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Compounds suitable for NMR imaging having the for- 
mula: 

r .- R-O-PI&--p-cooz 1 (6-l m 

wherein 
a is 2 or 3; 
b is an integer from 0 to 4; 
Me(o Fe@+), Fe@+), Cd@+), or Ma@+>; 
Et*+) is an ion of an a&&i metal, alkaline earth, metal, 

-1 -m&m, allran ammonium, poiyhydroxy- 
alkyl ammonium, or basic protonated amino ,scid, 
said ions representing a total charge of b; 

m is an integer from 1 to 5; 
R is I% alkyl with from 1 to 8 carbon atoms, alkyl with 

from 1 to 8 carbon atoms wherein from 1 to 5 carbons 
are Substituted with OH; aralkyl’with 1 to 4 aliphatic 
carbon atomq phcuyl or phenyl substituted by halo- 
gen, hydroxyl, carboxy& carboxamide, ester, SQ3H, 
sulfonamide, lower alkyl, lower hydroxy alkyl, 
amino, %cylamhto; ,(poIy)oxa-alkyl with 1 to 50 oxy- 
gen atomsanb from 3 to 150 carbon atoms, wherein 1 
to 5 ,hydrogen atoms may be substitnted by OH; 

R1isthesameaa&or 
is ---czw~~ --cH(CH$ixK?Z, 

~~2--W~2CCNX72~ a hydroxy arylalk~!, 
hydroxy pyridy&llcyf, hydroxy aryl@arboxy)altryl 
or hydrury p~yl-~~o~)~l radical, where 
the aryl or pyridyl radi&al_ may be substituted by 
hydroxd hyd~oxy all& allcyl. halogen, carboxyl 
or SO3Hg 

Rz is -CHzCOOZ, --cH(CHJ3ecrOz, 

wherein 
R3 ii -CH2CUOZ, --tX(CTX3)CZOCXZ or a monova- 

lent radioal having thesn-u~ture 

X is a direct chemical bond, ,_O-, -S-, -bR&, 

n is the integer 2’or 3, with the‘provisu that when X 
represents a direct bond, n & 1,2 or 3; 

Z ii hydtogen or a unit of negative charge, and ---(CHAT 
) m- may also bc ---f=HZ4(~~)~--. 



499 
1 

BACKGROUND OF THH INVHNTIQN 
1. Pield of the Invention 
The invention reIates to compounds which afffzt the 

relaxation time of atomic nuclei, More particnia+y~ it 
pertains to compounds for use in effecting the relaxation 
times for nuclei in animal and human tissue which can 
be used for diagnosis through NMR imaging. 

2. Description of the Prior Art 
The NMR imaging method is based on the character- 

istic of certain atomic nuclei which bave their own 
magnetic momentum and, in particular,, protom, of 
orienting themseIves, 89 the result of a magnetic i&&i, in 
a state of equihirium from w&h theycan be moved by 
the use of pulses of a given radio frquency (resonance 
frequency). 

The nuclef then return to their original state of equi- 
librium as a result of spin-spin and spin-lattice rek%r- 
ation. The the required for returning to the state of 
equilibria known as relaxation rime, gives w&able 
information on the degree of organixation of the atoms 
and on their interaction with their environment. 

On the basis of differences in praton density and 
relaxation times, images of b@lo&al tissues cau be 
obtained which may be used for diagnostic purposes. 

The greater the differences in the relaxation times of 
the nuclei which are present in the tissues beimg exam- 
ined, the greater will be the contrast in the image that is 
obtained; cf., for example, P. &mmer et al, J. of Mag 
netic R esouaace, 33,83, 106 (1979). 

It is known thatthe r&ax&n times of~neig$bqing 
nuclei cau be affected by the me of complex paramag 
aetic salts (G. C. Levy, et al, J, Amer. C&em. Sot. 96, 
678-681 (1974)). It has therefore been proposed to ad- 
minister paramagnetic ions to living organisms in order 
to improve the diagnostic information by-the locahxed 
increase in relaxivity obtainable spec@cally by the use 
of pa&magnetic substances: P. C. Lauterbur et a& Pron- 
tiers of Biol:Energetics VoL, I, 752-759 (1978); F. H. 
Doyle et al, Proc. of NMR Imaging Symp. held fin 
Nashville, Term, U.S.A.; on Oct. Z-27, 1980; J. A. 
Koutcher et al, J. of Nuclear Medicine 25:X%-513 
(1984). Various ions of transiti& metals and h@hanides 
are paramagnetic (F. A. Cotton et aL, Advanced Inor- 
ganic Chemistry 196q 634-639). 

Specifically, pammagnetic ions which have a particu- 
larly strong effect on m&&ion timea are, for examples 
gadolhriumts+~, iron@+), mauganese@+), and chromi- 
um@+); cf. 0. L. Wolf et al., Magnetic Resonance’An- 
nuaI 1985 (Raven Press, New York), 231-266. 

These ions of transition metals and la&hankies are, 
however, too toxic for use in “man: R. J. Walk&R. 

-William “Haemochromatosis and Iron Overload!, in 
Iron in F&chemistry and Medicine; A. Jacobs, M. Wor- 
wood, E&., Academic Press, London, pp.’ 589-613 
(1974); G. G. Cotzias, “‘Manganese in Health and-E%- 
ease”, Physiol. Rev. 38, 503-532 (1958); P. Arvela, 
“Toxicity of Rare Hard&‘, Prog. Pharmaool. 2,7 I- I 14 
(1979). 
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We have therefore an Gcentive to deal with this 
problem by tr$ig to reduce the t&c effect of metal 
ions administered for diagnostic purposes by combing 
these ions with suitable agents: R Hosain et al, Radiol- 
ogy 91, 1199-1203 (l968), describe, for example, com- 
plex compounds of’ diethylene triaminopentacetate 
@TPA) of the k&hanide ytterbium. 

Gaduii&m &I also be successfi11ly detoxifi by 
combining it, for example, with diethylene triaminopen- 
tacetic acid; hut this greatly.reduces the relaxivity and, 
thereforep the ~n~t-r~~~g. action comp&ed to 
free Gds+ (Wemtuarm et al,, AJR X42:619-624 (1984). 

Anoth& problmn is that the c@npotmd is not always 
less tox& than the free ion: in thesame paper* for exam- 
ple, Weinmann et 1. report that the taxicity of the 
ethylened~~tetr~~etic czotnpoufsd (HDTA) of gado- 
iinium is higher t$+ that of gadohuium trichloride. 

The sped&c Irs$uWs and‘tolefmf2e of metallic com- 
pieties must therefore he individually investigated ip ., 
ekry single case. 

Weimnann re’ports in Phy&. Che&. Phys, Med. 
NMR 19li4, $6,$67- 172 on the pharmacokinetics of the 
gadokrm.tm-DTPA complex v&ah indicates that this 
complex is dis%&uted in the orgsnism both in the vas- 
cnlar space a&in the ~con~derably larger interstitium. 
This is a disadvamage, for example, in the imaging of 
blood vessels, b-use it re&ires a much larger amount 
of contrast medium &an w&d be needed in the case of 
a c&,rast medium whove distzibution is limited to the 
vascular space, ,Sefi .ia this r.tb+qte$, M. Ogm et al., 
“Approaches to the Chemicai. Synthesis of Macromo- 
kc&u N&i% Iyging Contrast M&ii for Perfusion- 
Dependent Hnhaneement”; presented at the 7 tst Scien- 
tific Assembly aad Annual Meeting RSNA, Cl&ago, 
Nov. 17-22,~ 1985. 

Media for NMR diagnoti which contain complex 
pammagnetic s$tu of the, lanthar&$es and transition 
metals are given broad coverage in Huropean patent 
EP-I3 71,564. “Ex;luasly extensive, procasses far NMR 
diagnosis by mrws of complexes bf Iauthariides are 
described in ‘BP-A 135,115 (DuPont~. 

Schering’s European pat. No, 71 564 covers com- 
pounds of’the types aczarding to formulas I to IV: 

Hoofs 
2 / 

CSZCOOB (1) 

HoH2ccH21N+=*-N\ 
C&COOH 

N-Hydroxyethyl-N,N’,N’-ethylenediaminetriacetic 
acid (HHDTA) 

0 
HOOCH2C 

\ 
cHgmoH 
I / 

CIi$XOH 

. N-(CH~yN-(CIf2&-N 
/ \ 60 

HOOCH2C CH9XOH 

N,N,N’,N”,N”-Diethylenetriaminepentaacetic 
@=A) 

65 
HOHS-CHY,NVZFWWW 

acid 

(III) 

N-HydroxyethyEminodiacetic acid 
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wherein 
m represents 1 to 4 
n represents 0 to 2 

IO 

R’ represents a saturated or unsaturated hydrocarbon 
group with 4 to 12 hydroca&on atoms or the group 
-CH2--cOOH, 

or disphosphoni~ acids of the general formula V I5 

pw32 
I 

R2-C-R3 
I 

pw32 

WI 

20 

wherein 
ff2 represents hydrogen, a&y1 of 1 to 4 carbon atoms, 

haXogen, the hydroxy-, amiuo- or GHx-CCIOH 
grows m-h 25 

R3 represents, a&y1 of 1 .to 4 carbon atoms, or the 

i. A strong effect on the relax&ion times TI and ‘Pz 
(particularly “Fr); in other words, they should induce a 
high levei of relamtion which, by hpeasing the con- 
traSt in the image gna&es itpossiWe among other things 
to obtainrelevant information in a short amount of time 
with obvious advantage&in terms of the economic cost 
of e&h single exam&&r, fti utilixation of equipment, 
etc. 

-CHflCIOH group, and 
the ions of the htmhanide elements of numbers 57 to 70 
or the ions of the transition metals of numbers 21 to 29, 
42 and 44, and an organic base, by which &organic base 30 
ghamine, N-methylghmamme, ‘N,N-dimethylghma- 
mine, ethanolamine,. diethauolamine, morphohne, ly: 
sine, omithine and arginine are concern&dt 0pticdXy 
with the usual additives in the art, dissolved or su+ 
pended in water or physiological salt solution chars@ 35 
terized in that one brings into a form for oral or intra- 
vascular application. the paramagnetic wmpbx sait 
dissolved or suspeuded in water or 6 physiological salt 
solution option‘auy with the usuai a#itives in the art. 

2. ‘A high fey& of stabr%ty of the ‘complex, both in 
sohrtion aud inthe organ&n. This means-that the com- 
plexing age& exhibit a high ievel of selectivity for the 
releitant paremagnetic ions as opposed to the phy$Olog- 
ical ions. 

3. A distribution which is specific ta the organ and 
the tissue in‘ the organiqm. 

4. An eliminahu Jcine&s which is specific tb the 
organ and the tissue, 

Compiex compounds of iron jlnd gadohuiumWt-f 40 
for the imaging of the gastrointestinal tract are dew 
scribed in EP-A 124,766. 

All agents proposed up to now for NMR diagnosis, 
which~ consists of complexes of heavy metals, are not 
very satisfactory with regard to their pr&i& use in 4s 
man or create more or less serious problems .with regard 
to relaxivity and tolerance. Also, they frequently ex- 
hibit insufficient selectitity of the bond with the heavy 
metal, msufficient stability, and particularly, lack of 
.+elective tiugedng to certain. organs, 50 

The tendency of many comp&xes to exchange the 
central metal ion for trace metals which are essential to 
the organism 0s for ions, for example Ca@* 1, which ju 
vivo are present in relatively large amounts (cf., on this 
point. P. M: May, ‘The Present Status of Chelating $5 
Agents in Medicine”, in: Progress in Medical Chemistry 
20, 1983 (Else&r science Publ.) p. .233) ultimatel$ 
limits their applicability, particularly in dosages which 
would be desirable for NMR diagnosis. 

