@@%ﬁ%h?s of this

i nvention. Al so includ fthe chel ates is invention are the

phay aceu- NN<SCHp  HaC N
35
(III)
— | |
40 -
/CH2§0R5
HN;_"_‘ R3""‘ N - -
/ ~ ~ /' o
> N -~
.07 0 j\/j/cnzop(omz
50 CHy H3C < N
(IV) |
In Formulae N, Itl and IV, Z represents a metal ion and Ra, Rs, Rs and Rs are the same as described

55 with respect to the compounds of Formula |. The dotted lines in the figure represent the dative bonding
between the oxygen and nitrogen atoms and the metal ion. One of the acetyl groups in Formula 1i is below
the plane of the aromatic pyridine rings and the other acetyl group is above the plane of the aromatic
pyridine rings, so the metal ion is tightly held within the interior of the chelate salt complex with the

6



tically acceptable water-soluble conpatible salts, and car boxylic and
phosphat e group esters with hydroxy- substituted al kanols, al kanols, or
al-kyl am no al cohol s, each havi ng fgpgede 47 g8 car bons, of the conpounds of
Formulas I1, IIl and IV. 5 For use as a nediumfor NVRl analysis, the
central ion of the conplex chelate salt nust be paramagnetic, and
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The chelates accordmg to this invention are formed from the chelate forming compounds of Formula |

by conventional procedures known in the art. In general, these processes involve dissolving or suspending
the metal oxide or metal salt (for example, nitrate, chloride or sulfate) of an element with an atomic number
of 21 to 29, 42, 44 or 57 to 83 (for example, oxides or salts of Mn*2, Cr'3, Fe*2, Fe*3, Co*3, Ni*2, Cu*2, Prts,
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the solubjlity of the chelate is increased if the renmaining hydrogen atons
are substituted with physiologi- 45 cally bioconpatible cations of

i norgani c and/or organi c bases Ogp@Bghspghds. For exanple, the lithium
ion, the potassiumion, the sodiumion and especially the calciumion are
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can be ussaslve.

80 W suspensions of the chelate salis in water or physiological salt solutions are desired for oral
administration, ‘a small amount of soluble chelate salt can be mixed with one or more of the inactive
ingredients traditionally present in oral solutions such as surfactants, aromatics for flavoring, and the like.

The most preferred mode for administering paramagnetic metal chelates as contrast agents for NMRI
analysis is by intravenous administration. Intraveneous solutions must be sterile, free from physiologically

65 unacceptable agents, and should be isotonic or iso-osmotic to minimize irritation or other adverse effects
upon administration. Suitable vehicles are aqueous vehicles customarily used for administering parenteral
solutions such as Sodium Chloride Injection, Ringer,s Injection, Dextrose Injection, Dextrose and Sodium
Chioride Injection, Lactated Ringer's Injection, and other solutions such as are described in REMINGTON'S
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Si nce t'he?chel ate salts of Formulas II, 11l and IV contain a plurality of
acid groups, it is possible to produce neutral mxed salts which contain
bet h inorgani c and organic physi olggégﬁwg)j oconpati bl e cations 26 as
counterions. This can be done, for exa by reacting the conpl exing
acids in an aqueous suspension or sol ut| on with the oxide or salt of the
el ement SBEARMAQEYTICAE SOEMNCES! 15t0IEd.O East@s Mati ubiishirg Calldp 60D U412 208 1361-1487
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phosphor i BaufEcHeg7RIagesr yte of e ettt i ng agents can al so be neutralized by
esterificat |TB‘n dla@“’ﬁ' : a‘l‘%ff"ﬂ% ?"'ﬁt'%"eatf?d 6%‘15?'1"61{'%“ Qé‘?‘epsse QG@?I p%’s'l‘%ragd can
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susge’nso OBHEIATE FORMINGZG@MP@INDSabl e addi tives include, for exanple,

physi ol ogi cal | y bioconpatible buffers (as, for exanple, tromethanine

hydr ochl or i db9 comgopngistof Eerepig i gsbeoformed [y reasting th faTgsPa Ryridoxel StRhesphataifip| e,
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| act at é3 Alternatively, the diagnostic nedia according to this invention
can be produced w t hout ISOéﬁél ng the 45 chelate salts. In this case,
special care nust be taken fo performthe chelating so that ‘the salts and
salt solutions accorglj lhe ogventiongare esgept.raljg. free of

unchel gfed, potentialTy o Yetal lons. This caf be3ass@red, for exanpl e,
using color indicators s v\ﬁ‘ xyI enoI orange to co ’(r!'[?' titrations during
t he production process. ANNEA T ion of the isolated salt chelate can

al sg be enployed as a final safety neasure. so | f suspensions of the
chel ate salts in water or fWysiological salt solutions are desired for oral
admnisdration, a small anount of soluble chelate salt can be m xed with
one or nore of the inactive ingredients traditionally present in oral

sol ut i onsingirc¢pmpgurgis of EemelmVand it Graed Bsarp @s défined, withi ragpectde Hortnile 1| RykidoxylBhe
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(1975) 'and THE NATI ONAL FORMULARY Xl V. 14th Ed. Washi ngton: American
Phar naceut i cal Associ ati on (1975), the contents of*which are hereby

i ncorporated by reference. The sgpgidgppsd7 gfn contain preserva- tives,
antim crobial agents, buffers and antioxidants conventionally used in
parenteral solutions, selecting 5 excipients and other additives which are
conpat i b the werodpundsef Edvexbla Vil Rszand Reaiedte semielas destcritied twith fespast i thencomipeunds of
manuf actfamala Is Farthagmanyfaciyweof gompduedsprhewincissis aTiresphidnayeihd torayp.riedithe SNddr di ng
t o thi s hWeigertrediy-e-aeseespmethyir4-Pyrisiiraptiylideneamirgaliylepgimingmeiayl)-3-hydiexy-3rmethyl-

pr ef er alfRyrigviresihyiphasphasic goids. FfNeZ hysieopy-Pmetbyl-Sophosprrometiyl Yé"@&’P‘E’”""W@‘“‘"“

chel af ed “g¥clpayEnqigpainyR-hudraxy Zapathy Tpiddmethy gﬁp ¥t agids: cﬁ"%%éﬁéﬂg

amount s Z\M‘ﬂ?’vs §p°§ ‘I‘“i‘yé“' mdy'%"??w'l'f’e“ cd Zfﬁ%e" ' " ) er
1ua

pyuay.
dosages eSEnv ents of n F:1 eh% IQ)rr

r al I
tgsg osshoao ouPsuch as p n '81?5-
pat i ent Ho¢ gwﬁ ar;t.n%h 15&%{ %) e o B.i jates.
The pre gg i SReacE ;" Blog P rﬁme . . pag .
mol es 2 ﬂeasséhoédﬂ%%e{ﬂ 'Q{art% .- o'- thf or
appl yi NQnd BEaCLOlAihe b LI u%dtoderrmg Q‘ﬁgmlb"\t@ dekl%gﬁﬁrouﬁ(}h%m%thy& methyl
oper at i RehupliBCHridskl Bt raVoRse GRIBE bl rbRfbnn Y8d Ko usdd. THE redbtion PHBiCES of FoifuaOML I ast
agent s GaiinddRbib FAfe Hchbllalid GiRtelisdlafod bR RAIBA.Y . 15 In a novel NWR
apphieat i OThe chMpouG@ s IFevErula a At thenGRroliatbd by @fvsa @M alipficedute @sifd paltkdiunibrer US
and f al lpepauaicstatylias yioltilvie diawir@s oigFomauta Yithen be performed to detect causes of
infertility such as obstructions.or inperfections in the internal surface
of the fallopian tubes whic '&H_'nterf with the novenent of the
fertilized ovum 20 CHELAT NDS The conpounds of Fornula |
can~ forned by reactingdfie correspondi ng dﬁ/l‘l doxal 5-phosphate (3-
hydr oxy- 2- et hyl - 5- phosphgni@ret hyl - 4- pyri di fedar boxyad dehyde) represented
by Formula V with g dia- jqne regpresgp ed by For%%@/(l 25 [err] 30 35 In
t he conmpounds of FornmiteA~yd VI, [err] (?val 4h respect to
Fornmula |. Pyridoxyl 5- hat e, pyri do nd the ot her conpounds of
Formfa v, and the al kyNeT 1{%&(3 # &yl enedi am ne and aryl ene
reactants of Formula VI are vveI | “known corrpounds readily avail able from 40
comerci al sources, and they can be readily synthesized by well known
procedures fully within the skil |[{(VWIXZ}he art. The reaction of the am no
_groupg of the compounds of Formula VI with the al dehyde group of the
CONPOUNGS the corfmsvinmas| of FOmGIAIVIIDRs &Il dPeth® Bdmd 48 da$triBedGMA Gdspsctl Bl thadSonipBdnaaaiol  at
a t enperrainmifeivVWItichs-(N-BAgdré@i2a@stry -5-pHostnéindieyl-§-pyridyl)-mdifiganthioalR} sneamificietg)l ar e
epy_es ergdroby3-iethyraipgridyirethyldfiospob®  acids,  5-(N-(3-hydroxy-2-methyl-5-phofnorhettiyl-4- EP
0 290 O4yridglméthyldnive-Caeyploalkytbeeaniinomethyik2-Bydidxy-3-rmpthpirStpyddvimetiiye pbesploria sacids,
des crish SelNvi#-hvldroxe 8-pethyi-5:phosphmmethwiperyrididimethylamino-1,2-cycloarylensaminomethyl)-2-
hydroxy-3-methyl-5-pyridylmethyl phosphoric acids, and the menophosphonomethyl compounds of Formula
VIli can be left in solution or isolated as crystalline solids. '
o The compounds of Formula | are prepared by reacting the diamines of Formula Vill with a haloacetic
o/  acid such as bromoacstic acid, the molar ratio of the bromoacetic acid to diamine determining whether ons

40 or both of the amines are conjugated with the acefic acid groups. The N,N-bis(3-hydroxy-2-methyl-5-
phosphonomethyl-4-pyridylimethyl)alkylonediamine-N,N'-diacetic  acids, = N,N-bis(3-hydroxy-2-methyl-5-
phosphonomsthyl-4-pyridylmethyl)-1,2-cycloalkylenediamine-N,N'-diacetic acids, N,N*-bis(3-hydroxy-2-meth-
y5-phosphonomethy|-4-pyridylmethyl)-1,2-arylenediamine-N,N'-diacetic acids, N,N'-bis(3-hydroxy-2-methy!-
5-pho,$phonomethyl—4—pyrid'ylmet'h_yl).alkylenediamine.-N-.acetic acids, - N,N'-bis(3-hydroxy-2-methyl-5-

45 phosphonomethyi-4-pyridylmethyl)-1,2-cycloalkylenediamine-N-acetic acids, and N,N-bis(3-hydroxy-2-meth-
yl-5-phosphonomethyl-4-pyridylmethyl)-1,2-arylenediamine-N-acetic acids of Formula | are then isolated and
purified by conventional procedures such as recrystallization or anion exchange chromatography.

The carboxylic acid osters and amides can be formed by conventional procedures reacting the
carboxylic acids with alkamols having from 1 to 18 carbons, hydroxy-substituted alkanols having from 1 to

50 18 carbons, ammonia, and alkylamines having from 1 to 18 carbons.

This invention is further illustrated by the following specific but non-limiting examples. Temperatures are
given in degrees centigrade and concentrations as weight percents unless otherwise specified. Procedures
which are constructively. reduced to practice herein are described in the present tense, and procedures
which have been carried out in the laboratory are set forth in the past tense.

ally,

55
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Formal a |, +or the manufacture of conmpounds \/\herel nf[err] is a
phosphononet hyl group, i.e., the 5- (N (3-
hydr oxy- 2- met hyl - 5- phospononet hy| -gb p¥dd si7 B1
yl) met hyl i deneam noal kyl enei mi nomet hyl ) - 2- hydr oxy- 3- net hyl -
5- pyri dyl met hyl phosphori c aci ds,
5- (N- ( 3- hgXAMPLE-12- net hyl - 5- phospononet hyl - 4- pyri dyl ) net hyl i deneam no- s
1, 2- cycl oal 'kyl enei r ni nomet hyl ) - 2- hydr oxy- 3- met hyl - 5- pyri dyl net hyl
phosphor i ¥.Nait(eKsidoxariPhgsphate)otByienpdininey -
2- et hyl - 5- phospononet hyl - 4- pyri dyl ) met hyl i deneam no-
, 2- ar yl%enei i #8Red™h{| 7oL qipptto 2ARVIdGxalSRpsphate ﬁ"tﬁ?’l%‘f’ﬁ% ProSptibPipipfielde i s

. Of For mul %{ g,g)n\yg?s sgrrmj mweht%gof m’r}l;g én(q/lﬂ? hm ofrse taﬂdqd ih Isolutuon was
| ogene d mi O.
gﬂghvgsegﬁ gh pro ct % |s(pt Exa- -\ﬁ )e }(lle uh%) j’ 13 h (5;?9 VI |
wher & no " p gdon '%’OE) e d.ei Oeiacl U 9 sl 2
VI i's f1 l:lh % % hgp Ev‘ rng(% he bis-
Formul a V vw.mga m & 0& A smwwa@ fo ?go@vo.gmpmoo B DY

reaction ;ydgg,tggh) lns(xs%ate{e 530 dr iwu mnmw o it oBla @BBQQFIRQ@HF 7@5 s,
FOF mul a Vpagiyisng . &8, ke g) r£ds[hera [SH CHANY 2138 pf-GH 1y dr oxy et hyl  gr oup,
. e Pyd i oxal . The™ reverse order of reaction can al so be used. The

reactlon exaduetos of Formula VII are insoluble in the al cohol and can be
isolated by filtration. 45 The.conpounds of Forrmula VII are then

hydr ogenatidlabisigyridoatiepibspbatalaliyidiopesiur es usi ng a pal | adi um or platinum
catalyst to yield the diamnes of Forrmula Vil. [err] 30 In the conpounds of
For trdl 20 VI | Repdatingrthe preeedyry of Examele 4 Hutdemiasing wd 2fiantinostheneenith 18uliamine-ncnppePunds
of For nul hz figmingpgropane, 1.2-diaminoisopropane, 1,2-diamino-n-butane, 1,4-diamino-n-butane, 1,3-diamino-n-

,.2 i athyl rvas -bi r .
I e e e e
S5-(N-(3 %%% A ': lﬁ'ggﬁ te)- uty ne)dumme NN %%ridoxal-s-phos-

a0y e. r n JN'=bi .
Gyl Irrg%lr?/l %’E hﬂsléha?eg %Cm i ¥em RB%EWI ?(@WG?%W-QB- B8 ny RSy 1

5- (N-( 3- hé’)%@i.!sz met hyl - 5- phospononet hyl - 4- pyri dyl ) met hyl am no- 1, 2- cycl oar
yl eneani nomethyt?) - 2- hydroxy- 3-met hyl - 5- pyri dyl met hyl phosphoric acids, and
t he moRPPRRERGHaELIPHosghRBBRMEHSIamihe FOr MUl @ Vil can be left in solution or
I sol ated as crystalline solids. The conpounds of Forrmula | are prepared by
reacting thanébiawie i BlambRNdsahdfhddl to ist iifer 3-nBeM MACRIoH itk fochafittt BindH fritted

br ogpacet wbe BubbRs, aid©3-wWea) S6pcddkt Than a5 litdeot ibiowizva d@let Basaatied, followdd 8y 6 diters of

det er mi ni metharloie Tiwe yellow eoldtion torméDw4s wifrec hidle apargiags widr dtroagem ThgatEgh v 5% Pt be
acet i csmcéabog (ks . ChFineCH, ibis- dsided, 3ndhthd rappayatyd-wae trlangbd Bith hydrogen. The reaction was
phosphonosieved, lo- drogapd ifely  rhe twith | cpatinkaps eadditiinaedi invdrolibri' HPHE camely sic showed gemplete

N, N- bi s( 3r_eﬁ ‘P’b‘ﬂﬁ"ﬂ il reagtion mixture was sparged with nitrogen for 15 min and then filtered through
ac%-;“"“"%%?%"‘%p *"“f”‘sd*”"""’@"“?’* B R irony 5oy phossonamethyL - AT
t j k thyl-5- di-

TR e "%EZE %Pgﬁfﬂma,ﬁb;{oﬁmw S (P ke o
|c ?ci ok}ﬁ stallize at room peratum overnight. Thﬁ? diamine is

vt gt LS B35 o G N (0.6 Chob W) doli

5- phospho

N, N' - bi s(g ﬂ?
phosphgpomet 4 pyr| dy"I'maf
and N, N - @x@ﬁpa_ghydr oxy- 2- et h-

~yl -5-phosphononet hyl - 4- pyri dyl net hyl ) -1, 2- aryl enedi am ne- N-aceti c aci ds of
Formul a | leﬁs(ﬁﬁe&amfsm.bqjhad)awmanpwsl fied by conventional procedures such as
recrystallization or anion exchange chronmat ography. The carboxylic acid

est er ssand @epedthy HamrdoadufeosinBeimply Cioun \eabstitutngathe ginteee praduets of ixarhpleg forhibe.
car boxyl i dimirei pisiugiiof Exambledrviglds having from 1 to 18 carbons,

hydr oxy- stiibshis(ewitiexd-Sphesphabls! Iawiongereidaming, t 0 50 18 car bons ammoni a, and
- al kyl anmi nB&-biglouriderals-rivsrhate)dl .21 @-progylensidiaminhi s i nvention is furt her

i |l ustrat EG‘ ‘Bg‘ Wi rhosnRpte) %gé’tqpff'?'lf’d'ﬁ'ﬂf'e hon-1imting exanples.

Terrperéﬁu P‘(é‘d \'/%W°fﬂ'?a*ﬂ)'1gq’ uyiertiamiteade and concentrations as wei ght
percent s l_ i %‘1{1 y‘ M '8"9) Pedures whi ch are constructively

reduced to a; 2 resent tense, and
pr ocedur e¥™ ﬁkpl’(%ﬁ%a' °sp€a§ Fg dm:l' pmﬁy'?"ﬁ%a'ﬁ?fgor atory are set forth in
t he past tense. 55

- B3 Hz), 394( NCH CH2N), 2.88 (s, N-CHa-pyr), 2.16 (s, pyr-CHs).
"P 2 cyc al kyt-enedl am ne- REAcet i ¢ acr—?j,s
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10 , EP 0 290 047 Bl EXAMPLE 1

N, N' - bi s(pyrl doxal - 5- phosphate)ethylenediimne 5 * A 265.2 gm (1 nole)
quantity of pyridoxal -5-phosphat gpo@eepuegh Dynami cs Corp., South
Plainfield, NJ) was slurried in one liter of nethanol, and 400 mM of 5 M
NaOH was added. \Wen the solution was honogeneous, 34.2 nml of

1, 2-di ar@A¥ELtE@ane (Al drich Chem Co.) was added rapidly wth vigorous
stirring. The imne product sodium

N, N- bi s(qwﬂsu@ms 5- phosphat e) et hyl enedi i mine or sodi um 5- (N-(3-hydroxy- 2-
met hyl - phos ononet hg'l - yr| dyI ) met hyI | deneam noet hyl ene| m norret% 2- hy

dr oxy?# 3- nefhgykamine frop Rley VAR ‘F l ?fé' fiip adgjfion f
di et hyl pé't % >, égw e) QLpr 8'?;r( 1131! ?fé\EOHﬂ?aégl saly
dl? ?ﬂ) oM th%l; soluh n w adg @l{'-gefnt Ity

te an

nze waten Eac w S char ed dih n nnel
|Ofso|t g_ee(gl = (/sow%gr‘ thﬁEth %pﬁ m&erat oFLr;a an&i‘ﬁ f_% gs
1630 s{ p t715 dL éﬁi lOﬂ ﬁi E&i & g dc‘:t%n of tlc
(S, PYr -gkll-and néGH («vds rsérhdd] ard tﬁe ?ea h chébkédOat 60 Ind @Fnl‘ i thé -broho e%tnc acnd had
pyT - [ r reban adad\NRk E.ezeé\é{.&k wid! Sokplétel EYONRLC dhaipdis) FRPBYiIRASY 1Y Inliot (b 150% N4OH
Repeat i Rguidd Serflirdd @CHé Bddiion FuwasITA 875 Grmbgiantityedt|catioh REchbry® rékin, (RMBERITENIACEMIANE
Wt g was dildeal sna -t kR, platedin Qi rafMgefdtor Hor 1% MR ANE pH had drdpm@bitd16.6.5THp respane,
1, 2- di amiafeemvvdiiiyciiieation] antt-thie: Bithate) Deatbd ith 260gm bf Gtich exohangs- masin (DOVEENES0W-X8).
1, 2- di arvihe @HIroppbdivd hioaiparibe yesinl WS reineved by rfitretironahidrie solution was concentrated in
N, N- bi s(vpgroiat 6%} o5 pibrospbikiiThy oil was fried ipraspy Foe 48 hd i 26° Qo vield a resinous solid
N, N - bi stnginnaNais-Gyrshwbphheseptelethgletadiamingdif¥-diacs)icl pdichpr b Ris{dhydios(peth-doxal
-5- b’l‘@ S Fyh@p@)sphog_on?jﬂygbwlgw9t@fl)gﬂjylmqp|ﬂrgine-N N'-diacetic acid (DPDP).
N, N-bi s(pyri doxal 5- phosphate) -1, 2- (n- butyl ene) di i m ne,
N, N- bi s( -5-phos- 25 phat e)-1.4-(n-butyl ene)diim ne,
N, N' - bi oxal - 5- phosphate) -1, 3-(n-butylene)diimne, and N, N bis-
(pyri dojjaﬁle-i SD'“%ﬁS“oﬁhat e)-1 ,2-(3-nethyl)propyl enedl i nine. EXAMPLE 3 30

NN -Bi s va ° rgé?.%% sfld%ggﬁw J‘ﬁ.t fpi E%' A;lecﬁ’s %8 ﬁu &1 detl Bﬁn{ Eé?&“ BigPhe 1
vas, charilolo et/ 221 e e‘li Wge il Celo Clurz i e
fritt ed R ﬂag Vg;, mxuuﬁ. R B o
wat er V\@ﬁ @d;d.eﬁized Ve n%o.l.de tafed im,acn@ttdﬂam 600 @nyeéée@\eey&a weon
for megl \uagedS bridr théShivib Wb SHORIdD Bignd/dttnid téHtE‘ 5ve@RyAt. THGHBdudiBwag BoRed YtifrktioAN 35
car bon (wabtdaiveh a6J0eM00 it holiVasiormdd aator, ( d¥@thaii Ahdi the® dAISH PdGOR ikl 85
hydr ogergm JFPDP @ags-90061pukigSbycifLOVWES filidte(dn® ashihgs Wars rdtaidel, cohdehtratalih vatue ws
add{_t,i orabaift 35vyrair et soliffinCotAgerdiedaintl cailvemetslontatuypkit purificetlorcdf itt@rsetand tlog. ami ne.
The react i O 6% goiswnf @rodes wap theg didsoived In 75i rblrad §8% fdrmic atiB comtainiagn®imi biedsiohizddt er ed
t hr ough v@iet jvithegentienimating| to plaoueBONE sCaidhdrinniaed water (vas added topdotaltvolume pf| one diters Brsiut
500 tt]ehgphgj@ﬂ s qﬂnweddg@taaql Al a'ﬁgCMoq\je_mt@ crystallize. The product was isolated by filiration,
(py r i dowpheg hé’ m, quddfﬁg in vacyg at 60 Ctlo yleld 55 gms of DPDP in 93-95%
5- ( N ( 3-My UI"&S L§ ’hé?cﬁ »? yarqg iolds 5hgm of DPDP in 96-98%

hyl arzr‘!) Xg awe'di ?ﬂ)r?e 'ﬁfF’ "‘2"?‘1"&95 R'k’/s'ss °50{ii(?7fziNd?‘l‘ﬁﬂth 1 ?ﬁ;]'c'l'sphor

L Ao O

washed

form c g} thed Wushls? e) sta e at 5goom errpera ure
ovem ght. The |amne|s |-soiate flltratlon and washed with 2 x 150 ni
of colgd gj@\mngied water. [err] NWR (D20 400 MHz) delta 7.47 (s, pyr-H).
4.58 (d,Terr] = 6.3 Hz), 3.94 (s, NCH2CH2N), 2.88 (s,[err]-pyr), 2.16 (s,
pyr-[er rdo}a.umzbélcmm Salt of Mn(DPDP)

A 416 gm (6.25 mmoale) portion of DPDP from Example 6 was dissolved in 15 ml of rigorously

s0 degassed water by the addition of 1.0 gm (26 mmoles) of NaOH. A 1.25 gm (6.25 mmole) quantity of

manganese dichloride tetrahydrate was added, and the solution immediately turned yellow. After stirring for

