


United States Patent [
Felder et al.

4,916,246
Apr. 10, 1990

{11} Patent Number:
{451 Date of Patent:

[54] PARAMAGNETIC CHELATES USEFUL FOR
NMR IMAGING ’

[75] Inventors: Ernst Felder, Riva S. Vitale,
Switzerland; Fulvie Uggeri,
Codogno, Italy; Luciano Famagalli;
Giorgio Vittadini, both of Milan,
Italy

[73] Assignee: Bracco Chimica S.p.A.,Milan, Ttaly

[21] Appl No.: 2,115

[22] Filed: Jan, 12, 1987

[30} Foreign Application Priority Data

Jan. 30, 1986 [IT]  Italy wccorrvomsorrmsorsomserens 19236 A/86 "

{51] Imt. CL*..rerviernns CO7F 13/00; COTF 15/02
[$2] us. . $56/1; 534/15;
534/16; 546/5; 546/11; 546/261; 556/45;

556/ 138; 424/9

[58] Field of Search .......occeveeee 534/15, 16; 546/5, 11,
546/261; 556/1, 45, 138

[56) References Cited
U.S. PATENT DOCUMENTS

4,647,447 3/1987 Gries
4,687,658 8/1987 Quay

Primary Examiner—Sam Rosen
Attorney, Agent, or Firm—Bucknam and Archer

(571 ABSTRACT

Compounds suitable for NMR imaging having the for-
mula:

424/9
424/9

- ) o
R—O-(CH;),,,—(,:H-COOZ
N, Mela+) El+)
7N
R; Rz
wherein
ais2or3;

b is an integer from 0 to 4

Mela+) is Fe@+), FeB3+), Gd(3+) or Mn(+);

E®+) is an jon of an alkali metal, alkaline earth- metal,
alkyl ammomum, alkanol ammonium, polyhydxoxy-
alkyl ammonium, or basic protomated amino ‘acid,
said ions representing a total charge of b;

m is an integer from 1 to 5;

R is H, 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 atoms; phenyl or phenyl substituted by halo-
gen, hydroxyl, carboxyl, carboxamide, ester, SO3:H,
sulfonamide, lower alkyl, lower hydroxy alkyl,
amino, acylamino; (poly)oxa-alkyl with 1 to 50 oxy-
gen atoms-and from 3 to 150 carbon atoms, wherein 1
to 5 hydrogen atoms may be substituted by OH;
1\1 is the same as. 1\20:
is —CH;C00Z, -—CH(CH;)COOZ
CH;CHz—N(CH2CO0Z);, a hydroxy arylalkyl,
hydroxy pyridylalkyl, hydroxy aryl(carboxy)alkyl
or hydroxy pyridyl-(carboxy)alky! radical, where
the aryl or pyridyl radical may be substituted by
hydroxyl, hydroxy alkyl, alkyl, halogen, carboxyl
or SO3H;
Ra is —CH2CO0Z, —CH(CH3)COQZ,

, Ry
N
—~(CH)w—X—(CH2)r~N_ ,
N\
. R3
Ry Ry
CHew CH =N CE_ CH N/
o O O s R o (a—r ;
] (CH)s ™ N
CH3 CHj3 Ry R3
wherein

R3 is —CH2C00Z, —CH(CH3)C00Z or a monova-
lent radical having the structure

R~0~(Cﬂz)m~tfﬁ-—cooz;
X is a direct chemical bond, —O—, —8—, —NH—,
-I'\Y—*CHzCOOZ or '-3.;3 -~ CH(CH3;)CO0Z;

n is the integer 2 'or. 3, with the proviso that when X
. represents a direct bond, nis 1,2 or3;
Z.is hydrogen ora unit of negatwe charge, and —{(CHj3.
Ym— maay also be —CH;—C(CH3)g—.

30 Claims, No Brawings
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PARAMAGNETIC CHELATES USEFUL FOR NMR
IMAGING
BACKGROUND OF THE INVENTION
1. Field of the Invention
The invention relates to compounds which affect the
relaxation time of atomic nuclei. More particnlarly, 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 Azt

The NMR imaging method i§ based on the character-
istic of certain atomic nuclei which have their own
magnetic momentum and, in particular, protons, of
orienting themselves, as the result of a inagnetic field, in
a state of equilibrium from which they can be moved by
the use of pulses of a given radio frequency (resonance
frequency).

The nuclei then return to their original state of equi-
librium as a result of spin-spin and spin-lattice relax-~
ation. The time required for returning to the state of
equilibrium, known as relaxation time, gives valuable
information on the degree of organization of the atoms
and on their interaction with their environment.

On the basis of differences in proton density and
relaxation times, images of biological tissues can be
obtained which may be used for diagnastic purposes.

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

It is known that the relaxation times of' nmghbonng
nuclei can be affected by the use of complex paramag-
netic salts (G. C. Levy, et al, J. Amer. Chem. Soc. 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 localized
increase in relaxivity obtainable specifically by the use
of paramagnetic substances: P. C, Lauterbur et al, Fron-
tiers of Biol. Energetics Vol., I, 752-759 (1978); F. H.
Doyle et al, Proc. of NMR Imaging Symp. held in
Nashville, Tenn., U.S.A., on Qct. 26-27, 1980; J. A.
Koutcher et al, J. of Nuclear Medicine 25:506-513

(1984). Various ions of transition metals and lanthanides

are paramagnetic (F. A. Cotton et al., Advanced Inor-
ganic Chemistry 1966, 634-639).

Specifically, paramagnetic ions which have a particu-
larly strong effect on relaxation times are, for example,
gadolinium®+), iron®+), manganese(+), and chromi-
um@+); cf. G. L. Wolf et al., Magnetic Resonance An-
nual 1985 (Raven Press, New York), 231266,

These ions of transition metals and lanthanides are,
however, too toxic for use in man: R. J. Walker, R.
‘William “Haemochromatosis and Iron Overload”, in:
Iron in Biochemistry and Medicine; A. Jacobs, M. Wor-
wood, Eds., Academic Press, London, pp. 585-613
(1974); G. G. Cotzias, “Manganese in Health and-Dis-
ease”, Physiol. Rev. 38, 503-532 (1958); P. Arvela,
“Toxicity of Rare Earths”, Prog. Pharmacal. 2, 71-114
(1979).
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We have therefore an incentive to deal with this
pmblem by trying to reduce the toxic effect of metal
ions administered for diagnostic purposes by combining
these jons with suitable agents; ¥. Hosain et al, Radiol-
ogy 91, 1199-1203 (1968), describe, for example, com-
plex compounds of diethylene triaminopentacetate
(DTPA) of the Janthanide ytterbium.