We have discovemd. cor&ounds which meet the 
abovtistated’ requisemer)ts and are p&doul~ly suited 
for NMR ~~~c-~ag~~. The compckmds are made 
up of iron@+>, iron@+$ gadolirdum@+), and man- 
ganese@+). They are relatively simple, well tolerated, 
parti&ly endowed tith organ specificity and are suit- 
able for applicstiou in nucle&r spin tomography. Mare 
spec%caily,tlie iuventive compormds ha\te the formula 
I 

.M&+) 
J 

E(b+1 

wherein 
a is 2 or.3 

In the case of insufrlcient spec&c stability of the 60 
complex, trace metals of vital importance may, in fact, 
be extracted from the.organ&m, and undesirable beavy 
metals, such as Cd may be deposited ‘in their place 
which may remain in the organism for a long time, 

E@+) is an .ion(s) of. an a&& metal or alkaline earth 
metal, a&y1 ammo&& alkanol ammonium, polyhy- 
dsoxyalkyi ammo&m or basic psotonated amino 
acid, with the ions representing a tot& charge of b 
unlw, 

m is an integer from 1 to 5; 
R 

Contrast media with organ specificity for NMR con* 65 
trast imaging, which contain pammagnetic complexes 

is H, aIky1 with from 1 ro 8 carbon atoms, or aikyl 
with from I to 8 &on amms wherain from 1 to 5 

of lanthairides, are being claimed in the published 
French patent application No. 2,550,449 and in BP-A 

carbon, atoms may be substituted ‘w&h OH; 
is aralkyl with -1 to 4 aliihatic carbon atoms; 

133,603. The soXutitqns proposed 
still limited and not q&m&. 

there are, however, 

Therefore, there exists, now as before, a demand for 
contrast agents for the rkpkaentaticm of the individual 
or&us (for exampb,.Rver, bile ductsi spieen, pancreas, 
lymph nodes) and &$r respecbive an&kically patho- 
xc&ax and fmtctitijlal ctlimrges. 

Such p~a~~s~~~ for effective applica- 
tion in mm should satisfy some or ah of the following 
requirementsz 
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is phenyl or phenyl substitnted by halogen, hydroxyl, 
carboxyl, carbonamide, ester, St&H, sulfonamide; 
leer allcyl (as used herein, lower alkyl means 
a&y1 having 1 to 4 carbon atoms), or lower hy- 
droxy alkyl, amino, ao@mino; 

is (poly)oxa-alkyl with from I to 50 oxygen atoms and 
from 3 to 150 carbon atoms, where from 1 to 5 
hydrogen atoms may’be substituted by 0% 

Rr is the same as Rz or is -CH&OOZ, -CE(C%i3, 
)COOZ, ~~H~CH~-N{CH~CCOOZ)Z, a hydrox$ ary- 
lalkyl, hydroxy pyridylalkyi~ hydroxy aryl(carboxy- 
)alkyI or hydroxy pyrldyl-(carlmxy)~alkyl radical, 
where the aryl or pyridyl radical may be substituted 
by hydroxyl, hydroxy alhyl, alkyl, halogen, carboxyl 
or SOsH; 

is ---CH2CoOZ. --CH(CH3)COOZ, 

, Rt 

6 

R-O-fCfI&g-F-COOH @a) 

5 /N\ 
Rt Rl 

Where R, RI, Rz and m have the same meaning as in 
formula I, or a&d1 metal, alkaline earth metal and/or 
amino sahs of said acids, with sahs, oxides, or hydrox- 

lo idea of iron@+), ir&3+), gadolihi~m(~+), or man- 
ganeseO+l, ur with the basic salts of these metal ions. 

lX@XhON OF TH$3 PREFERRED 
3J3vil3ODIMEr$TS 

15 Within the SC+ of formula I are .four groups of 
complex heavy metal compaun& having the following 
formulas II, III, IV and V: 

-(CIij,-X-(CHjfi-N’ 
\ ’ 

F-3 

RI 
/’ 

-CH-CH-N j , \ ‘“-=K.--. ,~-‘y, ; ..c I 

a3 -3 R3 

where 
R3 is -CH2COOZ, -CH(CH3)Cc)OZ or a monova- 

le& r;roZof the structure RA&-(CH~)W---’ 30 
- 

I.. al-k--R, 1 

2. Ib-) WI) 

X i5 a simp*e chkical bond i.e., no intervening atom, 
R~O-(Gli~~-~SWXlOZ 

-a--, -s-, -NH-, 
T-R1 

i-c”“‘” 

-N-C&COO2 or -y-CH(CK3)COOZ: 35 .MdQ+) E1b-b) 

i 
3 
yih 

n is the integer 2 or 3, with the proviso that when X 
y-R’ 

represents a simple bond, n can be 1,2, or 3; L It--0-@z-i j~-~-cooz -I 
Z is hydrogen or a unit of negative charge, and --KHz- 40 

h- may also be -CB~-C(~H3)3-~ where in formulaa II and I& the symbols a, b, Me@+), 
The compounds of the present invention may be W+J 2, & RI, R3, m, n and X have the same meaning 

prepared by reacting free polyamino-polycarboxylic as in formula I. 

B 
R-0-(CX&,r-M-COO2 

acids having the formula 

where 
R, m, n and X have the same meqnjng as defined above, 

T represents -(CH&2--, -CH(COOH)- or 
65 --cH(cooH)cHG-~ 

Q represents =CH- or =N-, 
A represents hydrogen, hydroxyl, lower hydroxy alkyl, 

and 
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8 
B represents hydrogen, lower allcy3, halogen, carboxyl 

or SO3H. Fe(3+) is preferred as the metal ion, 

where a, b, Me@+), E@+f, R, Rt R3, ~(1, II, X and 2 15 
%av~ the same meauing as set forth in general formula 1. 

The polyamlno-polycarboxyllc acids according to 
formula Ia, or their salts, which combine readily with 
iron, can ako be caused to react dlrkctly with elemenml 2o 
iron to obtain the corresponcliug complex iron com- 
pow& 

The inventive polynmlno-polycarboxylic acids hav- 25 
ing farmula Ia include, in particular, compounds having 
the following formulas: 

- 
wherein R; RI, R3, m, n and X have the same meaning 40 
as in general formula I, 

R-O-(CH&-YEi-COOH y” (Wa) s5 

60 

65 
R-O-WI~J,-CH-COOH~ 

whereiu T representa --(C&)~.~, --cH(CooHl- or 
--CH(COOE&ZHP-, Q re~nts dH-- or =N-% 
A represents hydrogen, hydmxyl, lower hydroxy alkyl, 
and B represents hydrogen, lower alkyl, halogen, ear- 
boxy1 or SOjH, and 

In form&a Ua, Wa, IV& and Va, R, Rr, R3t m, n and 
Xhve the same meaning as de&& above. 

Acoorclmgly, the invention as disclosed herein iu- 
C&Ides: 

(a) complex paramagnetic compounds of heavy met- 
als having for&la I, & EII, N or V: 

(b) compositlona fdr lnfluenoing the relaxation times 
iu NMR diagrrostics, &$aking an effektive amount of 
at least one complex.paramagnetio compound having 
formula I, II, ur, IV or v; 

(c) a procedure far the preparation of the complex 
heavy’ metal cornl%mr& having formtrla 1, II, III, W or 
V; and 

(d) polyamin~o-polycarboxylic acids having formula 
1% Ila, II& iV% or Va. 

The polyamino-polycqboxylia acids of the present 
invention may .be &pared by pmoedures which are 
well jmown to’the ex+rtin this art. Partloularly a&van- 
tageaus Fe the me&xls of synthesis set forth below 
wherein the symbols R, RI, l&z, m, n .and X have the 
same mea&g 8s above dethredi In addition: 
CA-is -COQZ, -COO&kyl, -CON&, -CON- 

H--R’I,-cN: 
0 ia halogen {Cl, Br, I& -OSQ2alhyl/aryl, -OiO- 

ttialkyl/a& _ 
R.‘i is a $satected grmpR1, &sily transformabIe into 

-RI by, f& exampie, hydrolysis, hydmgenolysis, 
alkylation; 

R’2 is a proteoted group Rh eaally transformable into 
-RiG 

R’s is a prote~grqup R3, easily transformable into 
-R3; 

X’isa pmteoted group X, easily transformable into X. 
(The exptession “easily transformable into” means 
simply that the protecting ,group can be easily re- 
moved by conventional means to produce the corre- 
sponding desired rsroug.) 
Preparation of ~~~~~~l~c~bo~lic acids ac- 

cording to formula XIa, in which m== 1. 
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Rcactiott schctnatic A: 

R-0 alkali + Hal-CHz-CH-CA --+R-O-CH2-~Cl+-CA 
I 

T 

I 
Hal Ha1 

R-OH f CH2=~-CA 

Hal 

a I- 
R.OH C CH,=y-CA ,RQ--CHz-YH-CA 

Em-protective &ioup mJ-pcotf?ctivc group 

/ RO-CH2-F-CA +- R-O-C&-YE-CA 
1 

Protective groups are, for example, acyl or pheny- 45 Preparation of polyamino-polymzboxylic acids ac- 
I-CH2-. cording ta general fqmoia IIa, in which m is an integer 

from 1 to s; 

Reaction SchemaziE 0: 

R-0--(‘.X&,-C%0 + HCN 

i 

(h%e#iCtW 

RO alkali -I- J&l-(CH&--TH-CA 

pme&/e gcoup.NH 

\1 
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-coutiuued 
ReadionschanaticB: 

R-o-(cIi2)m-Cx-CJN 

Iii 

RKI-{C~~~),,PCH-CA 
I 

N-N-R’1 

&2h 

? 
I 

R’j;N-R’t i-r---- 

12 

R-o-(cx~m-cH-cA 
- I’- 

R.o-(cn~~-cx-cooH 
I 

N-R.1 N-R1 

+2h ---+ &I” 

f 
? 

“c”“‘” +h 

R’J-N-R’t RS-N-RI 

compound -?,cccdig for f-la II& 
.m = l-5 
l tdtthWhK,Mri~J 
Tsdmkdmn Letters, Vd 35 (4th 4S834S86 (1984): 

‘s 

Preparation of intermediate products by tbe synthesis 
of polyamino-po~yc~boxyIic acids having tk form&~ 
Ha and IHa by means of iuddamlkline and %imidazoii- 
dines as reagents. 

Reaction schematic C: 

R-0--(CH&,-Cl+CA 
I 

R-O-(CH&$-CR-’ 

D-t 

R-O-(CH&-W-CA 

R-O-(CHz)n-CH-CA R-O-(CH&,,-CH-CA 

R-0-(CH&-CH-CA 

Iin 

R-O-(CH2)~-CIi-CA 
I 
NX 

+Lj 
I ckl4t.5 
1 
CH-R7 

&?I 

R-O-(CH2)m-&R-CA 

. &=H, alkyl or aryk 
R3=‘Zf, alkyl or aryl; R&-lQ also =o; 
R~7=H,.alkyl+2H3);~R.5+4 &o=--(C&)~.~; & 

Prepsration of polyamin~~olyca$boxylic acids hav- 
ing formula IIIa, from intermediate products of synthe- 
ses A, I3 or C: 
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Reactioa schematic E: 
Intermtite product prepared. for example. according to 

R’t-NH f 

R-0-(Cl%&,-CH-CA 

Compound accordiag to formula UPa. 