30 min, 0.256 gm (6.25 mmole) of solid NaOH was added to bring the pH up to 6.5. Then 0.15 gm (1.0

mmole) of calcium chloride was added, and sufficient degassed water was added to bring the volume of the

solution 1o 25 ml. The clear yellow solution was sterilized by being filtered through a 0.2 micron filter to

s6 yield the sodium-calcium salt of a manganese chelate complex of N,N-bis-(pyridoxal-5-phosphate)-

ethylenediamine-N,N'-diacetic acid or N,N-bis(3-hydroxy-2-methyl-5-phosphonomethyl-4-pyridylmethyl)-
ethylenediamine-N,N'-diacstic acid.
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EXAVPLE 4, N:N - bi s(pyri doxal - 5- phosphat e) al'kyl di am nes’ 50 Repeating the
procedure of Exanple 3 but substituting the dilmne products of Exanple 2
for the diimne product of Exanpl gply ¥dotd4dB1
N, N - bi s(pyri doxal - 5- phosphate)-1 , 3-(n-propyl ene) di am ne,
N, N - bi s(pyri doxal - 5- phosphate)-1 , 2-(n-propyl ene)di am ne,
N. N' - bi s(pyamriesal - 5- phosphate) - 1, 2-i sopropyl enedi am ne, 55 N, N
- bi s(pyridoxal-5-phosphate)-1 , 2-(n-butyl ene) di am ne,
N, N - bi s( Palodviiexeith-N(PROP3phat e) -1 |, 4- (n- but yl ene) di am ne,
N, N - bi s(pyri doxal - 5- phosphate)-1 , 3-(n-butyl ene)di am ne, and
N, N - biss( py fheltketions 5t prblorsoiieseet)in water and piasmal aybospd 9 ia chplatd iptediiah ef Exgrpple 7 v (
290 047 BEsiEki IR fos reamitis, inymeps @k 10MHz, 37 ° C. Taagegitn#te showp iot#PiEtanpl e 3 was
charged to a two liter 4-neck flask equipped with two addition funnels, pH
el ectrode,  tThernmoneter and stir bar. A 100 gm (2.5 nole) quantity of NaOH
was dissolved .in 200 m of del onized water, and 130 gm (0.9 nole) of
bronpadktic acid (Sigma Chem Co.) PABLE Isol ved in 180 m of deionized
wat er. Each solution was charged to an addition funnel. Enough NaCH
solution was added to the diam ne solution to bring the pHto 11. The
tenperature of the reaction ] nd 10 bronpacetic acid
and\NagH sol gqhigp were agded concurrgitly to nmai nggi n the pH 11. The
addition was stopped at 45 mn. and_t e progress _of" the reagcti Wwas
checked by HERBE:The ad¥akeXd of .bﬁgﬁﬁé'ép-ti c adi OH nmed, and
the reaction checked at 60 and 75 mn. All the bronpacetic acid had been
added, and the_reaction was.,conplete by ,HPLC anal ysi Appr oxi ely 30 m
of Me260% ha&%sol ution rzr?ai ned in tﬁg‘ addi tion ftf’?lynel . A 67%m quantity
of cation eReh8Age resin @ABERLI TE | R8650) was addd® and t he ni®& ure was
pl aced in agrghhsgerator f85 14 hr. The pH had dropgged to 6.5. 1Bye resin
was remnmoved by filtration, and the filtrate treated with 260 gm of cation
exchange reSrROABAVNEX 50WAR®) . The pH dropped to aB&® 4. The resin was
removed by bi booabison, ang3ghe sol uti on was concent3s® ed In vacuo at [err]
to a viscou i.l...The oil, was dried in vacuo for 4 r at 25 Cto yield a
resi nous so fgb(?gﬁl}ai nin o‘ﬁ% o2
N, N' - bi s- ( pQr POOLEI6- 5- phAdKTPat e) et hyl enedi ami ne- N, §5&i acetic acid or
N, N - bi,s( 3- 2- met h- _
yl - 5- pﬁ%sphgﬁgggéﬁ;?l -4-pyridyl met hyl ) et hyl enedi am ngeg-sN, N -di acetic acid
(DPDP). EXARPPROE3BPDP Purification 25 The resinodd%blid obtained in
Exappl e 5 was_dissolved in 600 mMl of 88%formc acid, 1.5 liters of
met hanol followed by 2.2 liters of ethanol was added, and the m xture was
cooledsto O Cfor 2 hr. The solvent  m xture was decanted fromthe resulting
gum and di scarded. The gum was di ssol ved in about 800 m of deionized water
whi ch wasEXAilE®oncentrated in vacuo to about 600-650 ml. Seed crystals
wereg 30 added, and the solution was allowed to stand at rmtenp overnight.
Th eep’r oduBroanBistribulipn oftMrdPRRP) IhiRebkitat | on,

p _

Each of four rabbits was injected intravenously with one of the following amounts of the solution
obtained in Example 7: 0.01 mmoles/kg, 0:05 mmoles/kg, 0.10 mmoles/kg and 0.20 mmoles/kg. The rabbits
were sacrificed 30 min post injection, and the proton relaxation values of selected body organs ‘were
measursd with NMR, in vitro at 10 MHz. The relaxation rates found are shown in Table il

45

50

65
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washed w t;h-about 400 ml of cold deionized water, 250 ml of ethanol, and
then dried in vacuo to yield 65 gmof DPDP in 85-90% purity by HPLC. The
filtrate and washings were retai ppthogpasit rated in vacuo to about 350 m ,
and the solution refrigerated until columm chromat ographic purification of
the second crop. The 65 gns of product was then dissolved in 75 m of 88%
formc acid containing 5 m of deionized 35 water with gentle heating to
about [err]. Cold deronized water was added to a total volume of one liter,
and the solution was allowed to stand at [err] for 16 hr to crystallize.
The product was isolated by filtrgnpig T@ashed with 200 nl col d deioni zed
water ® and dried in vacuo at [err] to yield 55 gns of DPDP in 93-95%purity
by HPLC. A second recrystalli zatr on, using the same procedure yields 50 gm
of DPDP In 96-98% purity by LYY : decorrposr tion. Analysis:
(Calculated for [egpimat 41. 38; H 40 %n? 8.77. (Found) C 40.70; H,
5.14; N, 8.61. [err] NVR (D20, 400 MHz) ta 7.93 (s, pyr-H, 4.81 (d,
[err] = 6.3 Hz), 4Values é#4+%——3v35—ésTQ%Qﬁi}&ll}%q—éL4¥L4éﬁ—$+C}Q-pyr),

2.38 (s, mydel eaadl/kgpr ] M_rl ~elye 1 2-0(30

[err] OP, [err refe,éence So ,gh(DPDP) A

4.16 gm (6 } pot2io fl)m &rrp 2 dis¥olved in 15 nl

of ™N-gorously 50 -degassed vvater by the addition of 1.0 gm (25 nmol es) of

NaCH. A Ig@oigm (6.25 npol egs guan-;éty,rg)g ma@gang§? di gyl ogksle tggrahydrate
I

was added, and the sol ution 1 nredi at ow. After .stirring for

tur ned
30 nin, Gi9BYm (8935 nhBl e)~of soli PRROH B %ﬂ?led $3 %959 t4% pH up to
6. 5; Therthd.S gns94. O1ppol e3 of <al cs'mn cj:li;\prrdgswassgddﬂla anglasufficient
deg add to bring_the e ut | to_25 m. The
cl ear yeI ?gn &g@ sterilized P %‘9 gﬁ% ?‘é?erggéth#%%gh a 0.2 mcron
filter t(Sl&lyr eI d the sodiumcal cium salt of a manganese chel ate conpl ex
of N, N-bi gq(yridpxal - hosphat el- ejdylen e cet acid or
N, N -2|s 3- hydroxy 2- n'etﬁ phospho‘{n%rreth amyr| 31'33/*“@ i éf
et hyl énedteffthe- N, N - dlacetrc acid. 12 EP 0 290 047 Bl EXANPLE 8
Rel axi vi t iGertwd t hadd( DPBF) o8 eghezi@! atgpns194 presonpapresent in water
and pl asrgrt=f %]gosed to the chel ate product of Exanple 7 was tested by NWR

for rela in nsec, at 10 MHz, [err]. The results are shown in Table
| . 10gp Med. 672 149 502 99 223 57 J0BLE 48 R2axi v60i es. nsec.

%g Cbngbhéiver 25 Vht64)1176 39 I T2 65 23 ?$asn%§T1
(PHQS'maj Stpm. 34901069 - - 245 4@} 242 52 71 415

40 Small 34 0. 005 100 86

74 35 02 175

e Int. 35{24 18 ogﬁ% 72 237 523318 46 131 46

240 25 Laxyg@00625 639

398, Int. 349 77 283 .64 365 83 290 57 256 74
Urine - - 821 - 150 136 90 75 =  ~

Blood 900 -~ 884 - 613 -~ 506 - 411 =~

45 :
The organ distribution data is plotted in Fig. 2 , with the following symbols:

Liver + | Heart | -h- | Cortex | -c-
Medula | -m- | Urine | -u- | Biood | -b-

60

it shows rapid uptake of the Mn{DPDP) in the heart, liver and kidneys. The liver and kidneys are saturated
with a dose of 0.10 mmole/kg while the heart continues to uptake Mn(DPDP) through the dose range
sludied. The complex of Mn{DPDP) may cross the intake-brain barrier as uptake by the brain was observed
56 al higher doses. In cases where a defect is present in the blood-brain barrier {through disease or trauma),
large amounts of the complex of Mn(DPDP) collect in the exiravascular space and such defects were

observed by NMRI tomography. The same defects are not observable without the use of Mn(DPDP) as a
contrast agent.
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0. 000312 , - 1083 ' 624 0. 000156

1470 s 856 30 * 0.000078

995 0. 000039 EP 0 290 047 B1 1103 35

EXAMPLE 9 Organ Distribution of Mh(DPDP) in Rabbits 40 Each of four rabbits

was injected intravenously with one of the follow ng amounts of the

sol uti on ©AMALEAd in Exanple 7: 0.01 mmol es/ kg, 0.05 mmol es/ kg, 0.10

nmol es/ kg and 0.20 mmol es/ kg. The rabbits were sacrificed 30 mn post

i nj ecti on?haﬁi‘ﬂ&"'t"}?écsm“hﬂ"lﬁfpppgl axation val ues of selected body organs were

measured with NVR in vitro at 10 MHz. The relaxation rates foun areﬁhom
C.

i n Tabl®e 11 Eachpf sgye;ebhits was inje e%i_n gg‘ ﬁ’?”"%’a?fl}i{%g%m F ﬁ&ﬁ%bﬁrgﬂp§m

Nor nal 7. The rabbits were sacrificed at 0.25, b %g, urs post-injection, and on relation
Val ues Do‘%a s grﬁ?ﬁftﬂ( 53dy organs were maasured with NMR, in vitro, at 10 MHz. The T1 relaxation ratisoare
.20 Tissu@™™ 1" 11 12 T2 T2 T1T T2 T1 T2 Brain
- 0 554 76 496 82 590 90 352 66 Heart
605 %0 - RN 157 S 57 300 51 205 Z7Lung
595 112 - - 575 113 435 61 376 63 Fat
171 154 - - 200 HMBLE 38T 115 192 - Skel. Musc.
423 47 - - 494 47 425 31 232 31 25
Renal @ort. 338 85 298 65 210 57 188 55
143 53 Renal 30 Med. Ty Relabti¥itibé) msfe@? 99 223 57
209 48 127 60 _Liver 252 64 176 + 39 76
31 65 23 68 25 Stom 349 69 - - 245
41 . 242 52 271 53 Small Int. _ 352 79 324
72 237 52 218 46 131 46 Large T, Normal
Time,hr 0.250.50 _1.0 2 __ 4 _ 6 _24 _ Value
Iissue
s Liver 68 76 48 48 145 209 315 250 %50
Bile 160 46 25 21 <1 14 107 275 #55
Renal ,
0 cortex- 202 191 229 192 210 239 328 338 160
Renal
o medulla 192 231 236 310 340 375 563 672 $100
~ Heart 231 352 381 507 522 663 660 605 f100
35 ' ’
“
<0 The pharmacokinetic data show rapid uptake and clearance of Mn(DPDP} in the liver, renal cortex, renal

medulla and heart. The resulfs indicate clearance of Mn(DPDP) through both the renal and hepatobiliary
systems within 6-8 hours post-injection.

EXAMPLE 11
45 .
Potentiometric Titrations

The compound DPDP was studied potentiomsetrically from pH 11.2 fo 2.0. Data sets were collected on a
custom-built automatic potentiometric titration apparatus composed of a METROHM 655 DOSIMAT auto-

50 malic buret, a FISHER ACCUMET pH meter with-a CORNING calomel combination electrode, a custom-
blown water jacketed titration cell, a BRINKMAN LAUDA K-2/R constant temperature bath and a COM-
MODORE 64 computer. The BASIC computer program TITRATOR (Harris, W. et al, J.Am.Chem.Soc.
101:8534 (1979)) runs the apparatus. Data analysis was performed on an IBM-AT computer using the least
squares program, BETA (Harris, W. et al, supra), and the data analysis program, HANDNBAR (Harris, W. et

56 al, supra). The litrants were standardized by phenophthalein titration as follows: KOH was calibrated against
potassium hydrogen phthalate (a primary standard), and HC! solutions were calibrated against the KOH
standard. The Mn(ll)Cl» solution was standardized with an EDTA titration using Erichrome Black T as the
indicator. All solutions were made from distilled, deionized water that was further purified on a MILLI-Q
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Int.; - 349 77 283 64 365 S 83 290 57 256 74

40 Urine - - 821 - 150 136 90 75
- - Bl ood 900 EP 0 2908 947 B1 613 - 506

- 411 - 45 The organ distribution data is plotted in Fig. 2, with
the follow ng synbol s: Liver -1 - Heart -h- Cortex -c- 50

Medul a canridgésystesn. degassed, ar| thamckept undly- an| gtmeshitenes ofr aagrin dvhich thadk beenf sctublsed for

Vh( DPDP)CQzrend Re Additions of ERTAeandMndl) lsdletions were féviorned\using eatibratedl GHMOT pipets. The

sat ur at ebolygds iwas cabysled Mwm@“ﬂw'%%dmmsbéwqﬁ@srvé Bitct 1coAe91rand 4.07dat @t ake
Vh( DPDP)M PP 8tRjBtt he dose range studied. The co ex of g&%DPDP may Cross
the i At ake"lﬁr"&?’ﬁ‘ A5 ftationyeas perfosped iy adding 2%? ﬁigrfo e mipf &th'% Afher
doses. |3UeQESLoN, | vas tenfitpted to 'P‘”épEB &1009 NG e bI ood- br ai n_bar r i e

(thr ough d *’é’é&eéaé "' "f : '5 Fo @ﬁ%&‘l&& - %ﬁi‘g BEpEs Pe"%fﬂ%’sgf"\)’ &Py

gh

col | ect ﬁHnagr Ow 0-U
t omogy ga[: el ffsd R 8%3%@ -- 55 ét&est%%erh% &SW&DPDP)
N ( DPDPYy, tanZ"werE@gﬁfooi °"és§ts@°tfgsa%%{ T \59'3& e nady ereoed B 1R e

K9 DT indy @he'?rp é#t2'46§324%’t(?98556 olifdmbrtt hE rémaimile o AR LRIdYE rc@ns%ﬁ”vl CEd
at 0 25, caBuiael s34 Q. (log KPof I6ks tHan dl0E. I%Qing & thOSbonaldrEsibd PR's) ﬁd%daaya%nmoﬂ(t on
r el aLisO by \WakiblEshd @b-weRére (ramebrb Ol ), SRR BRI IMEoRn EAEYr ed wth NWVR in vitro,
at 10 MHz. atThgH bes ajd swela uatligad is ahiGfic &ideposdassasn deplotddteli enelal bindibg sitb&Blotn | 1 |
15 T1 RahpociaMictitedssior a/peta chRdlating agent.

T1 Normal Tinme, hr 0.25 0.50. 1. 0 2 4 6 24
Val e TiBAQMBL.DR Li ver 68 76 48 48 145 209
31542250 50 Bile 160 46 25 21 <1 14
107 27‘5“’-‘31555'ﬂF'@ﬁ'aﬁ-phemh@t@ﬂ'kvlenediamine-liU’zdiacetipgﬁids 229 192 210 239 328
338 +60 30 Renal nedul | 231 236 310 340 375

672 10% OI-E%?P tmg th:é;rocedure xam%l§25 anqgglbut ra\ﬂwmg t@zgamm%egExanggos meé\?g 100
35 40 " |d pt ake and cl earance of

AL id!
o o A o b

(n pPropy |acet|c acid,
N,N-bis(pyridoxal-5-phosphate)-1 2-isopropy|ene-N N'-diacetic acid,
N,N-bis(pyridoxal-5-phosphate)-1,2-(n-butylene)-N,N-diacetic acid,
N,N'-bis(pyridoxal-5-phosphate)-1,4-(n-butylene)-N,N'-diacetic acid,
30 N,N-bis(pyridoxal-5-phosphate)-1,3-(n-butylene)-N,N'-diacetic acid, and
N,N-bis(pyridoxal-6-phosphate)-1,2-(3-methylene)propyl-N,N-diacetic acid.

\ EXAMPLE 13

35 DPDP Chelates

Repeating the procedure of Example 7 but replacing manganese dichloride tetrahydrate with equimolar
amounts of the soluble chlorides of Cr*3, Fe*?, Fe'3, Co*3, Nit2, Cut2, Prt3, Nd*3, Sm*3, Yb*3, Gd*?, Tb*3,
o/ Dy*3, Ho'3, or Er*? yields the corresponding sodium salts of the respective metal ion chelates of N,N'-bis-

40  (pyridoxal-5-phosphate)ethylenediamine-N,N"-diacstic acid. The procedure can be repeated replacing the
metal chioride salts with soluble nitrate or sulfate saits.

EXAMPLE 14
45 Other Chelates

Repeating the procedure of Example 7 but replacing N,N'-bis-(pyridoxal-5-phosphate)sthylenediamine-
N.N-diacetic acid with equimolar amounts of the chelate forming compounds produced in accordance with
Example 10, and replacing manganese dichloride tetrahydrate with equimolar amounts of the soluble

50 chlorides, carbonates or nitrates of Cr*3, Fe*2, Fe*?, Co*3, Ni*2, Cu*2, Pr*3, Nd*3, Sm*3, Yb*3, Gd*3, Tb*3,
Dy*3, Ho'3, or Er'? yields the sodium-calcium salts of the respective metal ion chelates of
N,N-bis(pyridoxal-5-phosphate}-1,3-(n-propylene)-N,N*-diacetic acid,
N,N*-bis(pyridoxal-5-phosphate)-1,2-(n-propylene)-N, N-diacetic acid,
N,N*-bis(pyridoxal-5-phosphate)-1,2-isopropylene-N,N'-diacetic acid,

55 N.N-bis(pyridoxal-5-phosphate)-1,2-(n-butylene)-N,N'-diacetic acid,
N,N*-bis{pyridoxal-5-phosphate)-1,4-(n-butylens)-N,N'-diacetic acid,
N,N-bis(pyridoxal-5-phosphate)-1,3-(n-butylens)-N,N'-diacetic acid, and
N,N"-bis{pyridoxal-5-phosphate)-1,2-(3-methylene)propyl-N,N'-diacstic acid.

16



medul | a and-heart. The results indicate clearance of N(DPDP) through both
t he renal and hepatobili ary systems within 6-8 hours post-injection.
EXAMPLE 11 45 Potentionetric Tit rgpmdﬁhmconpound DPDP was st udi ed
potentiometrically frompH 11.2.t0 2. 0. Data sets were collected on a
custombuilt automatic potentionetric tltratlon appar atus conposed of a
VETROHM 65@WVBCEISAT auto- 50 matic buret, a FI SHER ACCUVET pH neter with a
CORNI NG cal omel  conbi nation el ectrode, a custom bl own water j acket ed
titrati orN.Nelis(pyridox@iRtoRpaohate ransR-qucioheRyienadilstinent t enper ature bath and a COw
MODORE 64 con‘guter. The BASI C conputer program Tl TRATOR (Harris, W et al,
J. Am Cfiem 868 59@10*.“35'9!4 e%m'rb '%Pv'i' Kak-5ppgep slssplved 30 i pf methanal. apg, 38 mi
performacP Otipn 199 @ 51"}?5’ PeiRs-1 Sulisapnasycighespienygs agaadawith

Ha r m an the EPO{I és Efg g'u 8 ool‘. é‘m@e Q% i
HEIEE 0 Dot e Dt sﬁ o
titrat

L e gotep?ghn f@?ﬁg ?ﬁ‘ e m e &h

the KOH stan ar err so ution was sta dized with an EDTA
t|trat|0@wpng1gr| chrorre BI ack T as the indicator. AI | solutions were made
fromdi stiTted,”dei oni zed water that was further purified on a MLLI-Q 15
EP Q280 difef NBE-b@Yrdokalle phostiatePR-ctREgIERLr adidRe)iikfids kept under an

at nosphere of argon which had been scrubbed for [err]. Additions of EDTA
and M(I|) Bedestingasprovetee pEBEOPIITRS but SépRging &le tiaiisat, PélarkihdcibiBhefang @tis rand-n.e-

el ect r odeliavar®cyrdtiperitanat ed trans-12airedtycheptane,uni tahs-h2idlamihegyatosateie, SOl cis-1.2dig- Of
Pl B+ =mifiocPEidheganel tanHTBdigmin@ydiotivkane rtians-k4-digmigdchicion®xane, o-ahfianiing andi cipl 4t on
t|t%t#mmmcmmwmd#pewamwm 7 ny (0.045 nmmoles) to 54.6 nl of a
hi gh pH YYis(pyridasphgionesphate) frangels?-qypiapentylepqdimigel to | ow pH with 0.1009 N HCI.
The net alN¥ VB‘JP"%HE'tPP%PPF%ﬂ'“Ms‘ F'P'!?PWBEPdW"%Iddl ng 152.2 ng (0.2383

nol es) t qug(%: ::5”“ EPPARITY xy “%mlgﬁ'l on. 2.07 m of a 0.1152 M
(II) simt °(’5 § te -13—cycl é"q 'The conpl ex was then titrated

tolo ML "do C ns14-c ne i e,bt ai ned was anal yzed using a

nodel th Nq)' LS ﬁ Z] ; 5. The first two protonation
s pyridox sp . .

equi librig pé/’ l__p _ _ _ golitration w ndow af forded by

t he concentratlon o ti tra vvere 'h rel?ore estimated based on work by

Mart el L, apgwmppe oI ker's reported by Taliaferro, C et al, Inorg.Chem

24: 2408- 24137 (1985). Refinenent of the remaining equilibria yielded

const ant sn,mibis(byGdoka8lphbsphbte) Brarfs- 1Cb-cyioiekdhelfdmind | €ss than 0. 02. Assi gnment

of ({he protonation sites (pKs) was based on work 45 by Martell and

co-wor ker s ATalingd.ex male) pettiod.bf, thesdiiing prodadt of Examsié 05wiasi disséived .in 200 mi\bf B1 watbrof 3
and ab®sv anetiidng. Thegesalting ®lution wasispargadovith agee sa 50 ge pf §% phtuadnrerbad wasiatddbidng

si tes, bothh systgrowasdioshed with eydiogerf. Fhe hydwpgenairessure et inanepsedte A0 psigEh\NIHir lat 252 C.

N, N - bi s- yeacionx aiod®:t (wae difiered ol yAELHEJ andnihe resulting selitinn eaf | NoN'disirytddoxal-5-
Repeat i ng® Wéatﬂrt@@eb&%'owv'ﬂifa‘n%g(e@d'smaﬁw-(%hmxv-? ThalcS-phgspheromgihrfrryedyd f
Examb| e @WW"I’P"E’WWU%‘P&”%‘? hatl)»-2-hydroxy-§unethyl-5-pyridylmethylphosphate was con-

40 centrated in vacuo to about 20 ml and coole to 0° C 16 induce crystallization. The product was isolated by
filtration, washed with cold HoO ‘and dried in vacuo. 'H NMR (D-0, 400 MHz) delta 7.45 (s, pyr-H), 4.53 (d,
CH>OP, Jup = 4.9 Hz), 3.83 (dd, N-CHz-pyr), 2.72 (br s, cyclo-(CHz)s (CH)2(NH)2-), 1.88 (s, pyr-CHa), 1.83-
1.08 (3 br s, cyclo-(CHz)s (CH)2 (NH)2-).

4 EXAMPLE 18
N,N'-bis(pyridoxail-5-phosphate)-1 ,2-<;yc'lo(alkylene or arylens)diamines

‘Repeating the procedure of Example 17 but replacing the diimine product of Example 15 with the

50 diimine products prepared in accordance with the procedurs of Example 16 yields the corresponding
diamines:

N,N-bis(pyridoxal-5-phosphate)-trans-1,2-cyclopentylenediamine,
N.N*-bis(pyridoxal-5-phosphate)-trans-1,2-cycloheptylensdiamine,
N,N-bis(pyridoxal-5-phosphate)-trans-1,2-cyciooctylenediamine,

66 N,N-bis(pyridoxal-5-phosphate)-cis-1 2—cyclohexylened|amme
N,N-bis(pyridoxal-5-phosphate)-trans-1,3-cyclohexylenediamine,
N.N'-bis(pyridoxal-5-phosphatse)-irans-1,4-cyclohexylenediamine,
N.N-bis{pyridoxal-5-phosphate)-1,2-phenylenediamine, and
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25 N, N - bj s{pyridoxal - 5-phosphate)-1 ,3-(n-propyl ene)-N, N -diacetic acid,
N, N - bi s(pyri doxal - 5- phosphat e) - 1, 2- (n-propyl ene- N,"N -di acetic acid,

N; N - bi s(pyri doxal - 5- phosphat e) - épg §o47 BPY! ene-N, N -di acetic acid,

N, N - bi s(pyri doxal - 5- phosphat e) - z?n butyl ene)-N, N -di acetic acid,

N, N - bi s(pyri doxal - 5- phosphate)-1, 4-(n-butylene)-N, N -di acetic acid, 30
N, N - bi S(I‘p-}oisipdﬁmyail-s-ﬁhqsb‘rﬁ&phaﬂ,Q-):ycbhe;@le(-ddiabﬁb.y| ene)-N, N -di acetic aci d, and
N, N - bi s(pyri doxal - 5- phosphat e) -1, 2- (3- et hyl ene) propyl - N, N -di aceti c aci d.
- EXAVPLE EXBMBIE 19DPDP Chel at es Repeating the procedure of Exanple 7 but

repl aci ng manganese dichloride tetrahydrate wi th equi nol ar anmounts of the
sol ubf e Ne¥ibistiyedaalstphpephs)- "F'é?r‘rﬂ'cvyhﬁﬁxﬂg‘eﬂlﬁé‘"?:&"ﬁ'@wmldng sodiumsalts of
t he respectlve rretal |on chel ates’ of N, N -bis-

(pyrid é’ﬁ%maigﬁ‘i’ A R "‘96?3% "F?i‘ and “Ef "”I‘f’ﬁ%$ :’gl"?)‘&‘é le can
be repe%‘l’ % '3?'9) '(S’F‘Pifé""’sﬁldt Veg

sul fat e wa%t o 1! we t'lo aIEE n %??EE:X )Wvggg‘g d an
Exanpf e pé % ik 3&% g Gﬁ

NN- di ac d ounds

pr oduce 'ﬁue%‘&lﬁ& E‘ﬁﬁ‘eréﬁ' 5

s Isave]1 wasaao&l,o ﬁ‘ea'f@m tﬁ@fﬂ@ﬁ%ﬁﬁﬁoghfwﬁ@” de
tetr ahy%@%@id WaL lsﬁ;ﬂr% IFDJO% R BB '?Jnﬁlc% id, Jﬁ@ tl'% J:tewaggrem | eQrHyCiﬁeSaddmon of

car Rggatieempsr ﬂ%ﬁ@m&«ee by 169 il of biRkrol T Blvél ribllo WRiobHed #bih ke GumAly ts8iiaOf

t he r espRS bikdsRIedEhd |solidOihs @edhal &5 a Afinimum amount of deionized water (about 100 mf), and the

N, N - bi $tdaydt wd®xpvebto3Rns ploaiigh) at 25 3C.(The prooyity wesieglatdd By filtchtichC @éshed with 5D, ml

N, N' - bi of pyta ivéh@xads- b phethpdobae) thbn riéd D vaepy liee pield- the Nroddit.aTiet ¢ampadiddwas

N, N - bi sdcpywliizkdx &b - Breplsasp harom@iurd, R- iybiip MNAYpliseaddon-Biphaiptatatrans-12eycohel5

N. N4 slepadkamite:tbil-dBeqiih @sid it N -bis(3shy naxyiR methd-frehosphorbmetiyh-pyridgmaibyitirans-

N, N- bi s (1@yvéietoxdanedianyirod Nidiacelic-atid ADRGP) yith 9 meltieg paint fdecampasiiion) of 28224 C. 'H

N, N - bi SMB/Dp AARA M) deie <55 i (-G &R IJemezs A 3.9 (dd A FHe-0Y8 3 GBindl

N, N - bi PHo%E G5 s el 631)21"'*22)( 39365 RY1GHak ! 89-5:H%) (5.0 snexciorGRaS-aci d.
16 E ‘t9 90 047 Bl EXAMPLE 15

