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{wherein X represents a bond, an oxygen or sulphur atorn or a group of formula CHR?! or NR3;

each R! which may be the same or different represents a hydrogen atom, a group of formula OR? or NR°R?
56 or a Cy~galkyl or (Ci-galkoxy)-Ci —galkyl group optionally substituted by a hydroxy! group or by a group of

formula NR3R2 or CONR3RS3;

each R2 which may be the same or different represents a hydrogen atom or a Ci—galkyl or C;-galkoxy

group optionally mono- or poly- substituted by hydroxyl or Ci—galkoxy groups;
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40 gl kyl ene bridges between the ami ne nitrogens. Thus viewed from one _
aspect thé present invention provides a conpound of formula | N (wherein X
represents a bond, an oxygen or Eplo@sgngaBem or a group of fornula [err];
each [err] which may be the sanme or different represents a hydrogen atom a
group of formula OR3 or NR3R3 55 or a [err]alkyl or

([ er r] alRe%§F) whigh per|Ryh ) nbmels?t%mg@rpqemaw 159 optignglyy BPt PRJY-oup
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opt i onal 152 age gLP s'i"? Fut ed by hydroxyl or [err]al koxy groups; 3
EP O 252"392 81 each R3 which may be the sanme or different represents a
hydrogen atom an optionally nono- poly- hydroxylated [err]alkyl group or a
group of fornula CH2Y; Y represep{tls_ afgroup pf fornula COzZ, CON(OH) R4, PQZ2
or S2Z; and Z represents a group ©f orful a [err] 5 or 10 15

[err],where each [err] which may t ne or/different is a hydrogen atom
a hydroxyl group or an optionally hAydioxyl afed [err]al kyl group, s is 0,1
or 2, and Wis a group [err] or oxygén atom and each R4 which may be
the same or different represents a\hydyogen atom or an optionally nobno- or
pol yhydr oxyl ated [err]al kyl, ([err al koxy)-[err]al kyl or

pol y({serr]al koxy) [err]al kyl vvithl{JhTe provi sos that where s is 0 then
in the resultant 5 nmenbered het rocycllc ring Wis a [err] group and that '
where X 25 represents a bond or a group [err] at |east one group [err]

r epr esemherecaapie R twhigh repy Hied sang on difierentison hydiogan 2igms iydres! greyor ¢r ag|oetidnalyr oup)
or ﬁ;ch@@?’é"aéeérﬁ‘pft'éky'@m@alt thereof. Thus, for exanple, in the conpounds
of \{oPmf g0 022% resent a group of formula [err] and each R4 which ray
be the svél‘FEa ?”pcﬁ e?' nf” t a hydrogen atom or an optional |y
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substi t umpigougRy be carried by al koxy substituents. Where t he

conposnds @fthé BEmpoDvRINGF It inkeRGN BRYI S RIKPRR D6iotid® angJawérmpblFlﬂ dnd [FRT, luhless

groups, diieaas Qdteéd, may be siraight chained or branched and preferably contain from 1 to 6 and most
preferably 1 to 4, carbon atoms. Where substituents may themselves optionally be substituted by hydroxyl
or alkoxy groups, this may be monosubstitution or polysubstitution and in the case of polysubstitution
alkoxy or hydroxyl substituents may be carried by alkoxy substituents.

35 Where the compounds of the invention incorporate one or more hydrophilic R! or R? groups, these are
preferably straight-chained or branched moieties having a carbon atom content of from 1 to 8, especially
preferably 1 to 6, carbon atoms. The hydrophilic groups may be alkoxy, polyalkoxy, hydroxyaikoxy,

L‘ hydroxypolyalkoxy, polyhydroxyalkoxy, polyhydroxylated polyalkoxy, hydroxyalkyl, polyhydroxyalkyl, alkox-

yalkyl, polyalkoxyalkyl, hydroxylated alkoxyalkyl, polyhydroxylated alkoxyalkyl, hydroxylated polyalkoxyal-

40  kyl, or polyhydroxylated polyalkoxyalky! groups. More preferably however they will be monohydroxyatkyl or
polyhydroxyalkyl groups. The hydrophilic groups serve to increase the hydrophilicity and reduce the
lipophilicity of the metal chelates formed with the chelating agents of the invention and it is preferred that
the compounds of formula | should contain at least 1, conveniently from 1 to 4, and preferably 1, 2 or 3
hydrophilic R' or R2 groups. As hydrophilic groups, the compounds of the inveniion may thus include for

45 example hydroxymethyl, 2-hydroxyethyl, 1,2-dihydroxyethyl, 3-hydroxypropyl, 2,3-dihydroxypropyl, 2,3,4-
trihydroxybutyl, 1-(hydroxymsthyl)-2-hydroxyethyl, methoxymethyl, sthoxymsthyl, 2—hydroxyethoxymethyl
methoxyethoxymethyl, (2-hydroxy-sthoxy)ethyl, etc, groups.

Where a group Z in a compound according to the invention is a nitrogen attached heterocyclic ring, it
particularly preferably is of formula

hydr oxy|%}
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preferably straight-chained or branched noieties having a carbon atom

content of from1 to 8, 'especially preferably 1 to 6, carbon atoms. The

hydrophilic groups may be al koxy, BP 452 3e2B1, hydr oxyal koxy,

hydr oxypol yal koxy, pol yhydroxyal koxy, pol yhydroxyl ated pol yal koxy,

hydr oxyal kyl , pol yhydroxyal kyl , al kox- yal kyl, pol yal koxyal kyl ,

hydr oxyl at ed al koxyal kyl, pol yhydroxyl at ed al koxyal kyl, hydroxyl at ed

pol yal koxyal - 40 kyl, o&{ﬁe+y£ydroxylated pol y yalgfyl groups. Mre

pref erably however they |1 b& nmonohydroxyal k pol yhydr oxyal kyl

groups._ The hydrophilicNgroups Serve to incré& Ohydrophilicity and

reduce % he | i pophilicity of t net al chel ates d wg h the chel ating

agents of the invention and 1t is preferred that _th onpounds of formula I

shoul d contain at least 1/ coRveniently from1l fo 4\ and preferably 1, 2 or

3 hydrophilic [err] grelips. Asyhydraepxhilic gr-8Ups, tR®OH.onpounds of the

I nventi;opn may thus inclu foy 45 exanpl e hydroxynefhyl, 2-hydroxyethyl,

1, 2-di hydroxyet hyl, 3-hydroxypropyl, 2,3-dihydroxypropyl, 2,3, 4-

tri hydroxybutyl, 1-(hydroxynethyl)-2-hydroxyethyl, methoxynethyl,

et hoxynmet hy lin the cérysbums \oe tofaur/ [rek laytups Yrpletaaalsly @dphaasnt BRrbdxyllc, acid or amide groups, for

( 2- hydr oxyxempla @roygsadf Ryrhyla @OQH, GPNBiplps. Where a group Z in a conpound

accorditng to the invention is a_nitrqogen attached heterocyclic ring, it

particularly preferably i@ogtnhéﬂmmh& dﬁiLi) Cgﬁ1¥11452 392 B1 OH [err]

10 In the conpounds of formira T The groups—Y-$ref erabl y represent

carboxylic acid or amde gr oups, for exanple roups of fornula COOH, [ err
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form S@J tﬁarﬂ:‘hla &La\@ltaﬁl l%nlsvéma% deri | amc \Qf’aﬂf IrJe%r @sme ln
monoval enfyck akis QR cRdiatés dn 3 IoRNp&! no@n&%sﬁﬁf@ 15 1o th@%%r‘b&?l grtnfb% a@(%tﬁ\earhto _
annnnlun1900ﬁ%pﬁggtuted ammoniumion or a netal ion or exanple an al kal
metal or al lxad pamRuBds dréterrdatimk thb Althber &3he iBROININGLréps Y ,rnﬁ@é&rpabhyof forhula $ bed
cation degro¥dng ehiidh teValeRdyJA MeCmitd SPecids Qb b6 XAERIELYTIRE lcoitdlf RFfmuidys TRR, fot N
such sad t sxafpleClalcaGEBI) BNE HO Ichdldidde the [R0inpdnd oNPERIBISI6 daif tldof) peferdblyecontains
car boxyl treeigrsforaing ¥ greups.ffor exardple FEODHIGIOCOOMD P this wal, thesmetalrcheélatel Wiirole formed
pr ef er r edas hatuttah epegiasriee forrofprefdwed isioe therasmpily gresups inYcdnpentrited sautipasuefdsicto f
f or mul a | cdowogrtdoe sreriow and gigeretheit thidcities redaticoyto their tohie anpipigds arrignificantly gdysed.

chel at ed by Q_omgowjmcjpjmlaflm ioi¢hgall the Yaresps ¢aspoxy! are -COOH groups or salts or amides of
35 such compounds are especially preferred since compositions containing metal chelates of such compounds

L/- can readily be sterilized, for example by autoclaving.
Included amongst the particularly preferred compounds according to the invention are those of formula |
b wherein R' represents a hydrogen atom, a hydroxyl group or a hydroxylated alkyl group, R? represents a

hydrogen atom or a hydroxylated alkyl group, R® represents a hydrogen atom or a group of formula CHzY,
40 X represenis a bond, an oxygen atom, an optionally hydroxylated methylene group or a group NR3, Y

represents a group ‘of formula COZ and Z represents a hydroxyl group or a group NHR*' (where RY

represents a hydrogen atom or an optionally hydroxylated alkyl group) and metal chelates and salt thereof.
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30 exanple, where Gd(I11) is to be chelated, the conpound of formula I (or
salt thereof) preferably contains three ion-formng Y groups, for exanple
-COOH (or -COOM). In this way, thepodsaBoxBelate will be fornmed as a
neutral species, a formpreferred since the osnotic pressures in
concentrated sol utions of such conpounds are | ow and since their toxicities
rel ative tFSPeridly PrRigRedcompetng e ding ta thejigyantiop inglide thosp slitr tetpwingdprmvemds of
formula I in which all the Y groups carboxyl are -COOH groups or salts or
am des of 35 sudh, conp®linds are especi A'PY preferred since conpositions
cont ai 5ni ng nesal cifeTates @&f s@th cpnpounds gfan ¢ eadify De stegisli zed, for
exanpl e by ocl gui I ncl uded agongst) t he paF‘t\i culfarl y\preferred
conmpounds accogdi Kot i nvemt e se Q.M ' NSerei n[err]
represents a [iydrogen_atom\ a h{;droxy‘lsgroub‘,orﬂaHE r oky! Rt ede& kyl group,
R2 represent® a hydraden at®m & a hyRiroxyl dted al'kyl gFoup®R3 represents
a hydrggen atomor a group of fornmula CH2Y, 40 X represents a bond, an
oxygen atom an opt(i oqal |y hydroxyl 6"([}%% met hyl ene groumxedr a group [err], Y
represents a group J‘P formula COZ an represents a hydroxyl group or a
group NHR4'" (where R4 represents a hydrogen atomor an optionally

hydr oxyl at ed al kyl group) and netal chelates and salt thereof. 45 50 65 5
EP O 452 392 Bl Especbal |y preferred conpougds according to the invention

i nclude those of the jollowing fornmulae: [efr] 10 O 40 (where [err]
represents [err] r repgesents r represents a
group [err] Rehere sf&n odygen @tonfor Ra grjoup CH2 orREHOH, s i's
0 ok 1 and [exr] i i 1"{3‘1nd Wi o>’<\?/ n each [err] may
al sQ_r#present™ up) and the Tet chelalyes, and t he

hydrdkyal kyT  gr

salts ther eg\t,l 50 65 o5 EP O 452 392 stParti afd y prefserred d%)r’rrpounds
according to'the inve%ti.on i Rcl'0de those of for ae: [elr]
26 (1d) (Ie) (I£)
R |
5n6 t :
30 RRNIN NRSR®
' 5 _
_ RN NINRS'RB
!
.3 R¥
L
(I9)

40 (where R represents CH:COOH, R°® represents CH2COOH, CH2CON(CH3)CH2CHOHCH,OH, or
CHCONHR’ and R’ represents GHs, CH,CHOHCH2 OH or CH(CH2OH)z , or NR°R® represents a group

11

11
-l_\LCEZCHR W(CHR )SC,HZ

45

where W represents an oxygen atom or a group CHz or CHOH, s is 0 or 1 and R" is hydrogen or where s
is 1 and W is oxygen each R' may also represent a Ci-4+ hydroxyalky! group) and the metal chelates and
the salts thereof.
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0 301(mhere [err]and the chelates, e.g. with [err], and salts thereof.
Viewed frbma further aspect, the invention also provides a process for the
preparation of the 45 conpounds ofer b@s28e2®ti on, said process conprising
one or nore of the follow ng steps: a) reacting a conpound of fornula 11 50
[err] 7 EP 0 452 392 Bl (wherein X, [err] are as herei nbefore defined
and [err] r disriedatytresiesred gemropsh agrorsipg i ¢ invaniiendnalodp thosgrat fasmoles; 5 gs

her ei nbefore defined, with the prg&gFO that at | east one hydrogen is

ni t rogen- attached) mﬁth a conpoun erving to replace @ nitrogen attached
hydrogen by a uchHZY e.g. a ound of Q84T 5 L-CH2-Y (1)
(mhere is a cI hrh\c | eavifng gr dup, e. a hal ogen aton% such as
chlorine, bromine or iodipg); and b) ¢onvertt ng a conpound 6™ ormul a |
into a chel ate conpl ex or, The seywounds of formula 11
may be preparedt Qe turated sbbrtlng conpounds of formula IV 15

[err] 20 (wherein [err] represents fa hydroxyl group or a group of fornula
[err] and each [err] which may be 't Qr different represents a
hydrogen atom or an optionally hydrox§? q@& al kyl group) by i) catalytic
reduction of the heterocyclic rin QL) (where required% am de formation
and iii) reducth ®Oat de functf ons 1 *onally i nvol vi ng
substi trating the carbon o grou shown in forrmula 11 with

groups [err]). These proce e beﬁggrforned in this order.
The foll ow ng sg t he preparati-on of co agatef fEddl a | are
prOV|ded by way of |IIustrat|on 30 k\\r] 40 45 50 55

L’ 20 COOWH
t%c:c:c:——a\ \\\//Qthijgi\\/// /;~—-cnacaH
.25 |
HOQC C.OOH (Ik)
COOH
% HOO

\j [/COOHr/cooH

HOS N

N N O
Hooc/i:T . T:f\cooH

40 HOO L ' _ '\

{where R'S is NHCH; or N(CHa)CH, CHOHCH2OH) and the chelates, e.g. with Gd3*, and salts thereof.
Viewed from a further aspect, the invention also provides a process for the preparation of the
45 compounds of the invention, said process comprising one or more of the following steps:
a) reacting a compound of formula I

50 R‘ X R‘
0 1o
T G TR
|
R: &ao Kz_

€ C

COOW
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EP 0,452 392 Bl [err] O oy _ _ _ _H
15 The st®rting conpound (1) is described by Wahlstroemin Arkiv Kem 11
(1957)251. Catalytic reduction agp@dagsp@g2 ieducti on and al kyl ati on yi el ds

t he conpound (5) which is a conpound according to the 20 invention. [err]
The starting conpound (6) is described by Eremev in Zh. Og. Chim 21
(1985) 223 9vherinky Rhaniddt a6 aslhereinBiore defipesLand R{Cppredeits h hidtogan etomeoa adumetyr di ng
to the i nwhereYdhes p@inhgforgQefingd. yith the Broviso hatat Rask omyhyHogen) is nilegiattichefthwith
starting @cepeund serghg fosreplacscy nitsesan BYackyd hyprmaen kn a gioup CH2Y3 0-9Cr gomramethet 37
(1972) 296%m™ulgdlldat i on, reduction and al kyl ati on yi el ds conpound (11) which

is a éonpound _according to the invention. 35 40 45 50 55 10 EP 0 452 392
81 [err] Bty (1)

{where L is a nucleophilic leaving group, e.g. a halogen atom, such as chlorine, bromine or iodine); and
b) converting a compound of formula | into a chelate complex or salt thereof.
10 The compounds of formula {1 may be prepared from unsaturated starting compounds of formula IV

R R
16 _ Rg W;EOE/ K%, (IV)
N
o o

b’ 20

{wherein R® represents a hydroxyl group or a group of formula NR2 and each R? which may be the same or

different represents a hydrogen atom or an optionally hydroxylated alkyl group) by i) catalytic reduction of

the heterocyclic ring, ii) (where required) amide formation, and iii) reduction of amide functions to amines

25 (optionally involving substituting the carbon of the carboxy! groups shown in formula Il with groups R2).
These process stages need not be performed in this order.

The following schemes for the preparation of compounds of formula | are provided by way of

illustration:
30
HO OH co.\:a\:?:kic HO OH
reduc ion_ -
35 - i
O CH,00C N CO,CH, CHPOC Ny €0, CH;
i H
C (1) (2)
40
Ho -, 0On

/

R
H

3)
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The starting conpound (12) may be prepared anal ogously to conmpounds

descri bed*by Acton et al. in J.Med.Chem 27 (1984)638. Deprotection,

hydrol ysis, reduction and al kyl ati epowsglagsBeonpound (16) which is a
conpound according to the invéntion. 40 45 50 55 :.EP 0 452 392 B1 CH

OH [err] The starting conpound (17) is described by Hermann et aL. in HeLv.
Chim Acta 59 (1976)626. Ami dation, reductiont@nd alLR¥l ation yields

conmpound (20) \gridch is a conp d according to nvention. The
i ntroduction cg [err] noi e?@fgﬁ-rer—ﬁuan R_acgetic\aciduf esi due may for
exanpl e be perfornmed as foll ﬁbm\gﬂm‘ a) To YN a phosphonic acid

noi ety, ’t he general met hod f@nr&ypt hesi s of al phaﬂarr'ggzp(ggs%hgmgm()i ds
descri bed by K Medritzer et al. in J.Og.Chem 31 (1 )" 1603 may be used.
[err] 40 45 (21) : (22) (of
formula I1) (ko for a 1) 50 (where [err]
i's a coppound prraforrml al). EWCH,QCOQU oduce a xam c acid noiety, the

general nethod r transformation~of ag acti vat d agid %(cuzcamw)i vative

into hydroxanmic acid describégOby P.N. Turows N >n Inorg. em 27
(1988) 474 may be used. 12 EP 0 43300 )idl [e r%(mlo (8) (where [err]
is a conpound of formula I). c) To introdud@ a sulTEMt @sf ompibsl, )

synt hesiss may be perfornmed by al kyl ati on of an am no function for exanple
wi t h i odonet hanesul fonic acid

The starting compound (1) is described by Wahistroem in Arkiv Kemi 11 (1957)251. Catalytic reduction
\ amidation, reduction and alkylation yields the compound (5) which is a compound according to the
’\/, 20 invention.