Gadolinium ¢an also be successfully detoxified by
combining it, for example, with diethylene triaminopen-
tacetic acid; but this greatly reduces the relaxmty and,
therefore, the contrast-reinforcing action compared to
free Gd3+ (Weinmann et al,, ATR 142:619-624 (1984).

Another problem is that the compound is not always
less toxic than the free ion: in the same paper, for exam-
ple, Weinmann et al. report that the toxicity of the
ethylenedxammotctracetm compound (EDTA) of gado-

linium is higher than that of gadolinium trichloride.

The specific) usefulsess and’ tolerance of metallic com-
plexes must, therefore be mdwzdual}y investigated in ..
every single case.

Weinmann reports in Phystol Chem. Phys. Med.
NMR 1984, 16, 167-172 on the pbarmacokinetics of the
gadolinfum-DTPA complex which indicates that this
complex is d‘:stﬁbutgd in the organism both in the vas-
cular space andin the considerably larger interstitium.
This is a disadvantage, for example, in the imaging of
bload vessels, because it requires a much larger amount
of contrast medium than would be needed in the case of

'a contrast medinm whcse distribution is limited to the

vascular space. See, in this respect, M. Ogan et al,
“Approaches to the Chemical Synthesis of Macromo-
lecular NMR. Imaging Contrast Media for Perfusion-
Dependent Enhancement”, presented at the 71st Scien-
tific Assembly and Annial Meeting RSNA, Chicago,
Nov. 17-22, 1985.

Media for NMR diagnosis wbach contain complex
paramagnetxc salts of the lanthanides and transition
metals are given broad coverage in European patent
EP-B 71,564, Equaily extensive processes for NMR
diagnosis by means of complexes of lanthanides are
described in EP-A 135,125 (DuPont).

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

HOOCCH;
Ne=(CHaJp~N
HOHCCH)

CH;COOH 4V]

CHCO0H

N-Hydroxyethyl-N,N',N'-ethylenediaminetriacetic
acid (HEDTA)

HOOCH;C CH;COOH
Ne=(CHg)y=N—(CHz}—N
HOOCH,C

CH,COOH

CH;COOH

N,N,N',N",N"-Diethylenetriamingpentaacetic acid

{DTPA)
HOHC—CHN(CHICOOHY, am

N-Hydroxyethyliminodiacetic acid
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Rr! CH3

N ]
N—{CH)y»—(CHy—N~~CHp)y—(CHm=N
HOOCCH;

wherein

m represents 1 to 4

n represents 0 to 2

R’ represents a saturated or unsaturated hydrocarbon
group with 4 to 12 hydrocatbon atoms or the group
—CH,—COOH,

or disphosphonic acids of the general formula V

:;omz
Ry==C~=R3
PO3H)

wherein
R; represents hydrogen, alkyl of 1 to 4 carbon atoms,
halogen, the hydroxy-, amino- or- CHz-—COOH
groups and,
R3 represents, alkyl of 1 10 4 carbon atoms, or the
—CH>—COOQH group, and
the ions of the lanthanide 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 as.organic base
glucamine, N-methylglucamine, N,N-dimethylgluca-
mine, ethanolamine, diethanolamine, morpholine, ly-
sine, ornithine and arginine are concerned, optionally
with the vsual additives in the art, dissolved or sus-
pended in water or physiological salt solution charac-
terized in that one brings into a form for oral or intra-
vascular application, the paramagnetic complex salt
dissolved or suspénded in water or a physnologxcal salt
solution optionally with the usual additives in the art.
Complex compounds of iron®+) and gadolinium(-+)
for the imaging of the gastromtestmal tract are de~
scribed in EP-A 124,766,
All agents proposed up to now for NMR. diagnosis,

CHcOOH V)

CH2COO0H
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which’ consists of complexes of heavy metals, are not -

very satisfactory with regard to their practical use in
man or create more or less sexious problems with regard
to relaxivity and tolerance. Also, they frequently ex-
hibit insufficient selectivity of the bond with the heavy
metal, insufficient stability, and particularly, lack of
selective targeting to certain organs.

The tendency of many complexes to exchange the
central metal jon for trace metals which are essential to
the organism or for ions, for example Ca®+), which in
vivo are present in relatively large amounts (cf., on this
point, P, M. May, “The Present Status of Chelating
Agents in Medicine”, in: Progress in Medical Chemistry
20, 1983 (Elsevier Science Publ) p. 233) ultimately
limits their applicability, particularly in dosages which
would be desirable for NMR diagnosis.

In the case of insufficient speclﬁc stability of the

complex, trace metals of vital importance may, in fact,’

be extracted from the organism, and undesirable heavy
metals, such as Gd may be deposxted in their place
which may remain in the organism for a long time,
Contrast media with organ specificity for NMR con-
trast imaging, which contain paramagnetw complexes
of lanthanides, are being claimed in the pubhshed
French patent application No. 2, 550 449 and in EP-A
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133,603. The solutions proposed there are, however,
still limited and not optimal.

Therefore, there exists, now as before, a demand for
contrast agents for the repiesentation of the individual
organs (for examiple, liver, bile ducts, spleen, pancreas,
lymph nodes) and their respective anatomically patho-
logical and functional changes.

Such paramagnetic snbstances for effective applica-
tion in man should sat:sfy some or afl of the following
requirements:

1. A strong effect on the reiaxanon times T) and Tz
(pasticularly Ty); in other wotds, they should induce a
high level of relaxation which, by increasing the con-
trast in the image, makes it possible among other things
to obtain relevant information in a short amount of time
with obvious advantages in terms of the economic cost
of each single examination, full utilization of equipment,
ete.

2. 'A high level of stability of the complex, both in
solution and in the organism. This means that the com-
plexing agents exhibit a high level of selectivity for the
relevant paramagnetic ions as. opposed to the physiolog-
ical ions.