N, N -%Bi SE%«B xaI S5- phosphate) -trans- 1, 2- cycl ohexyl enediim ne 5 A 26.5
gm quant ﬁ—% % ol e) of pyridoxal -5-phosphate was dissolved in 300 m of

met hanoly, N-gg-gprﬁgoxms- @b ﬁat%l Wgﬁ%{g@%@@%&%mﬁ d?aLet%%éQ 05 nol e) of

trans- 1, nocyc ohex stirring, t he vol une of the

sol Utdoon Waspedtin %%%c&&.rezﬁ%xmwplé ib U@%Qemﬁh& %mﬁQQ# Eﬁ&pﬁa Q7 Qitithe WRMINEELT OW
“imne W@ad\p‘i&i i ¢ corbp,{oﬁ;glon wash diethyl ether, and dried in
vacuo t @ Nibﬂlpglnd'bzal Q-Bi\& Q‘\:g and112- cyclopentylenedlamme-N N'-diacetic acid, _
N. i S (NAY-bis@pRkar-BoRSR -1 krmmawlaneeuﬁineh@xyb&wﬁd mne or sodium
5- ( NF ( 3-N1y-drseyytoa-5phdaptatePtrandd,2-cyclooctylenediamine-N,N-diacetic acid,
phos pda 0 MowRBs{pyridodel-pphdsphele)-tiell By dictieyastiaminetN, Niidiredtic Zeid;y cl ohexyl enei m nonet h
yl ) - 2- hyh-bisgpyBiorab5-piydspiste)-ransi1 Gycycishelyenpdimmipiti aliscel®¥sici el d, nel ti ng poi nt
200- 205 WWs(phnc@mi;Qﬂp@ghatq) -tanp- 1 s4-cyclohexylenediamine-N,N"-diacetic acid,

N,N"-bis(pyridoxal-5-phosphate)-1,2-phenylenediamine-N,N-diacetic acid, and

\./ N,N-bis(pyridoxal-5-phosphate)-cis-1,4-cyclohexylenediam ine-N,N'-diacetic acid.
40 :
EXAMPLE 21

Chelales

45 Repeating the procedure of Example 7 but replacing N,N'-bis-(pyridoxal-5-phosphate)ethylenediamine-
N.N'-diacetic acid with equimolar amounts of the products of chelate forming compounds produced in
accordance with Examples 19 and 20 and using equimolar amounts of the soluble chiorides, carbonates or
nitrates of Mn*?2, Cr*3, Fe*?, Fe*3, Co*3, Nit3, Cu*2, Pr3, Nd*3, Sm*3, Yb*3, Gd*3, Tb*3, Dy*3, Ho'3, or Ert3
yields the sodium-calcium salts of the respective metal ion chelates of

s0 N,N-bis(pyridoxal-5-phosphate)-trans-1,2-cyclohexylenediamine-N,N'-diacetic acid,
N,N'-bis(pyridoxal-5-phosphate)-trans-1,2-cyclopentylenediamine-N,N'-diacetic acid,
N,N"-bis(pyridoxal-5-phosphate)-trans-1,2-cycloheptylenediamine-N,N'-diacetic acid,
N,N-bis(pyridoxal-5-phosphate)-trans-1,2-cyclooctylenediamine-N,N'-diacetic acid,
N,N"-bis(pyridoxal-5-phosphate)-cis-1,2-cyclohexylenediamine-N,N'-diacetic acid,

55 N,N-bis{pyridoxal-5-phosphate)-trans-1,3-cyclohexylenediamine-N,N'-diacetic acid,
N,N'-bis(pyrid0xal-5~phosphate_')ftrans-1 ,4-cyclohexylenediamine-N,N'-diacetic acid,
N,N’-bis(pyridoxal—s-phos,phate)-j ,2-phenylenediamine-N,N'-diacstic acid, and
N,N"-bis(pyridoxal-5-phosphate)-cis-1,4-cyclohexylenediamine-N,N'-diacetic acid.
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EXAMPLE 16 15 Oher N, N -bi s(pyri doxal - 5- phosphate)-1, 2-cycl o(al kyl ene or
aryl ene) d’r I mnes Repeating the procedure of Exanpl e 15 but replacing the
t rans- 1, 2-di am nocycl ohexane with di am nocycl opent ane,

trans- 1, 2- di am nocycl ohept ane, trans 1 5 JI am nocycl ooct ane,

cis-1,2-di a- m nocycl ohexane, trans-1, 3- di ani nocycl ohexane,

trans- 1, 4pvenk gpcycl ohexane, o-am noaniline and cis-1,4- 20

di am nocycl ohexane yi el ds the correspondi ng

N, N' - bi s(Ryitoxaiesmbspbatp (Nowgthydtieheiémisgrserbestercycl opent yl enedi i m ne,

N, N - bi s(pyri doxal - 5- phosphate)-trans-1, 2-cycl oheptyl enedi i m ne,

N, N' - biss( pyr2 P4 g dP-06 mglabef Hytidoxg! -hydreghloride, i -disgaied dc 90/ inkefeiti THT canfaining 0.05 gm
N, N - bi s(8 ?mbkeflso@urphwsmtt@twws SWhen pag uolutitneieg ceasedtiabawt Hemink3.71 gm (0.01

N. N - bi s( 8}?)|°689(‘5Y' d afteq stiring yorpight) thp selyfiop ﬁézmuarhtmeryness in vacuo.
N, N - bi s( r#‘?!‘éﬁa'rd is s "‘t ?faﬂﬁlé '“E“‘Y!"rt? jod 'lipgsipg Additine of 3P am P83

pyri doxal™ 5’§ H%{?' ff (0 Pl ole) of 2-chloro- 3-methyl- -oxa—3~aza-2-
N N - bf"s( e" 0 p’ ' i

o of o IPHJ' g
sii io e fo water i

AR i b gﬁ @yeérséﬁ;pzmrgr Eo givéd P

iR P b d s le! ihth d
200 M ofy -&er%&ﬁé is &?ﬁrze % sdrn E ﬂet nUthQﬁhe s78 €34 %ﬁ \1?4 h
ar gQbi, rANfhatbe Wit uBdus M6 fﬁF' UR4EN SRl foi vb% Resetry B biamiidfnondesteP Bp Mﬁ&xal 5-
fl ushed winbépnity W 4a@edlall yldiEotAydr 0gen pressure was increased to 50 psig fo
16 hr at [err]. The reaction product was filtered through CELITE, and the
resul ti ngeemruteon of N, N -bi s(pyridoxal -5-
phasphat e)-trans-1, 2- cycl ohexyl di am ne or sodi um
5- ('N¢( 8- hyNribstays @oxetsStohgsphdie(Hnathplibaroleminbiriordbetpettiyibysdimine
met hyl i deneam no-trans-1, 2-cycl ohexyl i m nonet hyl ) - 2- hydr oxy- 3- net hyl - 5- pyri
dyl net hyl phasxhla'v @Wﬁ@mof Exgnplec Ebnt replagion pyidexaichriospbate with the prgduet of Sxample
cool ed t o2 ¥Aigs)N. disfaytidsxal-SiopgsghaiaN-metyipthanolarrineimenageieristhyigpadimige) progodiym (§yN-
filtrati d@ vmﬁé'e?fw T-Phosrenemetyl-4-pyridpineiyideppaminogidangiminometiyre-yerpry-3-400
MHz) d#l ety Byfrdg'mGWy’P“OFﬁh°f'°4a°5’3NW"YF@?W]&"W&stef Hz), 3.83 (dd, N CH2-pyr),
2.72 (br ([err], 1.88 (s, pyr-[err]), 1.83- 1.08 (3 br s,
cycl o- [er%AM%al?EXANPLE 18

N, N' - bi s( [ hgsphate) - 1, 2-cycl o(al kyl ene or aryl ene)di am nes
Repeat [ n &ﬁe\gg‘gr(egéceeéuregof Exanpl e 17 but replacing the diimne product of

Exanpl e 15 Wbdebling e %roe&llré T RRankbi? 98 Glith P4-QRAREprbBhingC £ LEANGF-pHbids, §Be
pr ocedur eyi@lindmsaBgthe, HdidhiRd-rlButdnd 1,4 AbhiRG R BMAHe 9,3 Liaikb-NBatane, and 1,2-diamino-3-
m_, bi s (Rathyigepsa v:&dspﬁ@%&l%aﬁoﬁamé N@ﬂﬁs(&yn@oxﬁb@éh@ &b Nln%ﬁmhamaﬂﬁwe)monoester)-
bi s(RymiptpnaledimpBosphat e) -trans-1, 2-cycl ohept yI enedi am ne, N, N
- b| S( pyr i NﬂN%(pyﬁddﬂh@&jﬂbh@hﬁé(N-ﬁﬁeﬂz@l&thﬂmﬁmmy)ﬁioﬁﬁbﬁtbry|1 LBt he)@imirD
N, N' - bi s (nphirtisgyrdoxat5-ppbspsgsiaim@ihyiehanobmide)mpodestrp x gisopragiteastiimme, NN
- b| s( pyr i Exe(pyBdapil Gppberbatg(NtmetpisthdnoBminp)oiondestuy-i e4(retolitdani)dimine,
- bi s (1pYrtisfoysiddxal 5-phorobaiittmeihyisihenalminekhonopetbiy i xryhuienelidintinen e,
s( py-NchisiratidosakStphesphata(tmethyisthariolamipblevoeadistenirl Ardr-butyirge)diimine,
N.N'-bis(pyridoxal-5-phosphate(N-methylethanolamine)monoester)-1,2- (3-methyl)propylanedumlne
~ Repeating the procedure of Example 23 with trans-1,2-diaminocyciohexane, trans-1,2-diaminocyclopen-
tane, trans-1,2-diaminocycioheptane, trans-1,2-diaminocyclooctane, o-aminoanifine, and cis-1,2-dia-
minocyclohexane, yields the corresponding
N,N-bis(pyridoxal-5-phosphate(N-methylethanolamine)monoester)-trans-1,2-cyclohexylenediimine,

45 N,N'-bis(pyridoxal-5-phosphate{N-methylethanolamine)monoester)-trans-1,2-cyclopentylenediimine,
N,N-bis{pyridoxal-5-phosphate(N-methylethanolamine)monoester)-trans-1,2-cycloheptylenediimine,
N.N'-bis(pyridoxal-s-phosphate.(N-methyl_ethandIam_ine)monoester) trans-1,2-cyclooctylenediimine,
N,N"-bis(pyridoxal-5-phosphate(N-methylethanolamine)monoester)-1,2-phenylenediimine, and
N.N"-bis(pyridoxal-5-phosphate(N-methylsthanolamins)monoester)-cis-1,2-cyclohexylenediimine.

50 '

EXAMPLE 25

_th

N,N-bis({pyridoxal-5-phosphate(N-methylethanolamine)monoester)ethylenediamine

55 Repeating the procedure of Example 3 but substituting the diimine product of Example 23 for the
dilmine product of Example 1 yields N,N'-bis(pyridoxal-5-phosphate{N-methyl-ethanolamine)monoester)-

- ethylenediamine or 5-(N-(3-hydroxy-2-methyl-5-phosponomethyl-4-pyridyl)-
methylaminoethyleneaminomethyl)-2-hydroxy-3-methyl-5-pyridyimethylphosphoric acid, N-methyl-
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EP 0, 290 047 Bl N, N -bi s(pyridoxal - 5- phosphate) -cis-1

, 4- cycl ohexyl enedi am ne. EXAMPLE 19 5

NN -bi s- (pyridoxal - 5- phosphat e) gp o296 047 81Cycl ohexyl enedi am ne- N, N-di acet i
c acid The diam ne from Exanple 17 was charged to a one liter 3-neck flask,
and the pH was adjusted to 11 with 5 N NaOH Then 5.6 gm (0.04 nol e) of

br onpac ethemleardriedsieas di ssol ved in 10 nl of water and added dropw se to the
stirred diamne solution while maintaining the pH at 11. The reacti on was
war ned tB¥AMBLE26C 10 and stirred for 16 hr. 50 gm of weakly acidic cation
exchange resin (AVBERLI TE | RC-50) was added, and the pH dropped to 6.7. The
r esi ns wélher Magppeier Qigmines| t ration, and 15 gm of cation exchange resin (DOWEX

50W X8) was added. The drog\g to 3. The sgl uti on was %l |tere and
all of the 9@8?“0%%’ RA%F@" 3§ '8&5%?{1'0?%'"9 ferdiane Pf°8“‘§-°1 of | Eyample gL fo e g

The sol i ?'° ct i 88% f or i d t he product was
1ido; -pho e(N-methylethanolamine)mono rf {fg O n diamine,

pr eCIfDI thﬁ&%% doﬁjil %)cz tR¥ tﬁ:gola%,;f Moro g\ ngg j:"f( ned by 150
Qj? éﬁ&% ha@ Uﬁn ot E\J b SO' id and

i scar Ay Ik e mmoggt i mal,lit.e,a mific] ONi zed vat er

(about 3(0-q] ridoRdl pA @ha&r«@ﬁwﬁ lothRSIardiha)AVREstdP1 S inbRifieRV@Emhg Nt at . [err].

The pr Odu@Ibns okat8.pRdsBitht Jm’-mglh I&tﬁa?ablhrﬂiﬁe)m%‘éaﬁﬁ ntdityRRe)diimind, col d water, 25

M QfisetNranelpyiosk!-5PRRpIHEIEMethilotVaAblbfiné)Ponte@éri 2- @fyqﬂwenedﬂweconpound

was I ecmysbalipliidoedspioshiat (6 meRylahdoiatitis)Ronodstyr)-©dnsH 2-cyclohexylenediamine,

N, N - bi 9{pyisipsiaiosd-5phgshiaeiitabbylstbanalasindmancesia)-wdne-x,2-cfbpentylenediamine,

yl enedi ahibispitiddkal-gipbosphiste(N-aethyletanolamine)monoester)-trans-1,2-cycloheptylenediamine,

N, N - bi 9\-bis{peiridoxej-5-2havehiatsi-mthyetbasplbrine)medokstér)-tanp Licrbidoptpipiegiaining.r ans -

1, 2>y c|NIlidis(pyidersib-atvsphatel-Kethyisthanciamige)menogster enyipregiamingnand | ng poi nt

(decorrpd"s'}‘ tbIS(B’M')C’OM’W@SP’]a"el‘me'{“{'éh%"]"a"“!l@WW‘af) ¢itl L-ayciphexgleqediamipey _ 1) 4. 58

(d, [eré(f ._ 3.89 (dd, N-CH2-pyr), 3.31 (s, [err]), 2.78 (br s,

cycl o- ([ Mf—'}ml 93 (s, pyr-[err]), 1.90-1.15 (3 br s, cyclo-([err] [err]).

25 EXAMP bi s yri doxal - 5- phosphat e) - cycl o(al kyl eneand

aryl eﬁ"ie)D(ljpES ?fgkﬁﬁ?'ﬂﬁrﬁ?sg% tic acids 30 Repeating the procedure of

Exarrpl e 19 &Bg % Lxﬂ:ga (Ef @;ﬁﬁlﬁrg aqg S%Lt rgﬁiﬁm ﬂ% d"a?mﬁ@ otf Exatnnv% ﬂﬁ%éﬁ&u&f

,.)c

3

Exarrpl e ?—%x r ~5-phosphate(N-methyl-ethanolamine)monoester)sthylenediamine-
bi St %ah &dm e o Acet

C aC' 4, phosponomethyl-4-p ndyl)meth laminoethyleneamlnomethyl)-z-hydroxy -3-methyl-5-
N, N - bi sffiedipadsp ant rans-1, 2-cycl oheptyl eredi am ne-N, N - di acet

| c acid,

N, N_-bi SE()@MPLEize(aI 5- phosphat e)-trans-1, 2-cycl ooctyl enedi am ne-N, N -di aceti
c acid, 35 :
N, N dyl iy Dlachime-2 N -Biagritio ¢ith Bhosphatei Mondesirscy cl ohexyl enedi am ne- N, N -di aceti c
aci d,

N, N - bi s( pjerpeiion dle-meqstise phiemple 127 drisrealachoci Profisieyf Expsthieat fRethipIutiPlacet |
c a d Example 25 yields

N, 'Wrsfpaeﬁeaa' Shhospigiretylethangiamingimanopy, - e R{-RepRY(eeidipmige-NiNrdliacaica c et

c oot B R A Rk it
ine-N, N ] ?pér;cloxal ? gha(}phata?N WW%&o@%mgfﬂaﬂ&gﬁ é %opropyle%ﬁ%lm-diapﬁc

procedur

N, N - Qi s«.f.’ %my%m ﬁosﬁmh@m&ﬁ;n%ﬁaﬁ.%aasr L2-rbulliens)amind-Niv-@sdefl did D
equi nol agg amount s ofp e products of chelate form ng conpounds produced in
- accor dang@-owpyfidokt 81 FRdsBateli? mai fletRhoRife)MBhdager (i {nButyRohe)RErmHE N Si-Bifcolid@id

- sol ubl e gyl ori des, carbonates or nitrates of [err]
N,N"-bis(pyridoxal-5-phosphate(N-methylethanolamine)monoester)-1,3-(n-butylene)diamine-N,N'-diacetic acid

60 salt
N, N-bis(pyridoxal-5-phosphate(N-methylethanolamine)monoester)-1,2-(3-methyl)propylenediamine-N,N'-
diacstic acid salt,
N,N-bis{pyridoxal-5-phosphate(N-methylethanolamine)monoester)-trans-1,2-cyclohexylenediamine-N,N"-
diacetic acid salt,

56 N, N-bis(pyridoxai-5-phosphate(N-methylethanolamine)monoester)-trans-1,2-cyclopentylenediamine-N,N-
diacetic acid salt, :
N,N-bis(pyridoxal-5-phosphate(N-methylethanolamine)monoester)-trans-1,2-cycloheptylenediamine-N,N-
diacetic acid sait,
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yi el.ds the-sodi umcal ciumsalts of the respective netal ion chelates of 50
N, N - bi s(pyri doxal - 5- phosphat e) -trans- 1

, 2- cycl ohexyl enedi am ne- N, N- di acegp@ 0i0d7 B1

N, N' - bi s(pyri doxal - 5- phosphate)-trans-1, 2-cycl opentyl enedi am ne-N, N - di acet
I c acid,

N, N' - bi s (" roisthysidokal-§-phsokatdtmelhyisthanaismite)morppsibrbtrnstl ZiceciodiyiarddiaminRiNNY-- di acet
ic acid, diaceticacid salt,

N, N- bi s ( pYAVTbispEdoxass hesefpii-apthyipthanslamingimesoesterlbe-phapyienspiaminertl Nedingetic)j eidet i ¢

aci d, salt. and N,N-bis(pyridoxal-5-phdsphate(N- methylethanolamme)monoester) -Cis~1 2-cyclohexylened|amme-
N, N - bf s("bY ek 3FY 88 hosphat e) - ci s- 1, 2- cycl ohexyl enedi ani ne- N, N - di acetic

aci d, 55}1%%%1 g%s(pyrldoxal 5- phosphate)-trans-1
BCycIo iam ne-N, N -di acetic acid,

N N - bi s(gﬁllbgoxal 5- phosphate)-trans-1, 4- cycl ohexyl enedi am ne- N, N - di aceti
c acid, l\(l’ I s(pyri doxal 5- phosphat e) - 1 2- phenyl enedi am ne-N, N -di acetic

aci d, and Repeating the procedure of Exa ple 7 but replacing N N’-bls-( ridoxal-5-phosphate)e }L Ieneéilamme- )

N, N - bi S(picke ol mP Ol v m&.hﬁalheﬂcham ARG SR BGR pRaL A 1 bttt | ©
acid. 18 gxampi® iuFAMOE MAGH Ryiéiatel Ot a ‘N5D|QFW X8I $hosphate-(N-methyl-

(N- et hW@Tahﬂa’the&ﬁdnB&k)dﬁ)Bﬂﬂ&%&@hm&NN -diacdtidtiagm (0. 01 nol e) of pyridoxal
hydgochl or i Hepebting Ghiss protedard, replachig ndngabsetdiohlofidi-tetamdrats ith gquimdékd adurtDof Grb

nol e) of sewoble dinforidy<l carbenates brimiteatds of €Yy Fo*RlfFet?, Oats NEd,alutf Poh NdBdSee ades] Géebout
15 mn), T! 7 Dy YD) .00 Er*frpibldy the fsodhenaajdunbsalisbiciae iespeaitve tbial n dheldtdsaat NIt-bist | ng
over ni ght{pyridérel-Srfognhate(N-methijethenptamineimodesstensteylanpdiarnieactd N -dRieeticatidcky solid is
suspended in 50 m of dry nethylene chloride and follow ng addition of 3.0
gmo. EBW triethyl am ne, the slurry is cooled to [err]. 1.38 gm
(0.01 nol e -chl oro-3-nethyl -1 -oxa-3-aza-2- 10 phosphacycl opent ane
(prepareoo%i/ f"ﬂ%"smet hod of Jones et al, J.Chem Soc. Perkin trans |I. p 199

gtlgis%) % el S g;n h| ':'Pf}iVI lll:'?any!ggi%Jhut %pl Thet glrj,q FS'\rrt]sS f rrp%e %&# edro]c gctc 11 hr
?ne

ths ayer
I's separ i éx % ti
of diet h et her ?%ts "é?ﬂ‘g aﬁt %%ﬂ{le @&&t‘c a%ﬁ%\(& mgg%e\@%ﬂ%&a g
solid (1.§(Am5 §p% yield). The i nter rredl ate i s oxi d| zed W th excess
di nitrogen tetroxide in nethylene chloride at [err], and then Is 15 treated
Wi t h agueasrie-gnblo)destic ol AvalstEsynthedid ux to give the
(N- et hyl et hanol am ne) nonoest er of pyridoxal -5- phosphate in an overall
yi el d of 40% grs(ARPLRol@3f #8 diamine from Example 3 was dissolved in 25 ml of 1:1 water/methanol and
N, N 5 bi S (cpargédtio»adso ml phedoisalt adulipertwithytve tatidioo | fawsls @HNakToeis! herjmotiagl adeth i i
\ﬁepeathang Atgme (OS5 ot piENagiH dad 24 @ine(0.01700dle) PEbracacetiy apiy werd @rch disSelypdds fthat e
V\A t h tdse rprob deiertized fwalek envptherg@Dtoythectwd sxddition funnels. Sufficient NaOH was added to the stirring
N, N - bi S(Wﬂ%%mﬂ-t@bmd@mi‘b@e{’w fie whigh aiscathe fomppraltieri phouts108£) Bie tapperali i ni
ne or SOdYaﬁ magu at 40°C, and bromoacetic acid and NaOH were added concurrently to maintain the pH at
( ) onjto 0 f ;
(3 hydlrox }"? S;i’dﬁ ?ﬂBﬁ'Pés"f‘ﬁ f“ 91 g%? “%méggg?ﬁféf'? mer Wei i n
K |) ‘Pr)(Mr o was a§ lg was a g - Then 10
NnEt y érl ﬁ;%o%ﬁ%g?alc ho gs dd cr g h :;(ﬁ) g glr%d rmgﬁlﬁg *C, and
Repeat ' thJn 6% H t(? 5 S th deionized
di amv&%i NrBTcRI |tpp&ﬂt?to el ﬂ d). The
1 4 dl amggué cQNB@-%nystllhz@d QBrﬂ@f&ﬂlcrhciQ%@pEMU@r\g yvlld%’@n?sﬁh @9-9@'/ purity by HPLC
met hyl pr apee ni-Bls sy riddR8-sGIbIpRAEMMNEdamine-N-acstic acid.
N, N - bi s(pyr| doxal - 5 phosphat e( N- met hyl et hanol am ne) nonoester)- 1

, 3- (n- pr apyvene3ali i m ne,

Other (Mono)acetic Acids
50

Repeating the procedure of Example 31 with the products of Examples 4, 17 and 18 vields the

corresponding
N,N*-bis(pyridoxal-5-phosphate)-1,3-(n-propylene)diamine-N-acetic acid,
N,N-bis(pyridoxal-6-phosphate)-1,2-(n-propylene)diamine-N-acetic acid,

55 N,N-bis(pyridoxal-5-phosphate)-1,2-isopropylenediamine-N-acetic acid,
N,N-bis(pyridoxal-5-phosphate)-1,2-(n-butylens)diamine-N-acetic acid,
N, N"-bis(pyridoxal-5-phosphate)-1,4-(n-butylens)diamine-N-acetic acid,
N,N-bis(pyridoxal-5-phosphate)-1,3-(n-butylene)diamine-N-acetic acid,
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35 .« ' o
N, N - bi s( pyr| doxal - 5- phosphat e( N- net hyl et hanol am ne) nonoester) -1, 2- (n- propy
| ene) di i m ne, EP 0 290 047 B1 _ _
N, N - bi s(pyri doxal - 5- phosphat e( N- met hyl et hanol am ne) nonoester) -1, 2-i sopropy
| enedi i m ne, '
N, N - bi $kNybisriigeel-5-Bhoppteph{Satdthyiimodyienedidminec-aeticeeidnonoest er ) - 1

, 2- (n- bmwpehg)dgxai-mwephate)-transd 2-cyclohexylenediamine-N-acetic acid,
N, N - bi SYNSBiT-fPurisiexd-5-Bbqs (; ?\QPPWP'@tqimt'\h?PPWWDnoest er)-1, 4-(n-butyl
ene) di i HVAS-EKideahp- Q'Q‘}SQ’FF 301 ?P&t"@m'"e"" -acetic acid,

(N-met h "é’?'ﬁ@mﬂ"‘éﬁ'r?ﬂ ﬁ‘iﬁﬁb@%‘?é? cy‘%[°°°‘3 GH'aB‘U a‘8'F| m ne, 40
N. N - bi h °atr° monoester)-1, 2-(3-meth
yl)prop §" o "°° le 23 with
trans- 1 n oxal os % oh ace lc open t ane
é henj 4 :
transgl % Ri.g ggmj AR ﬁsdz [, c&%ﬁé{&l ooct ane,
o- am noani e,. and c s-1,2-dia- m nocyc ohexane, yields the correspondi ng

N, N' - bi gkmvpigdgaxal - 5- phosphat e(N— met hyl et hanol am ne) nonoester)-trans-1

, 2- cycl ohexylenedi i m ne,
NN bi s Omgr crémesl - 5- phosphat e( N- net hyI et hanol ani ne) monoest er)-trans- 1, 2-cyc
| opentyl enedi i m ne,
N, N - bi s( pepbaax tb pocgduas ph Btaemphl-20witgpladiiganopradic @) Expesi2dorthd pratiet df, 2- Cy
cl ohept ¥kapmisdd? yildscthe Mn*2, Cr'3, Fe*2, Fe*3, Co*3, Ni*2, Cu*?, Pr*3, Nd*3, Sm*3, Yb*?, Gd*3, Th*S, Dy*S,
N, N - bi $i613yeriEddsal chglatphefJipheetiehiaioiemn [sgiisof thamoheacstio@yichohaiaing egejits of Example
trans- 132 cycl ooctyl enedi i m ne,
N, N2 s( él‘l doxal - 5- phosphat e( N- et hyl et hanol am ne) nonoester) -1, 2- phenyl en
ediimn

N, N -bis ri doxal hat e( N- net hyl et hanol am ne) nonoester)-cis-1, 2-cycl
ohexyl eﬁ'g‘g?/ﬁ‘oﬁ@ ﬁlé(pyl’g{gx Efgte%éhylenedlim%e ) ) - y