2 H,N N NH, K0 (KN l/n(cnlcolu)z
H

@) (of formua B) ocamIN L

30 | (7) (of foremvla T)

The starting compound (6) is described by Eremev in Zh. Org. Chim. 21 (1985)2239. Alkylation yields
35 compound (7) which is a compound according to the invention.
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[err]; 25 (21)- (25) so (where
[err] is a conmpound of formula |I). As nentioned above, the starting
materials for the preparation of gpgysgedgiof fornmula 11 nay conveniently
be unsaturated, e.g. aromatic, heterocycles. Procedures for the catalytic
reduction of aromatic heterocycles are described by N shiki et al. in
Tetrahedron Letters 23 (1982)193 and by Kaiser in J.Og. Chem 49 (1984)
4203 and ewher 35 nver si on of hydroxyl groups to groups R3 or R4
can be by(?%%hé//m ﬁ) F’r%f%%gs, bifg. by al kyl alt : ' ONMt | ves of
formula | may gpro uced fromtg@hogl go7aci ds by nefhods|anal ogous to

t hose °of ERoA b rcothEP- A- 7997 % Conmpounds of la | wherein Yis
a phosphoni’c‘groum may be sflnt hesi zed by react r‘n‘ﬁ"@ e z{tn ne<Btf ormul a 11
wi t h formal dehyde/ phosphorous acid, e.g. as described by Medriter in
J.Og. Chem 31 ?31966) 40 1603. Simlarly conpounds @(®)fornmula I, wherein Y
is a hydroxam c or sul phonic acid group, can be synthesized as described by
Turowski et al. in Inorg. Chem 27 (1988) 474 or by am ne reduction using

i odonet hanesul pthi c acid. Chel ant.s of formula I be‘;jl as the basis
for bifunctional (thelants or f L ychel ant c8&oungs, N8, conpounds
contai ni ng several independant chgfant groups, by sulpstityting for one Y or
[err] #45 group a bond or linkage to a macronb:h e £, €.0. a

ti ssue specific bionolecule or a backbone pol yner such ¥s pol yl ysine or

pol yet hyl enei mi ne which may carry several chel g s and-my itself be
attached to a macronpl ecul e to produce a bi funig{)))ngﬁjg’ﬁf Q"nﬁnt. Such
macy onol ecul ar derivatives of the compounds of formula | and the netal

chel ates and salts thereof for ;an%“[ urt her aspect of the rpf'%éent i nventi on.
50 The 1ink of a compou 2 I cL el

backbone pol yme?@my be effect W"bf ﬂﬁﬂ%&@e‘\gven i ona nﬁ(ﬁ‘dgé‘“}guch as
the mixed anhydride procedure of2&rej car ek We W Bi g herrti\l&;éalC ﬁgd

Bi ophysi cal Research Communi cations 77: 58& (197’7)), t cycric dn?fy ride
met hod of Hnatow ch et al. (see Science 220: 613 (1983) “aasluwel sewhere), the
backbone conjugation techni ques of Meares et aIQ\Q( S@‘.‘ ;Qgsalu\agj gchem 142:
68 (1984) and el sewhere) and Schering (see EP-A-331616 for 55 exanple) and
by the use of |inker nolecul es as described for exanple by Nyconed in
WO A- §9/ 06979. Salt and chelate formation nmay be perforned in a

convent i onahe s@iidedompdine (8) LdedribBP bR BMRMS o0hl. th DEOR! GRRANS7 (187272083, AfidaioR,
parti cul aticyonidil bimhidtion filds domPound (1d pliohiif & Eaipo@id abdording t6 the iventiot i on of

netal chel ates, chel ates which nmay be used for exanple in or as contrast
agents for in vivo or 13 EP O 452 392 Bl in vitro nagnetic resonance
(MR), 3X-ray or ultrasound diagnostics (e.g. MR inmaging and MR

sp roscopy), or scintigraphy or in or as therapeutic agents for

radi ot herapy, and such netal chelates forma further
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aspecgt of ;the present invention. Salts or chelate conpl exes of the
conpounds’ 'of the invention containing a heavy netal atomor ion are 5
particularly useful in diagnhostuc EPAgsRg9®dB1t herapy. Especially preferred
are salts or conplexes with netals of atom c nunbers 20-32,42-44 49 and 57
to 83. For use as an MR- di agnosti cs contrast agent, the chelated met al
species is part ly suitably a paranagnetic species net al

conveni ently beilng ransi t i on-fetal—e+—s | ant hani de, refer bl y- havi ng an
atom ¢ nunber giigl- ey 42, 44 &ersquakl.clMet al chelates n whlch the netal
speci es, is BE W, o, PO-thhery Fe are espeEFaIIy“bre eN ed and
[err] are partlcul riy preferre rolc@r Rguch use, the paranagnetlc net al
species is conveniently non- rad|oac ive as radioactivity is a
characterlst|c<w@ {ch is neither required nor desirable f@g)VMR-diagnostics
contrast agents. For use as X-ray or ultrasound contrast agents, the

chel ateg netal species is preferably a heavy netal species, for exanple a
non-radi oactive netal with an atonlc nunber greater than 37, preferably

greater than 50, ? % [err]. 15 |1 For use in scintigr
radi ot herapy, the E EIated nmet alF—spectes—rust of cour se be dloactlve and
any conventional conpl exabl e radi oactive netal ﬁhgﬂg rr]In for
exanpl ets may be used. For radiography, the chelat genty o the
formof a netal chelate with for exanple [err]. For use in detOX|f|cat|on
of heavy netals, the chelating agent nust be in salt fdMmwith a
physi-ol ogi cally acceptable counterion, e.g. sodium calcium amonium zinc
or wegl um ne, the sodiumggalt of the 20 chelate obb the conpound of
forlaul a®l with 2|ﬁé4§r calciunl—ﬁﬁgie—Lhegnetal chel ate [Carrips an over al
charge, such as is the case withTH® prior art Gd HIWRA dit w |l NH
conveniently be used in the formof a salt with a phystologi€catTy *
acceptabl e counterion, for exanple an anmoni um substitutet agygyi um
al kali getal or al kal i ne earth metal cation or an ani o @leki-MmlNage fyr om an
inorganic or organic acid. In this regard, neglum ne salts are particularly
preferred. 25 Jiﬁﬁﬁed from aELqHuhenqaspect t he presgnt |nvent|on

S

provi des a di agn or therapeuLLc—agen§ conpri si ng chel at e,
whereof the chelating entity isH,be residu gf np und a cor t t he
et e

presentsoi nvention, together with at |east one*p ettt NG h t1'mary
carrier or excipient, or adapted for formulation therew tf.or for inclusion
in a pharmaceutical formulation for human or veteriﬂ&ny us% O8/i ewed from
anot her aspect, the present invention provides a dete E catlon?ﬁge
conprising a 30 chelating agent according to the i ny&ht i *IP f orm of
a weak ¥onplex or salt with a physiologically acceptable counterlon

to her mnth at Ieast oge1§$ﬁ%p§§e%%}c%éygérxﬁég&%ggg camaéfr aal. i
exci-pi ent, wé?

phawmaceutd @earc? r i’_fh DPQJP‘*"H‘&MM"’B‘YS'SVéeFlé‘?"P’h%[W"h'é“é’“ U g
therapeytic: agents %ﬁ°" ° the IWelP™ i hvention may be formul ated with
conventional 35 pharnaceutlcal or veterinary formulation aids, for
exanpl e stablizers, antioxidants osnolality adjusting agents, buffers, pH
adj usting agents, etc. and nmay be in a formsuitable for parenteral or
enteral adm nistration, for exanple injection or infusion or adm nistration
directly into a body cavity having an external escape duct, for exanple the
gastrointestinal tract, the bladder or the uterus. Thus the agent of the
present invention may be in a conventional pharnmaceutical adm nistration
formsuch as a tablet, capsule, 40 powder, solution, suspension,

di spersion, syrup, suppository, etc; however, solutions, suspensions and

di spersfons in physiologically acceptable carrier nedia, for exanple water
for injections, will generally be

65
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preferred, Were the agent is fornmulated for parenteral adm nistration, the
carrier mediumincorporating the chelale or the chelating agent salt is
preferably isotonic or sonewhat EP@esg20392@1 45 Where t he diagnostic or

t herapeutic agent conprises a chelate or salt of a toxic netal species, -
e.g. a heavy netal ion, it may be desirable to include within the
formulation a slig él excess of the chelating agent, e.g. as discussed by
Schering in DE-A-3p40708, or nore preferably a slight dess of the cal cium
salt of such a ck ing agent. For MR-di agnostic exapikation, the
diagngstic agent} of tihe present i ilon, if in sol ~suspension 50

or dispersjan.f il | general |l gugortai n the netal te at

concentra %‘Jg)ﬁci n t&ﬁe r&Rgeid m cron‘ng to 1.5 RIS per t reoyef erably
0.1 to 700mMM dhg diagnostic agent may however be suppl'ted in a nore
concentrated formfor dilution prior to adm nistration. TH& di agnostic
agent ,pf the invention nmay conve- niently be adm nistered in anounts of
from10-3 to 3 mmol of the nmetal species per kilogram fi body wei ght e.g.
about 1 mmol Dy/ g%lgodywei ght . 55gy, For X-ray exa pratN on, the dose of
the contrast agent shoul d gener a#rg—be—hi—gﬂher and f intigraphic

exam nation the dose should gener"é Fy be I ower HiNn i nation. For
r adi otther apy and detoxifica- tion, conventional dosageg may be used. 14 -
EP 0 452 392 81 Viewed froma further aspect, th@apyesgite | DVENE PN .
provi des a nmethod of generating enhanced i nages of the human or non- human
~ani mal body, which nmethod conprises adm nistering to sai& body a di agnostic
agent, according to the present invention and generating pn X-ray,

MRAd) &gnosti cs, (uhtrasound or scBn€dg-ctaphi ¢ i mage o east a part
thereof. Viewed froma further a'ﬁ“ﬁé?t“,—t‘h'é' present i n provides a

met hod of radi ot herapy practi sed™®® the human or no m i@alcoaidy,
whi ch net hod conprises administering to saig1 body alcheljate of a

radi ogctive metal species with a chelating 58?& b&‘ordi‘?'rg‘-ctz& t he
invention. Viewed froma further aspect, the present invention provides a
met hod of heavy nmetal detoxification practised28n tt(quhtgmupc[ on- hunman
ani mal body, which nethod conprises admnistering to said body a to

chel ati ng agent according to the invention in the formof a weak conpl ex or
salt wath a physiologically acceptable counterion. . Viewed froma yet
further aspaeistartihd) @oppaBe Nt7) i desaiitied rbyakd@mandr atval.d@SHEN eChins eActd 58 [1976)626.

c onpoundamidaiom eeiuctioh wnd digiatiatyields chrepoabd@g) which raciomgound adchreing mvikeihventionf or

t he manuf adbaiintodoétionl pbayBidyt madsty other ien ap ecstic acidugsidtegndydor example e, performades of
i mage gewtawati on, detoxification or radiotherapy practised on the human or
15 nope hurdio inpdnee atyb%honim agiflerepiety. &t ggnasp! inpethod for synihesia giprirhe-aminpghopphenic nt

i nkent i on 3B Yeseribed by KMeedsiizar qt gk infJi{x0.Ghea M (186PI§0may hecsprbt al  chel at es of
the invention which process conprises adm xing in a solvent a conpound of

fokgul a | or a salgfMie.g. thecsp@d umsalt) orpTofel aie g hereof together with
an at 4J east spari n&l y sol ubl e cc?rrpound of sai & 277372

H,PO

373

45

(21) (22)

{of formula II) {of formula I)
50

(where R} NCH.Y is a compound of formula I).

b) To introduce a hydroxamic acid moiety, the general method for transformation of an activated acid
55 derivative into hydroxamic acid described by P.N.Turowski et al. in Inorg. Chem. 27 (1988) 474 may be

used.
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netal, for exanple a chloride. oxide or carbonate. 20 Viewed froma yet
still further aspect, the present invention provides a process for the
preparation of the diagnostic or terease3g2l®1 agent of the present

i nvention, which conprises adm xing a netal chelate according to the
invention, or a physiologically acceptable salt thereof, together with at

| east one phar rraceuti | or veterinary carrier or excipient. Vigwed froma
yet still further ct, the present i nvent i on provides agp.r_ogmss for the
preparation of th det oxi f i capiomHagent of the inv n

7 b
conprises adm Tng a c¢hel ati ng agent—aecordizng to the é‘pnNsntlonN‘ﬁ e form
of asdlt with a ‘thsgol ogi cal |y acceptabl e counterion toggt hﬁ_ﬁ '\M th at

| east one pharmaceuti®al or veterinary carrier or excipient.
di scl osures of all of e docunents nentioned herein are incorporated by
reference. The present invention will now be illustrated further by the

foll owi,ng Exanples. All ratios and 30 percentages given herein are by

wei ght and all tenperatures are in degrees Celsius unless otherw se

i ndi cat ed. Exanpl €2B)35 (24)

2, 6- Bi s-am nonet hyl - 4- hydroxy- N, N, N'- pent aki scar boxynet hyl - pi peri di ne (a)
Chel i dam c aci d-di ethyl ester Chelidamc acid (25g. 0.136 nol) and 500 m of
et hanols wer @here RINGGHEGOBHCHeY id myorthyuindgiegmmattal)or i de was 40 bubbl ed t hrough

t he suspens®dn.intPhe pewtidntczacd rodieda syrtesis triap he werformewinyeatiy letionenfl an amina tiodioand
crystal | i sefdr ¢xpopie with ieqomethangsulieniogeiddg (7799 white crystals, MP. [err] -NWR
([err])delta = 14.01 ([err]); 63.0 ([err]); 118.31(CH); 162 95(C=0. b)

Chel i;dam ¢ aci d-di am de 45 Chelidanmic acid- d| et hyl gster (3g, 0.013 nol) was

U' ved in 45 nm of dqzmﬂ parts dfCHgﬁO‘?n and ed aqueous
ammoni a and heated in a pressure bottl [err] fo ho rs. The
resulting solution was concentrate rystalli zed fromdilute agueous

anmoni a/ met hanol . Yield: 1.3g(58 %,MP. [err]. FAB-MS: 182(m+ 1). c)
2, 6- Bi ; ani nocar bonyl - 4- hydr oxy- pi peri dine A sol ution of chelidamc acid
d| ani dé° (0.38 g/2.1 mmo) ). .in absolute ethanol (100 m ) was hydrogenated at
[err] under 3 atnospher pressure hydrogen in the pr esefrRe of 5 % rhodi um
on carbon (0.22 g). After 55 17 hours, the catal yst was renoved by
filtration and the sol vent was evaporated. The residue was dissolved in
wat er (30 nNiwhere RORCHSORE RS cOMpovad ofidrmtieyed and the filtrate was evaporat ed
to dryness tm mgéntienet ebole, tHeest@rrigpmutaihls e itHedprefiralidn gf Cdpodnd¥)of fdrtn@la Il may
st ruct ur e conssnicpthnbe unematathy; efgearorhatibi\istefdsiles MPiacedBASTF the catdiytic r&fct®a of B0k,
65. 31, 166et&Fcyplpsrare KescribedEly Wishih Bt 897 Tmahdc)ron Letters 23 (1982)193 and by Kaiser in J.Org.
2, 6- Bi s- afftemod@ (19§4) 4203tepdiplegefrerpi peri dine tri hydrochl oride
35 Conversion of hydroxyl groups to groups R® or R* can be by conventional methods, e.g. by alkylation.
b Amide derivatives of formula | may be produced from the oligo acids by methods analogous to those of
EP-A-250358 or of EP-A-299795.
{ Compounds of formula | wherein Y is a phosphonic group may be synthesized by reacting the amines
Nt of formula Il with formaldehyde/phosphorous acid; e.g. as described by Moedriter in J.0rg.Chem. 31 (1966)
40 1603. Similarly compounds of formuia |, wherein Y is a hydroxamic or sulphonic acid group, can be
synthesized as described by Turowski et al. in Inorg. Chem. 27 (1988) 474 or by amine reduction using
iodomethanesulphonic acid.
Chelants of formula | may be used as the basis for bifunctional chelants or for polychelant compounds,
that is compounds containing several independant chelant groups, by substituting for one Y or R' or R?
45 group a bond or linkage to.a macromolecule or polymer, e.g. a tissue specific biomolecule or a backbone
polymer such as polylysine or polysthyleneimine which may carry several chelant groups and may itself be
attached to a macromolecule to produce a bifunctional-polychelant. Such macromolecular derivatives of the
compounds of formula 1 and the metal chelates and salts thereof form a further aspect of the present
invention.
50 The linkage of a compound of formula | to a macromolecule or backbone polymer may be effected by
any of the conventional methods such as the mixed anhydride procedure of Krejcarek et al. (see
Biochemical and Biophysical Research Communications 77: 581 (1977)), the cyclic anhydride method of
Hnatowich et al. (see Science 220: 613 (1983) and elsewhers), the backbone conjugation techniques of
Meares et al. (see Anal. Biochem. 142: 68 (1984) and elsewhere) and Schering (see EP-A-331616 for
56 example) and by the use of linker molecules as described for example by Nycomed in WO-A-89/06979.
Salt and chelate formation may be performed in a conventional manner.
The chelating agents of the present invention are particularly suitable for use in detoxification or in the
formation of metal chelates, chelates which may be used for example in or as contrast agents for in vivo or
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2, 6- Bi s- am nocar bonyl - 4- hydi oxy- pi peridine (0.21 g/0.11 mvl) was dissol ved
In tetrahydrofuran (THF), and a solution of borane in THF (20m, 1M 20
mol ) was added. The m xture was refl uxed overni ght and not hanol (5mM) was
t hen added at [err]. The sol vents &RP&5289Btd. Met hanol (5 ml) was again
added, and the sol ution was evaporat ed to near dryness. The resi due was

t ak th t th t d at fl
T bl e e AT e S B
‘i"”‘é’%‘f ‘8&‘96" d d'ra' P 0T VAt G‘Sm

cryst al | ori scmtl %ag f)r m or as
ven I
(719 . Né‘ ﬁl lts % !e ribf tL% ﬁl: s]&%e u(vg)mon confaining a heavy metal atom or ion are
2, 6-Bi g- qml.@saxm e onberes o ralopogye A e A8 &e@ﬁ&jj&)g%rrggﬁ%ln DIl Ex’Ltsn?
26 Bi 5 AFLOAIRL A ATy R N Ty arach of 1 de C1Bm
di ssol ved i PorWab @5 ah 1khihgnoskiBe cdnlrbst SgeneltneSERRtel Gnoldd spéclel it Mduuawsunwa
sol uti on KfamagREOsRE.S, meaﬁdtadc&ﬁaﬁ'emmimg amdnslubﬂﬂetéﬁﬁamha.del pretbRbly Wakinglan ( 10
m) is grashiahimbeacideds ta, 44he 551. MeROchaktés lirvhich theandil eticies RIGACE®A DY) W, Crl he -
t enper at uneoi B gre asheaibllyypréferen @ad 6+t Man?{ erdr By>Ueare ipaticulbrii OteferediFol ich e, bl i.S
kept i nstiaemadioid mewl smige is( @nteoierti )nonv atilactigpu g0 mdiodcti@ll. is Blubaraaidrisic ehichiis
al | owed tmeithpo edquited nentigsizable foreviprdingnbslicecontiasti ageatsi e dsevastiray ondtrastupd calrasdm ¢
aci d, | ocatenls. the chelgied metg) spevies Srerafoablyaangeny nfelGsiBirs for axahplel anoe-chdiphctive rgstgl  «
aqueous - atihgnpiamicaLmeer gepiapiBInaY| Rﬁﬁefmeatqfﬁé" é‘i’ 8@eP¥t-oduct i$ di ssolved in
wat er ¥nd | {ype issialigraply ad sdipthersey. f"ietcl‘%at '93 EX%Ir?P?"é’SQ be radioactive and
-3, 5-Thi o PfHP’?"H’(‘?éIF‘??E’ﬁ’i e’é‘i‘i?aﬁ'éfe 'é°‘ or °"a""°'° may be used.