3. A distribytion which is specific to the organ and
the tissue in the organism.

4. An elimination kinetics which is specific to the’
organ and the tissne.

SUMMARY OF 'I‘HE INVENTION

We have discovered compcunds which meet the
above-stated reqmrements and arg particularly suited
for NMR diagnostic imaging. The comipounds are made

‘up of iron+), jronG+), gadoliniurmB+), and man-

ganesel?+), They are relatively simple, well tolerated,
partiatly endowed with organ 3pecit’c1ty and are suit-
able for application in nuclear spin tomography. More
specifically, the inventive compounds have the formula
1

by o

R~0—-(cuz),,,-<fzﬁ-cooz
N Melat) R+
7N
Ry Rz
wherein.
ais2or3

b is an integer from 0 to 4; Mel+) js Pe@+), Fel3+),
GdB+), or Mn(z+)'

E®+) is an jon(s) of an alkali metal or alkaline earth:
metal, alkyl ammonmm, alkanol ammonium, polyhy-
droxyalkyl ammonium, or basic protonated amino
acid, thh tbe ions representing a total charge of b
units;

m is an integer from 1 to ;-

R
is H, alkyl with from 1 to 8 carbon atoms, or alkyl

with from 1 to 8 carbon atoms wherein from 1 to 5
carbon atoms may be substituted with OH;
is aralkyl with 1 to 4 aliphatic carbon atoms;
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is phenyl or phenyl substituted by halogen, hydroxyl,
carboxyl, carboxamide, ester, SO3H, sulfonamide;
lower alkyl (as uvsed herein, lower alkyl means
alkyl having 1 to 4 carbon atoms), or lower hy-
droxy alkyl, amino, acylamino;

is (poly)oxa-alkyl with from 1 to 50 oxygen atoms and
from 3 to 150 carbon atoms, where from 1 to 3
hydrogen atoms may be substituted by OH;

R} is the same as Ry or is —CH2CQ0Z, ———CH(CH;-
YCOOZ, CH;CH;~—N(CH2CO0Z);, a hydroxy ary-
lalkyl, hydroxy pyridylaikyl, hydroxy aryl(carboxy-
Jalky! or hydroxy pyridyl-{carboxy)-alkyl radical,
where the aryl or pyridyl radical may be substituted
by hydroxyl, hydroxy alkyl, alkyl, balogen, carboxyl
or SO3H;

is —-CHCO0Z, -—CH(CHs)COOZ

Ry
~(CHRy—~X—(CH2)s—N_ -,
AN
Ry
Rs Ry
CH—~CH N/ ) CQ CH—N
—CHom CH~ Ry, CRO— ;
(CHs ™ N
CH; CH; R3 R3
where

R3is —CH,CO0Z, —~CH(CH3)COQZ or a monova-

lent radial of the structure R-—~Q—(CHp)m—

CH—COO0Z;
X is a simple chemical bond, i.e., no intervening atom,
~0—, —§—, —NH—,

"'If"CHzCOOZ or -'IiI—CH(CHz)COOZ;

n is the integer 2 or 3, with the proviso that when X
represents a simple bond, n can be 1,2, or 3;
Z is hydrogen or a unit of negative charge, and —(CHy.
- )m— may also be —CHy—C(CHz)—~.
The compounds of the present invention may be
prepared by reacting free polyamino-polycarboxylic

6

a-o-—cmm-—tgm—cc)ou ()

N
VAN
Rt Ry

Where R, R, Rz and m have the same meaning as in
formula 1, or alkali metal, alkalive éarth metal and/or

_ amino salts of said acids, with salts, oxides, or hydrox-
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ides of iron®+), ironG+), gadolintum®+), or man-
ganese+), or with the basic salts of these metal jons.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Within the scope of formula I are four groups of
complex heavy metal compounds having the following
formulas 1T, IT1, IV and V:

L an

]

'3 e
Rwo—(cm)mwcn-cooz =

MRy
(?Hz)n
X
(%Hl)n
Ry=~N-—R&3

| Mo+ EG+)

(m

Ll
i

- =)
R=0-=(CHy)y—CH—CO0Z

N--Ry
{C[?Hzin
X
&t
N=—Ri
| R—O=(CHm~=CH~C00Z

Mele+) glo+)

where in formulas 11 and T, the symbols a, b, Mele+),
E®+), Z, R, Ry, R3, m, n and X bave the same meaning
as in formula L

3 . —ib—) vy
Ro=O{CH3}m™ ?H“CQGZ OH
riz-,-‘r A
((‘:Hl}n
X Q Melo+) Eb+)
l .
{CH» B OH
N~T, A
Q
: B
LR*O“(CH;),.*CH"COOZ

acids having the formula

&5

where

R, m, n and X have the same meaning as defined above,
T represents —(CHph.2—~, —CH(CQOH)~ or
~-CH(COOR)YCHz~—~,

Q represents ==CH-— or z==N—,

A fepresents hydrogeu, hydroxyl, lower hydroxy alkyl,
and
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B represents hydrogen, lower alkyl, halogen, carboxyl
. or SO3H. Fe+) is preferred as the metal ion,

R~0=(CHy)y—CH~C00Z =)

{CH2)y~N—(CH)n

g

(CH2)x (éHZ)n
' Ry=~N=-R3 R{~N-~Rj3

Mela+) EO+)

where 3, b, Me(@+), E®+), R, Ry, R3, m, n, X and Z
‘have the same meaning as set forth in general formula L

The polyamino-polycarboxylic acids according to
formula Ia, or their salts, which combine readily with
iron, can also be caused to react directly with elemental
iron to obtain the corresponding complex iron com-
pound. /

The inventive polyamino-polycarboxylic acids hav-
ing formula Ia include, in particular; compounds having
the following formulas:

R“O"‘(Cﬂz)m—?ﬂ-’CODH (Tla}
N-R1
(Cﬁz)n

!
b

|
(‘i'-ﬂz)n
Ri=—N--R3, )
wherein R; Ry, R3, m, n and X have the same meaning
as in general formula I,

R=~0~—{CHz)y~~CH-—~COOH Bz
Ill-‘-Rl
(?Hz)n
x .
(C:iﬂz)n
Ne-Ry
R~ O=(CHz),—CH~COOH,
R—0~—(CHp)—CH—~COOH SH (vay
N1
(c::nz).; Q
X
(?Hl)n
NeT.

OQH

R Q= (CH2)p=CH~COOH \
B

15

20

jo

8
wherein T represents —(CHz)1.2—, —CH(COOH)— or
~CH(COOH)CHy—, Q represenis ==CH-— or =N—,
A represents hydrogen, hydroxyl, lower hydroxy alkyl,
and B represents hydrogen, lower alkyl, halogen, car-
boxyl or SO3H, and

R0~ (CHp}m—CH~COOH (va)

T X {(CHp=N=-(CHa)y—X
(CH2)y (q*ﬁ)»:
Ry=N-R3 Ry=N«=Rj3.

In formulas ITa, Iila, IVa, and Va, R, Ry, R3, m, n and
X have the same mesaning as defined above.