25 
N-R’ 1 
I TR’ 

R-0-(GHi),,,-GH-CA R-O-(CH&,-CH-COOH 

Compound accarding to formuia 1% 

Preparation of po~~~~po~~c~~~ylic acids ac- 
3Q cording to genesql fomula IV& wbrein T=CH2. 

ReactiRn scsmmatic F: 
R-0-(CH&,-$X-CA .lz-a-(cHz)m-F;H-CA 

& 
i&N--CHz 

O-protective gmup o-pmcective group 

Protective grgup = eig. 
scayl Ph-CHz- 

R-O-(CH2)~-~H-CA F)pcQtectivc group 

WC&k-X’-QXzk-D 
Wiwtiw Opthe prcteetive 
gfotaps end posrihle conversion 
of -CA to -CooH. 
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-continued 

Reaction schematic F: 

R-0-(CH&,-CH-COOH 0% 
I 
N--CFi2 A 

I 
F-w 

? 

&Mm 

I 
OIi 

r+-cn2 A 
I 

R-0-(CHz),-CH-COOH 

Compound &z&ding to &nmula IVa wbcreii T = CHz. 

Compound according to formula IVa wherein T=C& 25 

Reaction schematic G: 
Imermedlate prcduct prepared wccmiing t3 reaction schematic 

R-0-(CH2),--CH-CA 

-AH 

I 
-I- D-CH 

mwn 

4 I 

I 0’ 
md” . I g-protective group I 
“;” + D-C& A 40 

R-0-(C!E&,-CH-CA 

4.5 

R--O-(CH&,-?MZA $Lprotective group 
A 

so 

I 
N-CH2 
I 

9 

A. 

R-0-(CH&-CX-CA 
Q 

60 
.= 

Elimination or the protective 
groups and conv~rskn of -CA to 
-coon. 

Compound according to formuIa IVa wherein T = CHz. 65 

Compotid according,to formula IVa wherein T=CH~. 

I Removal of protetivc groups 
and/or csrboxymetbylatidn 

The para&agnetic..cotmpounds of iron@+), iroti(3+), 
gadc&nktn~3+~ and manganese@+) in aqcordance with 
the invention, meet the requirements for ~substances 
whicrr et.fhm%e the caatrast in Ft~Olear spin tolnography 
images and these comgom&.have a broad field’of ap 
pkation. 

The salts, which ai*: generally water soluble, and are 
based on organic and imxganic compwmds, can be 
admin$tered iatravascularly, far example, intrave- 
nousiy, ‘intra-a&riall~,’ &tracoronarily, ~trathecally, 
intraperitoneaily, i~~r~~~~a~c~ly~. ipltracavitarily 
and intraparenchym&y. Both the &&ble and the las 
soluble compounds are suitable for oral qr enteral ad- 
zp.inistration, and are ulerefare particulakgy suitable for 
imaging of the gastroint~al traot. Solutions or sus- 
peaSiOnS of co~@kX sa& may a&o be produced in aero- 
sol form and’cau thus be t&d for aerosol broncbogra- 
phy. 
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zs 
Particularly important a& the complex Fec3+) corn; 

oounds accordina to formula IV. which are distin- 
guished by their excellent stabihty,.good solubility and 
tolerabihity. .11.-- .-.__-.-.- .-. 

Cer&n complex compounds a&k&g to the inven- 5 
tion have a partict&rly surprisii organ speciticity as 
they become concentrated, specifically in the liver, bile 
dnct, or, a&r in&lymphatic, hrtraparenchymal, intra- 
muscular or subcutaneous administration, in the fym- 
phatic vessels or the lymph nokes. This permits the 10 
contrast imaging of these organs: 

The followhrg examples illustrate the h~ention: 
PREPARATION OF ‘EE FRISE 

POLYAMINO-POLY&R.BOXYLE ACfDS IS 
Ekmple 1 

3-~~y.~ethoxy-2-N-~Z-[Z-~,~-bis(~rbo~~~l~ 
aminoethoxyl]-~~~~e~yl~~~~~ 

pionic acid Formula IIa: R=Ph-CL&; m=l; 20 
Rl=R3= -cH2coo~‘n=2; x=0. 

(A) Hydrochloride of 3-phenybethoxy-2-N-l2-@- 
aminoethoxy)-ethyi]-aminopropionic acid. 

73.9 g of his-2-amino-ethyl ether in 125 ml of water is 
reacted at W-60” C. with 3-phenyhnethoxy-2-chloro- 25 
propionic acid: The excess his-Zamino-ethyl ether is 
separated as a hydrochloride. The raw product is puri- 
fied by means of chromatography and fmaEy recrystel- 
lized from ethanol. The above-captured compound thus 
obtained melts at 210’ C. Analysis: CR-): calculated 3o 
11.12%; measured 11.15%. 
(B) 3-phenylmethoxy-2-N-[2-[2-(N’,N’-bis-carboxyme- 
~yl)-a~~oxy]~~yl]~~~~x~~~l)-~ino-. 
propionic acid: 

20.3 g of compound A in 60 ml of a 2N aqueous solu- 35 
tion of sodium ‘hydroxide is reacted with 62.5 g ,of 
bromo acetic acid at approximately 50’ C. for 10-20 
hours, the pH of the reaction solution being maintained 
at 10 by addition of 2N sodhnn hydroxide. This carbax- 4. 
ymethylation reaction is repeated uvith a&other 12.5 g of 
bromo acetic acid and 2N NaOHl The raw product’ is 
purified by means of chromatography and recrystalhxa- 
tiOtL 

The compound shown in the caption forms a dihy- 45 
drate which sinters at 82” C. and melts at 134” C. It is. 
veti soluble in boiling water, methanol and dihned 
alkali, and on the contrary, not very soluble in most 
organic solvents. 

Example 2 50 
3-Phenylmethoxy-2-N-[2-N’,N-bis-(carboxymethyl)- 
~~hy~]-N-(ca-~~ropio~c acid 

Formula I& R=Ph-C&; m= 1; 
Rl=Rs= -cHzcooH; n= 1; X=- 55 

(A) Hydrochloride of 3-phenyfmethoxy-2-N-(2.am&e- 
rhy&aminopropionic aci& 

130 g of 3.phenylmethoxy-2-chloropropionic acid is 
reacted in 1 liter of water at 50” C. with 500 ml of ethyl- 
ene diamine -for approximately 20 hours. The pruduct 60 
shown in the caption is precipitated by bringing the pH 
to 3, Melting point: 2s C. 
03) 3-Phenylmethoxy-2-N-[2-N’,N’-bis-(carboxyme- 
thyl)-arn~oethyl]-N-(carboxymethyl)-aminopropionic 
acid: 65 

68.5 g of compound A is reacted with 209 g of bromo 
acetic acid in the presence of 2N aqueous sodium hy- 
droxide at 50” C. and a pH of 9.5-10. The Campound 

shown in the cap&m thus prepared is precipitated by 
acidification to p&E L7,~h@Mng point: 179’-180” C. 

Exampk 3 

20.63 g {C&O5 ~1) of 3-pheny~~~y-2-N-[2-N’,N’- 
b~c~boxymethy~~~oet~y~~~~~~box~me~y~)- 
aminoprdpionic a& in 200 ml of 1N NaOH and 1.50 ml 
of water is completely $ydrogenaif@ in thepresence of 
38 g of palladitim-csrbon~cat&yst (5% Pd). After filter- ’ 
ing out the oatalystand evaporating until dry, she tetra- 
sodium salt of the comphd s&own in the caption is 
obtained. Melting point: 205’ C. 

Exampie 4 

(caFbox~m~thyl)-a~op~~i~i~ acid 
Formula I&i: R=Ph--CEl+--; m= 1; 

Ri==Rp=-- CH&!OOH; n=4& XI >N-CHaCOOH 
(A) 3-Phenylmet~oxy-ZI2’-~~-~~~oo~~I)-ae- 
thy!]-aminopropion”c; soid: 

42.9 g of 3-ph~~ylm~thox~2-cb~~ropropion~c acid 
(0.2 mol) is dripped under agitatin into a solution of 
206 g of diethylene triamine (2 mol) in 400 ml of water. 
The reaction mixture is agitated for 40 hours at 50” C. 
and then percolated~through aeo$&n of strongly basic 
anion exchange resin. The‘exoess amine is eli&nated by 
wiishiig with water. 

The produot is eluted from the resin with diluted 1N 
hydrochloric acid. The ksnlting soWon of the trihy- 
drochloride of 3-phenyhnethoxy-2-42’.(2”-ammoetbyl)- 
~o~yl~~p~~~~o~c acid in hydrochloric acid is 
evaporated nuta w the residue is ‘&covered in anhy- 
+ous ethanol and the cryst@ired product is filtered. 

The product obtained ,js 62.2 g-of trihydrachloride of 
3-pbenylm~~o~-2-~~~~~~t~yi~aminaethyl]- 
aminopropiotiic aci&(7!k6% of the &eoretical amount) 
with a mebirig point of.165” C. (E$) f=Phenylmethoxy-2- 
~-N-[2’-~-[~~~i$~~b~~~e~~i~am~oe~hytf- 
(carboxymethyl)-andnoethyi]- N’-(carboxymethyl)- 
aminopropionic a&b 

A solution at SO” C!. of 1 I5 g of bromo acetic acid in 
413 ml of 2N aqueous sodium hydroiide is added under. 
agitation over a period af about 30 m-mutes to a solution 
of 50 g of ~y&~~d~ of 3-phenylmethoxy-2-Q’- 
(Z”-~oe~yl~~p~op~~ic acid in 255 
ml of 2N aqueous sodium hydroxide. The pH of the 
reaction s~tution is ,maintained at between g&and to.2 
by adding 2N aqneetrs sodhnn hydroxide. After about 8 
hours, the c~~~yrne~~~a~o~ is complete. The reac- 
tion solution is percoMed through a cohunn of strongly 
acidic cation exohan&e resin and then rinsed with water. 
The product 4s elnted from the resin with 2N aqueous 
ammonium hydroxide. The suhuion thus obtained is 
evaporated until dry, and the evaporation residue is 
dissolved in water and brought to a pH of 1.7 with 
concentrated hydroohtorio acid. The cempotmd shown 
in the caption is slowly cry&&id as a monqhydrate. 

MeIcing poibk m3” c. 
Analysis after draying: Cz$i3~N3301~: caldulated: C 

51.45%; f? 6D9%, N 8.18%; measured: C 51.28%; H 
6.12%; N 8.13%. 
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The compound is easi&soIubIe in hot watei and 
e@nd and very easily soluble in alkali, am&s and 
aqueous amino alcohols. 