i ﬁ,lﬁ;jé:rrl tal 57C
§h5 -g“go 8%%?;?%9 ?.‘:g:\ggx% 9 tnf % e m f( ?‘s‘ \fl
adj\wét ed ééc } alc it n'u Z|nC ormac t i ceasgd' %Q L
a_nd Li mét C tg ard %{ all'c?’lar %gélkaés i tth&L@qv d?iGr a$tt¢J f)ﬁiq\ lt
m xture ag afhPdnfRty 6eeJ§9c?fn4ﬁel#6uﬁr of BR&t ‘Fnﬁﬁ@&& 16tficaily a%c&(aﬁ lé rke¥iorl, 'EHF@%@@Q
[err] dur i HgnchiuROMbSHMEY dnfndnid@, Rk infbtaK§iikaind eartrl YRetdl lckih loNBh SHoR¥Biving b ark O )
With aqUGW@nkloQﬂganMIdsﬂkIW@&m nSgiathineO3aReard Parfcamily dr&lerrddbi ent 30
t enper at ur eyvien@Utrbral 4 SREorasbétt, Ctid) Greséily diveRion NPrévidas ialdiagnesticl el tedfepautis tdgeiig
cation ex@hafiggra M@ Sidke) wididf b dbatting\britity i6 Meargti®@e Ut aampound acobidingto the
evapor at i meseakdnvantiob.negethprud® aplestioretpharmadiutiesi@r veatinarp cavddr @ exaipent or apdpleld ife e d
to yi el d folmmiationt themewith npfgunrdhsuoﬁmarqbtr@a@uucal formulation for human or veterinary use.
2, 6- Bi s- ani Miermed froh - anoherdasose):- N preient freventiak ipsovidesr B odelorification agenip eenintsinge 2a)
2, 6- Bi & etRigingxagend rasesrdjio- @ -tieyig ﬁm@ thederimdefrrewepd complexTpresatiinitk g ehysiplogiselly ed
as in Ex Riablpacounteriop. tegetign wih t aRa Phamaceylicrber YerprigRry CRITIYafi oPCRigd P ) |
The sol ut%e'ﬁe%é’éf '8'@ ’ﬁ’&t‘"éW'é‘P’ '%‘S'B’af" g ?f‘af"l'?ée‘ﬂ?aéé"é'ﬂ‘é%'°'bf°' Pmuw?tﬁwafv
alum na ( 1.0
fi\tered an %:eg@%%v@ 2 e;n P j;g;gea*y;fff&ﬁss'rt o3 iy o g 'S Vgl"?‘;;;gd by

X pe t Zers, an omdants olali us
rev rS% P 5'6 om{B Ie f ép!a eﬂt\é‘a entera(

§l J§£ d ma
FAB/ NS 2 rz tuo ?or e tibl gPﬁffug Gﬁs dll’ 3 a bod cavuty havin
2, i s- aél&dﬂ%?@s% QM t 1Othy Rh&:%éu féet, eol b&F @a& u?efug MhGX AL BdeRt ﬁne
g, 40.5 npBdeht iNRAtH |r§a§ JoVie cbrneti oAb AT REHhiRstallonClodh &M ad @ habRD) daplamace
N an aut Qe Solutibh,! fkpedsich \Rp&didn! rsyrﬁw sappobidfy! btc; hdWovér Obdlltibrid sispénsiera0dnad,
‘the whi t edigehgint il SoldaftallyVaeplabls tcaié tnaafaf forsAmpR SR foninjedtionls, ywilpgeneraly | be
Dryi ng i npretagado yi el ded 5. 69 (74% of a white solid, np. 252- [err],
FAB/ V5. 188 Whiste+thd JagenlidRfoorauidtedr for dareriteal sidaninistiation, the carrier medium incorporating the
chelate or the chelating agent salt is preferably isotonic or somewhat hypertonic.
45 - Where the diagnostic or therapeutic agent comprises a chelate or salt of a toxic metal species, e.g. a
heavy metal ion, it may be desirable to include within the formulation a slight excess of the chelating agent,
e.g. as discussed by Schering in DE-A-3640708, or more preferably a slight excess of the calcium salt of
such a chelating agent.
For MR-diagnostic examination, the diagnostic agent of the present invention, if in solution, suspension
50 or dispersion form, will generally contain the metal chelate at concentration in the range 1 micromole to 1.5
mole per litre, preferably 0.1 to 700mM. The diagnostic agent may however be supplied in a more
concentrated form for dilution prior to administration. The diagnostic agent of the invention may conve-
nientlly be adminisiered in amounts of from 1073 to 3 mmol of the metal species per kilogram of body
weight, e.g. about 1 mmol Dy/kg bodyweight.
55 For X-ray examination, the dose of the contrast agent should generally be higher and for scintigraphic
examination the dose should generally be lower than for MR examination. For radiotherapy and detoxifica-
lion, conventional dosages may be used.
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Cc) 2:6-Bi s-am nonet hyl - 4- hydi oxy- pi peridine trihydrochl ori de 55 The
di am de from Exanple 3b (5.5 g, 29.4 mmol) was suspended in 1 M borane in
THF (590 m) at [err] under nitrogen. After 1 hour with stirring, the

col ourl ess solution was refluxed ovER0ushs92BU cool ed to anbi ent
tenperature. Methanol (590 m) was added carefuly. The sol ution was
evapor at ed to a cl ear oil and nethanol 275 m ) and conc. HC| éll m) were

added. Afte FJR'F‘r’? “’F‘B’ asEe"hgg %"SF 'P“ P‘PB S\R/é‘ée‘md orgsnggaty ? dB'lages
evapor at ed? enE ordm o 1e )? re, mv ntrgrh'rz r%efreratn an Eﬂog:rg %\B %rasPu d)r ts?llétrg—

phase was

at le

title cormou"r\s?r et ket spyxﬁ e rdib p.m%é §mesn@90frr\4.orh9apy 38856

3HO) - R goi) ¥ ,rzﬁﬁu.ra Cobtel Bl mondt)cofscslapmmioA I Wi body U Y N

N, N'- pent lticacedtbiarsddids Wity & cnrara@f%'aggrr: BEcoffnh & HénlenfonA The am ne

hydr ochl or i devidwe@ Mofm*AfsRhe? agdéct Pie Qredent I¥erfiodTBlides \Waetfod SoP RENE FhelalNddidfication

acet one W fphackkbd onllle hurAloR H&-Hifak atil8 B3dye whidDm&ndd, codpgided iRinistddRg B saidibbéiyogen

and sti r#ednartag atat yecboihg E0hEiventidn H0Ihe! Fdr@ rof @fwebk cdipley lor BaitOMBaLC pHyaibiegidallyl .-

:8 g, 11k:-Acaepeblg caurter®@. M acet one. was added sl owlty, and the reaction was -

stirred over nigtet.frodnatybtefiorthbh agpedf thp giresed | invantioa ralso mevidesnhe usal diettie apmpduhds,

react i on wasperielly| the meltalf ehplat@s. regerding A@fitodnvention Ifgr i, mankiactyre ot dikgnpstipees theliabquli ed

and the fi-agenistfer wpdporethedsd! inroa spnemipn. Sihloxfication whagithaery rEsrfiesteon dbpr lteedr on -

silica t® yPehuragasmg bedy-a yel | ow oil, FAB/MS: 730 (M+ 1). 15 |t was

di ssol ved i n on®d ﬁ@mr?e‘it'f‘n%”é?f@é'l’ﬂcbF'\ed’éese'é{ﬂ?ieﬁ'e'ﬁ)p'HY‘dets N H’?"ﬁﬁrf@a’ﬁ%f”ie??'aé'@l‘ o Hdus

‘added sl ova"iPta' 2(]9{3@? °§‘f‘? F‘Y‘?"F‘Rj‘ yhigh @C%GPQP"S?% cte) b V\Sﬁ’s W9 an

oi | <Thi s Vi) 0 Pr gor 3“ & e'rt%refa?r t%ﬁ?{r o phEs é°'§‘8! %“H”FW“t%F%‘&I

of f\and drl‘ée&\l 6 §ﬂné)a ol s fgrh e r eran oy owd«?sag th‘e‘r )

Al ternat I Vgle dia §Stl %&% t' Srre% RI/ o GEMEN ‘5! te

mol ) was &b N Foﬁ or fods

Br onoacet i Cbha’-}ﬁ,héiut{c Qr Pot&inary 1.;5,., o,ngxg i ntvvas car ef u y converted to the
salt with kv rdmch ﬁadGlﬁld‘uﬁr@r tdp6ct,ahd Pr8sed ihntoh ipfdiidéita prbddes RHIMTepk@ith of

bet ween £ addelddificaldrl @fenSoNAdl inSerkiths whitR CbrhgHSes\admiNligl dTErdlatinyy dgeritr decdr@iig B the

hour s, and idvaion lirethe 1&rini 61rd By vawed phygiblogiedily lacrpiabie bRakadnUubgstiat wilHaOlebst odd

The react i @hariwhostiitbier wWasindry eatie dr adcibianta Dowex 50W x 4 ion exchanger in

wat er for 2 hUwerdscloshive of #iF the darsmsepaemibesd hbreio mretifverpgratd yneforeneshed wi t h

wat er and tr eHteepresant mvehB&h aihmomi be iillvstredeiurtiiep rby 1thén delipwingT [Fxamptesi ANl watigs and

separ at ed, pasentagen pueabdrein aesf byt weiglt ghail dﬁmpyra@rea@cp i, dggrges( Goisins ek afiprwise

sol i d. FAB/MdGated 50 (M+ 1). Exanple 4 30.2,

6- Bi s--am nonet hyl - 4- hydroxy-N, N,

N'-tris- carﬁﬁﬂ%ﬁt hyl - N N'- bi's- rret hyl am nocar bonyl net hyl - pi peri di ne The

soliid from . .05 di ssol ved in dry pyridine

(7.5 m )%y PPYME 1, 7.94 nmol ) was

added sl owI(X) Chéfdgrgcamd_éetm re§ 30 rri of dry et her was added and the

préefpitate decantatation and washing with ether.. The

solid was add%héaﬁr@‘&rd%Sg 0.136 mol) and 500 m! of ethanol were refluxed while dry hydrogen chlorlde was
. 40 bubbled through the suspension. The resultant clear solution was concentrated in vacuo and crystallised

- from water to give 25.0g (77%) white crystals, M.P. 123-124 *C. 3C-NMR (CDClz) delta = 14.01 (CHas);

63.0 (CHz); 118.31(CHY); 162.95(C=0). .

b) Chelidamic acid-diamide

45
Chelidamic acid-diethylester (3g, 0.013 mol) was dissolved in 45 ml of equal parts of methanol and
concentrated aqueous ammonia and heated in a pressure bottle at 100 *C for 72 hours. The resulting
solution was concentrated and recrystallized from dilute aqueous ammonia/methanol. Yield: 1.3g(58 %),M.P.
330-335 °C. FAB-MS: 182(m +1).

¢) 2,6-Bis-aminocarbonyl-4-hydroxy-piperidine

A solution of chelidamic acid diamide (0.38 g/2.1 mmol) in absolute sthanol (100 ml) was hydrogenated
at 65 °C under 3 atmospheres pressure hydrogen in the presence of 5 % rhodium on carbon (0.22 g). After
17 hours, the catalyst was removed by filtration and the solvent was evaporated. The residue was dissolved
in water (50 ml). The suspension was filtered and the filtrate was evaporated to dryness to give the tille
compound. Yeild: 0.21 g (53.4 %). The structure was confirmed by SC-NMR (300 MHz, DMSO-dg): 35.33,
55.58, 65.31, 166.57 ppm.

0
&
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met hyl am,ne (40 %9 in water and the reaction was stirred overnight. After
evaporation the crude product was dissolved in 25 ml distilled water and
the pH was adjusted to 3.0 with 1 MHC . Ethanol-isopropanol in a 1:1 m x
was added until precipitati on waseER04pt8922BThe solid was filtered off and
dried to yield a yellow 40 solid, 0.58 g (56 %9. FAB/Ms: 475 (M. Exanple

4 1 e ge ». -
2, 6- Bi s- FHPEH S‘Sl!il'lﬁlﬂfﬂ?_“i'%ﬁcar boxynet hyI N N' bi s di rret hyl a
m nocar bonyl net h er| d| ne, g
2,5-Bis o] (i 4 p Il 1 ol S in fetr

3nal ?%or ?8 1:a é‘ ?B%’ ne’f% :’@ )%wa§ d@d 1%%%0% ?%e 'h? mg u }I\/B

| me y a h< glml as t Iclnr at 1e so ents we %rgov\éd was a ain a
503 ( M % alod lo near d yn ss. The residue was taken up y eth iun‘% tura eﬂ
2, 6- ﬁ% tietrbdcfion ikt Qwsn& ot W eeeny! - (

2, 3- d' hydfh@’é |%ydr3c3.uctv@£ﬂ:d1&‘€é’a @&)éh'&ﬁ‘deh Yecaddl. Per i di ne 55

b| S- net hw.adm@ogr(ﬂpgn@g("e’y@m denpav Piepeoed anal ogousl y to the descri ption
in Exampl e 4 by reacting the sane apnount, up to the point where the
met hyl am @e2.4-difafthorhdthynihy@iFox VR B! i Cisbatkis- Ma:iohmkenmmﬂmgaandl ol (2

equivalents) in 20 times the weight of the amne in dry di nethyl acetam de
was added uaGeis-amirbmeityeid-hadrokyipiperidinesidiytirochionides (19hmpli Bddissvesdnin giater H0miribe ent
t enper at urteis adiveiguio 40 iwdin 4 &f LiGld| ape aisoldtipn of brERacktid §Ad §9 2nR1) apd bDHASH ameglein| ow
oi |, Wi ctriandid n't ie aredephapriipdlg dhestigedirextEy alrppibisnigempereiig,Sho Bogerptyyp is gradually
Exanpl e gnageased to 85 °C during 4 hours while the pH is kept in the alkaline range (8 to 10) with aqueous LIOH.
3,5-Bi s- a?"ﬁlstB‘r?éfW'Pw‘N tRIcqg! tongmbignt. ‘?i%??fa&l@ §e‘6’5'l5%§§7\"??é’i ﬂgmw Pﬁﬂ Aded o) .

3- Gar boxahi'gee stes awaanaefdéﬁz'y %)Ep‘ﬁ?' e %‘ié SAHeen| tes Syproratioh d??%f“f was
di Ssol vedc"fcﬁ PIGYR s qsseypdiy yaterp RAL. sutral by to adding
6M HCl © ter §1500 m) was added and the solution cool edon an ice/water

m x. Sodi uﬁﬁ—%y—an de (17.6 g, 360 mmol) was dissolved in water (50 nl) and
added to oI MF| dehyde (18.4 g, 180 mrol ) (prepared
i n accor uiﬁﬁ‘ew Wt ||En?}am§ﬁ%%a'%ﬁk§a?&§£h) 1984)) was dissolved in water (200
m ) ang; t hepsangRsprbiRRIctBroamng (18 Minblf Bs WBSiSddl By £Y.Eféiov In BRUSrg aknirZhi-ent

t enper at ufigaspbsho) eﬁi.ssacedan "WateP U8 Inil). FHS pH TidRus@aE 1B with Ve LPHESH R $oRlien ¥hi Ch
was filt esrerfos0dtc adia @ostmeayl @d LuHL (s hinbl) i 3@teni1p mi) Thgradually aliese tkbstirsuarsixoeol ed
and t he tattameieiaem@idide. \Was (gpipeaiuei it abddily iVdrelsell to188. 4 dprip@ 4 hegrs whiBBRdMB1 is246
(M + 1) bRepBinSthiatkalmei gnaae® hy |19 withemmydusiQih Glhe reelutiohi it Fallewed ab (ool rip wmbient
hydri dee (@0pgaturdouralissd withascshydperomie dcid, ioa8@0ond strdngycalidirexalradoar (A1 B4} and
Terr] 20 eldertwith iV taneryen am@on@a Aftes esspowdtionSdowy.athe cupddpradyet isolisseiedi imeateyag
17. 6 mmuol lyophifiseddoyicla thejtile epmpodpfi- (200 ml ), was added dropw se. The mixture
was refluxed for 48 hours, then cooled to [err] and water (10 g), 15% NaCH
.solution ﬂﬂﬂ‘ﬂgﬁ and water (10 Q) wer e added dropwi se. The m xture was
stivred for 30 m n 2l [ dand evaporated to _
dryness.” 85Ris@ginongtyty O— P tVaporated to-dryness. The °
ﬁ;drocﬁlrg%.lég??'{ﬁ?y'&?c t‘glhyrjmzxy_ ipddan m absol ute ethanol and-isolated as the

40 The diester prepared as in Example 1a (20.0 g,-83.6 mmol) was dissolved in dry ethanol (200 mi). The
solution was hydrogenated at 10 bar in the presence of rhodium on alumina (4.0 g) at 67 °C for 20 hours.
"After cooling, the solution was filtered and evaporated to give a yellow oil. The crude. oil was purified by
reverse phase chromatography lo yield 10.8 g (53 %) of a yellow oif, FAB/MS: 246 (M + 1) NMR conﬁrmed
the structure.

b) 2,6-Bis-aminocarbonyl-4-hydroxy-pipéridine

The diester from Example 3a (9.9 g, 40.5 mmol) was dissolved in 140 m! 4M ammonia in dry ethanol

and placed in an autoclave. After 2 days stirring at 100° G, the solution was cooled, the white precipitate

sn  was fitered off and washed with dry ethanol. Drying in vacuo yielded 5.6g (74%) of a white solid, mp. 252-
256 ° C, FAB/MS: 188 (M + 1). NMR confirmed the sructure.