" Accordingly, the invention as disclosed herein in-
cludes: , ,
(a) complex paramagnetic compounds of heavy met-
als baving formula X, II, IIL, TV or V;

(b) compositions for influencing the relaxation times
in NMR diagnostics, containing an effective amount of
at least one complex paramagnetic compound having
formula I, IL IIL IV or V;

{c) a procedure for the preparation of the complex
heavy metal compounds having formula I, I, IIL, IV or

" V;and
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{d) polyamino-polycarboxylic acids having formula

Ia, Ila, Illa, IVa, or Va. ,
The polyamina—poi:}caxboxylic acids of the present

invention may be p;epated by procedures which are
well known to the expert in this art. Particnlarly advan-
tageous are the methods of synthesis set forth below
wherein the symbols R, Rj, Rz, m, n and X have the
same ineaning 2s above defined. In addition:

CA -8 —C0O0Z, —COOalkyl, —CONH,, —CON-
H—~R'1,~CN:

D is halogen (Cl, Br, I), --OSOzalkyVaryl ~OSO~
anlkyl/aryl,

Riiisa protected group R, easily transformable into
—R by, for ¢xample, hydrolysxs, hydrogenolysis,
alkylation;

R’z is a protected group Ry, easily transformable into
R

Ryisa protected group R, easily transformable into
~R3;

X"is a protected group X, easily transformable into X.
(The expression “easily transformable into” means
simply that the protecting group can be easily re-
moved by conventional means to produce the corre-
sponding desired group.)

Preparation of. polyamino-polycarboxylic acids ac-
cording to formula Ila, in which m=1.
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Resaction schematic A:
R-O alkali + Hal—-cuz-—?n-m -—-—}R@-—*CH;-——?H—CA
Hal Hal
R-OH + CHz———(l:-—CA . .
Hal

ROH + CH1==(I3-CA -—-—-}vk-b-*CHr-(i;H-CA
HN-protective group EN-protective group

l
v

~————-—-——-§R—O~CH2—-?H-CA D R-O-'CHz—?H—-CA

™ e
(?Hz)n
% R-Q=CHy~CH-CA
i = —R'z | .
(CH), HN-R'y
H-=N-R'y

W

R~O-CH;~?H—-CA——~—}R~O-CH:——?H-COOZ

N-R'y IELRx
(?HZ)n . (?Hz)n
(CHpy {CHDn
R'3-N-R"y R3-N-Rj
Compound according to formula IIa

(m=1

Protective groups are, for example, acyl or pheny- 45  Preparation 'of polyamino-polycarboxylic acids ac-
1—CHz~—. cording to general formula Ila, in which m is an integer

from 110 5

Reaction schematic B

R-O={CHz)n—CHO + HCN RO alkali + ﬂa:-—(c_anz),,,——fn-—m
(MesSiCN)* pmtcctivc group-NH
'n-o-——gcrxz),,,u(]:r{*can RC*(CH:)};«“"?K-*CA
OH " protective group-NH .

NHy

o

R-O—(CH:)M“C[)H—'CE-_":N R R-O-—-{CH;),,,-*(]:H'—'CA
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. -continued
. Resction schematic B:
RO~ (CH2)p—~CH—CEEN R-O~{CH))m—CH~~CA

I!IH HeN-R'y
o
X

R';vI!I-R' 1

R

R-O—(CH)m—CH~CA . moqcxm—-cfﬁ-—cooﬁ

N-R'y N-Ry
o " (?Hz)n
X X
'(<‘:Ha),. ((‘!Hz)n
R3-N-R'( | RyN-Ry
Compound according for formula Ia
‘:"'mi;sn Mai ez 3l

Teteahedron Latters, Vol. 25 (41), 45834586 (1984),

Preparation of intermediate products by the synthesis
of polyamino-polycarboxylic acids having the formulas
1Ia and IIla by means of imidazolidine and 2-imidazoli-
dines as reagents.

Reaction schematic C:

12

Reaction schematic D:
Intermediate product prepared, for example, according 10
: reaction schematic A,

n-o-(cnz),,,——?n-—m R—O-(CH;),,,-—(‘:B—-CA
D+ D+
< T < |-
RS uN Ry R g —depry
7
R-O—(CHp)p=~CH==CA
x.o-—(CHz)m-?H-—ca R—O—-(Cﬂz)mf?l‘l-—CA
R N R¢ R N Rs
‘ X | e
Rs g-n Ry Rs BN Ry
\L ’ R-O=(CHy}m—CH=-CA
R—O-(CH:),,.-(}:H-CA n-o—-«:}{;),,,—-g;:}x-»c;ﬁ
r;m XEIH
CH-| CH-Rg
?H-R-y ("JH~R7
NH; NH

' |
R-O-—(CHyjm—CH~—~CA

=H, alkyl or aryl;
Rs=H, alkyl or aryl; R4--Rs also ==O;
R¢/Ry=H,. alkyl (CH3); R¢-+R7 also=——(CHz);.5;
Preparation of polyamino-polycarboxylic acids hav-
ing formula IITa, from intermediate products of synthe-
ses A, Bor C: :

65 -
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R Qe CH ) = CH = CA =y
I!{al Reaction schematic E;
R'|~NH Intermediate product prepared, for example, according to
! | * reacgmschm tic A or B.

lCHz §  R=—QO=(CH)p~CH-~CA =

X > ‘H—N—Ry

?’*2 | .

R1—NH + (CH)n
Hal 10 X > )
R Q== ({CHj)py~CH-~CA— ((:Iﬂz)n
R O—(CHy)m—CH—CA R—0=-(CHp)m—CH~~COOH b+
(CH)m gz - {CH2)py 1!1 . He=N—~R"|
! ! R—=O={(CH)y CH—C s
(?Hz)n (\I'JHz)u
X .......> )l( - R‘fQ‘*(CHz)m“‘?l’{*"CA R"‘O*"(CH:)”.'—'?H"COOH
(C'lﬂz)n (?H;),, N--R"y N—R,
N=RY N—Ry 0 (Jc{:‘ﬂn ((‘EHz)n
Re~0—(CHy)py—CH~CA R=0~{CHz)yy~CH~COOH x — ’f
Compound according to formuia Ila. (“:Hﬁ" (?HZ)”
25 MN—R"y N—-Ry

30

R Q== (CH2) - CH—CA RO~ (CH)py—CH=COOH

Compound according o formula 11fa.

Preparation of polyamino-polycarboxylic acids ac-

cording to general formula IVa wherein T=CHa.

Reaction schematic F;

R—O—'(Cﬂz)m—CH“CA

Q-protective group

HzN"'Cﬂz. §§ A

Protective group = eg.
acetyl Ph—CHy~

R—Q=(CHy)—CH=~CA

R«Q«(CB;),,,-»CH—-CA

Q-protective group

L

O-protective group

HN—CH A

4+ D-CHpy=X'—~(CH2)D
+ Elimination of the protestive
groups and possible conversion
of =~CA to ~~COOH.
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~continaned
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Reaction schematic F:
R—~0—(CHpm~CH~COOH  OH
Ne—CHp, A
(?Hz)n Q
b4
1 B
(CH)n
' OH
N CHy, A
ReQ==(CHz)m—CH—COOH
Q

B

Compound according to formula IVa wherein T =

Compound according to formula IVa wherein T=CHz. ,5 .