L
pr OdUCt ﬁin é—pﬁf Iéléhl d?'me p 327 gm

N, N - yridoxRIBH (U féﬁ mg%?tﬁ @rg rous stirring.
et hyl enq‘ dHSymmetrical imin® product LN (3-hydroxy-5-hydroxymethy|-2 methyl-4-pyridyl)-
5- (N5 3%@![&%%0&%&3&%%&%%@6@ JXE3-Rbthyl Py intdibly hosphonc acid or

et hy| amigyadiay-@rerKel-5oRaspHas)-dthylenbdithind X ié-stmételoh Y Inr, Smi e shydugErk igslae ayphor i
C ac fittation. Thhldimaihd iy washd®@with métian8 (2060 Y dndBiletiat sire @d 250 MR afbErRY in VaeleVPLE
26,5, Qther Mnoester Diam nes Repeating the procedure of Exanple 25 but
substi t EXAMBLEI%e dii m ne products of Exanple 24 for the diimne product of
Exanpbe 23 yields -

N, N - bi Sqysjdoxeldi@iridexabiroknsphatelsidenadiamjeet hanol ani ne) nonoest er) - 1, 3- (n- pr opy
I ene)dl amne, to

- b| s%@ﬂf’?ﬂwﬁﬁ msocatie 9h BreEelR- %%‘@P%‘t"h%tb? SiA% pregd & Bample134tor fepr opy

| en roduct of Example 1 ylelds the corresponding diamine product,
%

NN B _gvafaﬁv-?-"vg;qosp ETRE AU e e

,2-18 merté'g
N N - bi s([g'yrl S ﬁghosﬂhaeé?wlene ' nf/' %t hanol ani ne) nonoester)-1

, 2-(n- bu_;(x,{,,ﬁ_@egadl am ne,
N N -pi s{pyrTtdoxal - 5- phosphat e( N- net hyl et hanol am ne) nonoester)-1

, 4- (n- bipppb epmRedisan ne,
N, N - bi s(pyri doxal - 5- phosphat e( N- net hyl et hanol am ne) nonoester)-1
, 3- ( n- but epsutingling piobeiured bf Example 5 and 6 with the product of Example 35 yields the corresponding
NN - bi s Neyfidoslarelpyaiopdn - piadsptiabiditylanddiayine NNt it BeieymONOEst er ) - 1, 2- ( 3- et hyl
) pr oy | &@tydaoxy-Adydroxyomethyi-2-methyl-4-pyridyimethyl)-N-(3-hydroxy-2-methyl-5-phosphonomethyl-4-

N, N - bi strmyhietﬂwemleﬁedphmvpkwidb@ﬂcn@d {PPMEL. hanol am ne) nonoester)-trans-1

2 cycl ohexyl enedi am ne,
N N - bi Méﬁ:ﬁxal 5- phosphat e( N- net hyl et hanol am ne) nonoester) -trans-1

, 2-cycl g ent%e enedi am ne,

NN - 6P s Prstses) - 5- phosphat e( N- met hyl et hanol am ne) nonoester)-trans-1
, 2-cycl thipe'pgalhggn gag p?'o@ecﬂsres of Example 29 but replacing the product of Example 36 for the product of
Example 27 yields the Mn*2, Cr*8, Fet2, Fe'*3, Co*3, Ni*2, Cut?, Pr*3, Nd*3, Sm*3, Yb*3, Gd*3, Tb*3, Dy*?,
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N, N - bi s( pyri doxal - 5- phosphat e( N- met hyl et hanol ani ne) nonoester)-trans-1, 2-cy
cl ooct yl enedi am ne,
N, N - bi s(pyri doxal - 5- phosphat e( N-gepayh 64 8ol am ne) nonoester) -1
, 2- phenyl enedi am ne, and
N, N - bi s(pyri doxal - 5- phosphat e( N- net hyl et hanol am ne) nonoester)-cis-1
, 2- cycl olheRyloen@&th &om niglatds X6iVReE s@ifunP&iciulP[Bifs p bio $ryddosal G (pprisoxab §-piRepietel-i ng
t he pr ocetviepmdiehingENaYrpiketic &idand 6 but repl acing the di am ne of Exanple 3
wi th the product of Exarrpl e 25 yields
N, N- bi s( #aiheloxal - 5- phosphat e( N- net hyl - et hanol ani ne) nonoest er) et hyl enedi ani
ne- N, N Cipime & jthe fa[gqung fag %ﬁmese)fﬂ MGEx B DE Ffy G5 Hnﬁ-'hé“--p%ﬁ;sphat e ester
of 5- (N-ﬁg hydr oxy- 2- net hyl - 5- 30
phospono tfhwmp&"%w 43 fret hyl ani noet hyl eneani nonet hyl ) - 2- hydr oxy- 3- met hyl
-5- pyridyl met hyl phosphoric acid, sodiumsalt. EXAMPLE 28 35 Qt her
D am ne-N, N -di acetic Aci lehosphate Monoest grs Repeati ng the procedure of
Exanpl '® 27 put repl aci ng the\Qr oducts of Exanple 26 for the product of
"Exanpl e 25 yields N, N -bis(pyriNlexal r5=phgSphat e( N- net hyl et hanol am ne) nonoe
ster)-1, 3-(n-propyl ene)di am ng~N, N -dl acetidg 40 acid sglt
N, N - bi s( pyri doxal - 5- phosph&#( N- et hyl et hano éﬁl ne) m)noest er)-1
, 2+ (P-propyl ene) di am ne-N, N]-di acetic acid salt, I
N N - bi s(pyri doxal - 53phqs t hylms hanolAqm ne)c‘[.p@@q@he;z) -1
. 2-i sopr opyl enedi ani ne- N, ibcetic acid Sg g2 7
NN - bi s(pyri doxal - 5- phosj/a \N- et hyl et hanp @ e) nonoester)-1, 2-(n-butyle
ne)di am ne-N, N -di acetic ax¥d saFH; H,C '
N, N #ps( pyri doxal - 5- phosphat e(N- et hyl et hanol am ne) nonoester)-1, 4-(n-butyl
ene) di ami ne-N, N -di acetic acid sal {I)
NN- bi s( pyri doxal - 5- phosphat e( N- net hyl et hanol am ne) nonoester) -1, 3-(n-butyl en
e) di am ne N, N -di acetic acid 50 salt.
N, N' - bi s( 4"" PIER al hosphat e( N- et hyl et hanol ami ne) nonoester) -1
, 2- ( 3-Fret hyI )Br'%wpgﬂg%ﬂ anmine-N,N - diacetic acid salt,
N N - bi s(pyri doxal - 5- phosphat e( N- net hyl etg anol am ne) m)noest er)-trans-1
, 2-cycl ohexyl enedi am ne-N, N - diacetic acid salt, 55
NN - bi s(pyri doxal - 5- phosphat e( N- met hyl et hdinol am ne) nonoester)-trans-1, 2-cyc
| opentyl enedi am ne-N, N - diacetic acid. (?ﬁlcka
N, N- bi s( pyri doxal - 5- phosphat e( N- et hyl e | am ne) nonoester)-trans-1, 2-cyc
Ioheptyl enedi am ne-N, N - diacetic acid salt, 20 EP 0 290 047 B1 N, N
kg( pyri doxalm &Hyegefvat e( N- met hyl et hanol am ne) nonoester)-trans-1
ycl ooctyl enedi am ne-N, N - diacetic acid salt,
N N - bess( pyri doxal - 5- phosphat e( N- net hyl et Banol am ne) nonoest er) -1, 2- phenyl en
edi am ne-N, N -di acetic acid i

' -CH,CR,
o 2
with the proviso that at least one of R and Ry is other than hydrogen;
Rj is alkylene having from 1 to 8 carbons, optionally alkyl-substituted
1,2-cycloalkylene having from 5 to 8 carbons, or optionally alkyl substituted 1,2-arylene having from 6
to 10 carbons; and.

45 R, Iis hydrogen, hydroxymethyl, alkyl having from 1 to 6 carbons or
-0
50 | I
-CHZOP(O&) 2
55 Rs and Rs are each, independently, hydroxy, alkoxy having from 1 to 18 carbons, hydroxy-

substituted alkoxy having from 1 to 18 carbons, amino or alkylamido having from 1 to 18 carbons; and
each Ry independently is hydrogen, optionally hydroxy-substituted alkyl having from 1 to 18
carbons, optionally hydrqQxy-substituted alkytamino alkyl having from 1 to 18 carbons) or a salt thereof.
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salt. and
N,:N - bi,s(pyri doxal - 5- phosphat e( N- net hyl et hanol am ne) nonoest i m!““lmmlm“‘
ohexyl enedi am ne- 5 NN-diacetic acid salt. EXAMPLE 29 Chel L ks
Repeati ng the procedure of ExanpEr0290047 Bapl aci ng

N, N- bi s- (pyri doxal - 5- phosphat e) et hyl enedi am ne- NN-di acetic acid with an

equi mol ar amount of the chelate form ng conpound produced in accordance

with ExHMPI & Fr’ prefgiatesnef d8q F?H'H"b‘aﬁ‘%{"mfgkfn@f NPyl dpygfoxal-8-phosphate)-

N, N - bi €p¥RrefiganaNsdigmisisitat e- (N- net hyl - ' -

I

* S ¢

et hanol m ne) monoest er) et hyl enedi am ne- N, N -di acetic acid. 15
repeat | Bt o, 01

edur repl aging. S i chl Qri tetahydrate with
equi nol ar "anmpunts o M9,8°%8 u?ﬂageta%%rg?’lr%ggﬁ’@h‘rgébgﬁ’a%s'ﬂg?"ﬁ?[sreat es of [err]
[err] yi,_eIAd&"&)ng\d%pg}n%g,cal ciumsalts of the respective netal ion chel ates
of N, N-bi s- ' :
(pyri doxal - 5- phosphat e- ( N- net hyl - et hanol am ne) nonoest er) et hyl enedi am ne- N, N
-diaggtic acid. 20 EXAWVPEE 30 O her Chel at Repeati ng the procedures of
Exanpl e 29 but replacing the\products of EXanple 28 for the product of 25
Exanpl e 27 yields the [err] ,/ﬁ[’br‘r‘} Rorm—cHNel ates of the sodiumcal ciumsalts
of the diacetic acid chel atj/hg agents of npl e 28. BEXAVPLE 31 30
DRDP- ( mono) acetic Acid Anatbg Synthesis 10 g 0.017 mgl e) of the diam ne
fromrExanpl e 3 was gli ssolved in 25 m of 1:1
a 250 m 4-neck flask @t h t e
thernmoneter and stir ba gns (0.035
nol e) of bronpacetic ac ch dj ssol 10 35 nm of deionized
wat er and charged to the two addi8i o3 QurmeNs¥ ~Suf fi ci ent NaOH was added to
the &irring dianine solution to ing the pH to about 11, which raised the
tenperature to about 40 C. The te%érature was mai ntained at 40 C, and
bronoacetic acid and NaOH were added concurrently to naintain the pH at 11
over the gourese of 3 hr. The reaction was nonitored by HPLC. Dowex 50W X8
resigs was adg@thyb@gdryper the pH from11.1 to 3.1, the solution was
filtered, and resin was washed with 100 m of -deioni zed water. The 40 pH
of the filtrate was about 3.3. 5 m of 9w formc acid was added, and the
pH dropped to 3.0. Then 10 m of isoprop)il al cohol was added with a few
seed crystals, the product stirred overnilght at 30 to [err], -and then
allowed to cool to [err]. The crude p# was col lected by filtration and
" washed with deionized water. The crude product was then dried at [err] in
vacuo to yield 3 gns of product (30%yield). The product can be
recrystal i zZBdistydeaea of orni ¢ aci d/ water. mi xture to yield 2.4 gms in 96-98%
purity by HPLC 45 to yield
N, N #bi s- (pyri doxal - 5- phosphat e) et hyl ene@ ani ne- N-acetic aci d. EXAMPLE 32
Gt her (Mono)acetic Acids 50 Repeating thg procedure of Exanple 31 with the
products of Exanples 4, 17 and 18 yields Jghe corresponding
N, N- bi s(pyri doxa(-5- phosphate) -1, 3- (n-propyl ene) di am ne- N-aceti c acid,
N, N .bi s(pyri doxal - 5- phosphat e) - 1, 2- (n- propyl ene) di am ne-N-acetic acid, 56
N, N - bi s(pyr ki ke brontsddhit 3PBRE shb-ol R.aka RS RRIHBPIAAREELEHT ne- N-acetic acid,
R; is alkylens having from 1 to 8 carbons, optionally alkyl-substituted
1.2-cycloalkylene having from § to 8 carbons, or optionally alkyl substituted 1,2-arylene having from 6
to 10 carbons; and

er/ met hfanol and charged to
URHZB(ORY,el ect r ode,
NaCH and 2.4 gm (0. 017

di

45 Rs is hydrogen, hydroxymethyl, alkyl having from 1 to 6 carbons or
o
0 I
‘ —CHZOP (OR,,) 2
55 Rs and Rs are each, independently, hydroxy, alkoxy having from 1 to 18 carbons, hydroxy-

substituted alkoxy having from 1 to 18 carbons, amino or alkylamido having from 1 to 18 carbons; and
each Ry independently is hydrogen, optionally hydroxy-substituted alkyl having from 1 to 18
carbons, optionally hydrqxy-substituted alkylamino altkyl having from 1 to 18 carbons) or a salt thereof.
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N, N - bi's(pyri doxal - 5- phosphat e) - 1, 2- (n- but yl ene) di am ne-N-aceti c aci d,

NN - bi s(pyri doxal - 5- phosphat e) -1, 4 (n-butyl ene) di am ne- N-ac El, ﬂﬂu:m "m]j”"
N, N' - bi s(pyri doxal - 5- phosphat e) -gp ¢2édlo4yus#/| €N€) di am ne- N-a ,
EP 0 290 047 Bl

N, N - bi s(pyri doxal - 5- phosphat e) -1, 2- (3- et hyl ) pr opyl enedi am ne- N-acetic

aci d, 2. A compound as claimed in Claim 1 wherein for formula | each Ry is hydrogen.
N, N' - bi s(pyri doxal -5-phosphat e)-trans-1, 2-cycl ohexyl enedi am ne- N-acetic
acid, 3. A compound as claimed in Claim 1 wherein for formula | R is

+ N, N bi s-(pyridoxal -5-phosphate)-trans-1, 2-cycl opentyl ene-di am ne-N-acetic
aci d,s
. NN bi s- (pyri doxal - 5- phosphate) -trans-1, 9. cycl ohept yl ene-di am ne-N-acetic
~acid, 5 N, N bis-(pyridoxal -5-phosphat e){]trans 1

, 2- cycl ooct yl enedi am ne-N-aceti c aci cl_,c c
N N bi s- (pyri doxal - 5- phosphate)-cis-1 HZ l(§§/cl ohexyl enedi am ne- N-aceti caci d,
N, N Bf s- (pyri doxal - 5- phosphat €) -trans-1, 3-cycl ohexyl enedi am ne- N-aceti c
aci d,
N, N bi s- (pyri é’oxa? 5-phosphat e) -trans- 1, 4-cycl ohexyl enedi am ne- N-acetic
aci d, NN bis-(pyridoxal -5-phosphate)-1, 2 phenyl enedi am ne- N-acetic acid,
and'\_;g) o
N, N bi s- (pyri doxal - 5- phosphat e) - ci s- 1, 4- gycl ohexyl enedi am ne- N- aceti caci d.
EXANVPLE 33 O her Chel at es Repeating the gr ocedures of Exanple 29 but
repl acing the products of Exanple 32 T@LCRpe product of Exanple 27 yields
the [err] [err] ion chelates of the sodiumcal ciumsalts of the nonoacetic
acidchel ati ng agents of Exanple 32. EXAMPLE 34
N pyridoxal - N - (pyridoxal - 5- phosphat e) et hyl enedi i m ne 25 A 25 gm (0.123
ol e) qgfrarf fampoywe js ylaimed imflaimdivheedin tof fornsis IS onq, Ry pra gaghpindependeftly offydroxy,

met hanol , %A heviegirghd (o0 BoBBMEY °'cﬂ'kyhla@-lh‘i“’§‘géfﬁﬂéd°3m@‘?st he solution is
honmogeneous, it is added dropw se 1, 2- di am noet hane in 100 m

of mat hind cafiPeyndge F'F'F\eﬁlj' Clej t4é‘Fh°"8'0 f%f‘ﬁ"'"'%' '?Feﬂ"ﬁgﬁﬁ'ie %’P’th on cont ai ni ng:
32.7 gmG(O 123 Le na%n23e-nﬁ‘l-aea?- of
NacH |3 gy BT S otoed ;s&"y ﬁ@ AR G ?%P@gg d;; R

.~ product < l‘ac c,E aﬁaac'lt ki ﬂdO phozpha
- nethyli deneam 6et h y ene| m ‘nonet h I) 2 hydroxy 3- et hyl - 5 pyridyl net hyl phos

phoric acidchfaeNbr Q%&lﬂﬂ%&m&ﬂum( &Yzﬁdnﬁ%%nﬁorﬂib@éﬁ%ﬁ Q9 & Mth' ¥ nfoRPRh hiling@n 1S
stl rred f Qdioric AlmbePd) Gorh 2@ 10041144 oris8-70, 5P b 8dnakbrdy, filtration. The diimne is
hed with nethanol (2 x 50 rri) and dlethyl ether (2 x 50 m), and dried

n Vacue. AxaMidlds cimedSin Claim 7 wherein the metal ion is selected from chromium(lll), manganess(ll),
N- py 136 dox citonfil),- (rgyin. c@abaidl), SeigkbIOR: p bapperjiiet ryseadyaduna(ti), nesoRaaniity, nganiakidn(in),
procedur e wibrbimogidadoligivip(it), terbibmdil).tdyspresymiithchothivmiiihandrhanW)r of Exanpl e 34
for the diimne product of Exanple 1 yields the correspondi ng di am ne
pr qduct 8- 4chelate as claimed in Clalm 8 being a manganese () chelate of N,N'-bis-(pyridoxal-5-phosphate)-

5- (N ( 3. hyRéwisReismnines w9 op antniperct. py NNIPIfmEtORISRPROBDPICHEaNi no
rret h)fP) 2- W?‘Eﬂewerg&y‘f?é F'a@ ‘bﬁFH %?ISHZ‘!'?Tthosphorl c acid or

N-pyri d%( aA cawcm ga}{ o# a cq\ |ate as Clgl gﬁlha%;[( grze O?Em(ns%ntggl am ne.

11. A calcium salt as claimed in Claim 10 wherein the molar ratio of calcium to the chelating compound of
45 formula 1 is from 0.05 to 1.0.

650

56
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e
EXAMPLE 36 46 DPMP Synt hesis Repeating the procedures of Exa

with the product of Exanple 35 yields the correspondi ng ,Z"ﬁ‘lihjwu"m”m
N-pyri doxal -N - (pyri doxal - 5- phosp edi am ne-N, N

50 hal 5,55 by 81

N- ( 3- hydr oxy 5- hydr oxyonet hyl - 2- rret hyl - 4- pyri dyl met hyI) N - (3- hydr oxy- 2- net
hyl - 5- phoa@_hpag,[gs,%mb}n péund RYeihéllidid 8 tdhidid &4y | enedi ami ne- N, N - di acetic acid
(DPMP).. EXAMPLE 37 55 Ot her Chel ates Repeating the procedures of Exanple 29
but replacing the product of Exanple 36 for the product of Exanple 27

yields the [err] 22 EP 0 290 1047——81Rje1-r-} Non chel ates of the

sodiumecal ciumsalts of N-pyri doxal - -(pyridoxal - 5- phosPhat e) -

: et hyl enedi am ne- N, N - di aceti cCHci d. Clal ns 5 d”él ms for Jthe follow ng
Contracting States: AT, BE, , LI, DE, FR, GB,|IT,

conpound of fornula | Rl.p OH HO EHf(‘;?yl(fmzsg?(l) (wherel n

25 R is hydrogen o grr] is hydro @r

0 40 wi'?h the proviso that st _one of rr] is other than

- hydr ogen, [err] is al kylene Vi ngCIh om¥1€t0 8 Barbons, optionally. _

~al kyl =subsi tuted 1, 2- cycToalkytene having from5 to 8 carbons; pr= === ==&
optional 'y alkyl substl tuted 1, 2- argMIane having from6 to 10 carbons; and

45 i R4 is hydrogen, hydroxynethyl, alkyl having from1l to 6 carbons

or 50 [err] ARrein [err] are each, independently, hydroxy, alkoxy

having from 1 hQ is atkyloRd Péi)i‘ﬂ& frofI X 45, 8’éé{rbon'§ %ﬁ& "&y%@pkuaéukﬁ%eya&w% ﬁa’&%ﬂr&m %0
18 carbons, @@lchBorlor Sty EkyIQUbERN écﬂgz dri1oH8 hhvikgrokte (636 RatBshs; and each

i ndependent |y s ishyatbge ey droRalii RBg mbmhiyte 6QMorsUdRgE Ralibg Boh @ tde/tarfday/orng from
1 t®“18,carbons, optionally hydrqgxy-substituted alkyl am no al kyl havi ng

froml to 18 carbons) or a salt thereof. @3

-CH, OP (OR;),

26

each R, independently is hydrogen, optionally hydroxy-substituted alkyl having fr0m1to 18
carbons, optionally hydroxy-substituted alkylamino alky! having from 1 to 18 carbons) or a salt thereof.

30 13. A chelating compound intermediate of formula (VIlf)

< HN —— R, —— NH
N/ 3
| 7 \ o

35 sz CHZ "

R OH

- | 4 HO CH, OP(OR,),
: O 0

w© . NN CHy H4C N

(VIII)

48
wherein :
Ra is optionally alkyl-substituted 1,2-cycloalkylene having from 5 to 8 carbons or optionally alkyl-
substituted 1,2-arylene having from 6 to 10 carbons;
Ra is hydrogen, hydroxyalkyl having from 1 to 6 carbons, alkyl having from 1 to 6 carbons or
50
0

. ~CH, OP(OR;), .

each R; independently is hydrogen, optionally hydroxy-substituted alkyl having from 1 to 18
carbons. optionally hydroxy-substituted alkylamino alky! having from 1 to 18 carbons) or a salt thereof.

25



EP 0 290 047 Bl [err]ion chel ates of the sodiumcal cium salt

N- pyri doxal -N - (pyri doxal - 5- phosphat e) - et hyl enedi ani ne- N, N' mllmmmul“ ull”“"l
Clains 5 Claim;for the following Contracting States: AT, BE,

FR, GB, IT, LU NL, SE 1. Acorrpc?ﬂ’rm 2}0%Bhula | [err] 20 (|) (wherern 25
Ris hydrogen or 30 [err] is hydrogen or 40 vvrth the provi so that at |east

one of Ry 2N belofd rokdhat %ntuige/&!s rEQB 3\l ™ 1
maghe |( reson cer C cd com sm m
to 8 car bor],%r % T %T y h C{DLQL d" :’% EII' % Utﬁ:al ydcg[ga erom 5
to 8 car bor[:,g,,np ”e kyI str tute 2-ary Iene avr ng from6 to
10 carbons; an [err] IS hydrogen hydroxynethyl al kyl havi ng

froml; tes Ei.ls@ of Q&intecb'? a-eflcium salt thereof as defined in any one of claims 7 to 11 for the preparation of
[err] 55  amagnétRirdshnaRbeimB@ing bontraBtiRdRmO&Rpbation Nydr oxy, al koxy having from 1
to 18 carbons, hydroxy- substituted al koxy having from1l to 18 carbons,
am no or 1raltky»bmm doinfagig B@ngrisiagnadmibisterh 16 ar subjd& ;a eHaltocd Gcaicki $alt thereof as
i ndependentdaimddsn dnyhe oferaimsaid it © aral deyeritiyigl nromzgsoflasibast ol b@thbf adid yubjebtavi ng
fromd to 18 carbons, optionally hydroxy-substituted al kyl am no al kyl
havi ng fﬁbMSlfOtweIlemtypctmg%atsaEQ t hereof. 23 EP 0 290 047 B1 2. A
~gonpdtnd-as clainmed in O ar—nr‘i“ﬁhereﬂrﬁ%"f”of*iﬁoﬁnul ‘a I et g
hydr ogen?- 3! ProceeirfRsensdnagscopwpaindetformya®l ai m 1 wherein for formula | Ris
[erc], 10 and [err] is 4. A corrpound as claimed in Caim3 wherein for
formua | [err] are each, n\gpendently, hydRpxy, al koxy having from1l to 8
carbons, anino or al kyl am doNaving from 1o 8 carbons. 25 5. A conpound
as cl ai rred in daim4 wherein, Norf &t df [err] are hydroxy 6. A
corrpound as clainmed in dai m/é bei ng

‘hs (pyri doxal - 5- phosp Hee) et hyI enedi am n‘éﬂﬁl N -dig cetic acid or a
salt t

ereof, or
N, N - bi s- (pyri doxal %pﬂ@;ﬂ fransHP y?"éa?é)((ﬂ%n‘?ne N, N-
25 3 H3C
{wherein
30 "~ Ris hydrogen or
N\ o
I
% _ ' ~CH,CRg
[\j R is hydrogen or
4@ 0]
i
"CHzCRs
45

with the proviso that at least one of R and R, is other than hydrogen;
Rg is alkylene having from 1 to 8 carbons, optionally alkyl-substituted
1.2-cycloalkylenie having from 5 to 8 carbons, or optionally alkyl substituted 1,2-arylene having from 6
to 10 carbons: and
80 R, is hydrogen, hydroxymethyl, alkyl having from 1 to 6 carbons or

0]

i
- CH20P ( OR-,) 2

55
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diacetic acid or a salt thereof. 30 7. A chelate of a chel atrzﬂm ound as

umber of from 21 (o 20 42, 44 or 56-70 or & Salt thereof. B 'lllUllll 0]

as claimed in Olaim?7 wherein the BR02P0 04781 s sel ected from chromi ur(!l *
manganese(l1), 35 |ron(|||) |ron(||) cobalt(ll) nrckeI(II)
copper(11), pr§§%9( are amar r Ij

pen en h dr y Oxy ~havin rom arbons. hydroxy-
ytterbi un(l lJu})stﬁ% oIEI alk h Vih ons, and
hol m um(111) o ﬁévmb ey Y 18
manganese (Icla)boﬁéqg;lnﬁﬁaﬂy ﬂ dr N.rbs htﬁd ha n k@{ fbons) or a salt thereof,

et hyl engd Ianaara &N co brerasraaemaglcen.&run@ofs 1a Vier eof
N, N - bi s- (pyrr xa -5-phosphate)-trans-1,2- 40

cycl ohexyl ene-di am ne-N, N-di acetic acid or a salt thereof. 10. A cal cium

salt of a chelate as cl ai ppd—-#- —one g Cains 7 to 9. 11. A calcium

salt as claimed in CaimA0 wherein the nylar ratiogf calciumto the

chel atimg conpound of 484, formula | is tHgM 0.05 to 1.0. 50 55 24 12.