¢) 2,6-Bis-aminomethyl-4-hydroxy-piperidine trihydrochloride

55 The diamide from Example 3b (5.5 g, 29.4 mmol) was suspended in 1 M borane in THF (590 m!) at
0° C under nitrogen. After 1 hour with stirring, the colouriess solution was refluxed overnight and cooled to
ambient temperature. Methanol (590 ml) was added carsfuly. The solution was evaporated to a clear oil and
methanot (275 ml) and conc. HCI (11 mi) were added. After refluxing for 2 hours the solution was
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25 Yield, 3.6 ¢ (59°/c) FAB/ M5: 236 (M+ 1). c¢)

3, 5- Bi s- arh norret hyl - mor phol i ne. 3, 5- Bi s-am nonet hyl - 4- benzyl norpholine (1.3
g, 5.5 mol) was dissolved in nethanol (50 mM). Am 30 noniunformate (1.4
g, 22 nmol) and pal |l adi um on acti vareglasgdaasy (10 % 5 g) were added. The
reaction mxture was stirred at 50 C under nitrogen for 3 hours. The
catalyst was then filtered off and washed with several small portions of
met hanol afEPeraied ang| the fegifuecdissplinddr Y Plrigifiag netes Therpateriphase 433 Weshog it 2w 400 -
direcly in rgpgl oreferyy and evapprater tasyiel Pthewﬂ%s ms_@ I:Bute c@gtalsdlj'AB/S 160 (M +1),

3, 5- Bi s- ant’ QINW ReRgTefdne AU t - but yI pent aki s- car boxynet hyl - nor phol i n

3, 5- Bi hol 3 ym ' ph
(e2 53 gl, 2 gm@%mn\%e@ﬂif 2 &m& Lcaory QF\DF éhB(ﬂﬂen&r%' e?m%l ;imwgree( s 3red

at anbi ent k& Aature in d| chl oronet hane overni ght. The reaction mxture
A rﬁﬁ?ﬁ ;
was dilu S hl or of orm and washed 3 tines with water. The organic

phase was dr 1136 2o hic[r@cﬁlﬁl}c)e iRRCERABe BE (9.0%, 385 thad %&@a&dn @lyldbtone with d
purifi cabi ghtaddiimeabbhatec@0.6 Q! mmﬁpﬁﬁ&mw@&m%%ﬁdﬁﬁmw’lf& 30 ‘mif) -29% 1 or( &Qy
FAB/ V5: 713ul§|Mhnﬂo)aceta@ &1:8 g, 111.7 mmol) in 20 mi acetone was added slowly, and the reaction was stirred

.3, 5- Bi s- amovwaiight. AyidtheN,1HNg It pdibssilin cirbdiae lias adziad braddlydmeadigh waspetikea lfor BehodrS. After
The tert «buatojihg, frecésettinadks ismddoamd itieh flitraeravépoated lteabmiwilish, ), which lvag cirorodtggraphed
di ssol ved iomsificand yidldi8.8 gof a Yefgw (il GABMS: 780 (M ti)chl or onet hane (10 m) and . -
stirred rat arforvasdissaivedinelod mbimethyleneehtoridda end TPR el titiorpreatipacidhwas @ddedsiewivat ed and
treated wi Pferafirdndgn Bhayesr the Fohdion s quagorated dren Wiy vasiStited in affor for gihamiient time
product . YPed e gligh teg’degen%ﬂed PARINES 9 £365) e yeflowgplid. EABMS) Fr2gM-Na). - -

3, 5t Bi s- am norret é’ -tris- car boxymet hyl - N, N' - bi s- met hyl - car banoy! net
hyl yor phol fﬁ@—@-

3,5-Bis-f1' -(

“pent aacid fr. Or:]éz tt S qu(dr?bi’fm% o ?_Eté_%% 5'1363 % ssolve {er{\anad&ike w:z
C e

pyri dine (oo i naraq 98»1. .m
S f oD © 1 Ao %cer %‘E%én R é@gsea@f

The m xt ur ¢, Was Wi i€
di et hyl gt I:feﬁaé reac;[ Qnemtxlur' \ﬁasﬁu'ég Gﬁh a\’\@&vek % Qtﬁgt ex ﬂa mQ«ai]eQﬂJr &h /9 Thé—t%sm was!E

0 452_ 392 ated from the solvent. washed with water and treated with 25% ammonia in water for 1 hour. The resin

|3) 5- Bi Sh amwagﬁmarhyd: ahy NBbordtibn S-teadolREuR RN Y.E g késP) ydabw sore.tFagivse asolqmiray | met hy
') - mor phol i ne

3, 5- Bi s- [ 1'Exdnbdlaet hyl - 2, 6- di oxor nor phol i ne) ] - nor phol i ne-4-acetic acid (0.10
g, 0.25amol) was added in portlons to a soI ution of rrethyl am ne (40% in
wat er (1 O#) &tBifamindmeth¥ifehvdiokys <t g thph NG pipie iyt
terrperature;eafm_t he sol vent was. evaporat ed Yield 0.1 129 (97% FAB/ M.
462 (M + 1). 6.1

3, 5-Bi s-am no'ﬂ’étsﬁ‘ I"°NI\B<6BE_E26§1 &56@ t?t?)(?’ﬁ?é)tmld'sﬂ?“ﬁf‘ '"tﬂ’ysp i 75 mi) W vgd"f‘t?? pr

ODW-* N' '3 m?f“h tic alf_\bydne%1 gg er 25 hours 0 ml of dry ether was adde
s qog 2 zs"zes{; M
g’ R dussoge m\é H W, s jUS wi nol opropanol in a

N- et hyl anng 9 wgp Q&%a nt :ﬁ‘sz comple hlgr J’d d% |eld a yellow

40 solid, 0.58 g (56 %). FABIMS 475 (M)
Example 4.1

2,6-Bis-aminomethyl-4-hydroxy-N,N’ N"-tris- -carboxymethyl-N, N"-bls-dumethylaminocarbonxlmethyl
piperidine

&

The bis-dimethylamide was prepared analogously to the description in Example 4 by reacting the same
amount of dimethylamine with the solid from Example 3d to yield 0.62g (56%). FAB/MS: 503 (M).

so Exampie 4.2

2.6-Bis-aminomethyl-4-hydroxy-N,N' N"-tris-carboxymethyl-N,N"'-bis-{methyl-(2,3-dihydroxypropy!))-
aminocarbonylmethyl-piperidine

@
&

The bis-methylaminopropanediolamide was prepared analogously to the description in Example 4 by
reacting the same amount, up to the point where the methylamine (40 %) in water was added.
Methylaminopropandiol (2 equivalents) in 20 times the weight of the amine in dry dimethylacetamide was
added under nilrogen and the reaclion was stirred overnight at ambient temperature. Evaporalion of solvent

17



L L N ey e

at [err] under a nitrogen atnosphere. The solution was stirred overni ght at
anbi ent tenperature and added 15 to a m xture of diethyl ether and
chloroform The title product was isolated as a white solid. Yield 0.37 g
(95%, FAB-Ms: 611 (M+ 1). Exanpl ep6.482292 B1 :
3, 5-Bi s- arri nonet hyl -N, N , N'-t-is- carboxyrrethyl N N' bi s-(N'"-(5-hydroxy-3-0
xa-pentyl)-N'"-net hyl - carbam) | met hyl ) - nor phol i
3 5-Bi s- [ﬂe'de(jlﬁ-yﬁ’g’ﬂ”W1W"fhﬁ’aﬂi"iﬁ%ﬂﬁ?ﬂ"’ﬁﬂﬂylt%@)ajnp'eﬁn':rm SREMtdcetic acid (0.30

, 0. 64 % glssolved in DVA (1.5 m) was added to a solution of

- met hyl 822-h ydroxy-di ethyl ether (prepared in accordance 25 wth J.

Ch - A\ 8 DVMA (0.5 m t
ungg} 20(; t—’ﬁ(:”a.!rq‘%m ﬁ%ﬁﬁ‘\g‘ N g S nr‘E’J“W?'%O'J‘;%m%)rrleg overhl ght a% anl[gh'[]

tenper at uj) 8 caidhaedyLR- 4gbeggym¢o%,gmg)f di ethyl ether and chloroform The
title proo)IUCﬁwas Solatedas a whrte solid. Yield 0.38 g (93%, FAB-Ms:
639 (M + 1) Ber??ﬂamnﬁé( @ﬁB'geui) mmol) was dissolved in water (250 ml). The pH was adjusted to neutral by

2, 5- Bi sr a4ing BRHY. wAS 150K ind wad bded WhEhE ¥diutidn ool dh R¥MBET HiR! Sotiif Ryanide

2, 5- Bi s- eth®y.ya60 i Was dssdivédi i tel 50Kyt By dd8dd t6 the Qolgtion £, 2-OrgtRhcetaldpriyepased i n
accor dance 198 inhol] @idpared 8SaccdidabiteOdith Liekbde ICBer @7 8B Q9¢4) 3B5 Yipsowas inthaks @bval | n
et.hanol i canfl@ien] adfi@! 8ppviss0 T ixtuiehwrdi stimadofar. € Apdp G Bt tripetatup anddeit atdded
and the redugtt Bis gasae whibipresisatavhicvwed fikesedratfrand irgited vith THE EmIX TheMHE @hgse at
80 C overwrisgheled anf ghoditie edmpaund wassprpdiditeied. di#ldo 104 afdd) %) HFABAEY: 94&IM +dlapor at ed.
The reaction mxture was di ssol ved |n water, the pH was adjusted wth [err]
anql ext r RVLEEF ol Y : The cr ude m xture vvas chromat ogr aphed

on,'silica am the i t e}lﬁro Ct : | at ed Y | e o/gdledt 5.0
8‘/ was, sus y 0
243 M+ r{? %‘a’%m?m fo- -chana%gnz h hne %ﬁg A'ﬁar‘?% in dr gh 200

2 5 BI ¥ e ér nitroge
dl <sol VGCB\:‘? %[ wuse ’rhe| vxt ° t}dm Lvﬂe tub B i at
aut ocl avele.ar,er % Ile x e a %d o dt h&‘sssdlﬁ @spneme@ J\oowe Ao Srdpordt

anbi ent  t GEHAES. Fhd ErBaelREdEGvab RBryWhlkZbE réih Yissbiake lotnaii mdq B3 @a&&e&&%p

was hed M Hidld:&lshpBek). eagimgrbegs +yder vaccum Yield: 0.07 g (50%, np;

220- 225 C. FAB/I\/IS 190 (M + 1) ¢)

2, 5- Bi s- n@B/saeamicnthglrdorhokngdr oxypyrrol i di ne-tri hydrochl ori de 50

2,5-Bi s-carboxam de- 3. 4-di hydroxypyrrolidine (0.07 g, 0.37 mmmol) was

di ssol ved i AS5@issolinsmetyi-dciendyioomhaine (i .37 BIF5.$ 4Gnaly was kissdlved Titn enetiiancl {i0emijvaien-

refl uxed wedmidrglate (GAd. 2Pethelnal palidGunrio) adisaed daean Hdded A tweleaddeld, Thneaction

sol vent s mistuee wagstivadcht SVEE hredeonitrqoarbion$ hougsa Shezngtalyst vael thevl filtesad i tahdewasbd mithon
was evaporedtragmalipestiong f meleanglead e salelioy exprrpted W’E‘P?Faﬁbﬁ i EBDe py used dirglat ed
wi th HCl ipde nardesmtonrsten MBMMS 146dWrrdk for one hour. The suspension was

al {owed to cool to anbl eht|tenperature before the white crystalline product
. vvas fiPtef min N etoulyineatakis-cahoxy mefylyRorelolle,  vacuum Vi el d:

\M, 9 ( 70%35 Brgpa r%%e%f}lomo%hﬁﬁ‘eB (d\@ 19 g mgnNB- ]tnethyurcn%nza ('I]E%\) 2539 250 méé?ang ?e%btﬁ%

bromoacetate (4.88 g, 25 mmol) were stirred at ambient temperature in dlchloromethane overnight. The
reaction mixture was difuted with chloroform and washed 3 times with water. The organic phase was dried

40 (MgS04) and the title compound isolated after purification on a silica column; solvent ethylacetate. Yield:
0.90 g (50%). FAB/MS: 717 (M +1). .

bient

e) 3,5-Bis-aminomethyl-N,N,N’ N" N""-pentakis-carboxymethyl-morpholine

45 " The tert-butyl protected pentaacid from Example 5d (1.0 g, 1.4 mmol) was dissolved in a mixture of
TFA (10 ml) and dichloromethane (10 ml) and stirred at ambient temperature overnight. The solution was
concentrated and treated with diethylether. The title product was isolated as a white product Yield 0.87 g
(80 %), FAB-MS: 436 (M + 1)

50 Example 6

3,5-Bis-aminomethyl-N,N' \N"-tris-carboxymethyl-N,N"-bis-methyl-carbamoyimethyi-morphofine

a) 3,5-Bis-[1"-(N-methyl-2,6-dioxomorpholine)}-morpholine-4-acetic acid

=)
&

The pentaacid from the example above (0.16 g, 0.36 mmol) was dissolved in pyridine (1.5 mi) and
acetic acid anhydride (0.14 g, 1.39 mmol} was added. The mixture was stirred at ambient temperature for 2
hours and added to diethyl ether. The title product was isolated. Yield 0.10g (70%).
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d) 2,5-Bi s-am nonet hyI pent aki s- car boxynet hyI 3, 4-di hydroxypyrrol I di ne The
ani ne hydrochl oride from Exanple 7c¢ (0.70 g, 0.26 mmol) was suspended in
dry acetone with dry potassium carbonate (0.65 g. 4.68 mol ) under nitrogen
and stirred vigorously for 30 m n. BR @452392@1 of t- 5 butyl bronpacetate-
(0.61 g. 3.12 mol) in 1.5 n acetone was added slowy, and the reaction

was stirred overnight at [err After coollng, t he reactlon was filtered
and the fi Pliﬁﬁé—’&lﬂbﬁwa ' pxymet g e p-cf | RAoling\) +1)
The oil was cgsss,% y ‘% g&]

s- - h omo - IC aci ) was d in
trifl uor oa Ang to V\é f ﬁtgv me Aﬁl éﬁeml &ﬂ)on was {‘jr)r % oveﬁ?x]d? ttah |

sol uti on, 9,0 Snvnﬁéa%e @ﬂ"fiﬁAB?

ether. The \le' te crys a |ne pr oduct vvas flltered of f, vvashed h di ethyl
ether and EQmahd€d under vacuum Yield: 0.01g, FAB/ M5: 452 (M +1).

Exanpl e 8 Z773,5,6- Tetr aki s- am nonet hyl - deca- car boxynet hyl - pi perazi ne 15 a)
2, 3, 5, 6- TegBRIMRYBANIO DY i RB6FAMeRR- NN (Nt 1200 droxypropyl-N"'-methyl-

tetraki Sio Medrbanoymethpnyhceazl ne (5. 3g, 16.9 mol ) (prepared | n accordance
with J. Og. Chem 37 (19), p2963 (1972)) in 800 m of dry ethanol, was e
hydr ogenat ed J6BiSD -Manethiyh2,6-diexopoebeineEBnapholli®-4epc@© aciB %ot b @6k mmot»ld-ssdhed voal

at [err] f&MAIBEmRoxpsaddedfte & soldion bfi Nmethyl-areinepndpenet 2iidiohélst 4fg 1.8 ewvel] inelPMA (1.5 mi)
evapor at-ed at & Cuinder aglitogért dtposphére.gie eplulign wissstirred quraight 4t @nbipny t9Meeraturengnd ddded |
(Lit. [efr]9a migie efatigthyl atbet mﬁghlggfprgbfl’mw was isolated as a white solid. Yield 0.37 g .
2, 3,5, 6- Tef é’lkl@ﬁﬂ’lﬁﬁﬁd%fr*ﬂbnyl pi perazine 25 The tetraester frrom Exanpl e 8a.