Reaction schematic G+
te product prepared according to reaction schematic
Cor D,

30
R-—O—(CH:),,,-?H—CA protecuve group
[ + D-CH:
(CH)»
I
(CHz)n
O-pmtectwe group
NH + D-CHy 40
R=O=(CHy)y=~CH=CA -
\L 45
R—O"‘(CHz)m""CH"CA 0~protectwe group
N“'"CH: .
50
(Cﬂz)n
. (Cﬂz)n
) (0¥ prorcctive grotp 55
N'—CHZ
R—O'-(Cﬂz)m—Cl-I-CA i
60
Ellmmanon ok‘ the protecnvc
groups and conversion of ~CA to
—COOH.
Compound according to formula IVa wherein T == CHj. 65

Compound according to formula IVa wherein T=<CH;.

R’3

35

CH».

Reaction schematic H:
‘Preparation of polyammﬁmlyca:bbxy]ie acids aceording to for-

mula Vs, wherein QCH;)R,—' hay also be T CH— CCHY

R-Q*(C’Hz)m'*?}lnm

D
s
H R’y

|
N—-—(Cﬂz),,—vx-(CH2),,-N-—(CH2),,-X-(CH1),,-—-N\

R's

R’l\ R Qe (CH - CH—CA /R':
/N-—(CH;),,—-x‘-(CHz),r-N*-(CH:),,-X——(CH;),.-—N\
R'3 R’z

R

. | Remaval of protective groups
and/or carboxymethylation

RO~ (CH2) > CH—COOH .. /
/N"‘(Cﬂz)n"'x“'(CHZ}n"‘N“(mz)n“x"(CHz)n""N\
R3 ‘ :

Ry Ry

R3

The paratagnetic compounds of iron®+), iroi(-+),
gadolinium@+) and manganese(+) in accordance with
the invention, meet the requirements for substances
which enhance the contrast in nuclear spin tomography
images and these compounds have a broad field of ap--
plication.

The salts, which afe gcnc;rally water soluble, and are
based on orgamic and inorgamic compounds, can be
administered intravascularly, for example, intrave-
nously, ‘intra-artesially, mtracoronanly, intrathecally,
intraperitoneally, - intralymphatically, ' mtracawtardy
and intraparenchymally. Both the soluble and the less:
soluble compounds are suitable for oral or enteral ad-
ministration, and are therefore particularly suitable for
imaging of the. gastrointestinal tract. Solutions or sus-
pensions of complex salts may also be produced in aero-
s%l form and ‘can thus be nsed for aerosol bronchogra-
phy.
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Pacticularly important are the complex Fel3*) com-
pounds according to formula IV, which are dxstm—
guished by their excellent stability, good solubxhty and
tolerability.

Certain complex compounds accordmg to the i inven- §

tion have a particularly surprising organ specificity as
they become concentrated, specifically in the liver, bile
duct, or, after intralymphatic, mtraparenchymal intra-
muscular or subcutaneous adxmmstranon, in the lym-

. phatic vessels or the lymph nodes. This permits the 10

contrast imaging of these organs.
. The following examples illustrate the invention:

nnwnan A'rrnu =TI DR
& AN vx [y 2 =apag ety

POLYAMINO-POLYCARBQXYLIC ACIDS 15

Example 1

3-Phenylmethoxy-2-N-[2-[2-N’,N'-bis(carboxymethyl)-
aminoethoxyl}-ethyl}-N-(carboxymethyl)-aminopro-

pionic acid Formula I1a; R=Ph—CHp; m=1; 20

Ri=R3=-~CH;COOH; n=2; X=0.

(A) Hydrochloride of 3—phenyhnethoxy-2-N-{2-{2«
ammoethoxy)-ethyl]-ammopropnomc acid.

73.9 g of bis-2-amino-ethyl ether in 125 ml of water is
reacted at 40'~60° C. with 3-phenylmethoxy-2-chloro- 2
propionic acid. The excess bis-2-amino-ethyl ether is
separated as a hydrochloride. The raw product is puri-
fied by means of chromatography and finally recrystal-
lized from ethanol. The above-captured compound thus
obtained melts at 210° C. Analysis: CK~): calculated *©
11.12%; measured 11.15%.

{B) 3-phenyimethoxy-2-N-[2-[2-(N",N'-bis-carboxyme-
thyl)-annnoethoxy]-ethyl]{N-carboxyme@thyl)-ammo-
propionic acid:

20.3 g of compound A in 60 ml of a 2N aqueous solu- >
tion of sodium hydroxide is rea;ted 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 sodium hydroxide. This carbox-
ymethylation reaction is repeated with another 12.5 g of
bromo acetic acid and 2N NaOH. The raw product is
punﬁed by means of chromatngraphy and recrystalliza-
tion.

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

Example 2 50

3-Phenylmethoxy-2-N-[2-N’,N"-bis-(carboxymethyl)-

aminoethyl}-N-(carboxymethyl)-aminopropionic acid
Formula ITa: R=Ph~CHjz; m==1

Ri=Ry=

(A) Hydrochlonde of 3-phenyimethoxy-2-N-(2-aminoe-

thyl)-aminopropionic acid: =~ -
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 product 60

shown in the caption is precipitated by bringing the pH
to 3, Melting point: 226" C
(B)  3-Phenylmethoxy-2-N-{2-N',N'-bis-(carboxyme-
thyl)-aminoethyl]- N-(catboxymethyl)mmnopromomc
acid:

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 compound

5 Ri=

. (carbcxymethyf) aminoethyl}-

-—CHZCOOH 11—-1 X—-'—" 55-

65

18
shown in the caption thus prepared is precxmta.ted by
acidification to pH 1.7, "Melting point: 179°-180° C

Example 3
3-Hydroxy-2-N-[2:N', N'-bis-(carboxymethyl)-aminoe-
thyl]uN~(carboxymethyl)-annnopmpwmc acid
Formula IIa R=H; m=1; Ry=R3=—CH,COOH;
n=1; X-—w—

20.65 g (0.05 mol) of 3-phenylmethoxy-2-N-[2-N',N"-
bts»(carbaxymethyi)-ammoethyl}»ht»(carboxymethyi)-
aminopropionic acid in 200 ml of 1N NaOH and 150 mi
of water is completely hydrogenated in the presence of
38 g of palladinm-carbon catalyst (3% Pd). After filter-
ing out the catalyst and evaporating until dry, the tetra-
sodium salt of the compound shown in the caption is
obtained. Meltmg point: 205° C.