A chel ating conpound i nyer medi ate of for rruI a (Vi) [ﬂerr]

OVIZ®F V1) <1 5--whBgei n ] 08 al kKyH@HEHEN -g=‘*digf6” ‘6‘:@78 car BYRTEy s mmu.
optional Iy al kyl - sub t@t d cycl oal kyl % I ng“from fo 8 carbons or
opti{onal Iy al kyl - subst ted 1, 2-aryl engq % g from6 to 10 carbons; [err]

i s Aydr'egen, hydroxyal kil Ragthg fHp8 N~ car.bons, al kyl having from1
to 6 carbons or 20 0 [err] 25 each [err] independently is hydrogen,

optionally ylp rem I I tUt ead alek for %th % r%ll P acd an b?nsﬂ verti
Il h[ox e BPKVT AR R ol 'Ky 1® RETITNG 1 8 PUeg 1 grverind
82?%2222 gr ma{le sa "n% Qt%mécgﬁ’gg é ﬁA chel at i nz corrpound [ nt er nedi at e of

formula ( yl IA Q:rm{e@é 54 cla(n\gdl "l. blaffﬁl ?dirlei 'gaié %ncp%pudd%f mdlé)\ﬂﬁeéc“ R7 is hydrogen.

al kyl -substituted 1, 2-cycl oa avr ng rom car bons or
optional Iy ad f¥less stihdotivE@Fh ﬂwr%reﬁrr.xlss@eorrmrrdrwfotmm@.sto 10 carbons; R4

i s hydrogen, hydroxyal kyl having from1 to car bons, al kyl having from 1
to 6 cagbons or o
i
"CH2CR5
30
" and Ry is
\ 0
35 i
"CHzCRG

4 4. A process as claimed in Claim 3 wherein in said compound of formula | Rs and R; are each,
independently, hydroxy, alkoxy having from 1 to 8 carbons, amino or alkylamido having from 1 {0 8
carbons.

5. A process as claimed in Claim 4 wherein in said compound of formula | Rs and Rg are hydroxy.

6. A process as claimed in Claim 5 wherein said compound of formula 1 is N,N'-bis-(pyridoxal-5-
phosphate)ethylenediamine-N,N'-diacetic acid or a salt thereof, or N,N'-bis-(pyridoxal-5-phosphate)-
trans-1,2-cyclohexylene-diamine-N,N-diacetic acid or a salt thereof.

so0 7. A process fur preparing a chelate of a chelating compound as claimed in any one of claims 1 to 6 or a
salt thereof. said process comprising metallating said chelating compound or salt thereof with a metal
ion having an atomic number of from 21 to 29, 42, 44 or 58-70.

8. A process as claimed in Claim 7 whersin the metal ion is selected from chromium(ill), manganesse(il},

65 iron(ilf), iron(ll), cobait(ll), nickel(ll), copper(ll), praseodymium(iil), neodymium(lll), samariumdii),
* ytierbium(lil), gadolinium{lii), terbium(iit), dysprosium(iil), holmium(lli) and erbium ).
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50 [-err] ;each R7 independently is hydrogen, optionally hydro
al kyl havi ng from1 to 18 carbons, optionally hydroxy-substi umﬂ E "I“l@ "I“l
al kyl am no al kyl having from1 to 18 carbons) or a salt thereo

A ‘magnetic resonance i magi ng conEPEA%0RARIM conposition conpri si ng a
chel ate or a calciumsalt thereof as clainmed in any one of clains to 11

t oget herg r utigcall C abI e I

{ oget herg w E}?%mwi%% hi G § @ FEIAD, Sl %ﬂ H{‘?@ (%ﬁgit,._s R,gjo?a. e

7 to 11 1 okuiliG Seg .ﬁgggnmgmd@@a@&ﬁd&as L ce TR A e aE e um

conposi tion. i magl ng conpri sing adm ni stering to a subj ect

a chelat®, Wpuiéeé%aals‘élaH{EhWr& ohd G ciMs 748 9Gbrphdphithg laRalBiN sEH S a Cheldid & difined id © 11

and gener abhy@hodfchiiBge @f at |east a part of said subject. 10 Clainms for

the following Contracting State: ES - 1. A process for preparing a conpound

of for midt1aal prddasy & Ethimad GO ClamM\I@ waértin 30 said calcium shit the oldlraRedt dakiuimet e

[err] is hyidiogetmpound@f dénuiE itidfranh@o5xe 98l so t hat at | east one of R-and

[err]wis other than hydrogen; R3 is al kylene having from1l to 8 carbons,

.opti onal12yAa#<K9dsJ<swtﬁpamls@t°bdaﬂ!!g Sorppuriddateriopdige of oravie (g from 5 to 8 car bons _

F oot Potial |y al Kyt TuPeti-teFed 1, 2- aryl ene havi ng=trom: 63 FG-Talbons: -

and 50 R4 is hydrogen,.;h.)LdLoxyrxe.t_hyIN al kyl having from1l to 6

carons or [err] 55 26 [er¥] are each, ingependentlyg hydroxy, al koxy

havinf from1 to 18 carbonsgihydroxy- substitigged al kox% haV| ng from1l to

18 carbons, anmino or alkylamdo having from1io 18 carbon and each [err]

i ndependently is hydgogen ubs ¢H2mm(:bm;)l§yl havi ng from

1 to’ 18
e

20

26

wherein
R3 is alkylene having from 1 to 8 carbons, optionally alkyl-substituted cycloalkylene having from 5
to 8 carbons or optionally alkyl-substituted 1,2-arylene having from 6 to 10 carbons; '

30 R4 is hydrogen, hydroxyalkyl having from 1 to 6 carbons, alkyl having from 1 to 6 carbons or
N\ ©
1
35 -CH, OP (OR,) ,
\@«f each R; independently is hydrogen, optionally hydroxy-substituted altkyl having from 1 to 18
catbans, optionally hydroxy-substituted alkylamino alkyl having from 1 to 18 carbons) or a salt thereof,
40 said process comprising reacting a compound of formula V
CHO
%% Ry OH
O | V)
N CH3

50
{wherein R, is as hereinbefore defined) with a compound of formula Vi

H:>N-R3z-NH» %)

&5 (wherein Rz is as hereinbefore defined) and optionally converting the compound obtained into a said
sait.
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carbons. optionally hydroxy-substituted al kyl am no al kyl havi | f

18 carboris) or a salt thereof, 5 sai d process conpri si ng 1rl Ijﬂ I”“l

conmpound. of forrmula VIII [err] (wherein ‘{ﬁe?\ré‘]r are as hereinb .
t

wi th a hal oacetic acid, and opti orﬁﬁ??goc i ng the conpound obtai ned
into a said salt. 20 2. A process as clained in Claim1l wherein in said
conpound . ingSAGh r | S, ocess as clained in
Claim1 V\h?%rpre'?{’l&ignﬁfs%(%dgh%onpgﬁgﬁg C{;)+pdf"($)dr 'ﬁtﬁ'ﬁg’gﬁ% %f fiognu'Za@wW
[err] 30 and [err] is 35
[err] 40 4. A process as cl ai gd—-n- G ai-m-3 wigerein in said conmpound of
formula | [err] are each, indegendently, hydroxy, alkoxyghaving from1 to 8
carbons, anmino or alkylam docagving from1l to 8cagrbons. 5. A process as
claimed in Claim4 wherein if said conpound of fornula I llerr] are hydroxy.
45 6. A process as cl &nged I\Cl aian 5 weoei n said @ﬁgw@moj formula | is
N, N - bi s- (pyridoxal -5- ph i N -diacetfcZacid or a
salt thereof, or N, N -bis- trans-
1, 2-cycl ohexyl ene- di am ne- N, i acstj c BgCd-or-H-Salt thereof. 50 7. A
prEEESs TP EPET A a chelFare~8EyChePltfng conmpound as cl arrrsafmrieiae )
one of clains 1 to 6 or a salt thereof. said process conprising netallating
saiUheI ating conpound or salt thereof with a netal ion having an atom c
nunbér "f from 21 to 29, 42, 44 or 58-AWIIT) A process as claimed in Claim
7 wherein the netal ion is selected fromchromunm(lIl), manganese(ll), 55
iron(lIl), i(,;;, o 1), cobalt(ll), 'nickgal (1), copper(Il), praseodymun(lIl),
neadym un( ! I'l) g, RaJFRd IUr‘Q‘kk!Léuﬁstitu)éﬁtﬁé_[chIbMieM having AR5 BigHbbhd t)r’optionallé alkél-
ter'sy unf | 11 )supslii®B 1 @ShASAE hdving from 8ltdTid¥Bltohd; ) and erbium(111). 27 P 0 290
047 Bl 9. A pracsssdréyon, hyd@hiyRrh havingneh MiS6 E@bonb. MpialinDirom TRBAMERAK | 1)
chel ate of N, N -bis-(pyridoxal-5- phosphate)ethyl enediam ne-N, N -di acetic
acid or a salt thereof, or N, N bis-(pyrigpxal-5-phosphate)-
trans-1, 2- cycl ohexyl ene-di am ne-N, N-di acetic acid or a salt thereof. 5 10.
A process as clained in any one of clai 7 to 9 for preparing a cal cium
salt of a chelate as defined in any -o3 0¥ (OH,aLbns 7 to 9. 11. A process as
claimed in Claim210 wherein in said calciumsalt the nolar ratio of cal cium
to the chelating conmpound of formula | is from0.05 to 1.0. 10 12. A
process for pr@asarfHigdegendamiy ¢ i%‘{!{"ﬂ?ﬁr@ﬁ’ﬁ’ﬂy inydrepehsiitied aly! haypentrm 1A 1l
[err] e«w 1) ca.rbons, optionally !'tydroxy-substltu_ed alkylamino alkyl having from 1 to 18 carbons) or a salt thereof,

said process comprising hydrogenating a compound of formula Vil

’N R3 N
35 4 \\ o
CH CH u
R OH HO CH, OP (OR,)
. 4 2 2
- h(©) O
40 {
N
N CH3 H3C N
(VIXI)
45

(wherein Ra. Ry and R; are as hereinbefore defined) and optionally converting the compound obtained
into a said salt.

14. A process for preparing a magnetic resonance imaging contrast medium composition, said process
50 comprising admixing a chelate or a calcium sait thereof prepared according to any one of claims 7 to
11 together with a pharmaceutically acceptable, compatible excipient.

15. Use of a chelate or a calcium salt thereof as defined in ariy one of claims 7 to 11 for the preparation of
a magnetic resonance imaging contrast medium composition.

16. A method of imaging comprising administering to a subject a chelate or a calcium salt thereof as
defined in any one of claims 7 {o 11 and generating an image of at least a part of said subject.
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26 wherein R3 is al kylene having from1l to 8 carbons, optionalfl
al kyl -substituted cycl oal kyl ene having from5 to 8 carbons or I{”U’H’I’#’Mﬂ,’ IH”I
al kyl -substituted 1, 2-aryl ene haﬂan from6 to 10 carbons; 30 ¢l .

i s hydrogen, hydroxyal kyl having r"g?ﬂof"?@% car bons, al kyl having from1

to 6 carbons or [err] each [err] independently is hydrogen, optionally
hydroxy-(s,g.h,gtfb,ttug%ﬁoainéﬂonh@(hggﬁé%1 to 18 carbons, optionally

hydr oxy-substituted al kyl am no al kyl having from1l to 18 carbons) or a salt

t her eof , 1.4@ compousd@bidorR@EESS conpri sing reacting a conpound of formula V

[err] 45 50 (wherein [err] is as hereinbefore defined) with a conpound of
formulsa VI [err] (VI) 55R (wherein [errd is as hereinbefore defined)

and optionally converting th'e\conpound obtgined into a said salt. 28 EP

0 290 047 Bl 13. A process fornpx-epmli_ng“a chel ati ng conpound internediate

of formula (M1II) [err] 15 J/ (MI1) (gherein [err] is
optionally al kyl -substitutett], 2-cycl oal ky%,,ravi ng from5 to 8 carbons

or optdonally al kyl- 20 | substituted 1, 2-anylene hav“ng from6 to 10 :
carbons; [err] is hfdr onyal kb having froen ppoﬁﬂcar bons, al kyl
havi ng from =€ &% 5 O RO ﬁ@%r‘%-%tlyzi s hydrogen, = oot
optional |l y hydroxy-substl al kyl havi ng 1to 18 30 car bons,
opt'Lo‘gaIIy hydr oxy- subst i bt €d ~eFHy| attyao-ahkyl.~naving from1l to 18
carbons) or a salt thereof, said process conprising hydrogenating a
conpound of formula VIl 36 - Iy _ [err]
0 (M) 46 (wherein [err] are as hereinbefore defined) and optionally
converti ngwRinconpound obtained into a said salt. 14. A process for

pr ePagi ng a rmghgdrdden besonance i magi ng contrast medi um conposition, said
process 50 conprising adm xing a chelate or a calciumsalt thereof
prepared according to any one of clains ©to 11 together with a
pharmaceutically acceptable, conpatible (ixci pient. 15. Use of a chelate or
a calciumsalt thereof as defined in any®one of clains 7 to 11 for the

pr epassat i on of ~CH,CRg

R, is hydrogen or

30 0

I
Y -CH,CR¢
35

with the proviso that at least one of R and Ry is other than hydrogen;
R3 is alkylene having from 1 to 8 carbons, optionally alkyl-substituted

Yot 1.2-cycloalkylene having from 6 to 8 carbons, or optionally alkyl substituted 1,2-arylene having from 6
to 10 cdrbons; and
40 R, is hydrogen, hydroxymethyl, alkyl having from 1 to 8 carbons or
0
P I
' -CH,OP (OR,) 5

Rs and Re are each, independently, hydroxy, alkoxy having from 1 to 18 carbons, hydroxy-
50 substituted alkoxy having from 1 to 18 carbons, amino or alkylamido having from 1 to carbons; and
sach R; independently is hydrogen, optionally hydroxy-substituted alkyl having from 1 to 18
carbons, optionally hydroxy-substituted alkylamino alkyl having from 1 to 18 carbons) or a salt thereof.

2. A compound as claimed in Claim 1 whersin for formula | each Ry is hydrogen.
56 '

30



a magnetjc resonance imagi ng contrast nedi um conposition. nmet hod
of imaging conprising adm nistering to a subject a chel ate mummgm Im”"l
salt thereof as defined in any one_ of clains 7 to 11 and g S

i mage of at |east a part of said 92047 Bf  Ep 0 290 047 BL Claims for
the followng Contracting State: GR 1. A conpound of forrmula | 5 [er r (1)
(wherein 20 0

- CH2CR5 errtjompounﬁ chlLumeg'%c&auggmrggm%5?{;\1 " 't%ist he proviso that at | east
one of Rand [err] is other than hydrogen;g[err] is alkylene having from1

to 8 carbons, optionally al kyl-substituted 1.2-cycl oal kyl ene having from5
to 8 carbons, or optionally alKkyl substituled 1,2- aryl ene having from6 to

10 carbons; and 40 R4 is hydrogem,crydr oxymet hyl, al kyl having from
1 to 6 carbons or 45 [err] [err] are each, |ndependently, hydr oxy, al koxy
having from1 to 18 carbons, hydroxy- 50 substituted al koxy having from

1 to 18 carbonsydRand no or al kyl am do having from 1 to carbons; and-each
[err] independently is hydrogen, optionally hydroxy-substituted alkyl
having from1l to 18 carbons. optionally hydroxy-substituted al kyl am no

- atRt*=having from 1 to 1&=taeyofe Ft Her cofom 2 0 REconpotmtd®as
claimed in daim1l wherein for formula | each R7 is hydrogen. 55 30 EP O
[290“?425 Bl 3. A conpound as clained i n-GHalCRs1 wherein for formula | RIs 5
err ]

4. A compound as claimed in Claim 3 wherein for formula | Rs and Rg are each, independently, hydroxy,
\_‘, alkoxy having from 1 to 8 carbons, amino or alkylamido having from 1 to 8 carbons.
20
5. A compound as claimed in Claim 4 wherein for formula | Rs and Rg are hydroxy.

6. A compound as claimed in Claim 5 being N,N'-bis-(pyridoxal-5-phosphate)ethylenediamine-N,N'-dia-
cetic acid or a salt thereof, or N,N'-bis-(pyridoxal-5-phosphate)-trans-1,2-cyclohexylene-diamine-N,N-
26 diacetic acid or a salt thereof.

7. A chelate of a chelating compound as claimed in any one of claims 1 to 6 with a metal ion having an
atomic number of from 21 to 29, 42, 44 or 58-70, or a salt thereof.

30 8. A chelate as claimed in Claim 7 wherein the metal ion is selected from chromium(lll), manganese(ll),
iron{lll), iron{ll), cobalt(il), nickel(ll), copper(ll), praseodymium(lil), neodymium(ill), samarium(til),
yUierbium(lil), gadolinium(ill), terbium(lil), dysprosium(lif), holmium(iil) and erbium(iil).

(% _
9. A chelale as claimed in Claim 8 being a manganese(ll) chelate of N,N’-bis-(pyridoxal-5-phosphate)-
35 ethylenadiamine-N,N'-diacetic acid or a salt thereof, or N,N-bis-(pyridoxal-5-phosphate)-frans-1,2-
cyclohexylene-diamine-N,N-diacetic acid or a salt thersof.
gw‘ 10. A calcium salt of a chelate as claimed in any one of Claims 7 t0 9.

40 11. A calcium salt as claimed in Claim 10 wherein the molar ratio of calcium to the chelating compound of
formula | is from 0.05 to 1.0.

12. A chelating compound intermediate of formula (VII)

45

N R, N
b \\ o
cH CH I
50 R, \ OH HO N CH, OP(OR,),
@) O
i
N
N CHy H5C N
56
{(VII)
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and,[err} is 10 [err] 4. A conpound as clainmed in Claim3 whereln for

formul a [err] are each, independently, hydroxy, al koxy ha\I ml mﬂ

carbons, am no or al kyl am do having from1l to 8 carbons. Iw“m””"l
as clained in O aim4 wherein foFPPROREBE [err] are hydroxy. 6.

compound as clainmed in Caimb5 being
N, N - bi s- (Q%(errérgoxal 5- phosphat e) et hyl enedi ami ne-N, N -di a- cetic acid or a

salt thereo Rs O alkylene having from 1 to 8 carbons, opjionally alky! bstttut d cycloalkylene having from 5
N, N - bi' - ( RW dafbBrh o&.o gama&bamw DS e iaGiNe hANE EloRBBord) am ne- N, N- 25

di acetic aci Gk, & nyrogeh, hydidrfaligaving/ironty OB, Byl fevi BbARY khgcapaund as
claingd in any one of clalms 1to 6 wth a nmetal ion havi ng an atomc

number of from21 to 29, 42, 44 or 58-7(Q or a salt thereof. 30 8. A
chelate as clained in Caim?7 wherein the nmetal ion is selected from
chromiun{111), manganese(l1), iron(I11)Viron(Il), cobalt(ll), nickel(Il),
copper(I'l), praseodym un(l11), neodyaH,\WOH{AR,), samariun(lll), -

yl lerfgiun(111), gadoliniunm(lIl), terbi ur’r(III) dysprosiun(l11),

hol miun(l11) and erbiun(lll). 9. A chelate as claimed in Caim8 being a .
* ¥EhddRSe( | HpEinBd indepepdenty Ky bygrogen WW"E!UX*M’E Hiyadatly) having from 1 to 1 — TR
et hyl enedi 2aoR® OptioRally fydipssyhstitged glkylaming a!‘éi'l haviRgfEama e, 18 Gprbons) or a salt thereof.

N, N ‘bi s- (pyri doxal hosphat e% trans-

cyc o’ﬁe>3§1 gﬁéeaﬂ?ga?ﬁ'}‘?g" Ifgragpdigte.gfifgrmula (VD or a salt thereof. 10. A cal cium
salt of a chelate as clainmed in any one of Clainms 7 to 9. 40 11. A calcium
salt as claimed in Caim10 vWHerern Bhe ol ¥H ratio of calciumto the

chel ati ng conpound of fornul4 | is fromO0.05\0 1.0. 12) A chel ating
comp%nd internediate of f&fgula (VI1) 45 [erfH20 55 (\{1) 31 EP 0 290
047 Bl wherein R3 is alkyl éne having from1 t¢ 8 carborfs, optionally

al kyl -substituted C%I sal i epe Phvi n Q8 WHIARIAR,Qp optionally

al kyl -substituted 1, 2-ar el having from LD carbons; [err] is

hydr ogen, hydroxyal kyl Jo N ' al kyl having from1l to 6
carba@as or [err] 10 [err] rndep&nqgent ?y i S hyrogen optionally

hydr exy-substituted al kyl having from1l to 18 carbons, optionally
hydr oxy- substituted al kyl am no al kyl having from1l to 18 carbons) or a salt
thereof. 15 13. A chelating conpoungyipiprnedi ate of fornula (VIIl) [err]

30
wherein
Ra is optionally alkyl-substituted 1,2-cycloalkylene having from & {o 8 carbons or optionally alkyl-
Nl substituted 1.2-arylene having from 6 to 10 carbons;
R« is hydrogen, hydroxyalkyl having from 1 to 6 carbons, alkyl having from 1 to 6 carbons or
35
0

. [
"CHz OP (0R7) 2
each R; independently is hydrogen, optionally hydroxy-substituted alkyl having from 1 to 18
carbons. optionally hydroxy-substituted alkylamino alkyl having from 1 to 18 carbons) or a salt thereof.
45 14. A process for preparing a magnetic resonance imaging contrast medium composition, said process
comprising admixing a chelate or a calcium salt thereof as claimed in any one of claims 7 to 11

together with a pharmaceutically acceptable, compatible excipient.

16. Use of a chelate or a calcium salt thereof as defined in any one of claims 7 to 11 for the preparation of
50 a magnetic resonance imaging contrast medium composition.

16. A method of imaging comprising administering to a subject a chelate or a calcium salt thereof as
claimed in any one of claims 7 to 11 and generating an image of at least a part of said subject.

65
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20 | Cri 2 a2 (V1) 30—

wherein [err] is optionally alkyl-substituted 1,2-cycl oal kyl egﬁ’m
5 to 8 carbons or optionally alkyl- substituted 1.2-arylene hav I,mﬂ"IHmn”"I
to 10 carbons; R4 is hydrogen, hydfR¢89R44Bhaving from1 to 6 carbohs,n s '
al kyl having from1l to 6 carbons or 35 [err] 40 each [err] independently is
hydrogelnl, Qﬁ;"ﬁ@%éh\é hydr oxy-substituted al kyl I having from1l to 18 carbons,
opti ona - i QJEE 1 N i r 8

car bons) g? %‘1 é ch?ﬁ%?é{g%wejge .¥"]“‘%%'r§%§§§é'?'ép?%’r'§£§rgi ﬁ’g%"tﬁggsﬁeti c
resonance 4i NBY Wbiftdhy der FbmeEdi UM conposi tion, said process conprising

adm xing a chelate or a calciumsalt thereof as clained in any one of

claims 7 to 11 together with a pharmaceutically acceptable, conpatible
excipient. 15. Use of a chelBte or a calciumgsg|t thereof as defined in any
one of claims 7 to 11 for the s eparation of/SOl a magneti c resonance

i magi ng contrast medi um conposi tNon— R§.—Awethod of inmaging conprising

adm ni stering to a subject a chélate or a cal\s,'k'um salt thereof as clained

in any one of clains 7 to 11 @gl generating an 1 e of a& | east a part of

said subject. 65 32 EPJ'!’G-‘*-Q{'SBO 047 B1 Pat ent angprtche - Patent ansprUche for

fol gende Vertragsst aaRens eH, U, FRAGB, . CH,0BWORM, SE 1. Eine

Ver@,ndung der Formel 5 R O R3 Nto
0/ 15

o)
CH2 Nr6 RRXCH3 HC N7 \¢Hy) Hgq
T, -Cti2CR5 ist: '

N R Wasserstoff oder 0 25

o ()
= 20
(worin
R Wasserstoff oder
o
25 !
-CHoCRg
ist:
30 R; Wasserstoff oder
A 4
-CHoCRg
35
bedeutet,
\_, mit der MaBgabe, daB8 wenigstens eine der Gruppen R und R, von Wasserstoff verschieden ist;
= R3 Alkylen mit 1 bis 8 Kohlenstoffatomen, wahlweise Alkyl-substituiertes 1,2-Cycloalkylen mit 5 bis
a0 . 8 Kohlenstoffatomen oder wahlweise Alkyl-substituiertes 1,2-Arylen mit 6 bis 10 Kohlenstoffatomen

bedeutel, und
Ry Wasserstoff, Hydroxymethyl, Alkyl mit 1 bis 6 Kohlenstoffatomen oder

45 0\\
~-CHoOP(OR7)o
bedeutel, )
50 Rs und Re unabhiingig voneinander Hydroxy, Alkoxy mit 1 bis 18 Kohlenstoffatomen, Hydroxy-

substituiertes Alkoxy mit 1 bis 18 Kohlenstoffatomen, Amino oder Alkylamido mit 1 bis 18 Kohlenstoff-
atomen bedeuten, und
jede Gruppe R; unabh#ingig voneinander Wasserstoff, wahiweise Hydroxy-substituiertes Alkyl mit 1
bis 18 Kohlenstoffatomen, wahlweise Hydroxy-substituiertes Alkylamino-alkyl mit 1 bis 18 Kohlenstoff-
55 atomen bedeutet) oder ein Salz hiervon.