(0 4 g 1. 3 mml was di ssolved in dry nethanol (50 m), chilled with

li duid nit nd liquid ammonia (10 g, 590 rrm)l) was added. The m xture
was_stirred.i %elq”\rl.q@qt or pal Lyi— for @ . EV 0l the

sol vent 'f’ec : . (dec.)
NVR and | R ;ng—st-ructure 30 c)

2,3,5, 6-Tetr ajd. §s- ﬁn?r\ﬂﬁé’{ﬁﬁ By bRl Rhahe) Phofphdifd-Radelid/ fidN0.98 9, 0.64 mhd§ dissolved in
tet raani de phiaQis FiEER! Bdddbio GhokRA & 2-retiiRinb-2 RG0S URBGNERH gdré?)arlaé &cordnife

t et r ahy dg ofwik 3NEhem568 Mbdtiod SBE (1847601068 A N9 (hrhd)h DMAOD.5 trily &tlcierindé LAikwemt €
and sodi umaiesheisdfietRjutiohtigasBtilpdal R6might QY\hibidnl Estiggrituie Rd SABH 8NS nidura\bit diethyl
refl ux undetenindrodg@fom . Afrbaitle bidGucs @hdlisbias See ahie Bl dield(@IBOG (88%), FABaYS)639 t -
was concentmat)ed in vacuo and the residue hydrol yzed carefully. Water was
distilled off in vacuo and the residue was stirred with concentrated

hydrochlsriEsampis ® (20 m ) at [err] for 30 m nutes. The solution was 40
concentrat ed t.o dryness and taken up with conc. sodi um hydroxi de sol ution
(9m ) and cériieaitonent-papiatiscarexydieimleSddihygeyoyroldion e - was extracted with

chI orof orm (62x30rr1g ‘f’%t tle el>§t4r acts dr| ed( fil tern(‘argo and a}(Eioncent r at ed“}thof ra
ong (34% of>% - 9{% -

Py e ot g;a?%wsfsg L0, ol L,.o @ Ay gie o e

: (‘:hg.g:hl 39( 9 Ver | vj} filter e so n\ ev e re was sléol\a}e%
Fr s y g€ Qv%{eﬁ Qfagﬁg d Qim IQS’J:B;, HQJ dlchloromethane The crude mixture was .

chromatographed on silica and the title Eroduc was |solated Y‘eld 0.1 g (10 %), FAB-MS: 248 (M +1).
40. .
b) 2,5-Biscarboxamide-3,4-dihydroxypyrrolidine

2,5-Bis-sthoxycarbonyl-3,4-dihydroxypyrrolidine (0.19 g, 0.78 mmol) was dissolved in ethanol saturated

with ammonia (60 ml) and heated in an autoclave at 80°C for 24 hours. The suspension was allowed o

45 cool to ambient temperature before the white crystalline product was filtered off, washed with ethanol and
dried under vaccum. Yield: 0.07 g (50%) , mp; 220-225 C. FAB/MS 180 (M + 1)

c) 2,5-Bis-methaneamine-3,4-dihydroxypyrrolidine-trihydrochloride

50 2.5-Bis-carboxamide-3.4-dihydroxypyrrofidine (0.07 g, 0.37 mmol) was dissolved in a solution of borane
in THF (40 mi, 1M). The mixture was refluxed overnight and methanol (45 ml) was then added at 0°C. The
solvents were removed. Methanol (15 ml) was again added, and the solution was evaporated. The residue
was dissolved in dry ethanol (50 ml), saturated with HCI (g) and heated under reflux for one hour. The
suspension was allowed to cool to ambient temperature before the white crystalline product was filtered off,

65 washed with ethanol and dried under vacuum. Yield: 0.07 g (70%), mp 230-240 C FAB-MS 162 (M +1-
3HCI)
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et hérat esand sodi um borohydri de) was slow y bubbled through the suspension
with reflux under nitrogen. Alter the solution becane clear (approx. 10
days) it was cool ed and water added carefully. Concentrated 50

hydrochl oric acid was added and tRROMEXBH2 Biconcentrated to dryness in
vacuo. The residue was dissolved with 200 ml water, nmade al kaline (pH 12)
by addition of sodr urp hydroxr de pell ets_and t he agueous sol ution extracted

cont i nuouYEpE Teshy LeRtpds:03 7-" i) s AY'EF 8% r m phase was

concentrat eqh anng!nettt1 toch(? om Exa %&4 | l G mo %S htt, :
142 g ( ogodnel g E ol 5 Sl o oy W.g.tﬁt
(Bi's-bgr qqrynitaﬁ,ogcgrmq . ofmﬂr R lgéeﬂnfuvra? oy (80 i A Soion &1

nrnol ) of o blligh 456 . %ftétcbdhrrf%e%gcrbn%ammt&éd%@%rfﬁrrafédev Reae 6l e ase
12 hour s @ieniS78d (M-LONME R Wad Bfolkdd i 86 WD mehi1SmaNIdREl and 0. SmitiniueRSRto ac e
al kal i ne éMvN’lac&B&“ A BiaHgORH Aol the kautdm Graé RGapbradd Itd WiYBess lahd iy rBxdub afk ed
Wi t h chl ogusfenddn i Giethyiléineitl The whittcrgdtdnme ptoae iwesTilSekdddNa vashed ith’ AIEHYS eth& dBd
filterad @ndutier vacudrPYididdbA g FaBM31as2qmeant rated to yield 110 ng (40% of a
~yellowoil. d) 2,3 ,5,6-Tetrakis-cl ecaearboxynet hyl - am nonet hyl - pi per azi ne
5 TheExdawwla®i ne from Exanple 8c (0.2 g, 1 nmol) is suspended in dry
acetone vmth dry pot assrum car bonate (1. 65 g 12 mmol ) under nitrogen and

3. 326-hetakis ey!-99ic3 » PVTRRSFRZNE t - but yl brom)acetate(l 17 g,
6 nmol )5|n 1 rrt acetone |s added slowly, and the reaction is stirred
~over ni ght®2 Brigliametogycarbeyyipi ,‘
'retl uxed for hours After coo ;’f} tere %

at

fi Iﬁt_/ ToatSIel §( rsg :8 “p@ r ?r]?he (\iﬁ? as (éar ryge presen 9(6)
sI o

%ﬁphy
t riflu O I‘ O é) ?1 iU on arcoal ours coo quf n fvvaé H% hd Qvg rzhe
e e 'égase ,w r‘?ﬁ 1%91&%%%2%9 &mmﬁ%arf.% treaéfr@awyp in 5 IM HO .

The wat er s washed with chl orof ormand evaporated to dryness.

Exanpl e 9b)]2§5G-Tetrakrs-ammocarbonyl-prperazme o

2. 5- Bi g¢ aminonmet hyT - pent aki s- carboxymet hyl - 3- hydr oxypyrrolidine a) 2

5- Bi s- et hoxyaatchbasigt ren BxaehpRXed QY4 501.3 BimdR wadddissolved in dry methanol (50 mi), chilled with

" 2, 5- Bi s- eligoiaxiteget) any liqull dnisinhy(@e 9x590yimingl] wésladded), Thé niixtuerehy stives inda slesdved
i n et hanolebator [ae50 } C (08 2Yays HEvaprkation dRit@Cioluent B acvhitddgnwdérSYigR: 0(308 O (3FY-).wars 28 ded
and t he rductdeohNMBacd Ropntivees! tzd droseel t 0 run under hydrogen (9.4 bar) at

[err] evernight. The catalyst was filtered off and the sol vent evapor ated.

The r eact $}@3.58 Tetreliscanipparoliylipaezieed i n wat er, the pH was adjusted with

[err], and extracted wi t h dichl oro-nmethane. The crude m xture was

chromato nsrllca andthetltle product was i sol ated. YleId 0.2 g

(2 B| gb gf F;I?- E/I 5 Br s caiboxam e- 3‘6@{' rouIralrmglr ne

' dl SSOl ved |e \ ?‘1? n b r |f or era nd so g Fcﬁo ydnde o;v%
lhro t n ux un r o ro en. Af came cle

au Cl ave co% en r§£J c% a h@l%H&LE cargﬁlly tg% d}@ﬁlﬁd u@g he r ér

was stirred with concentrated hydrochlonc amd (20 mi} at 100°C for 30 mrnutes yutes. The solution was

4p . concentrated to dryness and taken up with conc. sodium hydroxide solution (9ml) and concentrated again to
dryness. The residue was exiracted with chloroform (6x30ml), the extracts dried, filtered and concentrated
to give 69mg (34%) of a yellow oil. FAB/MS: 203 (M +1).

A_!temative B:

Pyrazinetetracarboxamide (2.58 g, 10 mmol) (prepared according to J. Org. Chem. 39(9), p 1235
(1974)) was suspended in 500 mi dry tetrahydrofurane. Freshly generated borane (from boron trifluoride
etherate and sodium boraohydride) was slowly bubbled through the suspension with reflux under nitrogen.
After the solution became clear {approx. 10 days) it was cooled and water added carefully. Concentrated
50 hydrochloric acid was added and the mixture concentrated to dryness in vacuo. The residue was dissolved

with 200 ml water, made alkaline (pH 12) by addilion of sodium hydroxide pellets and the agueous solution

exiracted continuously (3 days} with chioroform.

The chloroform phase was concentrated and the residual oil distilled in vacuo (Kugelrohr) to give 1.42 g

{65%) clear liquid b.p. 60-80 < C/0.004 mbar.

56 FAB/MS: 219 (M + 1) (Bis-boroamine compound). NMR and IR confirmed the structure.

0.3 g (14 mmol) of this oil is stirred with 5 ml concentrated hydrochloric acid for 12 hours at 100°C,
concenlrated in vacuo, dissolved in 5 ml waler, made alkaline with sodium hydroxide pellets and the
resulting slurry extracted with chloroform (8 x 10 ml). The dried (sodium sulphate) extracts were filtered and
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:0.01 g (:53% . FAB-Ms5 174 (M+l) c)
2, 5- Bi s- net haneam ne- 3- hydr oxypyrrolidine-trihydrochl oride 35

2, 5- Bi s- car boxam de- 3- hydroxypyrrolidine (0.15 g, 0.37 nmmol) was dissol ved
in a solution of borane in THF(40 eP,04BR)392Bhe m xture was refl uxed

overni ght and net hanol (35m ) was then added at [err].-The solvents were
renoved. Methanol (15 m) was again added, and the sol ution was evaporated.
The resi duenseakaie 8 3igkiadimp O3 §f el (50 m), saturated with HCl (g) and

heat ed under rsefl ux for two hours.. The sus ension was allowed to cool at
anbi ent temmwwﬁﬁﬁ—me product was filtered off,

ég\B- V\Ngs ng WL e h Ea%_ﬁ yampltgI r8'(: ‘?6’ 2 ldn err%’mo arg létlilsnende l 8jry agétt())n% vgth(dry potassium

cal bon 1 nl) under nitroge tirred vug ously for 30 A solu of t-but
2,5-Bis-ang /i egaf @Um e o T oy O Kb e pgt.‘iﬁ arrg“
hydr ochl OrA, fhe o o AP belt fheSroS 4P RARH 1r ol Ao,

dry potas S.leauirmé fﬁt%@@ﬁkfiﬁw@ f.ﬁ.éte%apmmh ko HBERhisHbil, WADR R SRcbaSHy rhr&dmgra hy on

Vi gor ousd Ysiifcl Thd @it 18 dMssokedSiAlsUhil dnyhe Bniddidd,Yshd b iARGGEcatic@icidFs dddedV BBy, At~ -
1.5 m acetiang dre rUdete Shiibh Vs evagtehiddne dfye@s tahdthe ridsd takénap i0Baninivghct. ate 50
C. After ceadriphge isWashadaats chigdfoirsant! evdbeateditoaindesshe filtrate evaporated to a
oil. The oil is dissolved in 20 M methylene chloride and 20 m . .
trifluoroabempe9acid is slowy added. After stirri. ng for 2 hours, the

solutiomis evaporated to dryness and the residue is dissolved in.20 m 1M . .

HCl . The wabE areihy-penighistsariopmethy -8y dipupyaPlidinfand 50 evaporated to dryness
‘to,yield the t|_tIe corrpound Exarrpl e 10 Sodiumsalt of a gadolinium (Ill)
chel ate of A% plaoxy ° oxy N N, N'- pent akr s-car boxynet hyl - 55

pi MI dlrne T entan a | 4 (8?& di h;n (3%

di ssol véd ?t ¥ & O%Zg‘g ? (ddecpan% ‘the re :E:FB onw idla:um

oxi de (0. 6 Qﬁi g%&qﬁo nr t:at w q‘ﬁ&g&g 28 0 §Ian Qﬁe tion

EP 0 452 3 tu 2 in W3 X {tﬁa e t\tagte Elr@ﬁkﬁo-methane

evapor at edTllie cr eyni?tﬁé Qchrq fﬁj ar@ tthttle bryo% v@é’ns%g ol /925

(M + Na), EA‘@M@;_%N sorurn sat o Dysprostu ceateo

2, 6- bi s-am nonet hyl - 4-'hydr oxy-N, N , N'- pent aki s- car boxyrret hyl - pi peri di ne

The same aﬁmmmrs-eefrboiiraﬂéaﬁ@rdmiyﬁmidab was reacted wi th dysprosi um oxi de as

.described in Exanple 10. 10 Yield: .1.3 g of a yellow solid (96% . FAB/ M5

653 (N + 2Na)2s-Hiscaimay@rbbayl-Bihgekyenroiiink {0.03fg, 0.bEmojeiiiedsi disselvet iin dthaobichtarbied aith

3, 5- bi s-sanmemoordd @Y i) pehbeled v aeavtvdaverab 801 forr%rhphs)bqfcnethe solvent was evaporated. Yield

3, 5- Bi s- ani hWoneEh). FABMSHG! IMittipent aacetic acid (0.20 g, 0.23 mmol) was

di ssolved in vvater (5 rrt) the pH was adjusted to 5 with 1 M sodium

~hydr oxi de, clAfiBigrmathares : pligia u,'U"“‘ 0.23 mmol) was added: The

sugpension was stirred overnight at 90 iltered and recr tateg 4'1 -

).

atO

acetone,*t 0 9’1"5\/%‘3' ﬂ‘fé”‘? idq-Jsh F°o¥ﬂ¥E "d'“‘W’éFd 9)3 ‘3@” ‘”fg% °dl'—'{AB R{%“’g

(40 mi, 1M). T e mixture was ref uxed overnight an meth hen a
) »,,_: solvents were removed. Methanol (15 ml) was again added, and the solution was evaporated. The resrdue
was dissolved in dry ehanol (50 ml), saturated with HCI (g) and heated under reflux for two hours. The

suspension was allowed to cool al ambient temperature before the white crystalline product was filtered off,
40 washed with ethanol, and dried under vacuum. Yield : 0.07 g (41%). FAB-MS 146 (M + 1-3HCI)

d) 2,5-Bis-aminomethyl-pentakis-carboxymethyl-3-hydroxypyrrolidine

The amine hydrochloride from Example 9¢ (0.26 mmol) is suspended in dry acetone with dry potassium
45 carbonate (4.68 mmol) under nitrogen and stirred vigorously for 30 min. A solution of t-butyl bromoacetate
{3.12 mmol) in 1.5 ml acetone is added slowly, and the reaction is stirred overnight at 50 °C. After cooling,
the reaction is filtered and the filtrate evaporated to a oil. The oil is dissolved in 20 ml methylene chloride
and 20 ml trifluoroacetic acid is slowly added. After stirring for 2 hours, the solution is evaporated to
dryness and the residue is dissolved in 20 mi 1M HCI. The water phase is washed with chloroform and

50 evaporated to dryness to yield the title compound. '

Example 10

Sodium salt of a gadolinium (i) chelate of 2,6-Bis-aminomethyl-4-hydroxy-N,N',N"-pentakis-carboxymethyl-
piperidine

(5]
L5

The penta acid from anmple 3d A (1.0 g. 2.12 mmol) was dissolved in water, the pH was adjusted to
3.5 with 1 M NaOH and gadolinium oxide {0.67 g, 1.06 mmol) was added. The suspension was reacted for
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20 Exarrpl e 13 Gadol i ni um(l I I) chel ate of

3, 5-bis-am nonethyl -N, N, N'-tris-carboxynet hyl -N, N'-bi s- (net hyl - car banoyl -
met hyl ) - nor phol i ne 25 The bis-ami de from Exanple 6b (0.09 g, 0.20 mmol) was
di ssolved in water (10 m), the peEpPoats2ad2Bsted to 5 with 1M sodi um

hydr oxi de, and gadol i nium (111) oxi de (0.036 g, 0.10 mol ) was added. The
suspension was stirred overni ght at erralf filtered and preciptiated with
acet one, " Q'F\Védef Fodlu filtratest. W&Mt‘!‘tate eyprO[apd(e 9negs fogisdd -2 RV BYPiow olid: 1) .
30 Exanpl @BMS:-BRIMHiN#n salt of the dysprosiun(Il1)chel ate of

3, 5-bi s- a'gn gﬁqhyl N, N, N, N', N'- pent aki s- car boxymet hyl - nor phol i ne 35 The
pent a aC| Exanpl e 5e (0 20 g, 0.23 mmol) was dissolved in water (5

m), t he b bf é‘bt A SRoHhaD-R M}’MOQ NQP-N a&qtam@a%&ﬁr\e'tﬂ

(1) oxugfg okt .
over ni ght filtered and precipitated with acetone, to give the

title produgfe saXJe%trQunQ otstfing rafAi0vas Fe@tﬁecl\@th%;pr&sMn'@()de aélgesml Bamte 10.
Bi smut B, (Vibih:)1.3d\& laqbiewbiia (96%). FAB/MS 653 (N +2Na). E
2, 6- bi s- am.ponet hyl'- 4-hydroxy--N, N, N'-tris-carboxynet hyl - N, N'-bi s-met hyl ca -

r- banoyl exampiByd - pi peridine, 45 A neutral suspensi on of bismuth hydroxide
is prepared by the neutralisation of va solution of bi'snmuth chloride (0.12

g, 0. 38 nhisddiunsaitrbf)theatidlinigrtifiaheteth gy, Bbis-areinonfetiiyl- m@g@gﬁ}ﬂﬁ}_@g@ﬂmon of -

the pretipitate and resuspension of the precipitate in water m ). The

suspensi on B&-Bischmingmpyranorpbeling-pantagestie eeihiR-28 0, B30l was disepived B%V"B" Gmintel )

* (Exanpl e o) wanadiggtedrio (54withy %Maﬁ?ﬂ'“'f‘Hdeﬁ’F'% @pek ogdglinfuai|i Sxisly @Qﬁﬁ % U3 iipmeol) “Fﬁe
cl ear sol #opbAhe gusms'o'waaf el csiniona i POr Rreliterpd 11 PESIRIRRINER peotorg 4t dtedte BE a

whiig ¢ sol PECEXSRHYZP 9 84% E’b%\y'ﬁts D0 a sol ution containing-the

- pent asd‘ﬂlgm slalé of 3,5-bis-aninonethyl-N, N, N, N, N'-pentakis- 55

car boxynef rpholine The penta acid from Exarrpl e 5e (1.30 g, 3 mmol)

was di ssof Q{cﬁ’)ﬂwd Gk ( 3P J8.dis. i

addi tion Ryt n

was 22, 302 Bl filtered and then pl aced into a 20 M vial. The

vial was autiRghR¥Rfe from Example 6b (0.09 g, 0.20 mmol) was dissolved in water (10 mi), the pH was
’ adjusled to 5 with 1M sodium hydroxide, and gadolinium (lll) oxide (0.036 g, 0.10 mmol) was added. The
suspension was stirred overnight at 90 * C, filtered and preciptiated with acetone, to give the fifle product.
Yield 0.10 g (80%). FAB-MS 617 (M +1).
30
Example 14

Disodium salt of the dysprosium(ili)chelate of 3,5-bis-aminomethyl-N,N,N',N"',N"-pentakis-carboxymethyl-
morpholine

The. penta acid from Example 5e (0.20 g, 0.23 mmol) was dissolved in water (5 ml), the pH was"
adjusted.to 5 with 1 M 'sodium hydroxide and dysprosium (l!l) oxide (0.086g, 0.23 mmol) was added. The
suspension was stirred overnight:at 90 C, filtered and precipitated with acetone, to give the title product.
Yield 0.256 g (94%), FAB-MS 641 (M +1).