Example 4
3-Phenylmethoxy-2-N-{2'-N'-{2"-N""-bis-(carboxyme-

thyl)-aminoethyl}-N'<{carboxymethyl)-aminoethyl]-N-

(carboxymethyl)-aminopropionic acid

Formitla fa: R=Ph—CHz—; m=1; "
R3—~CH2COOH n= 2 Xz » N—CHCOOH

Ay -Phenylmethoxy—Z’{Z'«(2"-ammoethy1)-ammoe-
thyl{]-aminopropionic acid:

429 g of 3-phenylmethoxy-2-chloropropiopic acid
(0.2 mol) is dripped under agﬁ:anon ifto a solution of
206 g of diethylene iriamine (2 mol) in 400 mi of water.
The reaction mixture is agitated for 40 hours at 50° C.
and then percolated through a colurnn of strongly basic
anion exchange resin. The excess amine is eliminated by
washmg with water:

The product is eluted from the resin with diluted IN
hydrochloric acid. The resulting solution of the trihy-
drochloride of 3—phenyhnethuxy-2‘{2' (2“-ammoethyl)
ammoethyl}ammopmpmmc acid in hydmchlonc acid is
evaporated until dry, the residue is recovered in anhy-
drous ethanol and the crystallized product is filtered.

The product obtained is 62.2 g of trihydrochloride of
3-pheny1methoxy—2~f2’ 2""-aminoethyl)-amincethyl]-
aminopropiornic acid (79:6% of the theoretical amount) -
with a meltinig point of 165° €. (B) 3-Phenylmethoxy-2-
N-IZ'-N' [2-N"-bis-(carbosymethyl}-aminoethyl]-N'-
N'-{carboxymethyl)-
aminopropionic acid:

A solution at 50° €. of 115 g of bromo acetic acid in
413 ml of 2N aqueous sodium hydroxide is added under -
agitation over a period of about 30 minutes to a solution
of 50 g of trihydrochloride of 3»phenyhnethoxy~2»{2 -
" ammoethyl)ammueﬂlyi}-ambympwmc acid in 255
mi of 2N aqueous sodium hydroxide. The pH of the
redction solution is maintained at between 9.8 and 10.2
by adding 2N aqueous sodivm hydroxide. After about 8
hours, the carboxymethylation is complete. The reac-
tion séluﬁqn is percolated thtough a'column, of strongly
acidic cation exchange resin and then rinsed with water.
The product is eluted from the resin with 2N aqueous
ammonium hydroxide. The solution thus obtained is
evaporated until dry, and the evaporation residue is
dissolved in water and brought to a pH of 1.7 with
concentzated;hy,dréamoﬁc acid. The compound shown
in the caption is slowly crystallized as a monchydrate,

Melting point: 118° C. .

Analysis after drying: CH3iN3O0;1: calculated: C
51.45%; H 6,09%, N 8.18%; measured: C 51.28%; H

6.12%; N 8.13%.
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The compound is easily soluble in hot water and
ethanol and very easily soluble in alkali, amines and
aqueous amino alcohols.
* Example §
3-Hydroxy-2-N-[2'-N'-[2"-N",N"-bis(carboxymethy!)-
aminoethyl}-N'-(carboxymethyl)-aminoethyl}-N-(car-
boxymethyl)-ammopropmmc acid
- Formula ITa: R=H-; m==1; R;*R3-—--—-—CH2€OOH,
n=2; X~—>N——CH2COOH
26.6 g (0.05 mol) of 3-phenylmethoxy-2-N-[2-N"-[2"-
N",N"-bis-{carboxymethy]}-aminoethyl}-N'-(carbox-
ymethyl-aminoethyl}-N-(carboxymethyl)-aminopro-

5

10

pionic monohydrate acid in 250. ml of IN sodium hy- !5

‘droxide and 200 ml of water is completely hydroge-
nated in the presence of 20 g of palladium-carbon cata-

lyst (5% Pd). After filtering out the catalyst and evapo-’

rating uatil dry, the pentasodzum salt of the.compound
shown in the, captxon is obtained. Melting pomt 200° €.

_____

wun decomposition.

Example 6

3-n-octyloxy-2-N-[2-N', ’-bis(carﬁoxqutlgyl)-amindé—
thyl]-N-(carboxymethyl)-aminopmpiox}ic acid

Formula Ifa: R=CHj—{CHy)+—; m=1;
Ri=Ry=—CH2COOH; n=1, X=—

(A) 3-n-octyloxy-2-chloropropionic acid:

152 g of metallic sodium is dissolved in 450 g of
n-octanol by heating to 60° C. The sodium octylate
solution thus obtained is reacted at about 50° C. with 94
g of 2,3-dichloromethyl propionate. Processing is

- started after 10 hours. The methyl ester of 3-n-octyloxy-
2-chloropropionic acid thus obtained boils at 115°~117°

C. and 0.1 mbar. It is then saponified by heating with,

methanolic sodium hydroxide, thereby obtaining the
compound shown in the caption.
(B) Chloride of 3-n-octyloxy-2-N-(2-aminoethyl)- ..
aminopropionic acid:

39 g of ethylene diamine is reacted over a period of
100 hours with 1.8 g of 3-n-octyloxy-2-chloropro-
pionic acid in 150 ml of water at 40°~60° C. The excess

20

25

30

40

ethylene diamine is separated as an hydrochloride. The 45

compound shown in the caption is isolated as a hydro-
chloride. Melting point: 187° C.

(©. 3n-octyloxy-2-N-[2-N', N-bis(carboxymethyl)-
ammoet.hyl]-N-(carbuxymethyl)—ammopropiomc acid:

6gof compound (B) in a solution of aqueous sodium’

hydroxide is reacted with 17 g of bromo acetic acid at
50° C.
tained at 9.5-10.3 by addition of 2N sodium hydxomde,
The solution shown in the caption thus obtained is
slightly soluble in water, although easdy soluble in
aqueous alkali. Melting point; 215'

-Example 7

3-methoxy-2-N-[2-N’, N’-bxs{carboxymethyi)»
thyl]—N~(carboxymethyl)ammépropmmc acid

Formuia ITa: R=CHj3—; m==1;
Ri=R3=—~CHCOOH; n=1; X=—

(A) Hydrochlonde of 3-methoxy-2-(2-aminoethyl)-
aminopropionic acid: .
120 g of 3-methoxy-2-chloropropionic acid is reacted
for approximately 20 hours in water at 50° C., with 500
mi of ethylene diamine. The product shown in the cap-

C., with the pH of the reaction solution being main--

65
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tion is crystallized by acidification with hydrochloric
acid. Melting point: 220" C.
B J-methoxy-2-N-[2-N°, N’ »b;s-(carboxymcthyl)-»
mnmoe&yl]»N-{carboxymethyl}«ammopmptcmc acid:

60 g of oomgound A is reacted with 220 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 compound
shown in the caption is precipitated by acidification at
pH 1.7. Melting point: 195° C