Example 5 
3-Hydruxy-2-N-[2’-N’-[2”-N”,N”-bis(carboxymethylj- 
aminoethyl]-N’-(carboxymethyl)-aminoethyl}-N-(car- 

boxymethyl)-amhropropionic acid 
Formula Ha: R=H-; m= 1; l&=Rs=--CH$ZOOH, 

n=+& X=>N-CH$ZOOH 
26.6 g (0.05 mol) of 3-phenylmethoxy-2.N-12’.N-12”- 

N”,N”-bis-fcarboxymethyl~~~~thyl~Nr~~~~- 
ymethyl-aminoothyl]-N-(carboxymethyf)-am 
pionic monohydrate acid in 250. ml of 1N lioaium hp 
‘droxide and 200 ml of water is compXeteIy hydroge- 
nated in: the presence of 20 g of palladium-carbon cata- 
lyst (5% Pd). After filtering out the catalyst and evapo- 
rating until dry, the pentasodium salt of the. compound 
shown in the.ca$tion is obtained. Melting pointi 200” C. 
with~decompo&ion 

ExampIe 6 
3-n-ootyloxy-2-N-~2-N’,N’-bis+rboxym@hyl)-aminc& 

thyI]-N-(carboxymethyl)-aminopropiomo acid 
Formula IIa: R=C!H3-(&2)79 m= 1; 

Rt=R3= -CH$JOOfI; n== 1, X=- 
(A) 3-n-octyloxy-2-chloropropionic acid: 

15.2 g of metallie sodium is dissolved in 450 g of 
n-ootanol by heating to 60’ C. The sodium octytate 
solution thus obtained is reacted at ,about 50’ C. with 94 
g of 2,3dichloromethyl propionate. Processmg ‘is 
started after 10 hours. The methyl ester of J-n-9ctyloxy- 
2-chloropropionic acid thus obtained boils at 115”-117” 
C. and 0.1 nibar. It is then saponified by heating with 
metlnmolic sodium hydroxide, tlrereby obtaining the 
compound shown in the caption. 
(B) Chloride of 3-n-octyloxy-2-N-(2-aminoethyl)- 
aminopropionic acid: 