40
Example 15

Bismuth (Iff) chelate of 2.6-bis-aminomethyi-4-hydroxy--N,N',N""-tris-carboxymethyl-N,N"-bis-methyicar- -
bamoyl-methyl-piperidine,
a5 :

A neutral suspension of bismuth hydroxide is prepared by the neutralisation of a solution of bismuth
chloride (0.12 g, 0.38 mmol, 4 ml) with sodium hydroxide, followed by centrifugation of the precipitate and
resuspension of the precipitate in water (4 ml). The suspension is added to a neutral solution of bis-amide
{0.176g 0.37 mmol) (Example 4} in water (4 ml) and the mixture is refluxed for 4 hours. The clear solution is

s0  ovaporated, and the title compound is isolated as a white solid.

Example 16

Preparation of a solution containing the pentasodium salt of 3,5-bis-aminomethyl-N,N,N’,N"",N"-pentakis-
s5 carboxymethyl-morpholine

The penta acid from Example 5¢ (1.30 g, 3 mmol) was dissolved in water (15 ml) and the pH was
adjusied to 7 by careful addition of 1 M sodium hydroxide. Water was added to 20 ml, the solution was
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The *sol uti on contai ned 0.15 nmol of t he pentasodi um salt of
3, 5-bi s-am nomet hyl - N, NN, N, N'- pent aki s- car boxynet hyl - nor phol i ne per nl.
The solution is for the treatnment of acute or chronic poisoning by heavy
metal s, such as | ead. Exanple 17 VIERIO452ra892iB1i ng t he technetium chel ate of
3, 5- bi s- am nonet hyI N, N, N , N', N'- pent aki s- car boxynet hyl -nor- pholine to A
vial is filled wt

3, 5- bi s- anT IFEHTEH P" Nﬂ%dmt%?‘“t\r"a B ke aariesy me

Ecanpl & 5 ﬁ%—g” e 1S o e P 3%5*856\&5@?‘“‘@%1%. on
ol oo 2 " t%,g e et ot Ais 3l S ML By i S0l ae added
3, 5-bi s- aw&qmﬁbyl N, N, N, N'-, N'- pent aki s- car boxynet hyl - m)rphol ine is for
the 15 scrmtrgraphic exam natlon of organs such as brain and ki dneys. The
chel ate i svil shtalnmg it tebbivinhefits WH BisBE-aRfnoMbtfii QYN RURN L RtakisFoafdnRthitingt0
Prepar ati ophdle & SOIUTTON containing the trisodiumsalt of the zinc cherate
of 2, 6-hbs-amnonmet hyl -N, N, N'- '
pent aki s- car b‘OOL'yEﬁiléwdlithlb;d@ﬁ‘nﬁnbyhemi/IFINEN.N‘CN"lwzpeﬂfm-cpm&ty&\eﬂhﬂinﬁbrﬁhbﬂl_mfrﬁx &Rgaipe 3d
(0.90 g, 25KmoY))andtid(izéhioade (0.2 mgjaas bgmpawder( 0. 25 g, 2 mmol) were refl uxed for
12 hours in vegorsion d9IMTg as pEheenetatx tnLra% \stegle cathivechidride sholld e tddee bifare ateuTie,
and t he pHteplstidb chelatl with 88-bisemBorsthyd BUNGS NI~ N chditakisenarbofymethidtnaquphioinm is for the
hydr oxi de. satigrephicexemigelige df wngﬁ“’%a%brvrowmnw The chrllate is plso wsgfulip thhstydying of
filtered aléreyi#eftiopl aced into a 20 m vial. The vial was autoclaved. The
solution contained 0.1 mml of the zinc chelate as trisodiumsalt pér nl.

" The 5ol utigﬁﬂﬂw—@be used for treatnent of acute or chronic poisoning by

?_S P?,/errg}[,g re argo oF éasclﬂlxt% .coNn alunca)na Ee tnsodllulmE sa,t f g (z:inc cse el lt'tz%- is~ami 3 L:lml'-e
P ntakis-Carb xy ﬁ-ﬁE Iha@oxail?;a ns,, . ) -
2, 6- bi s- ammonethy—=4=hyaroxy=1¢, NN - pent aki s- car boxynet hyl - pi peri di ne

Gado' l un(l ITjhg nglaa& Qrorqf Example 3d (0.90 g, 2 m and zinc (Il) carbonate (0.25 g, 2 mmol) were

2, 6- bi - aMJARE e oD YRR GRS DR ko 8 593@6{% Yhowid] RRMhdIbH Ras
(6.06 Q. 1 Qujisgaltd 6 bIFXAEM| @diddd Jor YWRISsodlin® RirokRE. Wiler #ds adde@fo FlioStvioluh® 6 20@11, e
The sol uti edutidRwas fitbisd BRChorPHRGE Riol 203N 2. The Wil Mes aUNHaoddl Ol DIuBEh. corthifed 0.1
sol uti on cewiopdfir@cind chelaW® rigaidnkarpeuim. per m . 40 Exanpl e 20 Preparation of
a sol uti on camb abintion gnayalsbolsed ifdn MMedtinbrit of adued @t adrodit poisoning by heavy metals, especially

2, 6- bi s- amadoagivdrpélald sivy ds phayrid). N, N', -tris-

car boxynet hyl - N, N' - bi s- net hyl - car bam)yl met hyl - pi peridine and 5 % of the
sodi um sal Exagfelet9e cal ci um chel ate of

2, 6-bi s-am nonet hyl - 4- hydroxy-N, N., N', tris-carboxynet hyl - N, N'-bi s- net h‘¥q"-ca
rbam)yl pi Rieparaliop Of A5 solution  containin __gadollmum () chelate of 2,6-bis-aminomethyl-4-hydroxy-N,N

2, . ISI%SWN N, N' -tr| s- carboxymet hyl- N, N'- b: s- met hyl -

ar banpyI’fret e e 4) ca c QX

90 aﬁfﬁa%éﬁ o s i gygm " “tiﬁ £ Zi%d by
: Q/ Wﬁg&‘m% r ox t%e gdoﬁln m III) chel at e .of

careful ad |t|on o
2, 6- bi s4§1n15%gmet§@yl 4- hydroxy N, N' N' -

Preparation of a solution containing gadolinium (Ui} chelate of 2,6-bis-aminomethyl-4-hydroxy-N,N', N",-tris-
carboxymelhyl-N,N"-bis-melhyl-carbamoylmethyl-piperidine and 5 % of the sodium salt of the calcium
chelate of 2,6-bis-aminomethyl-4-hydroxy-N,N' ,N" tris-carboxymethyl-N,N"-bis-methyl-carbamoyl-piperidine

2,6-Bis-aminomethyl-4-hydroxy-N,N',N" -tris-carboxymethyl-N,N""-bis-methyi-carbamoyimethyi-

piperidine {0.22 g, 0.5 mmol} (Example 4) and calcium oxide (0.028 g, 0.5 mmol) were refluxed for 12 hours
in water (10 ml). The mixture was cooled to ambient temperature and the pH was adjusted to 6.5 by careful
addition of 1 M sodium hydroxide. The gadolinium (lll) chelate of 2,6-bis-aminomethyl-4-hydroxy-N,N',N"'-
50 tis-carboxymethyl-N,N"-bis-methyl-carbamoylimethyl-piperidine (6.06 g, 10 mmol) was added, water was
added to a total volume of 20 mi, the solution was filtered and placed into a 20 ml vial. The vial was
autoclaved. The solution contained 0.5 mmol of the gadolinium(Ilf) chelate of 2,6-bis-aminomethyl-4-
hydroxy-N,N',N"'-tris-carboxymethyl-N,N™ -bis-methyl-carbamoylmethyl-piperidine per mi.

)
A
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50 #ris-carboxynet hyl -N, N'-bi s-net hyl - car banoyl net hyl - pi peridine (6.06 g,
10 nmmol ) was added, water was added to a total volune of 20 m, the
solution was filtered and placed into a 20 m vi al—The vial was
aut ocl aved. The sol ution cont ai ne&P® &2mealBiof t he gadoliniun(ll1) chelate
of 2, 6-bi s-am nonet hyl -4- hydroxy-N, N N'-trr S- carb m

-bis-neth ainsar banmoyl net hyl - pi peri di ne per . ﬂl m|mwmnw 1. A
conpound T%rnula | (wherein X represents a bond an oxyyer' o sdl phur
atom or a1gr,96911 4 P(.uh [err]; each [err] which nay be the sane or

di fferent 1eprebeifs 8" W\drogen atom a group of formula OR3 or [err]al kyl
or ([err]alkoxy)- [err]alkyl group optionally substituted by a hydroxyl

group or by a group of fornuka [err]; 20 each [err] which may be the
same or different repres om a [err]al kyl or [err]al koxy
group optionally nono- o y substrtuted hydr oxyl or [err]al koxy

groups; each R3 which th sane |or dréfer nt represents a hydrogen :
atom am optionally no O»/ r ated /[ err]al kyl %roup or a group -
of formula CH2Y; Y represents}a gr up ofjfornmula CQz, [err]; : _
represents a group of fornula¥err]\or [&rr] 40 wher e each [err] mhich
‘may the sane or different is a hydrogeh atom .a hydroxyl group or an
optionally hydroxylated [err]al kyl group, s is 0 1or 2 and Wis‘a group
[err] df an oxygen atom and each R4 which may be the sanme or different
represents aWPRIRIN ¥ FrEMPSAYSAROBY. 2B AXYE qrerienur §‘°"ﬁﬁh4)9'°tlﬁ’r°f PerAH osii’at ed

[ er T ]al kyl , $a fé lacflkra e thezlgame or gerp t1p q(?p f)l"_‘ hydrogen atom, a group of formula OR2 or
poly<([err] & ﬁ)ya ‘e‘raP‘rK r*a vE o 8“%?'8\%%@9‘! Rt PYRFPSY! @rosP Prsbyg

t he\n/r n t he 1 whlch ﬁ saraa j‘?ere {r&vér éc rl VYom o aC éallé]! org(g OuaR(oand

t hat whHer e
r epr esent s é‘ﬁ‘g”'ﬂaﬁ“m QI’°9Y 3 s"‘ g it ‘9 ﬁ’? dopgo%ry Mr paroup)
oun or ru

or a chel at ehy@r% 1e’Cy 0{a|k§l% Jup Br r&B off
claimed in cy %métswbegugbno.augwembﬁ)ga ;gjzggpS@fz formula [err] and each
[err] whi ch ARyrebRtstafoud dneria o fii@Rent represents a hydrogen atom or an
optionally hydroxylated al kyl group, or a chelate or salt thereof. 24 EP
0 452 392 Bl

1L
30 R 11 R
S
N 1
O | >——<
Y 11 ML
40 where each R'! which may the same or different is a hydrogen atom, a hydroxyl group or an optlonally ‘

hydroxylated Ci -galkyl group,

sis 0, 1 or 2, and .

W is a group. CHR'"', NR'"* or an oxygen atom; and each R* which may be the same or different

represents a hydrogen atom or an optionally mono- or polyhydroxylated Ci-galkyl, (Ci-galkoxy)-
45 Ci -galkyl or poly-{Ci-galkoxy)-C1 -galkyl group; with the provisos that where s is 0 then in the resultant

5 membered heterocyclic ring W is a CHR'" group and that where X represents a bond or a group

CHR? at least one group R' or R? represents other than a hydrogen atom or an unsubstituted C1-galkyl

group) or a chelate complex or salt thereof.

50 2. A compound of formula { as claimed in claim 1 wherein Z represents a group of formula OR* or NR3

and each R* which may be the same or different represents a hydrogen atom or an optionafly
twydroxylated alkyl group, or a chelate or salt thereof.
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3. A conpound of formula | as clainmed in clal m 1 wherein at Ieameﬂﬁ—
Zis of fornmula [err] 15 or a chelate or salt thereof.

formula | as clained in claiml wherein [err] represents Eﬂi‘m !&h“",a
hydr oxyl group or a hydroxyl ated alepyw asprasamt [err] repr esen $

atom or a hydroxylated al kyl group, R3 represents a hydrogen atomor a

group of fornmula [err], X represents a bond, an oxygen atom an 20

opt i onal | y 3hyeamepenstobiemia 5 Flaimed igrclgimp! wherein & fegthsng €PyZ is9f fo@dlaesent s a

group of fornmula COZ and Z represents a hydroxyl group or a group NHR4

(where [err] represents a hydrogen atom or an optional | y\hydroxyl at ed al kyl
group), or a netal chel atezg}/E%'\\thereof. 5 A cyﬁ’p‘b‘%d\aﬁ clainmed in
claim1 being of formula: [err]'® 55 (wherg' [err}grepresents [err]
‘represents [err] or [err] re‘Qrese?rfs [err], represgnts group 25 [err]
where Wrepresents an oxygen or a group CH2 O%QHI s 0 or 1 and
[err] is hydrogen or where s 4 and Wis oxygen eaeh~rJerr] may al so
represeng a [err] hydroxyallg gr yup) or_a net al _ > g)gx salt thereof.
6. A Conpound as clainmed.in any o clai™ 1 to 5 ch Y group is a
carboxyl group or a salt or 19— am de thereof. A-donmpound as cl ai med
in any one of clains 1 to 6 being a netal chelate of a conpound: of fornula
I or a salt thereof. 15 8. A conpound as ‘claimed in claim7 wherein the
nunber of i onerfacherateigr sgtemedf. Y i s such that the netal chelate is a neutral
species. 9. A conpound as clained in either of clains 7 and 8 wherein the
chel ated mmét ak caproencdef ol | sacieimad ifetide Tneeen R IRPPREDT BRIV @ WP
of '21-29, 42, graup g5 MBdroxyiated atyy! gryuP, A (aprasel?I Nalooen lomrae Pysraxy'alpdaley! gipwey BY n
sald’ par amagnepPEeniFet WP AN Oisa pravR gt bt regresenty @ bey I%y%%a » &hd
Fe. 11. A confRyenity wdroxylaled aejhylege §'i°t"h‘é"ra QS‘?UP&'% i hiePpgen té?r?ogr‘i“f 8’?% 0% and

par anagnet i ¢ PHRSE Fr o @ “pf‘?’d‘rﬁrclg E[: ﬁ?h 8%5?‘?8'3&?13"%{29 g med" prerey
either of cl aPHEYRY 'W'I’ Pt et feelag st BY*%et al  speci es |s a heavy =

metal i on Ravhag Al Al ik IERES oitE@ihakNan 37

25
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(19)
55 (where R® represents CH,COOH, R® represents CH:COOH, CHCON(CH3)CH,CHOHCH,OH, or
CH>CONHR? and R’ represents CH;, CH,CHOHCH20H or CH{CH,OH), , or NRRE represents a
group
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30 13. A conpound as clainmed in either of clains 7 and 8 wheretrn the

chel ated netal species is a radioactive netal ion. 14.
preparation of conmpounds as clainmed in claiml, said procesigiﬁmmu "'Hmﬂ“"l
| east one of the follow ng steps: EB9452392B4%) reacting a co
formula 11 [err] 45 (wherein X, [err] are as defined in claim1 and [err]
represents a hydrogen atomor a group [err] where Y is as defined in claim
1, with the proviso that at Ie o] hy i BN itrogen- attached) wth

F tn Bhpar FEBRM) ol (1 )

a conpound of formula Il 2 (where L is a
nucl eophilic | eaving gr oup) and b) converting a conpound of fornula I into

a chel at € CQ:”Q& W|eB|re e%glal;\ O&Qﬁﬂ " or 5aSg|0u"l')5CH«A6rQJ'H%gn §5t gr 1O£ndt$e{sq$/)§r
agent conpr iwiddq if1 RAY ¥ Ql.QQL% 'aﬁQFE’IE@QF'SseﬁFé 8l_, W&bhidn |' n
any one of g.l,e?a\erg;sgmﬁ@eol or a phyS| ol'ogi cal 'y acceptabl e salt ther eo

together with at | east one pharmaceutical or veterinary carrier or
exci pi ente. A@Compodrl 2 ciéimdd ARy Blcialhs 1 B Theremin datiC @ bloGiis 2 G&BdxyIGRdUP loF & sdkGhr &
chel at king ageks thasoicl ai med in any one of clains 1 to 6 in the formof a
iweak conplex or salt with a physiologically acceptable counterion, together
with at |Zastconpenaarismetinencee obriamet dg § heing/a wetalchaate ¢fra cempiupd efrfermuls | 17.
A nethod of ogessthetepig i mages of the human or non-human ani mal bedy, said
met hod corrprl sing adm nistering to said body a conpound or agent as clained
i n any’%of8 c Agrmeound pgclaimedin glaitg? Whaipin A apraRey Afgondprming (GEyps K/de?hébﬂ(ﬂ?t”i‘%a'
ul t rasound S'i‘e"’é"c'Fﬁf‘?‘ﬂf"éB?ﬁeé |mage of at | east a part of said body 18. The
use: of a ound 3s c al
manufact u e of P é f 'rr(g or'c °' a%ﬂg :g‘egtgeﬁffh%%?df §t§' Fﬁ’c'ﬁ%l'%ﬁds
of \r*frage geHer a?gl" eg"’ '("))ﬁvi‘"ﬁgnft B'ﬁ"‘(')m K hérapy practised on the hunman
or non' 11%“ &R& a? 89\%@01 H\ c]gan#‘QWhgl%% §ld grr Ld;\gucg'ﬁe%? ?Jn% §e%@t99§rorm:ﬁ}n§ of Eu,
chel ates as g@ b Bhaddd cla Y process conpri sing
adm xing in a so vent a corrpound of forrrul al or a salt or chelate thereof
t oget her i toRPouh® as claiméd inl RS br SRS hcn%msmerahlsad pRsRUQRRE iR fis REdd rBhal .
Pat ent anspr dahtemdel andasypi. ndung der Formal | 20 Y 4tst
( I) K & Ry

12. A compound as claimed in either of claims 7 and 8 wherein the chelated metal spocies is a heavy

metal ion having an atomic number greater than 37.