 Example 8
3-methoxy-2-N-[2"-N'-{2"-",N""~ b1s~(oarboxymcthyl)

amsnt\s*hvﬁ.m'.( nwknmmnthv’l\_nm1 noeth uﬂ-N..( car-
boxymethyl)-aammopropwmc aczd-

. Formula Ila: Re=CH3ww; m==1;
Ri=R3 *“CHzCOQH’ =22y Xe= > N—CH;COOH

(A) 3~methoxy~2—[2’ (2"methyl) -aminoethyl}-
aminopropionic acid:
‘This compound is obfained by reaction of 3-methoxy-

th!nrg?m?tnnsﬂ acid ‘with 2 1nrga excass of +ﬂnfk‘r'f-

ene triamine at 50° C.
(B) 3-methoxy-2-N-[2"N"-{2"-N",N"-bis-(carboxyme-
thyl)-aminoethyl}-N’'- (caxboxymethyl)-ammoathyl]-N-
(carboxymethyl)vammopmpmmc acid:

"This compound is obtained by reacting compaund A
with bromo acetic acid in the presence of 2N aqueous

sodium hydroxtde at 2 pH of 10. Melting point: 125° C.

Example 9

3+(2,3-dihydroxypropoxy)-2-N-{2'-N'[2"-N",N""-bis-
{carboxymethyl)-aminoethyi]-N'-(carboxymethyl-
)ammoethyll«N-(catboxethyl}ammopropxomc acid:

Formula Ha: R=HOCH;CH(OH)—CH;—; m=1;
Ri=R3=—CHCOOH; n==2;
K= > N~CH—COOH.

{A) 3-2, dehydroxypmpoxy)si-chloroproplomc acid:

*hydroxymethyl—z,z-dxmethylnt 3-dioxolane is re- _
acted 'with LB-d:chimpmpmmc acid to 3-(2,2-dimeth-
yl-1,3-dioxanyl-(4)-methoxy)-2-chloropropionic  acid.
By treatment with hydrochloric acid, the protectxve
group is removed and the compound shown in the cap-
tion is released.

B) 32, 3—d1hydroxypropoxy)—2«N—{2‘-(2”—annnoethy1)
aminoethyl}- -aminopropionic acid:

This compbund is obtained by the reaction of 3—(2 3-
d!hydtoxypropoxy)-z-chlompropiomc acid with a large
excess of diethylene triamine at 50° C.
©. 3, 3-&xhydmxypropaxy)»2~N~[2’~N' [2"-N" N".
bxs»(carboxymethyl)«aminoethyl]~N’~(ca:boxymethyl)-
am1aoethyl]-N-(carboxymethyl)-ammopropmmc acid:

- This compound is obtained by having compound A
react with bromo acetic acid in the presence of 2N .
sodium hydroxide at"pH 10. Meltmg point: 140" C.

Example 10

3-Phenoxy-2-N-{2/-N"-[2""-N",N""-bis-({carboxymethyl)-
ammaethyl}—N’u(carbexymethyl)ﬁmmoethyl]—N-(car~
boxymethyl}ammopmplomc acid

Formula Ila; R ==phenyl; m==1;
R;erz,w«CHzCOOH N==2;
- Xs=>»>N-—~CHy—COOH

(A) 3-(phanoxy-2-N—[2’ (2"-aminoethyl)]-aminopro-
plonjc acid is'obtained in a manner similar to Example
4A by means of a réaction of 3-phenoxy-2~chloropro-
pionic acid with an excess of diethylene triamine.
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(B) Compound (A) is transformed into the compound
shown in the caption at pH 10 with an excess of bromo
acetic acid. Melting point: 175° C
Example 11
3-(3,6,9-trioxadecyloxy)-2-N-{2’-N-[2"-N"",N"-bis-(car-
boxymethyl)-ammoethyl]-N'—(cprboxymethyi)—aminoe—
thyl]-N«(carboxymethyl)—ammoproptomc acid
Formula IIa: R=CH3(OCH2CH2)3—; m=1;
Ri=R3=—CH;COOH; n=2;
X=>N—CH;—COOH
(A) 2,3-dichloropropionic acid is transformed into
3-(3,6,9-trioxadecyloxy)-2-chloropropionic acid with
the sodiuvm compound of 3,6,9-trioxadecane-1-ol.

22

Example 14
N,N'-bis-(2-methoxy-1-carboxy- f-ethyl)-N,N"-bis-(car-
boxymethyl)-ethylene diamine
Formula lla: R=CHs-~; m=1; Rj=—CH,COOCH;

=1; K=
(A) N,N'-bzs-(z‘methoxy-1-carboxy~I‘ethyl)'ethylene
diamine:
A solution of 59.5 g of 3-methoxy-2-aminopropionic

 acid (0.5 mol) and 42 g of sodium bicarbonate (0.5 mol)

in 500 ml of water is treated for 3 hours with 47 g of
1,2-dibromo ethane (0,25 mol) in 400 m} of ethanol.

’ Simultaneously, the hydrobromic acid which is released

(B) 3-(3,6, 9-tnoxadecyloxy)-2-N-[2'-(2"mmnoethyl)- o

ammoethyl}mnopmpxomc acid is obtained from com-
pound A by reaction with an excess of diethylene tnam~
ine, similar to Example 4A. -

(C) Compound B is completely carboxymethylated
according to the method of Example 4B and the com-
pound shown in the caption is obtamed Melting point:
95° C.

' Example 12
N,N"-bis-(2-phenylmethoxy)-1-carboxy-1-ethyl)-N,N'-
bis-(carboxymethyl)-ethylene diamine
Formula IMa: R=Ph—CHy—; ms==1;

=—CH;COOH; n=1; K==
(A) N N’~b1s-(2-phenylmethoxy) 1- carboxy-l—ethyi)-
ethylene diamine:

10.7 g of 3-phenylmethoxy-2-chloropropionic acid

and 41.2 g of the hydrochloride of 3-phenylmethoxy-2-
(2-aminocethyl)-aminopropicnic acid (Example 2A) apd
reacted in the presence of 2N aqueous sodiom hydrox-
ide at 50° C. and pH 10. The compound shown in the
caption is precipitated by acidification at a pH of 6.
Melting point: 210° C.

The same compound can aiso be obtained by the
reaction of 3-phenylmethoxy-2-chloropropionic acid
with ethylené diamine or by the reaction of 3-phenyl-
methoxy-2-amiropropionic acid with 1,2-dibromo eth-
ane. .

14:3] N,N"-bis-(2-phenylmethoxy-1-carboxy-1-ethyi)-
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 2N sodium hydrox- o,
ide at 50° C. and a pH of 9:5-10. The compound in the
caption is isolated by means of acidification and purified
by recrystallization from ethanol, Melting point: 177% C.