tion is crystallixed by acid&ationwIth hydrochloric 
acid. Melting point:. 220p C. 
03 r~~o~ye2-N-~-N’,~b~s-(~oxy- 
~~~yl]-N~~bo~~e~~I~~~~ropian acid: 

5 60 g of coinpound A is reacted with 220 g of bromo 
abetic acid in the presence of 2N aqueous sodium hy- 
droxide at 50” C, and a pH of 9.5-10. The compound 
shown in the caption is preeipituted by acidikation at 
pH 1.7. Melt&j p&k 1W C. 

10 
Example & 

3-methoxy-2-N-~2’-N’-~~~‘-N’-,N”-bis-&nrboxymethyl)- 
amiaoethyll-slJ’-~yI~~~e~yi]-N-(car 

box~e~yl)i;i~o~ropio~c acid: 
15 Formula Ila: R=C&--; m=: 1; 

Ri=R 3=--GR$ZtXXf; n=2; X== >N-CH$OOH 
6% 3-methox~~2-fz’-(2”-aminoethyl}-aminoethy~]- 
amiqopropidnic acid: 

20 

25 

30 

This comp+iid is bbtained by reaction of 3-methoxy- 
2chIoropropiomc acid ‘with a large excess of trietbyl- 
em t&nine at SO’ C 
(9) 3-~~o~y-~~~2’-~-[2”-~“,~-bis~c~~xyme- 
thul)-a~~e~y~J-N~~(~a~~x~a~y~-~oe~yl~-N- 
(c~~x~e~y~)-~?~~opionic acid 

This compound ia”ob@ined by reacting compound A 
with bromo acetic acid iu the preseitce of 2N aqueous 
sodium hydroxide at a pH of IO. Melting poiuti 125” C, 

axampL2 9 

35 

39 g of ethylene diamjne is reacted over a period of 
100 hours with 11.8 g of 3-n-oqtyloxy-Zchloropro- 
pionic acid in 150 mi of water at w-6U’ C The excess 
ethylene diamine is separated as an hydrochIoride. The 45 
compound shown in the caption is isolated as a hydro- 
chloride. Melting point: 187: C 
(C) 3-n-octyloxy-2-N-[Z-N’,N’-bis(carboxymethyI)- 
aminoethyl]-N-(carboxymethyl)-+nopropionic acid: 

6 g of compound (l3) in a solution of aqueous sodium 50 
hydroxide is reacted with 17 g of bromo acetic acid at 
50” C., with the pH of the reaction solution being m&v 
tained at 9.5-IO,3 by addition of 2N sodium hydroxide. 
The solution shown in lhe caption thus obtalned is 
slightly soluble in water, although 
aqieous alkali. Melting point: 215” C. 

eat&y soluble in 55 

-Example 7 - 
3-methoxy-2-N~f2-N’,N’-bis-(carboxymethyl~-aminoe- 

thy&N-(carboxymethyl)amin6propionic acid 60 
Formula I& R=CHs--; m= 1; 

Ri=Rs=-CHsCOOH; n=l; Sk=- 
(A) Hydrochloride of 3-methoxy-2-(2kninoethyl)- 
aminopropionic acid: 65 

120 g of 3-methoxy-2-chloropropiouio acid is reacted 
for approximately 20 hours ‘m water at 50’ C., with 500 
ml of ethylene diamine. The product shown in the cap- 

{A) ~~2,3~ydr~x~ro~~~2-o~o~opropio~c acid: 
~hy~oxymethy~-~,2~~~yl-t,~o~olane is re- 

40 aoted’with 2&di&loronrouionic aoid to 3-(2,2-dimeth- 
y~-113-dio~yl~4)-rnetox~~2~~o~pro~o~c acid. 
By treatment with hydro&Iorio acid, the protective 
group is removed and the compound shown in the cap- 
tIon is released. 
(I?) 3-(2,3~droxJrprop-N-~~-~2”-a~noethyl)- 
aminoethyJJ-aminoproplonic *id: 

This com@mttd is pbtained by the reaction of 3.2,3- 
~ydro~prop~~~2~~o~p~op~o~i~ acid with a large 
ezyxss of di&dene tt$@e it so” C 
(C)I 3-f2,3~ydrb~r~~xy~-2~N~[2’-N’-[Z”-~,Nr’- 
b~~c~box~~h~l~~oe~yl~-N’~c~boxyme~yl)- 
a~~~~yl]-N~~~~~h~l~~o~op~o~i~ acid: 

This compound is obtained by having compound A 
react with biomo aoetic acid in the presence of 2N 
sodium liydrokiae at ‘pH 10.. Melting. point: f40” c. 

Example 10 
3-Phenoxy-2-N-[2’-N’-E2”-N”‘,N’“-bis-(c- 
aminoethylj~o~hyI~-Neck- 

boxymethyl~~o~~~pio~c acid 
FormuIa Ha; I$=phenyl; m= 1; 
Rl -Rs--CHsCcXlzI;- Nr2; 

X== .$N”+Hz--COOH 
(A) 3-(phenoxy-2-N-[2’-(2’J+minoethyl)’@uinopro- 

pionic acid is‘obtained in a manner &n&r to F&ample 
4A by means of a reaction of 3-phenoxy-2-&loropro- 
pionic acid with an exoess of &ethyl&e t&&me. 
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(B) Compound (A) is trsormed into the compound 
shown in the caption at p&I 10 with an excess of bromo 
acetic acid. Meltig point: 175’ C. 

Example 11 
3-(3,6,9-trioxadecyloxy)-2-N-[2’-N-C2”- 
boxymethyl)-aminoethyi}-N’-@arboxymethy&ammoe- 

thy]]-N-(carboxymethyl)-aminopropiorric acid 
FOrmuh Ha: R=~&(o~&c%&+ m=l; 

R~=R3=-C!H&ZQQH; n=2; 
X= > N-CI&-COcIN 

(A) 2,3dichloropropionic acid is transformed into 
3-(3,6,9-trioxadecyloxy)+chIoropropionic acid with 
the sodium compound of 3,6,9-trioxadecane-X-ok 

(IS) 3-(3,6,9-trioxadecy!oxy)-2-N-[Z’-~~‘~~o~~yl~ 
aminoethy&aminopropionic acid is obtained from com- 
pound A by reaction with an excess of diethylene tr@m- 
he, similar to Example 4A. 

(C) Compound ,B is completely carboxymethyiated 
according to the method of Example 4B and the corn- 
pound shown in the caption is obtained. Meking point: 
95’ c. 

Example 12 
N,N’-bis-(2-phenyhnethoxjr)-l-carboxy-I-ethyl)-N,N’- 

his-(carboxymethyl)-ethylene diamine 
Formula IIIa: R=Ph-C&-; m=l; 

Rt=-CH2COOH; n----l; X==- 
(A) N,N’-bis-(2-phenyhxiethoxy)-I-carboxy-l-ethyl)- 
ethylene dhmine: 

10.7 g of 3-phenylmethoxy-Zchloropropionic acid 
and 41.2 g of the hydrochloride of 3-phenyhnethoxy-2- 
(2-aminoethyB-aminopropionio acid (E?xample 2A) and 
reacted in the presence of 2N aqueous sodium hydrox- 
ide at SO’ C. and pH IO. The compound shown in the 
caption is pretipitated by acidScation at a pH of 6. 
Meking point: 210’ C. 

The same compound can also be obtained by ,the 
reaction of 3-phenylmethoxy-2-chloropropionic scid 
with ethylene diamine or by the reaction of 3-phenyl- 
methoxy-2.aminopropionic acid with 1,idibromo eth- 
ane. 
0 N,N’-b&(2-phenylmethoxy-l-carboxy-l-ethyl)- 
N,N’-bis-(carboxymethyl)-ethylene diamine: 

13.5 g of compound (A) is reacted with 19.2 g of 
bromo acetic acid in the presence of Z-I sodium hydrox- 
ide at 50” C. and a.pH of 95-10. The compound in the 
caption is isolated by means of acidification and p&i&d 
by recrystallixation from ethanol, Melting point: 177? C. 

Example 13 
N,N’-biis-(2-hydroxy)-l-carboxy-l-ethyl)-N,N~-bis-(~- 

boxymethyl)$hylene d#mine 
Formula IIIa: R-H; m= 1; Rt=-CH$OQH; n= 1; 

x7-” I 
26.63 g (0.05 mol) of N,N’-bis-(Z-phenylmethoxyl- 

carboxy-l-ethyl)-N,N’-bis&trboxymethyl)-ethylene 
diamine in 200 ml of 1N sodium hydroxide and iSO rr$ 
water is completely hydrogenated in the presence of 38 
g palladium-carbon catalyst (Pd 5%). After the catalyst 
has been ffitered out and the cosnpound has bean evapo- 
rated until dry, the tetrasodium, salt of the campound 
shown in the caption is obtained. 
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Example 14 
N,N’-b&(2-metboxy- l-carboxy- f-ethyl)-N,N’-bis-@ar- 

~x~~~y~)~rhyl~~ d&nine 
Formula IIIa: R;zCH+; m= 1; Rg =--CH$ZOOH; 

n== I; X=- 
(A) N,N’;bis-(2-methoxy-~-~~~x~-I-ethyl)-ethylene 
diamine: 

A solution of $9.5 g of 3-methoxy-2-aminopropionic 
acid (0.5 mol) and 42 g of ~~~~i~~b~~t~ (0.5 mol) 
in 500 ml of~wamr 6 tra@d for 3 hours with 47 g of 
1,2-dibromo eke (&&6 mol) in 400 ml of ethanol. 
Siultaneously, the hydrobromk a&I which is released 
is continu@y nentrah2eckby ,adding an aqueous solution 
of 42 g of sodium bicarbonate (&S mol) in 500 ml of 
water. The sofution resulting from the reaotion is agi- 
tated again for 6-& h~ttrs ztt 90”-95’ C. and then .m- 
pletely evaporated, the evaporation residue is dissolved 
in water and the pH oft& solution is tijuated to 4.1; the 
compound shown in the caption (14A) is crystallized in 
this manner. 

Cl#I~N$3~ cahxtiatedz C 45.45%; H 7.63%; N 
30.60% measure& C 45.13%; H 7.64%; N ld.54%. 

Melting point:2WC. with decomposition. 
The NMR spedtra agree with the strncture indicated 

by the formula. 
(B) N,~-bis-(2-methoxy-i-ca~~xy-l-ethyI)-N,N.’-bis- 
(carboxymethy&ethylene r&nine: 

15 g of compotmd A is reacted at 50” C. with 30 g of 
bromo acetic”aci+at pH 10, mainktined by continuahy 
adding 2N sodium by&oxide sol&ion. The compound 
shown in the caption is isolated by acidiication and 
purifiedby r&ry&alliition from aqueous methanol and 
ethanol, Melting pointz 215” C. 

Example 15 
N,N~-bis~Z-(2-~h~~e~ox~)-~~a~box~~-ethy~)-N,N~~ 

b~~~~~~yl~~y~ne diamine 
Formula IIk R=PhCHzCH2-; m= 1; 

R~z----CH~~~C~~-E; nz X; X=- 
This compound. is obtained from 3-(2-pbenylethoxy)- 

2-bydroxypropionic acid thro?gh 3-(2phenylethoxy)- 
2-c4-tolue~es~fon~l~~~~~ap~d~c acid, 3-(2-phenyh- 
thoxy)-2-aminopropionk acid, 3-(2-phenylethoxy)-Z-(2- 
~o~thy~~~~o~~~nic add, and h&N’-bii-(Z-(2- 
phenylethoxyr-f-cal~~~l~eth?yleae diamine.. in 
a similar manner as in Examples IA, ZA, 12A and I2B. 
Melting polat: 21@ C. 

3hample 16 
N,N’-bis-(2-hydroxy-I~a~boxy-~-e~yl)-N,~-bis-{2- 

~ydroxypben~~me~yl)~~~iene diamine 
Formula IVa: R=H; rn== 1; n=l; X--; ‘I==-&+-; 

A=B=H; Q=--CH== 
~A) N,N’-bis-(2-pheny~me~?xy-l-carboxy-l-ethyl)- 
N,~-bis-~2-ph~yim~~oxy-ph~ny~ethyl)-e~ylene 
diamine: 

N~-b~~2-ph~~ylme~o~y~i~r~xy-l-e~y~~~y- 
lene diamine, prepared ackarding to Example 2A, is 
reacted in ethanol .in the presence of 2N NaQH at a pW 
of approximately SO and at 40’~go” C. with 2-(phenyl- 
me~hox~~phenyl-~~~ cbkide. 
(B) N,N’-bis-(2-hydro~~-l-carbdxy-l-ethyl)-N,N-bis-(2- 
hydroxyphenylmethyl).etby~ene.diarnine: 



?his compound is oba by catalytic hydrogena- 
tion of A in a mauner similar to t&at of Example 13. 

Example’17 
N,sIJ’-bis-(Z-methoxy-lcarboxy-2-ethyl)- 5 

hydroxyphenylmethyl)-ethylene &amine 
Form&a Wa: RdZH3; m= 1; n= 1; T=-CH2; 

A=-B=H; Q=-CH+ Xa- 
II&J a hot s~lutiou at 40’ C. of 26.4 g of N&‘-bis-t[Z- 

methoxy-karboxy-l-ethyl)-ethylene &amine (0.1 molj 
10 

in 95 ml of ethanol and 1W ml of 2N aqueous sodium 
hydroxide a solution of 49.5 g &f 2-aoetoxy-phenyt- 
methyl bromide (0.216 mol) in $95 ml of ethanol. is 
dripped for about 2 hours, adjustig the pH* .and 211 ml 
of 2N aqueous sodium hydroxkk is dripw fat about 9 

15 

hours. The pH is maintained betkeen 9.8 and IO by 
controlling the addition of NaOH. 

Then the product is extracted with ethyl ether, the 
pli is adjusted to 8 by adding hydrochloric s&d, and the 
product is extracted again with etby# et&, The aque- m 