2. Eine Verbindung geméB Anspruch 1, Worin jede Gruppe Ry in Formel | Wasserstoff bedeutet.

33



30 . . R Wasserstoff oder K)

~~~~~~~~ 0 -CH2CR6 35 bedeutel, -rit der Mafgabe, da0 weni gstelmu'rml Erllll"”"l
G uppen R und Rl von Wasser st 6f f ver schi eden ist; R3 Alkylen e
Kohl enst of f at omen, wahl wei se Al KEP 0280867 Blii ertes 1, 2- Cycl oal Kyl én hit"

bis 40 8 Kohl enst of f at onen oder wahl wei se Al kyI substituiertes

1, 2-Aryl opnst Ieut und R4 Wasserstoff,
Hydroxynaiea n%{’erﬁr%kig&@atﬂlﬁf 'fCE§6‘9L ens‘?& fUB?reen oder 45 _

0 - CH20P( 0?7)2 bl edeut et, so R5 und R, unabhangi g vonei nander
Hydroxy, Alkoxy mt 1 bis 18 Kohl enstof f@tonmen, Hydroxy- substituiertes

Al koxy mt 1 bis 18 Kohl enst of f at omen_ ’ﬁo oder Alkylamdo mt 1 bis 18
Kohl enst of f - atomen bedeuten, und jede up?)e R7 unabhangi g vonei nander
Wasserstof f, wahl wei se Hydroxy-substituiertes Alkyl mt 1 bis 18

Kohl enst of Gatmamen, wahi wei se Hydr oxy-substituiertes Al kylam no-alkyl mit 1
bis 18 Kohl enstoff- 55 at onen bedeutet) oder ein Salz hiervon.*2. Eine
Ver bisadung goma3 Anspruch 1, Wrin jede uppe R7 in Fornel | Wasserstoff
bedeutet. 33 3 Ei ne Verbi ndung genaB %spr uch 1, worin in Fornel | die

G uppe RO -CH2CR5 und R 100 -CH R6 JCi4 bedeutet. 4. El ne- Verbi ndung
gema8 Anspruch 3, worin R5 und Rs in Fornel | unabhangi g vonei nander

Hydroxy, Al koxy mit 1 bis 8 Kohlenstoffatonen, Amno oder Alkylamdo mt 1
bi s 8%Koh! B98¥®f f at onen bedeuten. 20 S. Eine Verbiridung genr B Anspruch 4,

2 S Bl SR e RSO EES .
er

. mit 1 mino oder Alkyla bis omen badeuten
SI gsaure (0] e| n I ervon Oé

NN}, S ¢ PR éamﬁéun;%&%aan&m ﬁtvvg)oﬁnai émgnﬁg&p.g]ﬁwhm iliggnn- N\

d|e55|gsaure oder 'z "hie at “el ner

Chel at i gl eghgsHiRduRY %ggaHﬁthrﬁ | 8 BintAN, A Sis-PRRiBkdHE-BRosphabtiyidadiBhih-NN'aRED
Met al i i on gskiurg o leinSaRIMeABh odeP N NE-BiskihyBidek85-ghasphatfraRElep-c rbndGlen-aiin-NaN-n
Sal z hi er v@gssigskuretddbr din mtagwogerrBB Anspruch 7, worin das Metallion

ausgesahlt ist aus Chrom(I1l), Mangan(ll), Ei sen(l 1), 30 Ei sen(l1).
Kobal t (171 ) gin iheiktedingt Chelatidiataigevetbindling deivéis @meky ied AdsprlicHsenbly B(nil dijem Metaliion
Sanmar i un( | it piperVdreath vend1Ibis 28, 42, 44 oder 58-70, oder ein Salz hiervon.

8. Ein Chelat gemiB Anspruch 7, worin das Metallion ausgewdhit ist aus Chrom(lil), Mangan(ll), Eisen(ill),
a0 Eisen(ll). Kobalt(ll), Nickel(ll), Kupfer(li), Praseodym(lll), Neodym(ill), Samarium(lil), Ytterbium(lil),
Gadolinium(lll), Terbium(lll), Dysprosium(ill), Holmium(il) und Erbium(lil).

-/ 9. Ein Chelat gem#B Anspruch 8, nidmlich ein Mangan(l}-Chelat von N,N'-Bis-(pyridoxal-5-phosphat)-
ethylendiamin-N,N'-diessigsiiure oder einem Salz hiervon oder von N,N'-Bis-(pyridoxal-5-phosphat)-
35 trans-1,2-cyclohexylen-diamin-N,N-diessigsdure oder einem Salz hiervon.

10. Ein Calcium-Salz eines Chelats gem#B einem der Anspriiche 7 bis 9.

11. Ein Calcium-Salz gem#B Anspruch 10, worin das molare Verh&ltnis von Calcium zur Chelatisierungsver-
40 bindung der Farmel 1 0,05 bis 1,0 betrégt.
12. Eine Chelatisierungs-Zwischenverbindung der Formel (Vi)
45
N R, N
Z A\ °
cY CH i
. CH, OP(OR.)
“Or. Jor
3 CH3 H3C N
66 (VII)

worin
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-

Gadol i niun(tI1). Terbiunm(l11), Dysprosiun(ll1), Holmiun(il) u ' ol
9. Ein Chetat gendB Anspruch 8, n~nmlich ein Mangan(l|)- Chel at Tﬂ"mm’”ﬁ!’,mwm, |
N,'N - Bi s- (pyri doxal - 5- phosphat) - egpglogengszpi n- N, N - di essi gsaure odet .y
Sal z hiervon oder von N, N -Bis-(pyridoxal -5-phosphat)- 35

trans-1, 2- cycl ohexyl en-di am n- N, N-di essi gsaure oder einem Sal z hi ervon. 10.

Ei n Cal ci um SaPRz AkvisremitCHaid 8 KehlgpeintisitaBieni wrblweide Alkyisustituiprids CyZlodlivien gnit Silis 8Ej n

Cal ci um Sal zKajlensidiatamen oderhwahiveisguodiyhsubistidiates di2cArwiesr i1 § hiss 10, Kphlanstolstamen z ur

Chel at i si er ufaialier - 40 bi ndunq der Formel 1 0,05 bis 1,0 betragt. 12.
Ei ne Chel ati si 8 Nfrgtersiofh Hrdianliet mitd dime@ Ketdanstpfiptamen. Alky| mit 1.4ks 6 Kohlenstoffatomen
N- S R3 A CH | 50

R4 CH HO CH2 OP (oR7)2 CH- H C 55

(M1) worin 34 R3 Alkylen mit 1 bis 8®ohl enstof fat onen, wahl wei se

Al kyl -substituiertes Cycl oal kylen m t_cTﬁ_' o§7)KohI enst of f at onen oder

wahi wei so Al kyl -substituiertes 1,2-Ary en t7'8 bis 10 Kohl enst of f at onen
darstellt; R4 Wasserstoff, Hydroxyalkyl mt 1 bis 6 Kohl enstof fat onen,

Al kyl mt 1 Rgsu& Kohl enstof fatonen 5 oder 0 -CH20P(OR7)2 10 bedeutet.

j ede G uppe R7;ddfaRippdE) Ehabiitinglh RoneirlfiorM0ssasst, briweissHybroRLsubstituiertes Alkyl mit 1
Hydr oxy- subsgid 181kéhleniiathiel, waiwbisel Hitiréiy-StbstiGibries idy/RinIna LI R, 1 ME NS WEHIehSIof-
Hy dy gx yis S ubsdtorbeninedduis odérlenl aminaoml kyl mit 1 bis 18 Kohl enstoff- 15

at omen bedeutet, odor ein Uaz hiervon. 13. Elne

Chel at i si d8.UEigsChélatigaingsZeisdhenveibindung der Feonak@®) (Vi1 1) O f - R3 - 20

/ \ CH 2 c H2l 2. ~~~~~~~ | 25
R on, OH . HH ——— Ry e HOy CH2 OP (OR7) 2 CX3 H3C 30
(VI¥1) 2or m R3 wahl wei se Al kyl/substitu:fertes , 2-Cycloal kylen mt 5 bis 8

Kohl enst of f at onen oder wahl wei:-‘sze 36 Al kyl -s tituierfes 1,2-Arylen mt
6 bis 10 Kohl enstof fatonen i sl:t "~ R4 Wasserstoff, roxyalkyl mt 1 bis 6
Kohl enst of f at omen, Al Ryl _m bi Ko nst of flat one
- Y . b L &-lz OP(OR,) 2
25
N Cﬂj H 3C N
% | (VIII)
U worin .
Ry wahlweise Alkyl-substituiertes 1,2-Cycloalkylen mit 5 bis 8 Kohlenstoffatomen oder wahlweise
36 Alkyl-substituiertes 1,2-Arylen mit 6 bis 10 Kohlenstoftatomen ist;
R« Wasserstoff, Hydroxyalkyl mit 1 bis 6 Kohlenstoffatomen, Alky! mit 1 bis 6 Kohienstoffatomen.
oder '
40 W
-CHoOP(OR7)2
bedeutet,
45 jede Gruppe R; unabhéngig voneinander Wasserstoff, wahlweise Hydroxy-substituiertes Alky! mit 1

bis 18 Kohlenstoffatomen, wahlweise Hydroxy-substituiertes Alkylamino-alkyl mit 1 bis 18 Kohlenstoff-
atomen ist, oder ein Salz hiervon.

14. Eine Konstrastmitieizusammensetzung fir die magnetische Resonanz-Bildgebung, umfassend einen
50 Chelat oder ein Calcium-Salz hiervon gemiB einem der Ansprliche 7 bis 11 zusammen mit einem
pharmazeutisch zuldssigen, vertrdglichen Trigermittel.

156. Verwendung eines Chelates oder eines Calcium-Salzes hiervon, wie beschrieben in einem der Ansprii-
che 7 bis 11, zur Herstellung' einer Kontrastmittelzusammensetzungflir die magnetische Resonanz-
55 Bildgebung.

16. Ein Verfahren zur Bildgebung, umfassend das Verabreichen eines Chelates oder eines Calcium-Salzes
hiervon gem#B einem der Anspriiche 7 bis 11 an ein Subjekt und die Herstellung eines Bildes von

35



oder 40

bedeut et, 45 j ede Gruppe R7 unabh~ngi g vonei nander V\assg mw,"l”m,
wahl wei se Hydr oxy-substituiertesgpllogh of? B11l bi s 18 Kohl enst of ””ﬂ
wahl wei se Hydr oxy-substituiertes Al kylam no-alkyl mt 1 bis 18 Kohlenstoffs
atomen ist, oder ein Salz hiervon. 14. Elne Konstrastmttel zusammenset zung

fO die nagﬂﬂsb&vﬂOWRBﬂdhanﬁwaﬂmdgebung, unf assend ei nen 60 Chel at oder

ein Calcium Sal z hi ervon genaB el nem der AnsprUche 7 bis 11 zusamen mit

" ei nem pifatenteparitichecir folgonden \nsragseteat: ESgl i chen Trigermittel . 15. Verwendung

ei nes Chel ates odor eines Catcium Sal zes_hi ervon, w e beschrieben in ei nem

der ARspr UFIn ¢priahren gyrdiersiellung pned Yerbindung qep formplder

Kontrastm ttel zusamrenset zungf ar di e magneti sche Resonanz- 55

Bi | dgebung. 16. Ein Verfahgen zur Bil dgebun unf assend das Ver abrei chen

ei nes Chel ates oder einesh%agfiun}Saizes hi ef¥on gemAS ei nem der Anspr Uche

7 bis 11 an ein Subjekt und drg Her ellq 6Ee|nes Bi | des von 35 EP 0 290
047 B1 3IIII hkhu I o 1 wenigstens

ei nem Tel | dieses Subjekts.e atentansprUbhe éﬂfolgenden Vertragsstaat: ES
5 1. Ein Verfahren zur Heqst%llung ei ner VErb dung ded Formel | R

/ 10 R on HE5S Pk \oaf{2
CH e R4 [CCOl ™Y )2 N CHI H
cC N K 20 ( @V\asser stof f oflg CHZCRS 30 ist; R

Wasserstoff odor 36 N Y] - CH2CR6
bedeutet, mt der Ml gabe, daB vvenr"gsté‘ns ei ne der G uppen R und R, von
Wasserstoff verschieden ist; 40 (x)y R3 Alkylen mit 1 bis 8

Kohe2st of f at omen, wahl wei se Al kyl -substituiertes 1,2-Cycloalkylen mt 5
bis 8 Kohl enstof fat onen oder wahi wei se A kyl -substituiertes 1,2-Arylen mt

6 bis 10 K¥Mf'bnst of f at omen bedeut et, und
R Wasserstoff oder

25

0
u
~CHoCRg
30 ist;
R; Wasserstoff oder
v %
96 -CHoCRg
; bedeutet,
Nt mit der MaBgabe, daB wenigstens eine der Gruppen R und Ry von Wasserstoff verschieden ist;
40 Rz Alkylen mit 1 bis 8 Kohlenstoffatomen, wahlweise Alkyl-substituiertes 1,2-Cycloalkylen mit 5 bis

8 Kohlenstoffatomen oder wahiwsise - Alkyl-substituiertes 1,2-Arylen mit 6 bis 10 Kohlenstoffatomen
bedeutet, und
R: Wasserstoff, Hydroxymethyl, Alkyl mit 1 bis 6 Kohlenstoffatomen oder

~CHoOP(OR7)o

60 bedsutet,

Rs und Rs unabhingig voneinander Hydroxy, Alkoxy mit 1 bis 18 Kohlenstoffatomen, Hydroxy-
substituiertes Alkoxy mit 1 bis 18 Kohlenstoffatomen, Amino oder Alkylamido mit 1 bis 18 Kohlenstoff-
atomen bedeuten, und

jeds Gruppe R; unabhingig voneinander Wasserstoff, wahlweise Hydroxy-substituiertes Alkyl mit 1

55 bis 18 Kohlenstoffatomen, wahiwsise Hydroxy-substituiertes Alkylamino-alkyl mit 1 bis 18 Kohlenstoff-
atomen bedeutet) oder ein Salz hiervon, umfassend die Umsetzung einer Verbindung der Formel! Vill
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R4 \Wasserst-of f, Hydroxymethyl, Alkyl mit 1°bis 6 Kohl enst of f at omen odor

- CH20P( OR7).2 SO bedeutet, Rs uncd RG unabh~ngi g vonei nandmmm
Al koxy mt 1 bis 18 Kohl enst of f at gpreyrgoldseBIXy- Ssubstituierte m"“]‘”m
bi s 18 Kohl enst of f at onen, Ami no oder Al kylamido mit 1 bis 18 Kbhl &nstofff-'s =«
at onen bedeuten, und jede G uppe R7 unabhgngi g vonei nander WAsserstoff,
wahl wei se Hydroxy-substityjertesg ALkyl mit 1 55 bis 18
Kohl enst of fat onen, wahl wel se FIdeF"{’)xy-subs\i tuiertes Al kylam no-alkyl mt 1

in Salz Riervon, unfassend die

bis 18 Kohl enstoff- at n bedeutet) oder

Umsetzgng ei ner Ver bi n%tﬁg der Formel Vill EPJO 290 047 Bl

UP H 131111 lifg, 11115 INL - VH / .

\O CH2 Ry o R c, 0P (of), VgD
CH2OP( 0R7) 2 @/_II) -1 C N 10 (worin Re,
84 und A7 di e oben ang .ng)er@.;Bedﬁsbu , mt einer Hal o-Essigsaure,
und wafy wei se di e Unnvandl ung d®r erhal t enen Ver bi ndung in ein Salz ts 2.

Ein Verfahren gemAB Anspruch 1, worin in der Verbindung der Fornel Vil jede
G uppe R7 WaeaRrTrat @ funbiSh, did- obBh aWGpbiahe PRIGIRME PalbinS RiitUSRr IHaloKRkibsBule] ustE T
Ver bi ndung  dekiwdialkBRbmwanilungiePerh rbid@ung in eidBdlz Rt 0 - CH2CR6 30 ist. 4.
Ein Verfahren gemA8 Anspruch 3, worin in der Verbindung gemAS Fornel | Rs
ungd RrssurabBdngghradgemis Avsprach Navotkein dblyhirndying der Kanigl Vil jodél Glops R Wasserstoff
Kohl enst of f &.omen, Am no oder Al kylamdo mt 1 bis 8 Kohlenstoffatonen
bedeuten. 5. En Verfahren gernaB. Anspruch 4, worin in der Verbindung der
Formel | %Rs Eiprdriaa®ntgpaidAnspiveitt wordmin dey(VerbBdur@ider ResnéldRr en gemaB Anspruch 5,
worin di-e Verbi ndung der Fornel | N, N -Bis-(pyridoxal -5-phosphat) -

et'hy‘l e®df am n- N, N - di essi gsaure oder ein Sal z hiervon oder

N, N - Bi s- (pyridoxal - 5- phosphat) -trans- 1, 2=

cycl ohexyl endi am n- N, N- di essi gsaure odetCHaORgSal z hiervon ist. 7. Ein
Verfahren zur Herstellung ei nes Chel ates ei ner Chel ati si erungsver bi ndung
genmaB gsi nemmglcpﬁ 45 AnsprUche 1 bis 6 oder dines Sal zes hiervon,
unfassend die Metal lierung der Chelatisierungsverbin-

o]
L\
~CHoCRg

30
ist.

Ein Verfahren gem#8 Anspruch 3, worin in der Verbindung gem&B Formel | Rs und Rs unabh#ngig
35 voneinander Hydroxy, Alkoxy mit 1 bis 8 Kohlenstoffatomen, Amino oder Alkylamido mit 1 bis 8
Kohlenstoffatomen bedeuten.

5. Ein Verfahren gem#B Anspruch 4, worin in der Verbindung der Formel | Rs und Rg Hydroxy bedeuten.

40 6. Ein Verfahren gemiB Anspruch 5, worin die Verbindung der Formel | N,N'-Bis-(pyridoxal-5-phosphat)-
sthylendiamin-N,N'-diessigsiure oder ein Salz hiervon oder N,N'-Bis-(pyridoxal-5-phosphat)-trans-1,2-
cyclohexylendiamin-N,N-diessigstiure oder ein Salz hiervon ist.

7. Ein Verfahren zur Herstellung eines Chelates einer Chalatisierungsverbindung geméB einem der
45 Anspriiche 1 bis 8 oder sines Salzes hiervon, umfassend die Metallierung der Chelatisierungsverbin-
dung oder eines Salzes hiervon mit sinem Metallion mit einer Atomzahl von 21 bis 29, 42, 44 oder 58-

70.

8. Ein Verfahren gem#B8 Anspruch 7, worin das Metallion ausgewihit wird aus Chrom(ill), Mangan(il),
50 Eisen(lil), Eisen(ll), Kobalt(ll), Nicke)(ll), Kupfer(ll), Praseodym(ll), Neodym(ill), Samarium(lli), Ytterbium-
(1), Gadolinium(ill), Terbium(lll), Dysprosium(Ill), Holmium(ill) und Erbium(iil).

9. Ein Verfahren gem#B Anspruch 8 zur Herstellung eines Mangan(ll)-Chelates von N,N'-Bis-(pyridoxal-5-
phosphat)-ethylendiamin-N,N'-diessigsiure oder eines Salzes hiervon oder von N,N'-Bis-(pyrirdoxal-5-
86 phosphat)-trans-1,2-cycliohexylendiamin-N,N-diessigs8ure oder sines Salzes hiervon.

16. Ein Verfahren gem3B einem der Ansprliche 7 bis 9 zur Herstellung eines Calcium-Salzes eines
Chelates wie angegeben in einem der Anspriiche 7 bis 9.
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dung oder eines Salzes hiervon mt einemMetallion mt einer At

21 bis 29 42, 44 oder 58- 70. 8. Ein Verfahren genr8 Anspruch m“"g'm%m””"‘
Metal I'ion ausgeWAhI t wird aus Cegpddoldsy siMangan(ll), so Ei sen

Eisen(ll), Kobalt(l1l), N ckel(Il), Kupfer(ll), Praseodyn(l1l), Neodyn{l 1l),
Samarium(l1), Ytterbium (111), Gadoliniun(ll), Terbiun(l1l),

Dyspr ostiuinl YerfphrerHgéméBufr(sbru¢h) 1Qy rvdrifciint i QaleibintSalz)das Inolake Merka@knis arn Ealcigre nemB

Anspruch Ghelaiisiensegstarkindupmgen® oo di#(1id hetrl@itel at es von

N, N - Bi s- (pyri doxal - 5- hosphat%ejet hyl endi am n- N, N - di essi gsi ure oder eines

Sal zes ¥ EiMMsrahsRIEkT NeswelNngeinepl %’ﬂ?f#ﬂgﬁ'&u&?ﬂlem@fb"gwg der Formel (VIi) -
phosfhat)-trans- 1, 2-cycl ohexyl endi am n- N, N- di essi gssure oder eines Sal zes

hi ervon. 10. En Verf ahren geran_eJ_nﬁm der NAnsprUche 7 bis 9 zur

Herstel lung eines Cal cium Sg zes ei nds Chel Q{es wi e angegeben in ei nem der
AnsprUche 7 bis 9. 37 0 290 047 Bl
*lc L M S1* 31. Ein Verfahren g
cal cl’um Sal z das nRl ar e gl tows vomoQGal ci
Chel ati si erungsverbin B Fornel 1
Verfahren zur Herstell un@ Chel ati si er W schenver bi ndung der
Formel (MI1) NI R _ N N/\CH3 H,C CH 10 01 ON HO
CI-%wOP(CR) 2 1_)?15 (V1) 20 vvorlnRSAIkern mt 1 bis 8

Kohl enst of f at omen, wahl wei se Al kyl -substituiertes Cycloalkylen mt 5 bis 8
Kohl enst of f at onen oder wahl wei se Almsubstltw ertes 1,2-Arylen mt 6 bis
10 Kohl enstof fatonen darstelit; erstoff Hydroxyal kyl mt 1 bis 6
Kohl enst of fatenmen, Al kyl mt 1 bis 6 Kohl enstoffatonmen 25 oder 0O
GH?@P(ORY’)”Z‘ 30 bedeut et, jede G uppe R7 unabhangi g vonei nander

Wasser st off Rsvﬁ'fﬂ%é“"sb"'ﬂ;’@b'ﬁ&ﬁi@ﬂ%ﬂ weiwaise cdkylagu g sftuieiipg Cyclagikgen| git 5 bis 8

DB Ansprlich 10, worin im

ZUI'CH, OP (OR
1, o) bétrfgf 12. Ein

r

Kohl enst of¢hia mWW@ﬁe'ﬁyﬁ*ﬂﬂPs@Hﬂ?ﬁ t4ilen é@t A 'R?/I‘Hrﬁ%@s&?ﬂk@me’m t 1
bis 18 Ko T?ﬁ Jvoff- 'E&W ﬁ %ﬂﬁ’ ' oder ei nes. Sal 28s hi ervo
unf agssend goge ﬂr’“'\/bP'B Uﬁ’&mgg?m?—"of‘ﬁ’ﬂl mi\1 pis§ Kphle nstofiatorer
1<® 0% e (V) 46
8]
.
~CHoOP(OR7)2
30
bedeutet,
U jede Gruppe R; unabhéingig voneinander Wasserstoff, wahlweise Hydroxy-substituiertes Atkyl mit 1
' bis 18 Kohlenstoffatomen, wahlweise Hydroxy-substituiertes Alkylamino-alkyl mit 1 bis 18 Kohlenstoff-
36 atomen bedeutet, oder eines Salzes hiervon, umfasssend die Umsetzung einer Verbindung der Formel
\'
N

()

45
worin R, die oben angegebene Bedeutung hat, mit einer Verbindung der Formel VI
"HaN-Rg-NH, )

60

worin R; die oben genannts Bedeutung hat, und wahiweise die Umwandlung der erhaltenen Verbin-
dung in ein Salz.

65
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worin R4 di.e oben angegebene Bedeutung hat,  mt einer Verbindun
VI H2 N'Rg-NI-12 (VI) 60 worin R3 die oben genannt e Bedeutung H HI |I"|II|
vvahlvvel se di e Umwandl ung der er halgpeysdp o49'gi N- dung in ei n Sal

~~~~~~~~~~~~~~~~~~~~~~~~~~ 11112111 1121212 liii?t112711 111111 EP 0 290 047 Bl
* 1c13. Hin Verfhfiren Zor HerStelllitg either Chalaisibrahysewiszhonveriidndstgadel BorgeldVier

Chel ati si errungs-Zwi schenver bi ndung der Formelmg\ﬁ 1) HN - R3 NI/
\O 5 HN —TrpRy CH2 z2 RI..
OHO €H OP(OR7)2 10- \ o

CH3 5H3C N (VI I(§”215 worin R3 wahl vighize Al Kylg- substituiertes
1,2-Cycloal kylen mt _5 bis g Kohl enstoffatonen oder wahl vwei se

Al kyl - substitui ert esR, 24 % 6 b - ensEHE PRUSReh2i st; 20

R4 Wasserstoff, Hydroxyalk(
6 Kohl enstoffatorren oder Q™34
-CHZCP("CR?)Z bedeut et Jede /u\pp(é Rr7 Hﬁgbhangl g vonei nander \WAsserstoff,
wahi wei se Hydroxy-substituiertes Alkyl mt 1 30 bis 18
Kohl enst of f at onen, wahl wei se Hydr oxy- subst ituiertes Al kylamno-alkyl mt 1
bi s 18 Kohl enstol f- atonen ist, oder {)/ﬁs_rﬁal zes hiervon, unfassend die
Hy({/l el;gmg el ner Ver bi ndung der For nel

. % R3 N 35
0 O CH worin O | R4 10R
HO Rs wahiwelsbIAIKFsubstitdibjtes?1,4-0kiduliyléstfit 19(his 8 Kbhidristoligtondbin oder waniwilge Re
und R7 di e ciersubsigegetharyBe it Gtbisrig Kobigstoffatenma iskahl wei se di e Umwandl ung
deker bml t enenR\/WatsersgtiritydionyaliiymiSalbis. 6 KohlengEifiatoivien. Al eih 1 bisre Kivensteffatorar
ei ner Kontrademi ttel - Zusammenset zung fUr di e nmagneti sche Resonanz-

jt 1 bis 6 Koh' ffatorren Alkyl mt 1 bis

(o)
W\
265 ' ~-CHoOP(OR7)o
bedeutst,
jede Gruppe R; unabhéingig voneinander Wasserstoff, wahlweise Hydroxy-substituiertes Alkyl mit 1
30 bis 18 Kohlenstoffatomen, wahlweise Hydroxy-substituiertes Alkylamino-alkyl mit 1 bis 18 Kohlenstoff-

atomen ist, oder eines Salzes hiervon, umfassend die Hydrierung einer Verbindung der Formel Vii

3 .
85 4 \\ o
CH CH i
: _ OH H0 CH, OP(OR,) 2
@)
i

AN
N CH3 H3C N

(VII)

45
worin Ra, Ry und R; die oben angegebene Bedeutung haben, und wahiweise die Umwandlung der
erhaltenen Verbindung in ein Salz.

14. Ein Verfahren zur Herstellung einer Kontrastmittel-Zusammensstzung fiir die magnetische Resonanz-

50 bildgebung, umfassend das Zusammenmischen eines Chelates oder eines Calcium-Salzes hiervon,

hergestellt gem#B einem der Anspriiche 7 bis 11, mit einem pharmazeutisch zuldssigen, vertréiglichen
Trégermittel.