30 13. A compound as claimed in elther of claims 7 and 8 wherein the chelated metal species is a radloactlve
metal jon. '

~ 14.- A process for the preparation of:compounds as claimed in claim 1, said process comprising at least
one of the following steps:

b 35 a) reacting a compound of formula Il
\% 1 \
K o R {IT)
40 o ) ' i{‘o
| RGN N NR,
\
10
R R

(wherein X, R' and R? are as defined in claim 1 and R" represents a hydrogen atom or a group
CH.Y where Y is as defined in claim 1, with the proviso that at least one hydrogen is nitrogen-
attached) with a compound of formula il

50 L-CHa-Y ()

(where L is a nucleophilic leaving group); and
b) converting a compound of formula | into a chelate complex or salt thereof.

o
n

55 15. A diagnostic or therapeutic agent comprising a physiologically acceptable metal chelate as claimed in
any one of claims t to 13 or a physiologically acceptable salt thereof, together with at least one
pharmaceutical or velerinary carrier or excipient.
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30 (worin X fOr eine Bindung, ein Sauerstoff- oder Schmefel

G uppe der Fornel CHR oder NR3 steht; jeder der Reste R, ﬂtﬁjﬂiﬁmrﬂm m‘
ver schi eden sein konnen, fO eir1 d§ %?éﬁé om eine C} :
Fornmel OR3 oder NR3R3 oder fir eine Kyl - oder

(C -9g-A koxy) -G -8-al kyl gruppe steht, die gegebenenfalls substituiert ist
mt einer HygdA¥wlif@aisR BnPERprisHgla ALIAMEG afdnt RPGLIHET in BRY dBlof MERRS tO8lRlthe form
CONR3R3; | edest £labakRRmbiex Bsaltdiit a0brgsifichicale becRdbRCEbuRtedn, HEHtidr ki BeBast bid
ei n WAsser st opHamisoquiedlatveliinagy carrierr exdlpleytl - odor C, - s- Al koxygr uppe steht,
di e gegebenenfal I s durch Hydroxyl - odor C -8-Al koxygruppen 40 nono-
oder pol ysuBssinethoemt géretating] imegss ofl e hemari er RB;hudareanihatibody. etk methed sadprighiten
sei n konnen, 4fdginisidring Wasairebasly af doarpend or eganeagydgmbeimedry of gkims Intpri§-anddépnd
pol yhydr oxyI i ganpreting an Xzay, WWQ'@P‘!&W@SM@ er ssinfigrantijc pge obi leaft@roath Pt s@ipibydy.
staht; Y fOr eine Gruppe der Fornal COZ, CON( R4, PQOZ2 oder SQ2Z steht; Z
fOr eine G'&ppE Hep! T—Eﬂwav"d@mla'mkmv A of C'a"'ﬂ?glap 18 for the manufacturgyof djpgnpatiy of
st eht , wWorin qapeutnoquerﬁs %gsegg Qlegcids of |mage generation, detoxuflcatlori or rad|ot|1eiafi chtfgﬂg_nl
11111 i f 1iid'"® h”"‘aC°' “T"‘“'“Fx'l‘ animgl body. ; ager der Reste Rl 1, d| e gI ei ch oder
ver SChI ede SEI l’OCSSS ne f Ur att%n o) \n/'%\sls&r tegfag ac‘; n}j IHEIaneOfl_L!Y S Z %' SS
oder ei ne 96990 el Shn a%n or g 13 9 ﬁelaﬁe % toft nl
oder 2 sfaht, }?Qﬁ b@em%{égm éﬂ or f

Sauer st of f at om st | ecl er der Res e R4, die glelch oder verschleclen
sein k6nnen%m§aﬁsﬁhauywsserstoffaton1oder ei ne gegebenenlfalls nono- oclor
polyhydroxylierte CG e-Alkyl -, (C, -s-Alkoxy)-C 8-al kyl- oder eine Poly-

- al koxy) védindin@bide Fbreppe st eht; mit den Mal gaben, daB dann, wenn s
fU}VO stsht, in demresultierenden 5-gliedrigen heterocyclischen Ring VVfC}
ei ne CHR 1- C?uppe steht, und yenn X f-ar eine Bindung oder fOr eine
CHR - G uppe steht, menlgstensR i nerc der ste odor R2 nicht fOr einto
Wasser st of f at om oder ei neYUnsubsyitui éfte Cl - Al kyl gruppe steht) oder ein
Chel at konpl ex oder Sal z davdn. 2} Verb ndungider ornmel | germal B Anspruch
1, vwori¥i Z fUr eine G lppe odeKR42 steht, in feder der
Reste R4, die gleich oder vers hiedén seijn k6énnen, far e||0 wﬁiserstoffatom

oder eine 15 gegebenenf al | hy_erxyI igrte Al kyI gruppe steht, oder ein
Chel at oder Sal z davon. Y

30

{worin X fUr eine Bindung, ein Sauerstoff- oder Schwefelatom oder eine Gruppe der Formel CHR' oder

NR3 steht;
. jeder der Reste RY, die gleich oder verschieden sein kdnnen, flir ein Wasserstoffatom eine Gruppe dor
-\ 35 Formel OR3 oder NR®R3 oder fiir eine Ci-s-Alkyl- oder (Ci-s-Alkoxy)-Ci-s-alkylgruppe steht, die
~ gegebenenfalls substituiert ist mit einer Hydroxylgruppe oder mit einer Gruppe der Formel NH:‘R3 oder
Lo CONR®R3;
\-_z"

joder der Reste R?, die glelch oder verschieden sein kdnnen, fir ein Wasserstoffatom oder eine Gy —g-
Alkyl- oder Ci-g-Alkoxygruppe steht, die gegebenenfalls durch Hydroxyl- oder C -g-Alkoxygruppen
40 mono- oder polysubstituiert ist; -
jeder der Reste R3, die gleich oder versch|eden sein kénnen, fiir ein Wasserstoﬂatom eine gegebenen-
falls mono- oder polyhydroxylierte Cy—-g-Alkylgruppe oder sine Gruppe der Formel CHzY steht;
Y fiir eine Gruppe der Formel COZ, CON(OH)R*, POZ; oder SO2Z steht;
Z fiir eine Gruppe der Formel OR*; NR*R*
45 oder

50

&
[
fu
—
=

steht, worin
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3. Verbi ndung der Fornel | gen98 Anspruch 1, worin wenlgsi_e_ns_eJ_ne Q uppe Z
ei ne der folgenden Forneln besitzt 20 OH - N

:N ° g Cz%g oder ein Chel &P 042398812 davon 4, \Lﬂl“l“"l mﬁmmm

Fornmel | gonaB Anspruch 1, worin R fir e| n V\asserstoffatom ei h

Hydr oxyl grup@ n’f e|1r11e h dr ox I|erte ht, R2 far e|
Wasser st of f £ 8% ﬁ rﬂ{’ %@§ m er &/& F i 5?@}?5@”&%&”""@@’% ar
ei n Wasser stoffa} §Jﬁ'§> hl I rf'e A yrr%'fppf:ﬂﬁr\}‘ steht, X far eine

Bi ndung, €1 5, Al RELRE o aﬁgﬁ%sm S BYElr Y1 i er te

Mot hyl engr Uy Q&ﬁq‘esl@ ﬁ‘ﬁ&‘fﬁlé’@p&e sé;fe@m sein’ k¢ nHEn &ir i @’aééglgﬁffaﬁj&r( Qrml
CQz steht u dgeze.feafausefhas O HBRECQ gtanwue'(@eg-mkm) ¢\ G-HIBRG051 & phifor i n
RW@“%M%MMWMWW@W%M%WM%MM
Al Kyi gr uppe r&stiRditnderslgiedfjen hiBrbeickseiktalFig Vo e binSaHR -G steht UndWeenh X B sime0 28
EP O 452 393irding oder fiir eine CHR'-Gruppe skehi, [Wehibdtdns |eined d¢r Hebtb1A! bdef [RR nich{ fur sin C
<L M 10S Waskerstodewldidaelusg @eumaBuides i+8iRyigunpe istebt) by ol @helbtidiipiix dder/Shaiz :

:Rs 5,C  sKidaven" R Sto ~~(lla) .

(I1b)( ¢ -  Comm~~~~ ts Ot~ ~~~~C ~~~~i0 ~ ~ ~ ~
v0 R5 | 2 \Vewbingyng|de| Fpprael ) gemaB Angpruch 1, worin Z fir einR&ruppe der Formp}: ORR oder NR*2 steht, gs

\ } worin jeges der HesteFQNJm plg?h oder verschieden sein kOT’lPIE Ur @]nélyassqgstoﬁatom.oder eine~-— R
.ggst Rt - gegebenenfalls hydroxylierte Alkyigruppg steht. odpr ein Chelat oder Salz davon.

"R B~r <\ rs p-N Rs~t
. 3. Verbindung der Formel ! gemaB Anspruch 1, worin wenigstens eine Gruppe Z eine der folgenden
i Formeln besitzt

LY
20 m

-N o .

25 /
-N . oder
L:

30

—N/_—<O\ OH
O

oder ein Chelat oder Salz davon.’

4. Verbindung der Formel | gemiB Anspruch 1, worin R! flir ein- Wasserstoffatom, eine Hydroxylgruppe -
. oder eine hydroxylierte Alkylgruppe steht, R? flir ein Wasserstoffatom oder eine hydroxylierte Alkyl-
- \/ 35 gruppe steht, R3 fiir ein Wasserstoffatom oder eine Gruppe der Formel CHY steht, X flir eine Bindung,
- ein Sauerstoffatom, eine gegebenenfalls hydroxylierte Methylengruppe oder eine Gruppe NR?2 steht, Y -
fir eine Gruppe der Formel COZ steht und Z fiir eine Hydroxylgruppe oder eine NHR*-Gruppe steht
(worin R? fiir ein Wasserstoffatom oder eine gegebenenfalls hydroxylierte Alkylgruppe steht) oder ein
Metallchelat oder Salz davon.
40

45
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RS 30°(werin Rs f~r CH2COCH, R6 f~r Cl-2CO0OH , CH21CO N( CH3) CH2 GHOHCH2OH
odor CH2CONHR7 und R7 f~lr CH3, CH2 CHOHCH2 OH odor CH(CHzOHy2 steht—oder—
worin NN5 R, f~r die Guppe 35

CH2CHR'W (1 CHRL) C 20~~~~~~~~mmmmm EP-0452398 181, wori n WfLH!HIH"I" n“lUlLuUlll
Sauerstoffatom rder eine der G uppen CH2 oder CHOH steht

1 steht und R11 fUr ein Wasserstoffatom steht oder worin s fU 1 steht und
WO ein SaulrUstserahirepurh ' meiner dor Rmeeing 1 ftr eine Cl

- 4- Hydr oxyal kyl gruppe steht) oder ein. Metallchelat oder Salz davon. 6.

Ver bi ndung nach ei nenkder AneprUche 1 bis 5, Y n jede der Guppen Y fOr

) Verblpdung
Met al i%hel afes e ner R

@
<
o
-5
°1)
~—+
. D
~—+
IN

Ver bi ndung der For i Sal 2n )
worin di e Anzahl der |onenbildenden Gﬁ“ uppen .Y so bgmih' Vst 1 d dage

Met al | chel at ei negneut ral g*Spezi & darstel Rf. su 8. Verﬁ‘? ndurfg na®th ei nem

der AnspéUche 7 und 8, wardin di e chel ati eriy Metal | spezi es # par amagnet i -
sches Metallion. nmt einero® dnungszahl von 21-2& 42, 44 od €k7.71 ist.

ra gnetlsche Mgal l'ion

ausgewdlllt i st ter en sfifig s Dy, ~ M uni d Fe.
- 11. Verbi ndung fech ei A_r)sp he {10 un 11 Wtﬂrl n IRS
par amagret i sche |bt\l”l a t *\Pt .thM _ qu+ ung 9 EP O

452 392 B1 [gn nw e 7 M
Verb| ndung nach @l’nem der ‘Ansprl he&J und &S wori rk'~d chel a}serte tRC

all spezies ein Schvverrpe on"mt ei ner Ordnundgiahl von mehr als 37
|st 13.,, Ver bi ndung nach éflﬁem der Anspr udH€'7 und 8, worin‘tfk chelatierte
Met al | sp@zi es ein radioaktives Metallion i@l. 14. Verfahren zur Herstellung

von Ver bi ndungen gemaB Anspruchsle vvobel das Verfagﬁgﬁl weni gstens ei nen der

fol genden Schritte unfaBt: a) ATl er i} ng der Fornmel 11 RICc
X <, * (rr)y 10 10
20, (worzzn X, Rl und R2 die in An pr uch eb Bedeutungen besitzen
und RO for ein Wasserstof f at onR Y- upe steht worin Y die in
Anspruch 1 angegebene Bedeut-ung

(19)

30

{worin RS fiir CH;COOH, R¢ fiir CH,COOH, CHzCON(CHa)CHchOHCHon oder CH2CONHR? und R?
fiir CHz, CH,CHOHCH; OH oder CH{CH2 OH)2 steht oder worin NR°R® flir die Gruppe

~ | -NCH,CHR'W (cHR'!) cH,

steht, worin W fiir ein Sauerstoffatom oder eine der Gruppen CHz oder CHOH steht, s flr 0 oder. 1
steht und R fiir ein Wasserstoffatom steht oder worin s flir 1 steht und W flir ein Sauerstoffatom steht
40 und R" fiir eine G¢-+-Hydroxyalkylgruppe steht) oder ein. Metallchelat oder Salz davon.

_ 6. Verbindung nach einem der Ansprliche 1 bis 5, worin- jede der Gruppen Y fiir eine Carboxylgruppe
oder ein Salz oder Amid davon steht.

45 7. Verbindung nach einem der AnsprUche 1 bis 6 in Form eines Metalichelates einer Verbindung der
Formel | oder ein Salz davon.

8. Verbindung nach Anspruch 7, worin die Anzahl der ionenbildenden Gruppen Y so gewdhlt ist, dafl das
Metalichelal eine neutrale Spezies darstelit.
50
9. Verbindung nach sinem der Anspriiche 7 und 8, worin die chelatierte Metallspezies ein paramagneti-
sches Metallion mit einer Ordnungszahl von 21-29, 42, 44 oder 57-71 Isl.

10. Verbindung nach Anspruch 9, worin das paramagnetische Metallion ausgewihilt ist unter den lonen von
Eu, Gd, Dy, Ho, Cr, Mn und Fe.

@
&

11. Verbindung nach einem der Anspriiche 10 und 11, worin das paramagnetische lon ausgewihit ist unter
Gd3+, Mn2* und Dy3*.
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besitzt, mt der Mafl 3gabe, daB weni gstens ein Wasserstoffatom an

Stickstoff gebunden ist) 2t5 mt einer Verbindu I
L-CH2-Y  (ill) (worin L fU eine nukleophile Abgangs " :]! LIiH 30
b) di e Ursetzung ei ner Verbi ndungEB®45R@AEN | zu ei ne t xoder

Sal z davon. 15. Diagnostisches oder therapeutisches Mttel, unfassend ein
physi ol ogi sch akzept abl es Metal | chel at gjerrAB einemder Anspriche t bis 13
oder i n FhSPRREENE AT, et it Ll ot i Fevore

el nem phar ma2e0t PEERERSEEN WYY (§5di zi ni schen Trager oder Exzi pi ent en.
16. Entgi i Lt . . @ | ik | _.ge Laem der
Anspr Ugh eui Yﬁﬁ%@%ﬁj nﬁJ:r‘:%}rdﬁ g‘% rs{‘ggbq‘?@% \?va@E geh %{)jén%?j gtg}ggétg %etr&%aef'%eﬂﬁ%di%gkg}'eﬁ em
physi ol ogi sch aﬁzept abl en Gegeni on, zusammen nmit weni gstens ei nem
phannazeuid, seimRn Q6SHersRing Vb @SSRS hgeh gbﬁmm{r&nag%beaﬂe Verfakreh RbrfifRleReineftO
17. Ver f ahr @b didndéid SBu@WREson Abbi | dungen des nenschl i chen oder _

ni cht - menschl aaeBizurgieRtd BAIRING®RF p@ms,.N Wobei das Verfahren die

Ver-abr @i chung ei ner Verbi ndung oder eines Mttels gemaB einern der
AnsprUche 1 bis 13 und 16 an den K6rpqrg und di e Erzeugung ei nes Rontgen-,
Ker nspi nt onogramm, U traschal |l -, oder szint i&r aphi schen Bil des von

weni gstens ei nem Tei |l des K6rper% Pt~z ™ 18. Ver wendUBI) ei ner

Ver bi ncl ung genmaB ei nem der AnsprUche 1 bijs 13 zur, rstellung von :
di agno$ti- schen oder therfg‘ﬁ tischgn Mtgeln erwendung in Verfahren
zur Bil derzeugung, Entgift 03\‘]0 Aut-dt adi aphi et durchgefdirt am
menschl i chen oder nicht-nmenschlighen, tVgrise¢hen Kbrper. 19. Verfahren zur
Her stel | ung ei nes Met al | chel at es ggen®B ®&i nemgder AnsprUche 1 bis 13, wobel
markbeim 50 di esem Verfahren in ei nem LWungsrnittel eine Verbindung der
Formel 1 odor ein Salz oder Chelat davon, zusanmmen mit einer weni g

| osl i chen Ver glopdung 485 dvhdld asspdef M Sfhbjepensr B3fbutungdrbestAm and 8 Bl ein
1111 11111 i yaldeislolidtors ofer einb iCHLY-Glabod RHE Mk R idteO SnsbructoP RRR§DesOBIMRIgU! | C
1, Y =~ YN pesitzt, mit dor madyaibdY bids vAidSiersaitdsk @stafialoMbh SBRREEgBIRIGH is@i SON, UN
at one d; oxygeme eibr ddindHgfdeeFdaelin groupe de formule CHR ou NR3, -

chaque R, identique ou different, represente un atone d' hydrogene, un
groupe OR3 outKR3R3 o¢w tin groupe alkyle en G -s ou (CG -g)al coxy-(C, -
s)al kyl e 6ventuel | enent substitu6 par un groupe 20) hydr oxyl e ou par un

groupe de f or fnofiel NRSMSNubBOMBNRIRBIsgropraglebt:Rad | denti que ou different,
repr 6sént e unbkdioWmsetrutgineg Yerbiadung der fpmeblezu£Inry (Ceeldipmplex gdepFaladaveiky| e en
Cl -a eventuel | enent substitue par un ou plusieurs groupe(s) hgdr oxyl e ou
“al coxyl e & Diagnostisches oder therapeutisches Mittel, umfassend ein physSiologisch "akzeptables Metalichelat .