ous phase is evaporated to an oil; The r&due is placed 
in water and acidified with hydrochloric &id. The 
preoipitated raw product is dissolved it~dkluted sodium 
hydroxide; the solution is.ad&stcd to a pH of S arid 
purified by fractionation on an adsorbent, made of a 25 

polymerized acrylic ester base. The compound shown 
in the caption, which is precipitated by acidi&ation 
with hydrochloric acid at pH of 1.8, melts at approxi- 
mately 140’ c. 

~&&ZNZ~ CidCLdated: c 60:49%, H 6.77%; .N 30 

5.88%; measured: C 60.61%; H 6.47%; N 5.g7%. 
The NMR spectra agree with the structure-indicate& 

Example 18 
N,N’-his-(2-hydroxy- t-carboxy-Why@-N;N’-his-(2- 35 

hydroxyphenyhnethyl)-ethylene lamiue 
F~~ulaIVa:R~H;m=l;n=t;X=~;Ti=-~~~-~ . 

-. A=Bb& Q-.-C)&= 
A mixture of 4.7 g N,N’-bis-(2-methoxy-Lcarboxy-i- 40 

ethyl)-N,N’-bis-{2-hydroxy-phenyhnethyl)-ethylenedia- 
mine (Example 17), 16 g trim&h~l silyi iodide (O&R? 
mol), 6.32 g pysidine (0.08 kol) in 10 ml of chloroform 
is stirred at room temperature overnight, under nitro- 
gen-. The reaction n@ture ‘is filtered” and the solveat 45 
evaporated m, vacua. Tfie residue is poured in water 
giving a solid that after purification by chromatography 
fur&&es N,N’-his-(2-hydroxy-l-carboxy-l-ethyl)- 
N,N’-bii-(2-hydroxy-phemyhnethyi)-ethylene diamine. 

50 
Example 19 .’ 

N,N’4%-~3,6,9,12-tetraoxa-l-~~y-~-~~~~N,N!- 
bis-(2-hydroxypheuylmethyl)-ethyle@s~ diaminc 
Formula IVa: RkH~(OCH~G&-; m= 1; 

T=-CHp-; n=l; X=--; Ar+~;Qt-CHzz s5 

(A) 3-(3,6,9-trioxadecyloxy)-2-auiinopro&nic acid 
This product is obtained with “ii melting point cif 

VW-185” and a yield of 70% by treatment of 3-(3,6,9- 
txioxadecyloxy)-Z-chloropropiomc acid ,@x, rr Aj with 60 
25% ammonia fl moV3.5 moi) at 115” CW for two boks 
and removal 0: the salts by-passage through an ion 

’ exchange resin column. 
(B) N,N’-bis-(3,6,9,12-tetraoxa-l-carboxy-l-tridecyl)- 
ethylene diamine 

3.2 g (17 mmol) of l.Zdibromo ethane in 27 ml of 
65 

ethanol and 2.85 g of sodi& bicarbon@e.in 30 ml of 
water are dripped simultaneonsly into a solution of 8.5 

. 

g (34 mmoi) of prcsducs IPA) and 2.85 g (34 mmol) of 
sodium bicarbonate in 35 ml of w&&r, agitated at 90” C. 
After maintaining the-mixture at.!W C. for 2 hours, the 
ethanol is removed and tk remaining solution is passed 
tlmiugh an r+izAype cation ~exchq-~ge resin. The title 
compound is evriruated by aqueous ammoma. ‘Ihe elu- 
ate obtained produties by c~nt&trrtti~n and ~rystahka- 
tion from ethanol N,~-bis-f3,6,9,12-~traoxa-l~ar- 
boxy-l-trid~y&e&yienethylene diamine with a melting point 
of 192” G. 
cc) 

The product of Example t9SB) is .$reated with. 2- 
ace~x~ben~~e~y~ bimnide h ‘the mm manner as 
described in Example~f7, to obtain N,W-bis-(3,6,9,12- 
tetraoxa-l-carboxy-l~~~~~N,~‘~~~2-h~o~- 
phenylrne~yl~~~~~e~ diamine. MeIt@ point 190” C. 

Exampie 20 

-+Hz&--~--CXWW$s~2-; 
R~=RJ=-+GHI~GOQH; n--t; X=- 

M-1 ~methoxy-3,3-dimethyl-2-N-(2-aminoethyl)- 
aminobutyrio acid 

From 3-hydroxy-2&ditietby~ propionaldehyde, 4- 
rne~o~-3,3~~e~y]-2-~buty~ acid is prepared 
by the conventiv&l met&L Fro& the latter, by reao- 
sion with an excrgas of shloro aoetonitrile in dimethyl 
acetamide, ~~Q~~3,3~~Shy~-2-N-(cyanome- 
thy&aminobutyrk ,acid is, ob&ined. By hydrogenation 
iu the present of a.~~~~~~~on oat&y&t and in the 
pksence of ammo&& eme~xy-3,3~e~h~1-2-N~2- 
a&methyl)-ami%ob&yric a&d is obtained. 
(3) 4-methoxy-3,3-dtmet~~t-~~-~N~,~-bis 
ymethyr)-aminoethyl]-~~G~~x~~~hyl)- 
aminobutyrio acid 

The I;iroduct of ~xaplyifp 2dA is complewly carbox- 
ymethylated witi brouio aokic a& and the compound 
shown in the caption is Ws .obtained. IkMtiig point: 
155’ c. 

Example 2 I 
3-meth6xy-2-N,~-~~~~-~,~-~-(~~xymethy~~ 

sminoethy&tin~ropionic scid 
Formula Va: R=G&---: m=l; n=l; X=S-; 

R~=sR~==--C)E~COQH 
(A) 3-methoxy-2-+omo-propionit$ila (0.1 moi) is 

rewed in d&ethyl scetamide @MA), at If&‘- 125’ C. 
and in the presetme of potassium oarbooate with 0.13 
moI of ~~~2-ac~~,~~~~y~~ am&e. The 3-methaxy- 
2-lu;N-bis~2-~l~~~byl~~p~~o~t~e ab- 
tak?&is sapotied in e~o~~,~~~ hydroxide, with 
the etlaaml beiq g+duslly diqihed and substituted step 
by step by writer, J-raethox~2-ZIJ,N-b~(Z-~inoethyl)- 
aminopropionic acid is thus obtaiaedd’ 

(R) f-me~o~y-2-~,~-~-~2-~~e~y~)-~~opr~ 
pionic kid is-subjected to compke csrboxymethyia- 
tion with an excess tif bromo acetic acid and in the 
presence of sodium hydroxide at a pg $-approximately 
It). The compound shown in the cap&n is thus formed. 
Melting point: 170” C 
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E5xample’M 
4-methoxy-3,3-dimethyl-2-N,N-bis-la-N’,N 

boxymethyl}-aminoethyl~-~obutS”ric acid ’ 
Formula Va: Rx: (X3-; 5 

(X3) The ethyl ester oi 4-m&xy-3,3-~ethyI-2- 
bromo-butyric acjd (0; 1. mol) is reacted in anhydrous 
dimethyl aoeta&k, at WY-f25’C. and in the presence 
of potassium rxgbon&ez ~4th 0.13 mol of his-[2-N,N-bis- 
(ethoxycarbo~y~me~y~~a~ae~yl~-~~e. The ethyl 
ester of 4-metfioxy-3,3-dim~y~~2~~*N-bis-[2-N 
(ethoxyc~~nyllm~o~~~~~~obu~y~c 
acid is saponified I$ heating in et$anok sodium hy- 
dioxide, .md the wrppound @turn in the caption is 
obtained. 

2,2-&nethyi-propionaldehyde and fro& that compound 
the ethyl ester of 4-methoxy-3,3-dimethyi-2-bWno- 
butyrk acid is obtained. 

Melting point: 175’ C 
In a similar manner, the polyamino-polycarboxylic 

acids list& ik the following tables are obtained. 
-  -  

Polymim-~lvcarboxytic acids accwdink so fonnni& aa: 
No. R RI b m ax 

CHJ(CH&- -CH2CQOH --eH$XXX-Z 1 

2 aMcH&J- 

3 

4 

5 

6 
_. 7 

8 
9 

10 

II 
12 
13 

14 

15 

16 HdcH2(CHOkI)4CH2- 

17 

CK4’XzM-- 

Ph--GHz--CH2- 

I 

-CH2COOH --CH$XOH 

4-chlor-Ph-cH~- -CHjCOOH -CHzoDQH 
Ph-cx2- -CX(~H3‘fCOOH’ --cH(CH3XOOH 
Ph-C&- -c.H(cHQcooH --cHccH3)coQH 
Plmyt(=Ph-) -CHzCOOH -CW2CoaH 

4.HOOC-Ph- --cH2CDoH -cH2CoQH 

CH3(OCHZC~~~ 1, - 
~3K.xmLCHt).. t 1- 
Ho-cH2ccc&orrl2cy2- 

H(OCI.t2CH--cHz),4- 
I 

OH 

HOCH&CHON)4CEi2- -CH$OOH -CH$X3OH 

--cH2COQH -CEf2woH 

CH3(OCH$H&- -CHzCOQH -CHzCOON 

--cH@XBi -cH~cooH 1 2 
\ 

/ 
N-CH2COOH 

1 2 
\ 

N-CHICOOH 
/ 

1 2 -*(ocH?,cH2)2-0- 

2 2 
\ 

/ 
N-CH$OOH 

1 l- 
1 1 -, 
12s 
1 I- 

I 2 
‘s, 

/ 
N-CH2COOH 

’ 2\ 
J 

N-C!&CCKXi 

2 2 
a 

/ 
N-Cii2COOH 

)” 2 \ 
/ 

N-CH$OOH 

1’ = -p3tyjm P -cwp-(cn~p- 
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PoIyamino-wlyca*xylic adds waxding to fma& Ilk 
No. R RI m n X 

S t C2H3- 

2 (‘ZX&kCH’ 

. -cHzcooH: 2 

-cH,coow t 
.l 
/ N-CR&!OOH 

0 
0 

\ 
N-CH$XXX 

/ 

8 H(ocH;cH*- -CIi2czocf~ . 1 

9 W~2CRL 11- -CH$oOH 2 

10 HOCHz(CHOH).QKr -cH$ooH 1 

11 HOCHz(CHOIi)4CH2- -CH$OOH 2 

2 

2 

: 
1 
1 

2 

1 

2 

1 

2 

\ 

/ 
N-CH$OOH 

No. R T OF-OH Q A B ‘m n X 

1 H --cHz- 2 -ai= 3OH- H I i - 
2a - 1 1 - 
3 H 

zge- 

HOCZi~CH(OH)CHy- -CH;- 
2” zF= 3oH- H ==H 5Hose2- I 1 - 

4 4 -cHEE H w 1 1 - 
5 a3=2a2- “-CErz- 

: 
--mzu -H. H 2 I 

6 ~3@o;xzc%~Z)4- -mZ- .-mza% @ J-cH3c3- 1 I z. 
7 ~#-t%$&- -a+ : -cm= 3m- ii i I - 
8 cx3mzm2-- -cH(cooH)r -CR= H 2 2 0 

9 CH3OCH$H2- -7H--CH2- 2 -cH* . 4cl: H 1 1 - 

10 CHsocH2cHz-- 4cH2- 3 -N= xX3- sIwYcIi~--’ 1 
1 

- 
11 a3oc&cH2- =Hz- 3 -N-Q= %X3- 

Clx3(OCEi2CH~,- 
5ImC~2~.2’2~ 0 

kC&- * 3 
-CH3- 

sxkxy .2 2 0 
2’ 1 2‘ 0 . 

Polyamin6carboxYlia dds amiording to formuIs IVa T = -C&-9 
mitipn’ 

NaR of -OH Q A B m .n x 
14 Clx3- 2. -cH=J w 1 - IS H(ocxi2csi2)r 

-cHiacIi3k- 2 -c&x 
16 HOCH3CH(OIQCH2- . 2 -CH= w 
17 CH3- 2 -cIi= sai30+ H -CH$Z@H&y- 1 - 
I8 H- 5 . 3-N= GCHZOH I - 
19 Ph-CHz- 

-Cs&qa3J)a- 
5 EN= KHflH -cH$CcH3by 1 - 

PolYamIno-WlY4arb4xYlir: acjda acmrding to fomuIa Ila 
No. R RI E3 -@S&-X-(CR&- m 

1 PhCHr -CH~COOH -CH$ZX.Wf -CH-CH- I 
1 I 
CH3 CH3 . 
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3 cH3- -cH~ooH -CH$2OOH 
-TH-$- 

1 

f-=3 a3 

4 DEGL- -CH$GGH -CHzCWH 
-Y-- 

1 
I 

CH3 CH3 
DEGt -i( I demy-tglucttyi- 
)‘t Kx3m a -Qtz-ww2- _- 

PoIy~~boxytic~acids acGoielif3 to fomulit ma 
No. R Rt -(CH&-X-(CH@n- m 

1 bH3- -cH$x3o~ -ykt-yH- i 

tiH3 bH3 

2 CHz- -cH2coOH 
T-7’ 

2 

c&i CH3 

3 c-x3- -CHgc3cm -cH----CH- 1’ 

bB2j: 

4 Ph- -CH3COOH -cH-cH- 1 

l‘&l 

5 ~3(ocfi2=2k- -cH&!ooH -y-YH- )’ 

Pol~amioocarbox~lii acids according lo fmuk Vs 

2 Ph- -C&COOH 

3 cH3- -C&COOH 
4 c?r3- -CH2CaoH 
3 PhCH,- -cKi$moH 

60 
Example 23 

Complex manganese compound of 

Preparation of the coqplex compounds according to 
3-phenylr2-~-[2-~,~‘-b~~c~~~~~hyl)- 

general formula I (or formulas ‘II to V, res~otivf$y} 
an;inoefh~~~-N-(Far~~~~yl)-~,~o~~piolsc acid 

from the polyamino-polycarboxylic a&s ac~~~dimg to Forum&II: Me(++)=M&+~; b==2; E=W; 
general formulas Ia (or formulas IIa to Va, respectively) 65 
wlkh are the basis of these complex compounds and of 

R==Ph--CI&--; m=z’, ;=,I;XR~~R~~-CWZ~C#)(-); 
zc2-n c=- 

ready-made solutions for use as contrast-enhancing 492 g of 3-pheaulmet~o~y-2-N-P-~~N~~i~~~~~~- 
substances according to the invention, ymethyl)-axrrinoethyl~-N-Ccarboxyme~~I~aminopr~ 



pionic tid.(=the cornpour shown in the caption of 
EmDIe 21 m119 mall and 13.67 E of~manmtnese car- bonate ~o.ilb ~9 are’ beated in iloo ml gf water at 
loo” C. under agitation. After about 20 m&es a pi&- 
ish-red solution is formed which loses color completely 
after an additio&I IO minutes. The reaction”mi?&re is 

‘. maintained at about 100’ C; for one and one-half hours, 
then filtered until clear and evaporated in a vacuum 
until dry. The complex mangane compound thus oh 
tained meha, in a dehydrated condition, at WY-158’ C. 

AnalySiS of. the dehydrated compound: 
QsH&Mn~zOs; calculated: C 46.46%; H 4.76%; N 
6.02% Mn li.80%, measurti C 45.82%; H 481%; N 
6.11%, Mu 11.52%. 