15. Verwendung sinss Chelates oder eines Calcium-Salzes hiervon, wie beschrieben in sinem der Anspril-

65 che 7 bis 11, zur Herstellung einer Kontrastmittelzusammenssetzungflir die magnetische Resonanz-
Bildgebung. '
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50 . " bl i dgebung, unfassend das Zusammenmi schen ei nes Chel el
Cal ci um Sal zes hiervon, hergestellt gemaB ei nem der Anspr Uchalmmgm“ﬂgq“m
ei'-nem phar mazeuti sch zul ssi gen, gprdsgadareien Tr~germittel. .
ei nes Chel ates oder eines Cal cium Sal zes hi ervon, w e beschrieben in einem
der Anspr0O- 65 che 7 bis 11, zur Herstellung einer

Kont r ast 1 EinelerfelwanraveBikigobwogm ginfassedd dasri¥erphsichencdines Rbelyeroder eiiis| Gdlgiutmlalges 39

16. Ei n VehPupr gemis pinem) ded daspiishe 7 isf Hsaneeiel Sukiekt e dip) Heisisling eises Bildeeiver at es
oder ei nes WeRgsiENg AipeA Mollcciosps {PIPR genaB ei nem der AnsprUche 7 bis 11 an ein
Subj ekt und die Herstell ungneel nes Bildes von weni gstens einem Tell dieses

Subj ekt sPatentanspiighs Gr falgenden.VertpessiaptyBfien Vertragsataat: GR 1. Eine

t/er bi nduﬂgEmgKlerEmdltsng d@"é%"ﬁ)l X, @ OH HO RR N- R3-N / CH2 OP
(OR 2C:Hf3 E3 C 20 (I) (worin 25 R Wasserstoff oder O -CH2: R5 30
i st Wasserstoff odor 3% -~ g, ~mm———— 0

- CI—IZRgJ 40 bedeutet, mt \d@r Masgabe, dgO %\Bnl gstens eine der G uppen R

und R, von Wasserstoff verschi8der Rgt~—RBB8 Alkylen mit 1 bis 8
Kohl enst of f at onen, wahl wei se Al kyl - substl tonertes 1, 2-Cgcl oal kylen mt 5
bi s 8 Kohl enstoffatorren odéfHyahl wei se Al kyl - ftltUI ertes 1,2-Arylen mt
6 hi 51510 Kohl enst of f at onen ]bedeut et, und 45 ‘“asserstoff
Hydroxynet hyl , Al kyT4mi K‘i 5OKoh! ebist of f n cﬂ}PzDP(I 0P(0R7)2

Al

bedeutet, R5 und RG unah vonei nander koxy mt 1 bis 18
Kohl enstoffatorren Hydr o jhstituiertes mt 1 bis 18

Kotll:fnstoffatonen A no OdeT ASY3 anfige M tNN4is 18 Kohl enst of f -
20

(o)

{worin

25 R Wasserstoff oder
O
\
~CHoCRg

30

ist;

\ Ry Wasserstoff oder
36 o
-cn-}:ne

40 bedsutst,

mit der MaBgabe, daB wenigstens eine der Gruppen R und Ry von Wasserstoff verschieden ist;

Rs Alkylen mit 1 bis 8 Kohlenstoffatomen, wahlweise Alkyl-substituiertes 1,2-Cycloalkylen mit 5 bis

8 Kohlenstoffatomen oder wahlweise Alkyl-substituiertes 1,2-Arylen mit 6 bis 10 Kohlenstoffatomen

bedsutet, und
45 R« Wasserstoff, Hydroxymethyl, Alkyl mit 1 bis 6 Kohlenstoffatomen oder

18]
b |
-CHo0P(OR7)2

50

bedsutet,
Rs und Rs unabhingig voneinander Hydroxy, A|koxy mit 1 bis 18 Kohlenstoffatomen, Hydroxy-
substituiertes Alkoxy mit 1 bis 18 Kohlenstoffatomen, Amino oder Alkylamido mit 1 bis 18 Kohlenstoff-
86 atomen bedeuten, und
jede Gruppe R; unabhiingig voneinander Wasserstoff, wahlwsise Hydroxy-substituiertes Alkyl mit 1
bis 18 Kohlenstoffatomen, wahlweise Hydroxy-substituiertes Alkylamino-alkyl mit 1 bis 18 Kohlenstoff-
atomen bedeutst) oder ein Salz hiservon.



66 - ‘at oren bedeuten, und jede G uppe R7 unabhl ngi g vonei nander

Wasserstof f, wahl wei se Hydroxy-substituiertes Alkyl mt 1 bis }ﬂl‘l\U\m‘”l\““!\l“‘“‘
Kehl enst of f at omen, wahl wei se Hydr epyr-saleay Bhui ertes Al kyl am n

bi s 18 Kohl enstoff- atonen bedeutet) odor ein Salz hiervon. 2. Eine

Ver bi ndung gemaB Anspruch 1, worln jede G uppe R7 in Formnel I V\asserstoff
bedeut et .2 3EingVerbindimg loemifLAngeraghril MoriAresie Quphe By invigmiehl Wassdegipifigddedtetdi e Gr uppe

R 5~~~~~~~=~ 0~ -CH2CRS 10 und RH O -CH2gR6 t5 bedeutet. 4. Eine
Ver bi nduny §oaderBindurg geniB-Angeruchdy werinfisFarmel | fis GuppEBr nel | unabhangi g
vonei nander Hydroxy, 20 Al koxy mt | bis 8 Kohlenstoffatonen, Am no

oder APkylamido nmit 1 bis 8 Kohlenstoffatgnen bedeuten. 5. Eine Verbindung
gemaB Anspruch 4, worin R5 und R6 in Fornme®d | Hydroxy bedeuten. 6. Eine
Ver bi ndung genaBS Anspruch 5, namich —CH2CRs

N, N - Bi s- (pyri doxal - 5- phosphat ) et hyl endi am n-N, N -di es- 25 si gsaure
oder ejn Sa|gz, hiervon oder

N, N -BI s- (pyrl doxal - 5- phosphat) -t rans 1, 2 cycl ohexyl en-di am n- N, N-

di essi gsaure odor ein Salz hiervon. 7. 8 Chel at ei ner

Chel ati si erungsver bi ndung gemaB ei nem der *\nsprUche 1 bis 6 mt einem
Metallion mt einer Atonzahl von 21 bi sCHCRg2, 44 oder 58-70, oder ein
Sal z, hiservon. 30 8. Ein Chelat gemai B Anspruch 7, worin das Metallion
ausgewdhlt ist aus Chron(l1), Mangan(11), Eisen(lIl), Eisen(ll),

Kobalt (11), bédeatwiel (11), Kupfer(ll), Praseodyn(ill), Neodyn(lIl),
Samariun(l11), Ytterbium(11Q, Gadoliniun(lil), Terbiun(lll), -
Dy.spr osi ul( Fing Verbiddingigem@f Ahsprugng, veritiReiw(d Ré in) Forr) | ugsbhangig vOieiriander Hedreb®,
AnSﬁr uh 8, Alatmiicinbie$ Kohigasieftelp(en )An@mgdgﬁAll\y@mldo mit 1 bis 8 Kohlenstoffatomen bedeuten.

N, N - Bi s-(p ri doxal - 5- phosphat) - et hyl endi am n-N, N - di essi gzsaure oder einem

Sal z hi erilo '"BH@P'"R’H'}% oRIa§ "srgch(“pwin&waq Resmﬁﬂrg@blﬂypljoxy bedeu

B cal et |z' w@?oed o & b S8 Gy é wraghil ngﬁ
cium

Ein Cafci um WALl e gsmgﬁ 's-<Px s dee é’ﬁ' R

zur Chel ati SI er un sver- ind ung der For nel 0, 05 bUs 1 O betragt. 12. Eine
Chel ati sigr EH%SMII%? I&ﬁ&%ﬁl@ﬁhd&d&ﬂﬂ&u%ﬁe@rmh JeVMQprué@ Nois 8 mifainem Negﬂ)n

g;(E 05?%02 mit einer Atornzahl von 23 bis 29, 42, 44 oder 58-70, odéFlein Salz hie

8. Ein Chelat gem#B Anspruch 7, worin das Metallion ausgew&hit ist aus Chrom(ill), Mangan(ll), Eisen(iil),
Eisen(ll), Kobalt(ll), Nickel(lf}, Kupfer{ll}, Praseodym(lll), Neodym(ill}, Samarium(lll), Ytterbium(lil),
Gadolinium(lli), Terbium(ill), Dysprosium(ill), Holmium(ill) und Erbium(iil).

36 9. Ein Chelat gem#B Anspruch 8, ndmlich ein Mangan(ll)-Chelat von N,N'-Bis-(pyridoxal-5-phosphat)-
ethylendiamin-N,N'-diessigsdure oder einem Salz hiervon oder von N,N'-Bis-(pyridoxal-5-phosphat)-
trans-1,2-cyclohexylen-diamin-N,N-diessigs&ure oder einem Salz hiervon.

\ 10. Ein Calcium-Salz eines Chelats gem#B einem der Ansprliche 7 bis 9.

40

11. Ein Caicium-Salz gem#B Anspruch.10, worin das molare Verhéltnis von Calcium zur Chelatisierungsver-

bindung der Formel | 0,05 bis 1,0 betriigt.

12. Eine Chelatisierungs-Zwischenverbindung der Formel (VIi)

45 .
N
0]
50 CH, OP(OR,)
2 R;) 2

56

49



H3C 56 (VI ) 41 EP O 290 047 Bl '

11112 IDIIE 11 11 worin Rs Alkylen mit 1 bis 8 Kohl enstoffat Hﬂmuumw"’m
wahl wei se Al kyl -substituiertes @pdosdaylggn mt 5 bis 8 Kohl | !
oder wahl wei se Al kyl -substituiertes 1,2-Arylen mt 6 bis 10 :

Kohl enst of f at onen darstellt; 5 - R4 Wasserstoff, Hydroxyal kyi mt 1

bi s 6 Kohlwerirst of f at onen, Alkyl mt 1 bis 6 Kohl enstoffatonen oder 0 10

- CH20P( OR7) 2RspAtddant reit 1 bjseﬁjléoh@'lmifp@mm wahiadiseciicyi-spbstityirsien Svekmikylhmi Srbist &F |

wahl wei se KPWW@WWbSQOr tW?h'E?l%eeélkNSklgﬁmwnﬁtqs lZ'Mflen mit |§i kjs 119 Kohlenstoffatomen

Kohl enst ofdf'g®®¥nen, wahl wei se Hydroxy-substituiertes Al k¥?| ami no-al kyl mit 1

bis £8 Kohl ftsYVatsprstofh Hydionyalkeaitid &is & Kahiepstotptamens kit } isi® Kopignstgtialemen

Chel ati si é’F“ﬂngs Zw schenver bi ndung der Fornel (Vil) 20 HNI  -- R3
N / \Q0 Cw CH2 25
CRR OH HO CH2 OP (OR7)2 -'I C H3C@O (VIIl) 35 worin Rs wahl wei se

Al kylm substituiertes 1.2-Cycloal kyl ?"'ﬁaﬁoﬁﬂbl s 8 Kohl enst of f at omen oder
wahl wei se Al kyl -substituiertes 1, 2 6 bis 10 Kohl enst of f at onen

i st; R4 Wasserstoff, Hydroxyal kyl mt 1 bis 6 Kohl enstof fatonen, Al kyl mt
1 bis 6 Kebegiest of fatonen oder 40 O - CH20P(OR7) 2 45 bedeutet, jede G uppe
R7 unabhangi J%ev@ﬂﬁiefmmﬂﬁihéﬁé@%ﬁ‘eﬁrﬁh&& Waséé@&h%h%nsﬂ%r&iﬁ-}éub%ﬂhsﬁds LAkt £
Al Kyks Mt bik 18] KphidstofEbmhEN) SibiNdisdt HHARRy-suBBliieNSd ARyldnikb-diyl m U bt 16t KohBhigioh'S
Al \k“l am natombik pddedtett odbr &ih SaldBerk@h| enst of f- atonmen ist, oder ein Sailz
hlervon
13. Eine Chelatnsnerungs-stchenverbmdung der Formel (VIll)

_ St 20

HN R, NH
/ \ o
CR,.
i
26
OH CH, OP(OR,),
TN
30 '
(VIII)
N
35 worin

Rz wahlwsise Alkyl-substituiertes 1,2-Cycloalkylen mit 5 bis 8 Kohlenstoffatomen oder wahiweise
Alkyl-substituiertes 1,2-Arylen mit 6 bis 10-Kohlenstoffatomen ist;

A R: Wasserstoff, Hydroxyalkyl mit 1 bis 6 Kohlenstoffatomen, Alkyl mit 1 bis 8 Kohlenstoffatomen
Nt oder

2
. ~CHOP(OR7)2

bedsutet,
jede Gruppe Ry unabh#ngig voneinander Wasserstoff, wahlweise Hydroxy-substituiertes Alky! mit 1
bis 18 Kohlenstoffatomen, wahlweise Hydroxy-substituieries Alkylamino-alkyl mit 1 bis 18 Kohlenstofi-
atomen ist, oder ein Salz hisrvon.
50
14. Ein Verfahren zur Hersteliung einer Kontrasimittel-Zusammensstzung flir die magnetische Resonanz-
bildgebung, umfassend das Zusammenmischen eines Chelates oder sines Calcium-Salzes hisrvon,
hergestellt gem#B einem der Anspriiche 7 bis 11, mit einem pharmazeutisch zul8ssigen, vertréglichen
Trégermittel.
65
15. Verwendung eines Chelates oder eines Calcium-Salzes hiervon, wie beschrieben in sinem der Anspri-
che 7 bis 11, zur Herstellung einer Kontrastmittelzusammensstzungflir die magnetische Resonanz-
Bildgebung.

42



60. 14. "Ein-Verfahren zur Herstellung einer Kontrastmttel- Zusarmenset zun
fU die magnetische Resonanz- bildgebung, unfassend das Zusa mmnlhmm”m
ei nes Chel ates oder eines Cal ci ungdgigeesefer von, hergestel | t

der AnsprUche 7 bis 11, mt einem pharnazeutisch zul assi gen, vert rag i chen
Tragermttel. 15. Ver wendung ei nes Chel ates oder eines Cal ci um Sai zes

hi er von, 18 En Verfablen izetRildgabonge umiessenticdas Alaaireithen ®ines Cheliates otidr, sines) Caltiam-Stleds| ung
ei ner Kont r Gigvani geinéP sinsma rdee Assptizhend) bis r11 cineimBupivktt und olire HéRelsllyng pipes Bildes von

Bi | dgebung. wenfstens gipm(Tell YRsSpbipids. 1l1c L M S1
16. Ein Verfahren zur Bildgebung, unfassend das Verabreichen ei nes Chel ates
oder ef n&evendiaaliont Sal zes hi ervon gemAS ei nem der AnsprUche 7 bis 11 an ein
Subj ekt (igUenications roup jes Fipls eqnivactants syluant AT, BEFH 4 D SFFEFHE'P;’I HeNb 8K eses
Subj ekts 5 Revengll cat Lcins Revendl| catl ons pour |les Mats contractants

sul vant s:" ATO™RS , DE, FRR, G&B, IT, LU NL, SE 1. Conpose de fornule

| 10 R N 3 t4 15 0112

\ 2 D 4 R HOH Ho

CH20P(OR, )2 200 ~/ 20 N N 3 H3N (1)
25 (dans laquelle R est un“gtone l.glhydr ogfme ou 0 30

Il -CH2CR R est un atone d' hy/drogene ou 3 CH2CR, 40 sous rdserve qu' au
noj ns 4n de R et de R soit @gire qu un at o%\d hydrogbn@ R3 est un groupe
al WI ne ayant de | b 8 atomsls e carbone, un grélp cr.ycl oal kyl ene
facul tativenent al kyRqsybs ue aygnt d§85 a atorres de “carbons ou un
groupe 1, 2-aryl ene facul 5 ts?é*@pmm nt de 8 a 10

atones ; et R4 est un at ydrogbne, un g hydr oxynet hyI e, un
20
gredap.zcal kyl e ayant de 1 )| T, H,yC N
(I)
25 (dans laquelle. _
R est un atome d'hydrogéne ou
o)
30 ) "
~CH,CR,
Nt Ry est un atome d"hydrogéne ou
35
o
| i
et - —CH,CR

sous réserve qu'au moins un de R et de Ry soit autre qu'un atome d'hydrogéne ;
Rs est un groupe alkyldne ayant de 1 & 8 atomes de carbone, un groupe 1,2-cycloalkyléne
facultativement alkyl-substitué ayant de 5 3 8 atomes de carbone ou un groupe 1,2-aryléne facultative-
45 ment alkyi-substitué ayant de 6 & 10 atomes ; et
R: est un atome d'hydrogéne, un groupe hydroxymethyle. un groupe alkyle ayant de 1 & 6 atomes
de carbone ou

(o]
50
I

*-CHZOP(OR,) 2
65 Rs et Rs sont chacun indépendamment un groupe hydroxy, un groupe alcoxy ayant de 1 4 18
atomes de carbone, un groupe alcoxy hydroxy-substitué ayant de 1 & 18 atomes de carbone, un

groupe amino ou un groupe alkylamido ayant de 1 4 18 atomes de carbone ; et
chaque Ry, indépendamment, est un atome d'hydrogdne, un groupe alkyle facultativement hy-
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\

?84(2:821()826) og 2550 Rs et Rs .sont ch;'acun lndependammmllﬂulmﬁmy”, H”I

hydr oxy, un groups al coxy ayantgpdpagh g7 Ey at ones de carbone, un grbo
al coxy hydroxy-substitu6 ayant de 1 & 18 atonmes de carbone, un gr oups am no
ou un groups al kylanm do ayant de 1 a 18 atones de carbone ; et chaque R7,

i ndependareresubstitéésayactndeat @nt8 dorhpsddeocpehons, un rgrayp® alpyanindalkyle ajant dé 1 2 1& enent
hy- 43 atomgs de ¢arbiing fagitativergent BygirapytFubBitué)

s droxy- §HB’$E’?T°§6°’%1yant de 1 A 18 atones de carbone, un groupe

al kyl am noal k yant de 1 A 18 atonmes de carbone facultativenent

hydr”'ox@/ £amees %Fﬂ@) B gyendication 190sdang fadormyle 1. shagge, B, e un dleme,dihydepgpngy endi cat i on

est one d' hydrogbne. 3. Conpose

sel on Ta CPERERSTELE fayipaanch ) Hdes g L AL TT R oot 30 - GhocRs | Th

et Rl est 0 20 -CH2CR6 25 4. Conpos6 selon |la revendication 3, ob), dans
la formule 1, R at R6 sont chacun, inddpendament, un groupe hydroxy, un
groupe al coxy ayant de 1 & a atones de dar bone, un groupe anino ou un
groups al kyl am do ayant de 1 & 8 at quc&f carbone. 5. Conpos6 selon la
revendi cation 4, ot, dans la fornule et Rs sont un groupe hydroxy. 30
6. Conpose selon la revendication 5 qui est |'acide

, Nis- bi s- ( pt R daxal - 5- phosphat e) 6t hyl bnedi am ne-N, N - di ac6tique ou un

d ses sels ou |"acide N,N -bis-(pyridoxal-5-phosphatb)-trans-1, 2-
cycl ohexyl bnedi am ne- N, N-di ac6f.t que ou un de ses sels. 35 7. Chelate d'un
conpose chdl atant selon |'une quel conqu® des revendications 1 A 6 avec un
lon netal lique ayant un nundro atom quejde 21 & 29, 42, 44 ou 58 & 70 ou un
de/®es sels. . Chélate selon |a revel ﬁ% t|on 7, dans quuel | "ion
mdt al | | que est choisi parm |e chrone(® |l e manganbse(ll), Is fer(l1l)
le fer(ll), le cobalt(ll), le nickel(ll), Ie cuivre(ll), le prasdodyne(l]|

),

| e ndodyrre 40 (11D . le samariur‘r(MI) I'ytterblun(il) | e
gadol i p é ohie erlgl |o§ G hol | 11 é
' pe!
o il g 2"1 s ;%"@ej, g A e - o
phosphate t am ne- Iqe %{'ctl gue ou d' un de ses sels ou de I aci de

N, N' - bg, S'C()BNJsE gQ&?ﬁL re56ndﬂ>§|on 4, oil, dans la formule I, Rs et Rs sont un groupe hydroxy.
phogphat e) -t rans- 1, 2- cycl ohexyl ~nedi am ne- N, N-di ac~ti que ou d'un de ses
sels. . Composé selon la revendication 5 qui est I'acide N,N'-bis-(pyridoxal-5-phosphate)éthylénediamine-N,N'-
diacétigue ou un de ses sels ou [acide N,N'-bis-(pyridoxal-5-phosphate)-trans-1,2-
U cyclohexyl@nediamine-N,N-diacétique ou un de ses sels.
g5 7. Chélate d'un composé chélatant selon I'une queiconque des revendications 1 & 6 avec un ion
métallique ayant un numéro atomique de 21 2 29, 42, 44 ou 58 & 70 ou un de ses sels.

. 8. Chélate selon la revendication 7, dans lequsel lion métalliqus est choisi parmi le chrome(lll), le

N’ manganése(ll), le fer(lil), le fer(ll), le cobalt(ll), ie nickel(ll), le cuivre(ll), le praséodyme(lil), le néodyme-

40 (1, leo samarium(il), I'ytterbium(lil), le gadolinium(ill), le terbium(ill), le dysprosium(ill), "holmium(iil) ot
"arbium(itl).

9. Chélate selon 1a revendication 8, qui est un chélate de manganise(il) de I'acide N,N'-bis-(pyridoxal-5-
phosphate)éthylénediamine-N,N'-diacétiqgue ou d'un de ses sels ou de I'acide N,N-bis-(pyridoxal-5-
45 phosphate)-trans-1,2-cyclohexylénediamine-N,N-diacétique ou d'un de ses sels.

10. Sel de calcium d'un chélate selon I'une quelconque des revendications 7 & 9.

11. Sel de calcium selon la revendication 10, dans lequsl le rapport molaire du calcium ou composé
60 chélatant de formule | est de 0,05 4 1,0.
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\
10. Selt de' calciumd un chjlate selon |I'une quel conque des r i 1
A 9. 11. ‘Sel de calciumselon |la revendication 10, dans quugm ’ﬂﬁ
nol aire du cal ci um ou conpos6 60EP 0 290lva¥ @tant de lormulb | es 10,
1,0. 64 44 EP 0 290 047 BI L M12.

| nt er n6di ai re de conpos6 chdl atant de fornule (VIl) -.R3 N5
41 12. Intermédiaire de composé chélatant de formule (Vi) CH CH

| Rl ' OH HO CH2 OP (OR7) 2 N CH 3
H3C N (VI1) 15 (dans haquel lge R3_esfg un groups al kyl ene ayant de 1

a 8 atomes de carbons, un gr gups cycI:baI Kyl \(\e facul t ato venent
al kyl °substitu6 ayant de Sdy 8 atornes ds carggns ou lri‘lgroups 1 ,2-aryl bne
facultative- nment al kyl -sulystitu4 ayant de 6 10 ato de carbons; 20
R4 est un atone d' hydrogbn un g oupsHdywdr o | ky|CH,OREARAe 1 a 6 at ones
de carbons, un group$ s ant de 1 a s de carbons ou 0 25 -CH2
OP (@) 2 chaque R7 est, @. endamment, u d' hydrogbne, un groups
al kyle facultativenment h CHJLr opye Nt-de ayant de 1 a 18 atones de
carbons , un groups al kyl am noal kyT e facul tativenment hydroxy-substitu4
ayant de 1 a 18 atones de carbons un de ses sels. 13. Internrdiaire de
conposO chtl atant de fornule (Vi I(I)‘S t
-3,-5 R3 - H CH2 CH2 soR4 tO oH
HO™ (dans laquelle  CH2OR7) 2 N a!3 H3C N 45 (MI11) (dans
| aquel | e 50 Ras est un Gupesalkyiime cayaipde 1, % Scatorhesatik whrbore. fimrmupe toyeieatipiine
al kyl - subsfarcetiatyemont gkyhgebstivg a@nidednte 8 algmogda ¢aehese eLungrouge ddeoidne Rowelvpene
facul t at i veRRekyisuRsiiué syaptde; & 3,10 igmasde geb@e A 10 at omes. de carbons: R4 est
urat ¥e d' h@%lﬁhé‘?mﬁﬁ'“ ¢ R\% ‘E%ﬂﬂ"ﬁ?g%ﬂ’%%"@'eaay%tded@ p atomgs 4 Gerbnegn
carbons, ufHeAIYE exgkSR b2 §FRres dcePo® & at omes de car bone ou

o

i
[l
~CH, OP (OR,),

25

chaque Ry est, indépsndamment, un atome d'hydrogdne, un groupe alkyle facultativement hy-
30 droxy-substitué ayant de 1 & 18 atomes de carbone , un groupe alkylaminoalkyle facuitativement
hydroxy-substitué ayant de 1 & 18 atomes de carbone) ou un de ses sels.

13. Intermédiaire de composé chélatant de formule (VIll)

~

3 : HN R, NH

g \ o
CH, CH

£, 2 ]
L o |

%0 HO CH, OP(OR;),

CH; H5C N
45

(VIIX)

(dans laquelle '
50 R; est un groupe 1,2-cycloalkyl®ne facultativement alkyl-substitué ayant de 5 & 8 atomes de
carbone ou un groupe 1,2-aryléne facultativement alkyl-substitué ayant de 6 & 10 atomes de carbone ;
R. est un atome d'hydrogéne, un groupe hydroxyalkyle ayant de 1 & 6 atomes de carbons, un
groupe alkyle ayant de 1 3 6 atomes de carbone ou
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L - S0l -CH2 OP(01R) 2 6 chaque R7 est, independa U!,!IIHUL“IH’MI"IIII

c
d' hydrogbne, un groups al kyl e fapuj dgttagrasent hy- droxy-substi
1 a 18 atones de carbone, un groups al kyl am noal kyl e facul tativenent

hydr oxy-substitud ayant de 1 & 18 atones de carbone) 10 QU un de ses
sels. 14. Conposition de nmilieu de contPaste pour |'imagerle par r~sonance
m‘agneti gue’ conprenant un chdl ate ou un gel de calciumde celui-ci selon

| " une quel conque des revendications_7 a 11 avec un exciplent conpatible
phar maceut i quenent acceptable. t15 =@M OB(OPRykati on d' un chelete ou d' un de
ses Sels de cal ci um comre ddfini dans |'une quel conque des revend| catl ons 7

A1l It d tr
I magg::llr drdD '-‘Eubstgﬁr g‘sanlg ?ﬁijﬁ né?rftio;n ai%l:jb?))rjfggogg r:)upI i a:\moaon ?nant
B 3 ¢ ih"ae’
adm ni S % b@aﬁlﬁieelt E]g Eo e) es se e ca
sel og, | ' ung q4e &30

es reven catl ons 7 & 11 et |'tabli sserrent d une
i mge d'au nol ns une partie dudit sujet. Revendl catlons pour |'Etat

(I:?O Nt r aC{Rompssti¥RBE millBeode Sonfrastd HdaF BEyeR® Pér réortRed Rhgnifhus CEMReHant AR chéiru! e |

ou un sel de calcium de celgi-di selon I'une quelconque des revenéilat@% 7 a 11 avec un excipient
N - 15- Ucbmpatible pharmaceutiquement acceptable. O {H2
CH 2155 HR4 al HO
CH2OP( O/ \Rlis3on od'dd cHélad ouHd'@ de ses sels de caldilindl @omme défini dans FPune quelconque des
(1) (dans révenipsiidne 7R d Souria prépavatien dudeyadmogsitioe domiliskbdeb@nigstegotr linmagerieqias
d' hydr ogb misompnce magnétique.

'S .

e’ 20 16. Procédé d'imagerie comprenant I'administration & un sujet d'un chélate ou d'un de ses sels de calcium
selon 'une quelconque des revendications 7 & 11 et I'établissement d'une image d"au moins une partie
dudit sujet.