: gem&B einem der Anspriiche 1 bis 13 oder ein physiologisch akzeptables Salz davon, zusammen mit
wenigstens einem pharmazeutischen oder veterindrmedizinischen Tréger oder Exzipienten.

b a5 R )
, 16. Entgiftungsmittel, umfassend ein chelatbildendes Mittel gem#B einem der Anspriiche 1 bis 6 in Form
\_/ ' eines schwachen Komplexes oder Salzes mit einem physiologisch akzeptablen Gegenion, zusammen
mit wenigstens einem pharmazeutischen oder veterindrmedizinischen Tréger oder Exzipienten.

40 17. Verfahren zur Erzeugung von Abbildungen des menschlichen oder nicht-menschlichen, tierischen
Korpers, wobei das Verfahren die Verabreichung einer Verbindung oder eines Mittels gem#s einem der
Anspriiche 1 bis 13 und 16 an den K&rper und die Erzeugung eines R&ntgen-, Kernspintomogramm-,
Ultraschali- oder szintigraphischen Bildes von wenigstens einem Teil des Kdrpers umfaBt.

45 18. Verwendung einer Verbindung gem#B einem der Anspriiche 1 bis 13 zur Herstellung von diagnosti-
schen oder therapeutischen Mittein zur Verwendung in Verfahren zur Bilderzeugung, Entgiftung oder
Autoradiographie, durchgeflitwt am menschiichen oder nicht-menschlichen, tierischen Kérper.

19. Verfahren zur Herstellung eines Metallchelates gem3B einem der Ansprliche 1 bis 13, wobei man bei

50 diesem Verfahren in einem LOsungsmittel eine Verbindung der Formel | oder ein Salz oder Chelat
davon, zusammen mit einer wenig l&slichen Verbindung des Metalles vermischt.
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C, -8 'chague R3, identique ou diff6rent, repr6sente un atone d' hydrogene,

un groupe al kyle en C0-8 25 6vent uel | enent nono- ou pofyhydLnxnggQ;‘EE‘“

groupe de forrmul e CH2Y, Y represente un groupe de formul e CON( OH) R

PQOZ2 ou SQ2Z; Z represente un grouEe wes2fasemil e OR4, NR4AR4 m[m

chaque R1', identique ou diff6rent, repr6sente un atone d' Ry} "’Immmm

groupe hydroxyl e ou un groupe al kyle en Cl1-8 6ventuel | enent hyﬁrokylﬁ, S s

vaut 0, 1 Bgveddicgiongy est un groupe CHRL1, NR'' ou un atonme d' oxygbne, et

chaque R4, identique ou different, repr6sente un atome d'hydrogene ou un

groupe al kyl e BRE“ "¢ -B)al coxy-(C -8)al kyle ou pol y[- 45 (G

-s)al coxy-(C, -8)alkylej 6ventuell enment nono- ou pol yhydroxyl e, sous

reserve que, lorsque s vaut O,'le groupe Wdu cycle h6t6rocyclique a 5

chal nons resultant est un yroupé\CH%’ ue,dgorsque X repr6ésente une

| i ai son ou un groupe CHRL, awy noijps un [gr oupe ou R2 reprbsente autre

chose qu' un atone d'hydoogeqﬁ\ou n graoupe ahkylgyen Cl-8 non substitu6,

ai nsi qug ses conpl exes dechetyat i om «f seMs./ 50 2. Conpose de fornul e

| tel que revendi qué dans |a revendigcatioh 1, dans |aquelle ZXdepresente un

groupe de fornmule OR4 ou NR42 st chégue R& identique ou different,

repr6sente un atone d' hydrogb- ne ou uﬁ'groupe al kyl e dvent uel | enent

hydr oxyl 6, ou un chel ate ou sel dudit compose. 5 3. Conpos6 de formule |

tel que'fevendi qud dans |a revendication 1, dans |aquelle au noins un

groupe Z est depr®ent 6 par 1'unle des formul es suivantes, 31 NEI | | ~

111@1 1112 11 représpntgungdisisongun afgme d'oxygéne ou de soufre ou un groupe de f{rmulR/ICHR‘lou@@i N

0 . 7 chaque R', Nentique ou diffé@ntorep_féfqnte un atome d:hydrogéne, un grouqe E)Rf’_ ou l)!R3R3 ou

\ <\_/ CUt,o -1s :RI rgrox:ze ua:g!e egr Ci-g on: (S:; —a):l\lc;);(gl-(ci -;(;)?kz:gsﬂentueger@nbgulgﬂmﬁ P2 W5 199PRE ou
co 8§1)8/ %I!l x %ﬁﬁﬁe%% éfe ﬁ'or Fﬁ tdqudrgg%%e,rugvg?o%gel g‘kly?e equaé] §s (liua

sel de Ce

revendi cati o aaue 2, 'deriti!cai'ueI cilu iifeyent, ré re%ene l:{\ atome
r!alc%xyle P%‘ —ga(g ﬁue I&n st§ & psa?n %u "mtsieurs groupe(s) hydroxyle ou alcoxyle en
Ci-s.
chaque R3, identique ou différent, représente un atome d’hydrogéne, un groupe alkyle en Ci—g
25 éventuellement mono- ou polyhydroxylé ou un groupe de formule CHzY,

Y représente un groupe de formule COZ, CON(OH)R*, POZ: ou SO Z;
Z représenie un groupe de formule OR*, NR*R*

cu
R.; ( Rl L
-N W
35 :
.,
. YL

rr1

30

cc

40 chaque R'; identique ou différent, représente un atome d'hydrogéne, un groupe hydroxyle ou un
groupe alkyle en Cy-g éventusllement hydroxylé, '
svaut 0, 1 ou 2, et _
W est un groupe CHR'', NR" ou un atome d'oxygéne, et chaque R*, identique ou différent,
représente un atome d'hydrogéne ou un groupe alkyle en Ci-g, (Ci-z)alcoxy-(C1-s)alkyle ou poly[-
45 {C1 -8 )alcoxy-(Ci —s )alkyle] éventuellement mono- ou polyhydroxylé,
sous réserve que, lorsque s vaut 0, le groupe W du cycle hétérocyclique A 5 chafhons résultant est un
groupe CHR'! et que, lorsque X représente une liaison ou un groupe CHR', au moins un groupe R' ou
R2? représente autre chose qu'un atome d'hydrogéne ou un groupe alkyle en Ci-g non substitué, ainsi
que ses complexes de chélation et ses sels.

2 Composé de formule | tel que revendiqué dans la revendication 1, dans laquelle Z représente un
groupe de formute OR* ou NR*; et chaque R*, identique ou différent, représente un atome d‘hydroga-
ne ou un groupe alkyle évenluellement hydroxylé,
ou un chélale ou sel dudit composé.

a
)

3. Composé de formule I lel que revendiqué dans la revendication 1, dans laquelle au moins un groupe Z
est représenté par I'une des formules suivantes,
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at one ‘@ hwdrogene, un groupe hydroxyle ou un groupe ‘I—IzyI—er hydrcrx*yhl—e—RQ

represente un atone d' hydrogene ou un groupe al kyle h
represente un atonme d' hydrogLne ou un groupe de fornul a!% E ‘mm mknte
une |iaison, un atome d' oxygene, EM0gs2ag=BNGt hyl bne o
hydr oxyl e ou un groupe NR3, Y represente un groupe de fornmule COZ et Z

represente un groupe 20l hydr oxyl e ou U n groupe NHR' (ou R4 represente
uLn atone d' hydrogane ou un_groupe al kyle eventuelle t hydroxyl 6). ou uLn
chel ate nbtal lique ou un ,ef dﬁbut conpose. 5. éh que revendi qub
dans |l a revendication 1,- Nrepondanﬁ a, I une des_forml 3 sui vantes, 2!i 110
01-1 o, R0 PN~j t\ A Rs s

R | R Rs ft. ' 0¥ O (la)
(1'b) onl / lc 36

~~~~~~~~~~ 0 t5~~~~ < —NQ uu O R5; t

1 R Nt I
"L .1 5(Id) (1f)
45 R7N PRI RP 50

dans |l esquelles RS represente CH2COOH, Rs represente CH2 COOH,
CH2 CON( CH3) GHRCIHSRIEI2 6Hdoce GMREBNHR7 et R7 repr6sente CH3, CH2CHOHCH20H ou
CH( CH20H) 2, ou bi en:-NR5R6 repr6sente un groupe 32 *C L Ms
-NCH2, CHR:  SaraesfRid formileie! Ave reyerdioyy densris sendisation |1, dang dasuelie 'F xspeisae 90 un
groupe CH2 BAMTHOHIORNS 4t Qee (VFOYP R graype| alkyle dpygroyién df‘!ﬂ@é?"ﬁ?e"“ étﬁmfll on
ou '§ vaul 1"8‘(“’"\%"%@% “"I %[E‘I?Fr?ﬁ‘y'a g otyen 5 reeﬁa"(ﬁ‘ffeuﬁ“’"‘}gg % e%ﬁ‘

élé V) t

et

J Xyg

re 6:5egtee(r: G%E Sud un gr pe gg ng%jesente un r Vrmul te@re e.nte un g upe

| ?y ou u rQ pe NH r sen un a?n% E‘I\W uge alk Ie

quel cofique donlie¥s II (ﬁ&gb) S e gkl Or Oupe ¥ ESt
e ce COI‘I’pOS

groupe car boxy , ou un am Conpos6 tel que
revendi qug @an&,sé temva raaﬁIq(a%&% rg\%ﬁdIEa@é/r?{]@Epﬁrﬂfaﬁt%nﬁne]deéfoﬁmﬁgs sE“ante@St un
ch6l ate netal |'i que d" un conpos6 formul e un de ses sels. 8.
Conmposg de formule | tel que revend| gue dans Ia revend| cation 7, dans

| oquel | e nonbre de gy oupesouY

Rs —Ki—n
\
30 N N N
. L ) \

R R‘
(I
| oa"I (Ib) (Ic)
\/' 35
o RS ! s
= \ l \ m J: R
~N ~N NN
40 &B/ ‘1{5‘ \ I
(14) (Ie) (If)
' QS
45 RN
R‘&cNI \/[ RTR"
b0
(19)

56 dans lesquelles RS représente CH,COOH, R® représente CH,COOH, CHz CON(CH3)CH, CHOHCH> OH
ou CH;CONHR’ et R représente CHs, CH, CHOHCH2OH ou CH{CH,OH)., ou bien NR®R® représente
un groupe

32



VNP AN IO

formant: des ions est tot que |e chelate nbtallique est une espece neutre.
9. Conpos6 tel que revencliguWdans |'une quel conque ions

et 8, dans |lequel |'espece 20 ch6l at ee nbtal | i que e

par amagnet i que de nunBro atom que 28P 8483392121 44 ou 5 ﬂ g\‘i@!}m

de formule | tel que revendi qué dans |a revendi cation Iedlt
ion netal paramagn6ei que est choi si parm Ies ions de Eu &d, Dy, Ho, Cr,
Mh et Fe. 26 11. Conposd tel que_g GHe quel conque des

revendi cations 10 et 11, dans qug 2 d| |on pa %.mfgnth gue est choi si

parm Ccl3, M2+ et Dy3+ 12. Corrpos6 tel que revendi qué dans |'une

quel conape des, (RYERMEAN' D dorflendou BA0Bude WS CHORSDRLPO GG IofhE Gst ra
i SR W ot
:Jo 13. Corrp0§greg§,{e,g,u&o‘yﬂg\(,wggyg%éﬂ,aﬂs, une quel conque des revendications

7 et 8, dans Logt@kiatk' n%m@‘g%uqh@g@gegcmbggl | i que est un ion de nttal
radl oactif. 14. Proced6 pour |a pr6paralion de conpos6s tels que

r evendi.qi6%. destipdsé 16l Que Rdbriaié Qéhs I'uneldlielcaraGp e @veddications B8 SrBarsJeduiiechat@s
6t apes  sui vanyeepe Yagst lirfbgtupk @rbdkylb,rou @O 530 08 n aheidd dercebrepsséli vante 11, X R X
ft ~~~~(11) 40 10 to K2 45
R dans -l aquel Lenposé Ril qed rehdiand ddne $urdedublnintiveodes rpvedicptivhe 5 Qjér?s ayi st un chélate
revendi cat i onmétaliqueRiu@crrepnsé defatreleou diue Aesed'seisidr ogene ou un’ gr oupe CH2Y,

ou Y eststel Euo defini dans |a revendication 1, sou serve
qu' au’ i nsd uLPMRESS AR oMyl ! Sy @ rrsendigyd dang ',aeseva"drcatzoaﬂeda"%\?@{?' 'aa%%ﬁ%g'@”pa%"
forpule III1I: f°E“"’E3f-Ess‘f°“s ef‘lqﬂj’e le ghipée métaligug psbune esRECe (RIS oupe par t ant

nucl ebphi | & t sf or, rratl on c
Un \skiel at e bu ezﬂ 301 ayerovshioid 38 1) U i oo égf.; &°“E%§§§p%"% il G‘é,‘?g%
conprenaflt un RSP SERINE o1 PO SR TE R T uer‘r’en acc é tel
-revendi que féa& 0 "l:glecpnéi o q&/ﬁmf do¥ edaﬁb e ) glghs lQ&beP@dng‘;"onStﬁ&al
sel s 33 P r%igr%gg (1:|lu¥s| &:?T?I ids fons de Eu, Gd, I§l HE'Xﬁ'm}l Q%quenent
accept abl es, con10|ntenent avec au noi ns un v6hicul e ou exci pi ent
phar macet i fUeompbs¥ @ Glid RANIBus dhfs I'vhg BiticortRe & rovehaialioreN 0 GO P &3 Adliel WAt fon
agent chél at aa&ram@jnétq,w%ﬁemnﬁﬁnﬁuﬁlﬁd&% el DByane quel conque des revendi cati ons
1 a 6, sous forne c'un conploxe ou sel faible avec un contre-ion
phySI ol Ogl queiremnposé tel que revendiqué dans I'une quelconque des revendications 7 et 8, dans lequel l'espéce

chélalée métallique est un ion de métal lourd de numéro atomique supérisur & 37.

30
13. Composé tel que revendiqué dans I'une quelconque des revendlcatlons 7 et 8, dans lequel l'espéce
chélatée métallique est un ion de métal radioactif.

14. Procédé pour la préparation de composés tels que revendiqués dans la revendication 1, qui comprend
L a5 au moins une des étapes suivantes: .
a) réaction d'un composé de formule suivante 1i,

R R

10 :
: | AN 1N

(I1)

dans laquelle X, R' et R? ont les définitions indiquées dans la revendication 1 et R'® représente un .
atome d'hydrogéne ou un groupe CHzY, oll Y est tel que défini dans la revendication 1, sous
50 réserve qu'au moins un atome d'hydrogéne soit fixé 3 I'azote, avec un composé de formule HI:

L-CHzY (M),

dans laquelle L est un groupe partant nuciéophile, et
b) transformation d'un composé de formule | en un chélate ou un sel.

&
&

15. Agent de diagnoslic ou agent thérapeutique comprenant un chélate métallique physiologiquement
acceptable, tel que revendiqué dans I'une guelcongue des revendications 1 3 13, ou un de ses sels

33



acceptable, conjointernent avec au noins un v6hi cul e—-eu—excipi-ent —

phar maceutique ou v6térinaire. 17. Proc6d6 de formatio " : ps
humai n ou aninmal, conprenant |'adm nistration audit cj mamﬂ Hﬂiou
‘agent tel que revendi qué dans |' uFRO4ERPEBRYUe des re U 3 et

16. et 10 |l a formation d' une image cle rayons X, de diagnostic RM

d ultrasons ou. de scintidraphie d au I ns une partie ggi . corps, . >18
71 sat b one ik SaRe b abatel nfridtall Rt W R i Be BB hi B Ryt
revendi cati ons a 13 pour la fabrication d agents de diagnostic ou

t her apeut{gugsht dd bkbaaRh &ImplaMRt LspehGHBRLMA S Sue FvérdRELEINS runl Quelcdnque des
d6t oxi gat i ORhveHdicERnd RQI DLORIGHRL @ uR 'cBrhpIEHd QR SseStdible | a%ecCl dBtrdISHTEHy Boiiquemanrel -
*19. Proc6d@cddfiai, efitinthetvéte Glabk ah 6shictib ba blciptharnadestiqs! 6u veRvieddl qubs
dans | ' une quel conque des revendications 1 a 13, qui conprend | e nel ange
dans un sul PenédédeUiormatntigages @u fcopsnilirgain 0w enirdalUcomp@hand tedonGlraibe ali cops
conpose, codjuoicorhmaint agastad gearenanding dens boprpode@nduaidsd evapditatigs| 11 eetdaditt 20
aJ netaal . RSodrfalionsdyne fBag84le rayons X, de diagnostic RM, d'ultrasons ou de scintigraphie d'au moins
une partie dudit corps. :
- 18. Utilisation d'un composé tel que revendiqué dans I'une quelconque des revendications 1 & 13 pour la
fabrication d'agents. de diagnostic ou thérapeutiques utilisables dans les techniques- d'imageris, de
15 détoxication ou de radiothérapie pratiquées sur le corps humain ou animal.

19. Procédé de préparation de chélates métalliques tels que revendiqués dans l'une quelconque des

{ o revendications 1 2 13, qui comprend le mélange dans un solvant d'un composé de formule | ou d'un
. sel ou chélate de ce composé, conjointement avec au moins un composé faiblement soluble dudit
20 métal.
25
30
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