Example 24 is 

Salt of tzis-fhydn>xyma~~~eth~ (TRIS) of 
the compYex manganese cornpommshown in Example 

23 
Form&la II: Me(ll+)=Mn@+~; b=2; f $0 

E(*+)=2.(W3N-C(CH~O~3}+;~R~Ph--Gil[~--; 
mr 1; n= 1; R~=R3=-&!&CJOO(-); Z=(->; XI- 

To a hot solutivn, at 60’ C., of 28 g of tris@ydrox- 
ymethyi)-ammomethane in 500 ml of doubie&kikd 29 
water suitable for injection is added, under agitation, 
41.28 g (0.1 mol) of 3-phenyhnethoxy-2-N-[2-N’Wbis- 
(cattroxymethyr)-~~~yl~-N-~c~box~~~yl)- 
aminopropionic acid. The solution thus obtained is 
treated with 11.48 g of manganese carbonate (0.l mol) 3,, 
and aaitated at 60” C. until comuleielv dissolved The 
clear &ution is diluted with UXX! 4 oi doublediitilled~ 
water and then fqtered under sterile conditions. 

A number of the characteristics of the compound 
obtained are listed in Tables 1 and 2. 

W spectrum: lambda max.=256 m epsilon=239. 35 
The sterile clear solution is cooled to -30” 6. and 

then freeze-dried at 0.01 torrand +28’ C. The freeze- 
dried product is Wed under sterile ,conditiona into 14 
serum vials. When it is to be used, the solution is recona 
stituted by injecting it with 10 ml of double-distilled 4o 
water. The amount of solution obtained is a suffkient 
amount of contrast-enhanchtg agent for nuqlear-spin 
tomography of one adult. 

45 Example 25 
N-methyl-ghtee salt of the complex manganese 

compound accordiig to E&an$e 23 
Formula II: Me@+l=Mn@+); b=2; 

E(~+)=2(~3NN2cH2(c~o~$~~; 
R=Ph-CHa--; m=;; J~=)~;~I=R~=-CH~COO(-): 

so 
=-- I- 

(A) A suspension of 206.5 g of 3-phenylmethoxy-2-N- 
[~~,~-bi~(carboxymethyl)-aminoethyr3 
ymethyl&uninopropionic acid (0.5 mol) in 600 ml of 95 
double-distilled water is treated in portions with 204&g 
of N-methyl-D-ghicamine1 The solution obtained with a 
pH of about 5, is slowly’ treated, under agitation, with 
200 ml of a 2.5 molar solution of mariganese ohloride 
(0.5 mol). Each time a gaseous precinitate is formed bu, 
which begins to dissolve under‘ agitkion. After the 
entire M&l2 solution has b&m added, the‘uH of the 
solution is brought to 6.5-7.0 by the addition’of N-l-neth- 
yl-D-glucamine. The solution is d&ted to a volume of 
loo0 ml and filtered in sterile conditions. 65 
. W spectrum: lainbda .inax.=225 nm; epGilon=235. 

(B) The same complex salt is also obtained in the 
following manner: 46.5 g of the complex manganese 

compound obtained according to Example 23 is dis- 
solved in 640 ml of d~b~e~~s~ water aud a solution 
114th a pH of about.2 isabt&ued. The pH of the solution 
is then itdjwste$ toti5~7.0 by add@ N-methyl-D-ght~a- 
mine. The sobti~n is diturrd to a vvlme vf lDo0 ml ,and 
fitered in steriie conditivns. 

W spevtrun~ hunbda max.=225 nm; epsilon==235. 
The solutionsobtained avcvrijig to {A) or {B) ea.n be 

used to enhance the ,contrast ofthe images obtained by 
nuclear spin tomography. 
Dosage: 

Solution A-apprvzimate~y 15 ml 
Solution B-apprvximat&f 70 ml 

Bxatnple 26 

Formula IE Me@+kGd@t-); h-2; I$*+)==2 Na(+); 
&SW; Ri&.-C~~; pl=;? 1; n=Z; 

R1=R3==-~~C~1); %=>N--CH$X3O~--~ 
16 I’of sodium hydroxide added to a 

suspension of .%3&j g of 3-ph *~.+&f2’-p& 
[2”-NII~.~~c~~~rn~~~~~~yl~*~~(~ar- 
boxr~fbyl)amiRo~~y~~*N-~~~x~et~yl)~~~ 
prvpionic monvhhydrate atid @he ~mpow~d shown in 
the caption of Example 4) in-500 ml, of double-distilkd 
water.’ The sofutioa obtained ir: slo~fy treated under 
@tation with 200,d of a’&5 m&r sohnion of gadolin- 
ium c~~de~~d~si~lt~~~ withas much of a 2N 
solutkm of sod&n hydroxide as is needed to maintain 
tha pH vf the reaction solution between 4.5 and 6.0 

On&i the ;idditioit -of. g&vlininm &lvride is com- 
pleted, the pH &the sol&m is adjust&l ;cd 6.5-7.0, the 
suhdion is diluted to XWd aid f&e&d in sterile con- 
ditions in a nitrogen qtnzisphere. 

W spectrum: l&u$da==2Z56 run; ep@on==220. 
The solution ii tra&eFpd into semn vials in sterile 

conditions or is frees&dried. 
Dosage: 29-200 qd (0.2~2.4 ml per kg$ of body 

weight). 

TRB salt of the comphqi g~o~um compound of 
3-phenyl;metho~y-~~-[~-~~~“~,N!.’-~~(carbo~-. 

ymefhy~~~~~y~]-~-~~ox~e~~l~~a~~oe~yl]- ’ 
N-(~bo~me~~~~r~~on~ acid 

Pofidula IE &&@+l=GdQ+); b=2; 
?%“‘=2.(.&~~&%%@~,$+; z=(-$ R=d’h-CHz; 

m= 1; &=2; Rp=R3==-C%#OO~-~; 
X=>N-CH$200- 

28 ,g of TR@ is added to a suspension of 
53x4 g of 3-p~yl~ory-2~N-~~-~~~-~,~-~~- 
(car6oxymethyl3~~~~l~~-~~~bv~y~ethyf~ 
aminoe~~~~y~~-~op~~io~c acid 
in SO0 ml of doubkdisti&d water s&able for in+jection. 

T$xe soh~tiou obtained is slvwly treated under agita- 
tion with 200 & of a 9.5 ,@vlar solutivn of gadolinium 
chloride and simu&an+nisly with TRIS(=tis-(hydrox- 
ymethyl)~aminomethaue~, in order to r&&main the pH 
of the solution “between 4.5 and 6.0. &fter the entire 
quantity of GdCls has “been added, the pH is adjusted to 
U-7.0 by adding TRB$, the soiution isdiluted to loo0 
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ml, filtered in sterile conditions and transferred to serum 
viak or freeze-dried. 

kept between 5 and 7 by adding the N-rnethylgluca- 
mine. The sohaion humed&eSy tubs to an intense red 

W spectrum: lambda=256 run; epsilon=208 color. 
After the full amount of the seeond solution has been 

added, the pH of the solution is adjusted to a value 
berween 6.8 and 7.2 by means of N-methylglu~amine; it 
is diluted to 100 ml,with water “for injection” and fil- 
tared through a 0.22~ fllteiing membrane under nitro- 

Example 28 3 
Serinol salt of the complex gadolinium compound of 
3-phenylmethoxy-2-N-g-N’$“-N”,N’’-bis&arbox- 
ymethyl}-aminoethyl’J-N’-(carboxymethyl)-aminoe- 

thyl]-N-(csrboxymethyl}-aminopropionic acid 
Formula II: Me@++Gd@+); b--2; IO 

E@+~=Z.(H~NCH(CH~OH)Z)(+\ Z--1-); 
R=Ph-CH2-; m= 1; n=2; Rt=R3=-CH2C!OO(-); 

X= >N-CH&OO~-) 
‘I@ preparation is similar to that of Example 27 “with 

the TRIS being replaced by an equimolar amount of 
I5 

serinol (= 1,34iiiydroxy-&aminopropane). 
W spectrum: lambda=256 na0; epsilon=232. 

Example 29 20 
The L-ornithine salt of the complex gadolinium 

compound of 
3-phenyhnethoxy-2-N-[2’-N’-E2”-N’,N”- 
ymethyl)-aminoethyl]-N’-(carboxymethyl)-aminoe- 

thytl-N-(carbo~~yl~~o~r~~o~c aci& 25 
Formula II: Me(d+)=Gd@+); b=2; 

E(6+)=2.(N3N(CH2)3CHoCOOH)(+); Z=c-k 
R=Ph-CHp;,m=l; x1=2; RI=&=-CH$OQ(-1; 

X = > N-CHaCOC$-=) 
The preparation is similar to that of Example 27, with 3o 

the tiis being replaced by an equirnolar amount of L- 
ortdthin~~ The corresponding lysine salt is obtained in 
the sane mumer. 

Example 30 35 
The N-methylglucamine salt of the complex tin 

compound 
N,N’-bis-(2-methoxy-l-carboxy-l-etbyl)-N,N’-bii(2- 

genpressure. 
W SDtfCtlWn: bmbda max. ~275 nm-epsilon 12300; 

lambda~max. 3485 urn-epsilon $780. 
In a manr~er similar to that desm%ed in the preceding 

Exmnples 23-30, the ctunplex ~ompunds of all the 
compounds desoribed in 
Wed in the tables on pa 
with ferrous chloride, ferrk chlc$ide, gadoliniurn cblo- 
ride, manganese ohloride or with their carbonates or 
basic salts. 

Table 1 lists data on. the relaxation effeotiveness and 
stabiity of. some o’E the complf&es accordmg to the 
invention as cot+ar& pith the ~oml$exes representing 

E the’art relative to the corresponding 

The symbols h+ve the following meanings: 
EDTA=Hthylene diamine tetra-acetic acid; 
DTPA==Diethylene t&mine per&a-acetic acid 
~EHPG=Ethyleue dlamine-N,N’-bis-(2-(2.hydroxy- 

phenyl)-a&io accid; 
B lSPSoc3-p~~y~e~o~-2-MI[2-N’;N~-~~~r~x- 

yrno~yS~~o~hy~]-N~c~~ox~~yl)-~inopro- 
pionic acid; 

B 19030=3-phenyhnethoxy-2-N-[2’-N’-p’-N”,N”-bis- 
fc~~~e~yl)-~oetl~-~~~b~~e~yl~ 
~nuethyl]-N”(~bo~ymethyb)-aminopionic 
acid; 

B ~~=N;N’-bi~{2-~tho~-lboxy-l-ethyl)- 
N,N’-bis-~hydrox~ph~yl~~~~I~-ethyi~e di- 
amine. 

hydroxyphenyhuethyi)-ethylene diamine 
Formula Na: Mercl+)=FeW); b- 1; 

Ecb+,={CH3~2C~(+); ’ 
R=CHs--; m=l; n-l; T=-CHz---; A=B==H; 

Qa-CH=, Z=(-) 60 
To a suspension of 3.336 g of N,N’-his-(2-methoxy-l- 

carboxy-l-ethyl)-N,N’-bis-(2-hydroxyphenyhnethyl)- 
ethylene diamine (7 mxnol) in 50 ml of water “for injec- 
tiorPt 14 ml of an aqueous IM solution of N-methyl- 6S 
glucamine is added with which the product is put in 
solution. To the sohnion prepared iir this manner, 
whose pH is about 7.3, 7 ml of a 1M solution of ferric 
chloride (7 mmol) is added and the pH of the soiution is 

From a comparison of the specific relaxivities (ratio 
of the e%ectiven&s and the molar concentration of the 
complex), it -is clear that substa~~W progress with re- 
spect to known -compounds cat@ obtained in piasma 
with the manganese and gadolinium complexes of the 
invelltioxl. 

While the effectivettess of the iron complex is not 
signif!cant& different from that of the reference com- 
plext its stability level is higher and it exhibits, more- 
over, important hepatotropic prop&es in animal ex- 
periments (rabbits). 
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This is in@ated by the fact th+t excretion takes place 

to a large extent through the biliary system (55% exere- 
tioa through the bile ducts versus 24% @rough the 
urinary tract in the frst eight hours after I.V. adminis- 
tration): This result also agrees with the in vitro deter- 
mination of the protein binding which, in rabbit plasma, 
is considerable, i.e., over 30%. 

Fe-EI-IPG, a compound which represents the current 

s 

state of the art in this particular field (Iron FIxpa as au 
Hepatobiliary MR Contraat Agent: Initial Imaging and 10 
Riodistribution Studies, R.B. Lauffbr et al,-Journal of 
Computer As&ted Tomography ,9(3):431438 May- 
June 1985; Raven Press; New York) was tested under 
the same conditions and showed’ a decisively lower 
level of hepatotropism Q$.liary exr~etion 8%) and less 15 