Revendications pour I'Etat contractant suivant : ES
26
1. Procédé pour préparer un .composé de formule |

R \ R1
30 N — Rq-— N
/ O
i, \cuz
o .|' " :
Nt R, AN CHZOP(OR,) 2
) O
- CHy H,4C ~N
"\./' ; o
40 (I)
(dans laquelle
R est un atome d'hydrogéne ou
4% o
I
~CH,CR;
50
R: est un atome d'hydrogéne ou
Q
85 |
~-CH,CRg
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r65erve gu'au moins un de Ret de R soit autre qu'un atomemllmmlﬂhmmmlmll
est un groupe ail kyl bne ayant de gp 280 64708£s de carbone, un*gréupe * s

1, 2-cycl oal kyl ene facul tativenment al kyl -substitue ayant de 5 A 8 atones de
carbone ou un groupe 1,2-arylene-facultative- ment al kyl-substitue ayant de
6 a 10 at ones SeUs sV erRY moinstune R et de Ri soft|auirecayiun glama diydsogdndry dr ogbne, un

gr oupe hydr ox Fmesthy E’OURPna'% B fand ORI & Eagtames dre carbone.gum grovRss .2evcivalktisae ou
0 101 - CH2Opeultatigment gleyl-gubstityg ayai do & R aipmes lg SBPN Hihva Grourm!.arydnedadulialivarx y |
un groupe dP g’%ﬁ‘g’é Té‘ﬂé“tf" &118 atpmies de cathopye® de car bone, un groupe al coxy
hydr oxy - subst 9‘3‘?‘?? d&léd"i 89, Y8 0TQpRS frdroyméibylp. 5 apupe alkylegvant ge 1 Af a8y un
group. alk dyant de 1 & 18 atomes de carbone ; et chaque 137,
ind~pendam*rent est un atone d' hydrogbne, un groupe al kyle facultativenent
hy- droxy-substitu6 ayant de 1 a 18 atonfs de carbone, un groups

al kyl qgi noal kyl e facultativenent hydroxygsubstitue ayant de 1 & 18 atornes
de carbone) 20 QU un de ses sels, Iedl t Rprocede conprenant la r~action
d' un conpose de formule Vill H S R@"z NH 25 6 cH 2

CH2 R HOH HO CH OP(OR) 2 (M1lj 3N O
AK  CMB  H3CRs et Rs sont bhacalaingspbmidmmbatan FoupShydéxy Rih §6upe dicBkySaydhtCde 1 2 18

pr.ecedenre rdionthe fde Ndatopred 4@ Qroupe AIEdxy eydralyagleiné aydnt Gél@ 2218 aBmes de carbone , un
facCul t ati vegend ahiao coum/@oupe @Rylshidcayanias @ aolstadmes dsicai@aé fetsel . 2. Proc6d6
sel on | a reverdneali.drépendar@nenticast uh edine dhgdrpgind. wiegrbupe mikyle fadultstivenieagye R7
est un at ordsoxy'sphstitnd grant do 403 18 atpmascds\Fakdngnur arovey akythimiwalkyien fagyltatvenendans
| edit conpdyeérogesupdiivharast de 1 iR1&atemes degarbone)

- GH2CRS et Rundegossgls, Q

- CH2CR6 56 'ofit PEcedésgmrrepant i ragtiop diva fPRost dfarmele WL | dans | edit conpose de
formule 1, Rs et Rr6 sont chacun, ind6pendamment, un groupe hydroxy, un
groupe al coxy ayant de L,a 8 at Rrsre__s__d_e Gfr bone, un groupe 47.

26 / \ o
T2 V2 u .
R, \‘f\(/OH HO CH, OP(OR;) , (VIII)
30 O X | O .
¥\ cy Hae NN
Nt (dans laquelle Rs, R4 et Ry sont tels que précédemment définis) avec un acide halogénoacétique et
36 facultativement la conversion du composé obtenu en ledit sel.

2. Procédé selon la revendication 1, ol, dans ledit composé de formule VI, chaque R; est un atome
d’'hydrogéne.

40 3. Procédé selon la revendication 1, ol, dans ledit composé de formule |, R est

0
i
46 - CH2CR5
et Ry est
50 (o]
i
-CH,CRg

56

4. Procédé selon la revendication 3, ol, dans ledit composé de formule I, Rs et Rs sont chacun,
indépendamment, un groupe hydroxy, un groupe alcoxy ayant de 1 & 8 atomes de carbone, un groupe
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C L M S* amno ou un groupe al kylam do ayant de 1 a 8 atmmmmy!v""””m
carbone. 6. Proc6de selon |la reegdecgizpn 4, 00 dans |ledit Ttorfposo de s
formule 1, Rs et RS sont un groupe hydroxy. 6 6. Procede selon |a

revendi cation 5 oO ledit conpose de fornmule I est |'acide

NN - bi s- (apW\OiOQGRaWOUEﬁa"whm@phmnwﬂh?btbme&ﬂeenﬂbn@- N, N -di ac6ti que ou un de

ses sels ou i'acide N, N -bis-(pyrldoxal -5-phospha-

te)- tr’&né’-@é‘k« é%}?f‘l'éﬁé‘ﬁ??‘?"k?ﬁ@dﬂaﬂw Aens Npdig eemaesét degigenuisul. fin ot Be Se uwegrappe 10 7,

Procede p¥ P"Vpreparer un ch Iate d' un corrpos4 chel at ant sel on Pune
quel"conque des reven ‘3[% sel de cel ui CI edlt pr ocMi6
'8‘3 If°é’f“ﬁl Rigddoxalss qvec

conpreﬁa °°F %} Ir ‘fef‘ ?f“t' 6‘@ '\J“]
??8 sgip ow'pcide &'b'ﬁﬂ’y 3‘15’"‘?8 %
Procods SHIEN PR éﬁ%‘%'ﬁ'f‘ Tl o e rﬁf §

Pr oced6 s%’l '3"3' on rret aI i que est choi si

par &% cﬁé e d'un (gﬁl 95 a%n LJUn I'IJ gg rJv nd cgtfo('lé jl) le
11,
(| | | ) | é)eéé"f@ &Jﬁf talli q:f%ﬁ?ﬁb%ﬁ@% ‘E;Legai @ :li'fﬁa t u

terbiunm(fil dysprosl um ho mu
Procedsg. Sﬂ%c@ﬁé L-aonr RVRAHDISao en dghsﬂ&w'el ﬂﬁrﬁﬁﬁfaﬂﬁueu&t @h@é. éHa@m d@ cmamg(mpase( 1)
de lrs aci deanddNesell), 3o ferf), le.fer(ll), lo cobalt(ll), le nickel(ll), le cuivre(ll), lo praséodyme(lil), le néodyme-
(pyri doxaty, - saimeduatiiy, eytsiblugkiinnie daduiimismaHiid\Nerbiimeliy Ok idgspeosiom(ig, Ihoimilen(Bas sel s
ou de |' deibwen(W, N - bi s- (pyridoxal -5-phosphate)-trans-1

, 2-cycl ohexyl bnedi am ne- N, N-di acdti que ou d'un de ses sels. 10. Proced6
S\aﬁ’on 9. \Peeddfy edlenolacraeendication viomdprépeardr omschlaty dd mengendge(Wpder Lacide N N'diis- de

€ um dmﬁ%'rﬁmha%péat?)émv'm@aru'eq-lw-d@éme|ouuh@ dme?scwﬁq%dﬂé@'de N,N'-bis-

revendi cd?ﬁ"é?i‘é" Sphgsphate)tignst h,2-cyoloprxyignpdiswing i N-dlactliaye Af'emds 96 S99, ob, dans
ledit sel ca CI um le rap ort npl aire du cal ci um au conpos4 ch6l at ant de
for mul & IP"§’§‘? 2; ’B ”%'L°°I'q'€9 § sovengic %@%@ég@ﬁ" A5PAF 'ébﬁe' ‘Eﬂfn]%l‘ff"eﬁr‘f?rcﬂ?%f? re de
compos6 d7} apegelipcadpd up ?“r?{ff?'@"? 5|rgve ns Pe N .
o c®

11. Procédé _sslon la revendication 1 t spl de calcium, le rapport molaire du %Ah&urﬁ%u
a0 & Pl g n o o o s 0 it

~CH3 H3C mp(g%hé)lataﬂgdefmmu%ans Iaquelle R3 esl un groupe al kyl ene ayant de
1 B4AtEdeeds fh6r &@aatwme.ntemdamb%mws%Iceéétéwb@faﬁnuiea(v | tativenent

al kg - substitue ayant de 5 A 8 atones de carbone ou un groupe 1, 2-aryl ene
facultative- nent alkyl - substltud ayant de 6 a 10 atones de car bone R4 est
un atone d' hydrogbne, un gro Hpehy&oxyat k¥l e ayant de 1 A 6 atones de
carbone, un A\N o

cH CH I
35
HO CH, OP( OR,) 2
o Hoy
40
{VIiI)
45 (dans laguselle
Rs ost un groupe alkyléne ayant de 1 2 8 atomes de carbone, un groupe cycloalkyléne
facultativement alkyl-substitué ayant de 5 4 8 atomes de carbone ou un groupe 1,2-aryléne facultative-
ment alkyl-substitué ayant'de 6 & 10 atomes de carbone ;
R: est un gtome d'hydrogdne, un groupe hydroxyalkyle ayant de 1 & 6 atomes de carbone, un
50 groupe alkyle ayant de 1 & 8 atomes de carbone ou
6]
i
56 ‘CHzop (OR-,)Z

chaque R; est, indépendamment, un atome d' hydrogéne, un groupe alkyle facultativement

48 .



60 groupe al kyle ayant de 1 a 6 atones de carbone ou 0 56 :

-CH2 OP (OR7) 2 chaque R7 est, independamrent, un -atone d' hyd”mmmlulm”ll,',“II,
groupe al kyl e facuktativenment 48 gpqobbygs289 047 Bl31l il i i
11111 L ' R I liii hydroxy-substitue ayant de 1 a 18 atones de
carbone, un groupe al kyl am noal kyl e facul tati venent hydroxy-substituW ayant
de 1 a 18 atydwessutigitéaaybarie)l dU8 akmee ds esbael, 3 gravpe blikylandroaitide Gzoulfatvementt | a
r~acti on d*hydrogyosupsia@ agiant fie AniB @tobedHdetdON) Ou un de ses sels, ledit procédé comprenantla O
(M) N CvBactietedien dopgeséide dorRde ¥st t el que prdcddemment ddfini) avec un
conpos6 de fornmule VI 16 H2N- R3- NH2 (VI) (dans laquelle R3 est tel que
prdcedenment dMini) et facultativenent |a conversion du conposd obtenu en
ledit sel. 20 13. Proc6d6 pufHBreparer un interm-diaire de conposé

ch6l at ant de forrruleé\ﬁll) 111t - NH- e 25

/ 4~ ~O0” o2 CH2 RJ.
onO | HO | ¢ I OP(ORy) 2 30QQ A C. 93 H@F (M11) (dans

| aquel Pe R3 est un groupeS\IiZe2xclqal kyl bne facul tativenment al kyl -substituWw
ayant de 5 a 8 atones de 40 car®one ou un groupe 1, 2-aryl bne

facul tativenent al kyl-substitu6 ayant de 6 a 10 atones de carbone; R4 est

un atome d' @yAnRERBR, ettfel JLPHRRISMHENPINA) K¥é 6 ANRBS HForhuis v at ones de
carbong, un groupe al kyle ayant de 1 a 6 atomes de carbone ou 0 45 -CK2 OP
(OR7) 2 SO HyN-Re-NH, chague R7 est, ind~pandanment, un atone d' hydrogene, un
groupe al kyl e facultativenent hy- droxy-substitue ayant de 1 a 18 atones de
car bone, undansasquelleaRK gétaal fqueaprécgiennient définfitet Yaeniiemaytda Gxyvesioh i domposdly ant

dU a 18 adbtemesn Weit shr bone) ou un de ses sel s,
/ 20

13. Procédé pur préparsr un intermédiaire de composé chélatant de formule (Vill)

HN R] NH
2 7 \ o
an CH -
| | ? i
R, OH HO
Ng \(\'/ CH, OP(OR,),
v /'\
N\
36
' (VIII)
. {dans laquelle
N/ Rs est un groupe 1,2-cycloalkyléne facultativement alkyl-substitué ayant de 5 & 8 atomes de
40 carbone ou un groupe 1,2-aryléne facultativement alkyl-substitué ayant de 6 & 10 atomes de carbone ;

Rs est un atome d'hydrogéne, un groupe hydroxyalkyle ayant de 1 & 6 atomes de carbone, un
groupe alkyle ayant de 1 2 6 atomes de carbone ou

o

I
-CH, 0P (OR,) »

45

50 chaque R; est, indépendamment, un atome d'hydrogéne, un groupe alkyle facultativement hy-
droxy-substitué ayant de 1 & 18 atomes de carbone, un groupe alkylaminoalkyle facultativement
hydroxy-substitué ayant de 1 2 18 atomes de carbone )
ou un de ses sels, _
leclit procédé comprenant I'hydrogénation d'un composé de formule (VII)
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leclit proc6dc conprenant |'hydrog6nation d' un conpos4 de
S S T mmmmm i
21 e, tJ R3- N Bf 0290 047 B1 CH !
CH2OP (OR?)2 N ~CH3 H3C 10 (VII) dans

| aquel l e R3, R4 et R7 sont tels que pr6c6demment dMinis) et

facultativenent |a converS|on‘du coﬁposd-obtenu en ledit sel. 15 14.

Proced6 pour pr6parer une cOﬁp05|t|on de mi N\reu de conPraste pour

| ' i mageri e par r~sonance én ~ti- que, Iedltcﬁ?oc ~d6 cpnprenant |e nbl ange
d' un chel ate, ou d'un sel iumde cel uij-ci, prd are selon | " une

quel Gonque des reverdi . 11 HRe j $ $ Rp=ti bl e
pharmaceut i quenent acce abﬂd K 20 15. Utj{ishtion d un ch6|ate ou d un de
ses sels de cal cium con dang Pun ggff onque des revendications 7
& 11 pour la preparation une co&poéBFlon mlieu de contraste pour

| "impgerie par resonance magnetique. 25 16. Proced6 d'imagerie conprenant
|"adm nistration A un sujet d uffVd¥)l ate ou d' un de ses sels de cal ci um
comme d6fini dans |'une quel conque des revendications 7 a 11 et

| " et abl i s4RERbudle MR, STBE Bofl 161! qEIDIrER déhtRenP 8dtinisat GaétitakiveiehtQh conversion du
Revendl| catchrsess pashi oh'idait @1 contract ant sul vant: GR 30 1. Conpos6 de formnule

| R . R 35 \' N - R3/
\ O—CH2 14. Procédé pour préparer une compositib? d@triflieu de ddﬁ!raste pour I'imagerie par résonano@lrha@ﬁ:(]??) 2
N CH qbé, @dit procédé comphdnahf le mélange d'un chélate, ou d'un sel de calcium de celui-ci, prépard | )

(dans | agqsedr GinRaesitonqua das cavendigatiopsl7 @gid razecoun @@pient compatible pharmaceutiquement

O\JFHZCRSa€80$U9est un atone d' hydrogbne ou 50
20
15. Utilisation d'un chélate ou d'un de ses sels de calcium comme défini dans I'une quelconque des
revendications 7 & 11 pour la préparation d'une composition de milieu de contraste pour I'imagerie par
résonance magnétique.

25 16. Procédé d'imagerie comprenant I"adminisiration & un sujet d'un chélate ou d'un de ses sels de calcium
comme défini dans I'une quelconque des revendications 7 & 11 et I'établissement d'une image d'au
moins une partie dudit sujet.

Revendications pour I'Etat contractant suIVant :GR
30
1. Composé de formule |

N\ R Ry .
/
O

N

“ HO CH,0OP (OR,),

CHy H 3C
“ (1)
(dans laquelle
R est un atome d'hydrogéne ou
60 o)

-CH,CRg

65
Ri est un atome d'hydrogéne ou
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EP @ 230 047 Bi | I L1
sous reserve qu'au nmoins un de Ret de R soit autre qu'un at ﬂ I“u """

d’ hydrogbne; R3 est un groupe al kgpb2eoggaBl de 1 a 8 atones

groupe 1, 2-cycl oal kyl bne facultativenent al kyl-substitue ayant de 5 & 8
atones de carbone ou un groupe 1,2-arylene facultative- 10 ment

al kyl -substitu6 ayant de 6 a 10 atones degcarbone ; et Rs est un atone

d' hydrogbne, un groupo hydroxynethyle, un_ groupe alkyle ayant de 1 & 6
atones de carbone ou 0 16 -C20P (OR7) 2 kKI™ 20 RE et R6 sont chacun
i ndependament un groups hydroxy, un gif@HyCReal coxy ayant de 1 a 18 atones
de carbone, un groupe al coxy hydroxy-substitu6 ayant de 1 a 18 atones de

carbone, un gr u‘é‘?ésen% ”Qu:%'ns urﬂ MBS pAl k‘y t"r"emuduﬂao%a%th Spne A 18 atones de
carbono ; et ?ﬁ cQE% fg%&pP ﬂwQWOUpS
al kyle fac ulla&ﬁit vé’rﬁéﬁ? yl- stm‘igl?1 M d§‘6 tBrH&‘s atwe-
carbong , URerlbidjiRubs aﬁ%%@&o n a orres

carbon. facul abkyf rz@% dySEERNRY uR @Bﬁﬁd iy yn%hyid%n%ou%@ﬁlkﬁ@iyﬁnt 81 a@ﬁa&me
selon | a reyeqatbosadd oN 1, 0O dans la fornule 1 aque R7 'est un atone
d' hydrogene. so 3. Cbnpos6 selon la revendication 1, oQ, dans la fornule
1, Rest 0 _ P U I
35 , 15 -CH2CRS et Rl est 40

0 ~“CH2C: Es, 45 4. Conpos6 solon la reventlication 3, 00 dans la fornule 1,
Rs et R6 sont chacun, Ind4pendannentcmg5pgb fups hydroxy, un groupo al coxy
ayant de 1 A 8 atones de carbone, un gioups anf no” ou un groups al kyl am do
a ant de 1 a 8 atones de carbons. 50 5. Cbnpose selon la revendication 4,

dffs i a f&f i?hi Fe sant °P§”'ét"d¢?8"‘?5'm°"tdf‘n‘ HPUPR édrwgvdwbggupeea'comﬁ?ﬁ's@ 521%8n | a

r ev endi cat | ?ar@g? L|n- tUPg élcoxy hydroxy-Substitué ayant de 18 atomes carbone, un
. P oy-u lapid 8 de garl ne 4 t
N, N - bi s- (pgf?tl 8 '5 nl?r%gn & ?‘m}t ome%*l g't%nén;g, unﬁ%ﬁpe a?lk?il%efgéu l{leen?elfllt A de

ses sels ou, A

i Y b de 1.4 18 es de c un e alkylaminoalkyl ant de 1 & 18
NN s ( (p;(JrJ,éi%é I'rb nRALR I D Tscdusy, cYE FHBGPHEITAS Sy
m ne- di QGntds u in de ses’ Ch6|ate d un conpose chdl atant
selon |'une quelconque des revendications 1 a 6 avec un ion nbtalliquo
g{ant UN 2N UtBRpRsePdeRN iat@ndlghtienl1, 30, 48ns 14Rrmuffh, SHdquatk, ®stid aftrhe WhydlBgeneS Sel s.

30 3. Composé selon ia re_vendication 1, oﬁ, dans la formule I, R est

o
> |
85 -CHaCRs
‘ ot Ry est
N
“0 0o
I
-CH,CR¢

4. Composé selon la revendication 3, ol, dans la formule I, Rs et Rg sont chacun, indépendamment, un
groupe hydroxy, un groupe alcoxy ayant de 1 & 8 atomes de carbone, un groupe amino ou un groupe
alkylamido ayant de 1 & 8 atomes de carbone.

50
5. Composé selon la revendication 4, o0, dans la formule 1, Rs et Rs sont un groupe hydroxy.

6. Composé selon la revendication 5 qui est I'acide N,N'-bis-{pyridoxal-5-phosphate)-éthylénediamine-
N.N'-diacétique ou un de ses sels ou I'acide N,N'-bis-(pyridoxal-5-phosphate)-trans-1,2-cyclohexylénedia-
65 mine-N,N-diacétique ou un de ses sels.

7. Chélate d'un composé chélatant selon I'une quelconque des revendications 1 & 6 avec un ion
métallique ayant un numéro atomique de 21 3 29, 42, 44 ou 58 & 70 ou un de ses sels.
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Eﬁe?a’tzgosgfthBlla revendi cation 7, dans |;aq;1el ] o(r:1 mjt aI l' ),m",m"am”m””m

parm le chrome(lll), | e manganheped 290 0a7ies fer(l11), le fe
cobalt(Il), le nickel(1l), le cuivre(ll), le praseodyrre(lll) | e ndodyne-

(R1), e samariun(il), 1'ytterbiun(lil), e gadoliniunm(IlIl), le

t er bi un{»l |Gh$iate | selop|yia vequatqnl T.) dan$ 'l4que! rifiag nipétalljquetes| chejshipary 14 ;hrorge(l"ml ate
sel on | a rmapesatretirty torligle fer(l). Ieabaltdh. e Riskell)cle @@Wﬁ(ﬁhgmﬁé@ yne®i), dpcnépdymer de
NN - bi s- ( j lecrgsafurgih. ‘Priekiymdn Jp @EMH'@H@HF%H'PH@“'M I8y Y%f%&@@'l)dﬂ‘émw('@ %n de
ses sels OBPHBM: acide N N -bis-(pyri doxal

phosghat e) - t,rans 1 (?he y bned| a . éaﬁ Q Sea
sels. 1% “fgae ﬁ °‘é€éf g gﬁ C{P;n é’eé'??f' '% CL% =y ﬁ)ﬁ %é( %@%

di oii ﬁ% "°' ! do 1) rf‘°'|s & g VXl
Irg\cllﬁgl | fgt Pra (59 i 2'°VF8heé‘(J m'"%'&nhgbacctgg negPSFBne de formile | est

((j\e/I ? ’100 51!5'5t slw c% carcmrll% 'un Jcaélatilgb}q%rl‘%dduglwngued@es 9&5%%%&& P § |9at~f‘23~8e Kf grzgu le

CH 11. Sel de calcnum selon la reven@khtl% 10, dans ququ le rapporgﬂolalre du cahi@mcau composé

CH2 OP ( ORhélstaneBo formule | est de 0,05 2 1,0.
(VIl) 30 (dans laquelle R3 est un groupe al kyl ene ayant de 1 & 8 atones de

car hane12. iiergsdiaie ele cymposdtHélatabirds férmalalMupt | vement al kyl - substitue ayant de 5
& 8 atomes de carbone ou un groupe 1,2-arylbne facultative- ment

al kyl -substitud ayant de 6 & J]O -atoges de G¢r bone; 35 R4 est un
at one d' hydrogbne, un groupe, Yydroxyadl kyl'e ant de 1 @ 6 atones de
carbone, un groupe al kyl e X vant de 1 & 6 ato de carbone ou V>

chaque R7 egat, indeﬂendannent, un atone

_Ie f gpul t atjgrenonthy- exQop-(DRy$,i t ue ayant de
Rﬁy ] ylegfacﬁ??a%lvenent

rlbone) ou un de ses sels. 50

OM02 CH2 OP (OR7 ) 2 45
d' hydrogbne, un grey lge al
1 a 18 atones de car

hydr oxy- substitu6 ayant
55 5% -

~~~~~ e e o et et 1l3111f11 UITIT 1113 111w 11 W

(VII)

30
(dans laquelle
Rs est un groupe alkyldne ayant de 1 & 8 atomes de carbone, un groupe cycloalkyléne
: facultativement alkyl-substitué ayant de 5 4 8 atomes de carbone ou un groupe 1,2-aryléne facultative-
et ment alkyl-substitué ayant de 6 & 10 atomes de carbone ;
35 R: est un atome d'hydrogéne, un groupe hydroxyalkyle ayant de 1 & 6 atomes de carbone, un
groupe alkyle ayant de 1 & 6 atomes de carbone ou

N\ fe)
0 '
i
- CH2 Op (OR-,) 2
45 chaque R; est, indépendamment, un atome d'hydrogéne, un groupe alkyle facultativement hy-

droxy-substitué ayant de 1 & 18 atomes de carbone, un groupe alkylaminoalkyle facultativement
hydroxy-substitué ayant de 1 & 18 atomes de carbone)
ou un de ses sels.

60
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E(?ngoggocggra?;nt de formule (MI1) U - R3 NCH: CH—I:E~E%-H ICT (Zar(mln‘mlﬂm;ﬂlllsl |““|
* C *

CH2 R O Ho 1€p o 296047 B1 M HOR2

CH20OP (OR)2 CH3 H3C N (VII1) (dans laquelle R3 est un groups

1, 2-cycl oal kyl ene facul tativenment al kyl -substitue ayant de 5 a 8 atones de
carbone 3% pemgdigimde cpmposgchdlatantdd faelet M) venent al kyl - substitue ayant de 6
a 10 atones de carbone; K 20 R4 est un atone d' hydrogbne, un
groupe hydroxyal kyl e ayant de#xi A6 gfoues dgycarbone, un groupe al kyle
ayant de 1 a 6 atomes de carhens ou O >5

1 -H P (OR) 2 chaque R7 est;—izi ndependamment , y_at one cPhydrogbne, un
groupe al kyle facultati venmept hy- 30 dr oxy s@bst i tu} ayant de 1 A 18
atomes de carbons , Bg Qro al.lod am nggl kyl ek iV

acul t at nt
‘%"i(ﬁf’ e ses sels. *

18 atones d

hydr oxy- substitue ayant @I

14. Pr,gced4 pour prdparern \ng conposition de u de contraste pour

| i mageri e par resonance Mmayréit cajue.HJ@di ede conprenant |e nBl ange
d' un ch~late ou d un sel de calciumde celui-ci selon |'une 35

guel conque des revendi cations 7 A 11 avec un excipient conpatible

phar macouti quenent acceptable. 15. Utilisation d un chelate ou d' un de ses
sel s de cal cium comme defini dans | * ¥ Idel conque des revendications 7 &
117 pour la preparation d' une conposition de milieu de contrasts pour

| " i mageri e (gens lagyelle resonance magneti que. 40 16. Proc6de d'imagerie
conprenant | ' Bdebtninsgroupei bcweiogikyidne jfecultativemenic digl-abeatit@uaydhtude 8a 8 epmeelds de
cal ci um selBRONe Qe opyes barpjlee faceliativementalivbsubsting syant tie 62 1@ atorhésteatatbores e ment
d“the 2 mage dPalstiBidrme diwydiogine; un graeethydgivekyle aBnbde £3 65@omes de carbone, un

groupe alkyle ayant de 1 & 6 atomes de carbone ou

o

25 |
~CH, OP (OR,) ,

chaque R; est, indépendamment, un atome d'hydrogéne, un groupe alkyle facultativement hy-
30 droxy-substitué ayant de 1 & 18 atomes de carbone , un groupe alkylaminoalkyle facultativement
hydroxy-substitué ayant de 1 2 18 atomes de carbone ) ou un de ses sels.

o 14. Procédé.pour-préparer une composition de milieu de contraste pour I'imagerie par résonance magnéti-
R que, ledit procédé comprenant le mélange d'un chélate ou d'un sel de calcium de celui-ci selon I'une
35 quelconque des revendications 7 & 11 avec un excipient compatible pharmacsutiquement acceptable.
15. Utilisation d'un chélate ou d'un de ses sels de calcium comme défini dans I'une quelconque des
revendications 7 & 11 pour la préparation d'une composition de milieu de contraste pour l'imagerie par
N/ résonance magnétique.
16. Procédé d'imagerie comprenant I'administration 4 un sujet d'un chélate ou d'un de ses sels de calcium

selon I'une quselconque des revendications 7 & 11 et I'établissement d'une image d'au moins une partie
dudit sujet.
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