protein binding, i.e., below 20%. 

Some of the initial data on the tolerance of the com- 
plex componnds ln question, as compared with non- 
complexed heavy metal ions, are set forth ix Table 2. 

TABLE 2 20 

DL so in *g/kg moube 
TOlCrSaCC inmvennw or41 

“sdcl~ 
DTPJLG~(~+) 

72 (62-85) 

B 19030.Gd(3?) 
2628 (2448~2826) 25 
3873 (3726-4026j 

-MnCl~ 
DTPkMn@+) 

36 (31-40) 1032 (965-1115) 

B 1895O.i&~+~ 
767 (692-852) 6650 (6127~7216) 
1177 (1089~1270) 8329 (763 l-9074) 

,“$&h+, = N-mttkyl.D-fldne sdt 30 
DTPA.Mn@+) - N4mthylzD-gltlcMinr salt 
B 139S+inf-~ - N.methyCp$lucmtduc, Example 25. 

wherein 
R3 is -CH~COOZ~ ~~(G&)GWZz; a mouovalent 

zadkzl having the atruoture S-~H-COOZ; 
X ii a direct chemical bou& --KG; --S-; -NH-; 

-N-C&Cti~; -N-&$I@3I$COOz; 
ri is the integer 2 or 3, with the proviso that when X is’ 

. . a direct ch&d hondi n is !, 2 or 3; 
Z is H or a negative charge. 

2. The compound accordmg to claim 1 wherein 
Me++) is GdO G. 

3. In a media for NMR contrast imaging which con- 
tains an agent for infhren&g relax&ion time, the im- 
provement which comprisea said agent bemg a cbm- 
pound according to &ihn 1. 

4. The compound of @aim Z wherein 

s-7H-cmz 
Rl lNhi* 

Table 2 shows that by complexiug paramagnetic 
heavy metal ions with polyamino-l.&ycsrboxyiic acids 

‘accordiag to the invention, substantial detoxification k 35 
obtained and relatively tolerable complex heavy metal 
compounds are formed. 

This demonstrates that the complex heavy met&l 
dompounds ofihe invention according to formula I are In 

3-phenylmeth~xy-2-N-E2’N’-rZ”;P;I’Tif”- 
thyl)9nrino~yl]-~~~~o~~~~~l~~n~~yl]- 

endowed with the necessary characterid& of contrast- rtll N~c~x~~yl~~pr~pio~~ acid, 
e%cTggents for nuclear spin tomography imaging. 3-m~t~o~-2~~~2’-N,N’-b~~~r~xy~yl)- 

. . 
1. A comiound having the formula 

aminoethyl]-aminopropionic a&d, 
3-ptieny~e~hoxy-Z-N,~-~~-~2’-~,N’-bik(carbaxyme 

~y~-~e~l3~~~p~~~ @I, 

[ ~;~~wz.~&‘+f-&~ 

wherein: 
a is 2 or 3; 
b is au integer from 0 to 4; 
Me@+) is F&-t), F&3+>, G&3+1, or &f&+$ 
I@+) is ‘one or more physiologi+ly biocompatible 

)~~~yl]-~-(~~et~~l~~pr~~o~~ 
acid, 

cation of an inorganic or an organic base or amino 3-octyloxy-2-N-~2’-N’;N’-~~c~~~e~yl~a~~~- 
acid, said cation representing a total positive charge thyl]-N~~~m~yl~-~o-~r~~i~~~~ acid, 
of b Unix, N,N’-b~(2-~ydr~xy-l-cartioxy-l~~~)-N,~-bis;(Ear- 

S is the group -A-O-R wherein, 60 bo~e~y~~~~y~~ diamine, 
A is -(CH&-; -CHa-C(CH&-; ~~etho%y-3,3-~~~~1-2-N-~~‘-~~~-b~(carbox~- 
m is au integer from 1 to 5 thyl)-a~ba~~y~~~n~buty~c 
R is H; linear or branched alkyl of 1 to 8 carbon atoms, acid 

said carbon atoms being unsubstituted or substituted 3-phe~y~e~a~-2-N-~2-~2-~,~-bis-(~boxymethyl)- 
by one or more hydroxy group; aralkyl of. 1 to 4 d5 ~~oethoxy]~~h~-N-(~rbox~e~yi~-~n~pr~ 
aliphafic carbon ittoms; phenyl or phenyl substituted -piadc acid. 
by halogen, amino or hydroxy; (poly)-oxa-alkyl of 1 5. The compGd of claim 1 wherein Me@+) is 
to 10 oxygen atoms and from 3 to 30 carbon atoms; Fe{3 +-) and 

c 
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is selected from the group consisting of 
N,N’-bis-(&methoxy- l~arboxy-l-ethyl)-N.N’-bis-~- 

hydroxy phenyhnethyl)-ethylene diamino, 
N,N’-bis-{3,6,9,12-~~ao~-lc~~~y- EtridecyI)-N,N’- lo 

his-(2-hydroxy-phenylmethyl)-ethyhme d&nine, 
N,N’-brs-(3-methoxy-2,2-dhnethyI-f-carboky-l- 

propyl)-N,N’bis-(2-hydroxy-phenyImetkyl)-ethylene 
dim&u, 

N,N’-bis-3-(2,3-diiydroxypropoxy~-2,2&uethyi-I-car- 
15 

boxy-I-propyl)-N,N’-bis-(2-hydroxy-phenyfmetb- 
ethylene diamine. 
6. A salt of a Fe, Mn, or Gd oomplex of a substituted 

a-amino propionic acid of formula 20 

r s-$H-coo2 -I (b-1 
25 

wherein: . 
a ls 2 or 3; 
bisanintegerfromOto4; 
Me@+) is Fe@+). F&-i-). Gd@+), or Mn(z+): 

30 

E@+) is one or more physiolo&alIy bi&omp&ible 
oation of sn inorganic or an organ&base or amino 
acid, said cation rep~~enting a tot& pusitive charge 35 
ofbunits; 

s is: 
1. -CH$DRs; 
2. ---C(CH&-CH20Rs wherein Rs is 

40 

y; d&;droxy substituted lower al&i; 

(G (&&X$&4.X3 wherein p Is an integer num- 4s 
ber between 1 and 5; 

and Rq is -(CH~)),-X-?CH~,-N(CH~CGOZ)Z 
wherein Xis: 

(a) a direct chemical baud; 
(b)-o-; 
(c) -N-CEl2COOZ; 

and n is 1, 2 or 3 when X & a direct bond or the 
integer is 2 or 3 and Z is H or a negative charge. 

7. The compound according to cl&m 6 ivhick is the 
complex gadolinhnn compound” of 3-phenylmethoxy-2- 
N+!‘-N’-[Y-N”, N”-his-(carboxymethyl@mlnoethyl]- 
N’-(carboxymethyl)-aminoethyl]-N-@rboxymethyi- 
arninopropioriic acid. . 

8. The componnd according to olaim 6 which is the 
sodium salt of the complex gadolinium eompoim@ of 
3-phenyhnethoxy-2-N-[2’-N’-[2”-N”, N”-bis-(carbox- 
ymethyl)-aminoethyl]-~-(carboxyrne~yi~~ln~- 
thyI]-N(carboxymethyl)-aminopropionic acid. 

9. The compound according to claim 6 which is the 
tris-(hydroxymethyl~axninoethane salt of tke complex 
gadoliium compound of 3-phenylmethoxy-2-I+[~-N’- 
[T’,,: N”-his-(carboxymethyI)-aminoethyl]-N-&u- 

50 

55 

60 

65 
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1% The comgynmd accm-fig to claim 6 which is the 
serinol salt of the compiex gadoliiurn compound of 
3-pheny~~oxrt2-~-~2~-~-~2’~-~~~ I?“-his-(carbox- 
ymethyl)-amjn~~i]-N’~~~~~~tkyl)-arnjn- 
thyl]-Nl(carbox~e~yl~~~o~o~c acid. 

15, The coxnpetmd according to &im 6 which is the 
Lornithirre salt gf tke complex ga$olinium compound 
of 3-phenJrlm~thoxy-2-Eb-I2’-~-[~-~’, N”-bis-(carbox- 
jrme~yl~-aminoe~~~~x~ethyf3-oe- 
~yl}-N~~~x~~etkyl~~nup~op~onic acid, 

12. 2%~ oomponnd aocording to claim 6 which is the 
complex gadolinhrm compound of 3-pkenylmethoxy-2- 
~-~2-~-~-bi5(~~xyme~~l~a~~o~~oxy]-etkyl]- 
~(~~xyrn~tk~~-~~p~~i~ a&d. 

13. The ctimponnd sxbding TV c&m 6 which is the 
complex gadolinhrm compound of 3-phenyhnetkoxy-2- 
N-I2-N’,~‘-bis-fxyme~~?-~n~thylJ-N-(~- . 
~xyrnet~yl~~?~~~i~~ acid. . 

14. The compcwd according to ,@aim 6 which is the 
complex gadolhdum ooqnpouud pf 3-hydroxy-2-N@ 
N’,N’-his-(carbo~yme~~~-~o~h~l]~N~~oxyme- 
thyl@ninopropionic a&d. 

15. The compound ‘qordmg to olaim’k wkich is the 
complex gadoIi&m compound qf ‘3-hydroxy-2-N-[2’- 
~-{2”-N”;N”-b~~cat~in~~yl]-~- 
(~~~~yl}~~o~kyl~-~-(cax~e~yl)- 
aminopropionio acid. 

16~“Iheoompound aocording to claim 6 which is the 
complex gsdoli&m compound UT 3.n-ootyloxy-2.N-[2- 
N’, NI-b~~box~e~~yl~-~~~yl]-~-(~Tboxyme- 
tkyl+linopropio&c soi& 

17. The compound aocording to claim 6 which is the 
complex gadoliiyrq ~compqmnd of 3-methoxy-2-N-D- 
N’,N’-bis (~~~~eebry-~a~h~I]-N-icarbox yme- 
thyl)qminoprop+gid acid. 

18. The cqmpound acoor$ng to claim 6 which is the 
complex gadoliimn .~otqound of 5-methoxy-2-N-v- 
Nr-[rr,‘-~‘,N”-~~~~%~~hyl~-~oe~yl~-~- 
(carbox~e~yl~~~~tkyl~~-(carboxym- 
aminopropionic acid. 

23. In a niedis for :NMR contrast imaging which 
contains an bgent. for infhrencing rehxatign time, the 
impruvenient wkich comprises said agent being a com- 
pound according to claim 6. 

24. A salt of a Fe, Ma or Gd.complex of a substituted 
a-amino propionic acid of formula 
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s is -cH2--0--KS ;-G(cM3)2 -cEiz~o-R5; 
wherein Rs is 

ta)H; 

fW-) 

wherein: 
a is 2 or 3; 
b is an integer from 0 to 4; 
Me(“+~ is F&+1, Fe(s+), Gdfr+), or Mn@+); -(CH&,-X--(cfwn‘-N-CR 

E@+) is one or more physiologically biocompatible 
cation of an inorganic or an organic ba.5, or amiuo 

Y-o-+~+L-c 

acid, said cation rcprhsenting a totaI positive charge 25 Wherein 
of b u&q Yis 

wherein S is -CHa-GRs wherein :Rs is: 
(a) benzyl; 

(4 H; 

cb) +Hz-ak? PI=lyk 
(b) Iowcr a&y1 (I-3 carbon atqms); 

gc 1;wer alkyl af 1-3 carbon atoms; 20 (c) ~y~~~~~~t~ Icwer ZdkyI; 
. (4 KS2~z%&H~ 

; xk. 
and &is (a) adireot chemicaI bond; 

011) --o-i 
ccit~d-(cH&q-c”“““” (G) --N--CE2C~Z; and 

Yo-cH2-cH-cooz 
25 n is 1 when X is (a) or 2 when X Is (I$ or (c); 

and Z is H or a negative charge. 

wherein Y is: 
tu l==Yl; 
(2) dCH2--CHa phenyl; . 
(3) lower f&y1 of 1 to 3 carbon atoms; 
(4) H 

XiS 
(a) a direct chemical bond; 
co) -0-3 

27. The compound according to ohiim 26 wherein 
M&+fjjj Fe(3C). 

30 28. In’ a media for- NMR contmst imaging which 
fm&hs aa agent for .inflpencing rebxation time the 
improvement which qnnl$ses said ageut being R com- 
pound according to c@im 26. 

29. A salt of&, Mu or Od complex of a substituted 
35 u-amino propionic acid OT for&da 

(c) -N-CH2CGGz; and 
n is 1 when X is a direct chemical bond or 2 when X is 

0 of (c>; 
Z is H or a negative charge. 

25. In a media for NMK contrast imaging which 4Q 
contains an agent for influencing relaxation thue, the 
improvement which comprises said agent bemga com- 
pouud according to claim 24. 

26. A salt dfa Fe, Mn or Gd compfex of a substituted .45 wherpjn: 
a-amino propionic acid of formuta ais20r3 

s-a-cooz * 
A .M&+) 

wherein: 
a is 2 or 3; 
b is au integer from 0 to 4; 
M&i-)3s Fe@+), F&+), Gd&l-1, or Mn(a+); 

6o Z ia H or a negatbq &arge. 
30. h a media for NMR contrast imaging which 

E@+) is one or more physioIogicaily biocompatible cm&ins an agent for I~flueu~~~~ relaxation time, the 
cation of au inorganic or an organic base Or amino improvement Which comp&es said agent being a com- 
acid, said cation representing a to&I positive charge pound accgrdiig to &im 29. 
of b units; * L * + * 

65 

L.) 

E@+) 

b is an integer from 0 to 4; 
Me@+) & F&+-f, f3ecj+), &#+>, or MnW); 
I%*+) is one or ,more physidogjoaI@ biocampatible 

50 c&ion of an inorganic ck’an qgardo base or amino 
I acid, said cation rqresenting a tota5 positive chege’ 

of b units; 
S i;h2e+%-Rs; ~C(CH&--CH~-G-RS; 