Example 13

N,N'-bis-(2-hydroxy)-1-carboxy-1-ethyl)-N,N'-bis-(car-
boxymethyl)-ethylene dismine

Formula Ila: R=H; m=1; R1==—-CH2COQH, n==1;

26.63 g (0.05 mol) of N,N’-bw»(Z-phcnyixn’ethoxy'l-
carboxy-1-ethyl)-N,N"-bis-(carboxymethyl}-ethylene
diamine in 200 ml of 1N sodium' hydroxide and 150 ml
water is completely hydrogenated in the presence of 38
g palladium-carbon catalyst (Pd 5%). After the catalyst
has been filtered out and the compound has been evapo-
rated until dry, the tetrasodivm. salt of the compound
shown in the caption is obtained.

20
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is continually neutralized'by adding an aqueous solution
of 42 g of sodium bicarbonate (0.5 mol) in 500 ml of
water. The solution resulting from the reaction is agi-
tated again for 6-8 hours at 90°-95° C. and then com-
pletely evaporated; the evaporation residue is dissolved
in water and the pH of the solution is adjusted to 4.1; the
compound shown in the caption (14A) is crystallized in
this manner.

CioHzoN0¢ caleniated: C -4545%; H 7.63%; N
10.60% measured: C 45.13%; H 7.64%; N 10.54%.

Melting point: 240° C. with decomposition.

The NMR spectra agree with the structure indicated
by the formula. '

{(B) N,N'-bis-(2-methoxy-1-carboxy~1-ethy)-N,N’-bis-
{carboxymethyl)-ethylene diamine: -

15 g of compound A. is reacted at 50° C, with 30 g of
bromo acetic acid-at pH 10, maintained by continually
adding 2N sodmm hydmmde solution. The compound
shown in the caption is isolated by acidification and

- purified by recrystallization from aqueous methanol and

ethanol. Melting point: 215°°C,
Example 15

N, N’-bxs-(z-(z-phenylethoxy)-i»carboxy— -ethyD)-N,N'-
bw{wboxymethyl)-eﬂlyiene diamine

Formula [la; R=PhCHyCHy—; m=1;
Ri=-—-CHiCOOH; n==l; X=—

‘This copound is obtained from 3-(2-phenylethoxy)-
2-hydroxypropiopic acid through 3-(2-phenylethoxy)-
2-(4-toluengsulfonyloxy)-propicnic acid, 3-(2-phenyle-
thoxyyz-ammopropwmc acid, 3—(2~phenylethoxy) +2-{2-
aminoethyDaminopropionic acid, and N N’»bxs-(Z»(Z-
phenylethoxy)-1-carboxy-1-ethyl}-ethylene diamine,. in
a similar manner as in Examples 14, 2A, 12A and 12B.

- "Melting point: 210° C.

35
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Example 186

N, N'-bis~(2-hydroxy-1-carboxy-{-ethyl)-N,N'-bis-(2-
hydroxyphénylmethyl)vcthylene diamine

Formula IVa:R=H; m=1;n=]; Xe=—; To=—CHp—;
A=B=H; Q=—CH=

(A)  NN'-bis-(2-phenyimethoxy-1-carboxy-1-ethyl)-
N,N’-bis-(2-phenylmethoxy-phenyimethyl)-ethylene
diamine:

N,N%brso-(l«phenylmeﬂmx%1'carboxy- -ethy})-ethy-
lene dxamme, prepared actording to Example 24, is
reacted in ethanol in the presence of 2N NaOH at a pH
of approximately 10 and at 40°-80° C. with 2-(phenyl-
methoxy)-phenyl-methyl chloride.

{B) N,N"-bis-(2-hydroxy-1-carboxy-1-ethyl)-N,N-bis-(2-
hydroxyphenylmethylj-ethylene diamine:
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This compound is obtained by catalytic hydrogena-
tion of A in a manner similar to that of Example 13,

Example 17

. N,N'-bis-(2-methoxy-1-carboxy-1-ethyl)-N,N'-bis-(2-
hydroxyphenylmethyl)-ethylene diamine "

Formula IVa: R=CHj; m= Lin=1; T== —CHy;
A=B=H; Q=—CH= X=

Into a hot solution at 40° C. of 26.4 g of N, N’-bxs-(2~
methoxy-l-carboxy—l»ethyl)-ethylene diamine (0.1 mol)
in 95 ml of ethanol and 100 ml of 2N agueous sodium
hydroxide a solution of 49.5 g of 2-acetoxy-phenyl-
methyl bromide (0.216 mol) in 195 ml of ethanol is
dripped for about 2 hours, ad_]ustmg the pH, and 211 ml
of 2N aqueous sodium hydroxide is dripped for about 9
hours. The pH is maintained between 9. 8 and 10 by
controiling the addition of NaOH.

Then the product is extracted with ethyl ether, the
pH is adjusted to 8 by adding hydrochloric acid, and the

product is extracted again with ethyl ether, The aque-
ous phase is evaporated to an oil. The residue is placed -

in water and acidified with hydrochioric acid. The
precipitated raw product is dissolved in-diluted sodinm
hydroxide; the solution is. adjusted to a pH of 5 and
purified by fractionation on an adsorbent made of a

5
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polymerized acrylic ester base. The compound shown -

in the caption, which is precipitated by acidification
with hydrochloric acid at pH of 1.8, melts at approxi-
mately 140° C. )
CaHxN»O3 calculated: C 6049%, H 6.77%; N
5.88%; measured: C 60.61%; H 6.47%; N 5.87%.
The NMR spectra agree with the structure indicated.

Example 18

N.N"-bis~(2-hydroxy-1-carboxy-Lethyl)-N,N'-bis-(2-
hydroxyphenylmethyl)-ethylene diamine

30
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Farmuxawa R=H; m=1; n=1; X=—; T=—CHy—; °

=B=H; Q=—CH=

A mixture of 4.7 g N,N'-bxs—(2-methox3ul»t:m'bo:;y-l~
ethyD-N,N -bxs-(Z-hydroxy-phenylmethyl)—ethylenedm—

mine (Example 17), 16 g trimethyl silyl jodide (0.08

mol), 6.32 g pyridine (0.08 mol) in 10 ml of chioroform
is stirred at room temperature overnight, under nitro-
‘gen. The reaction mixture is filtered and the solvent
evaporated in vacuo. The residue is poured in water
giving a solid that after purification by chromatography-
furnishes
NN -bxs-(z—hydroxy-phenylmethyi)'ethylene diamine.
Example 19
N,N'"-bis-(3,6,9, 12-tetraoxa-1-carboxy-1-tridecyl)-N,N’-
bis-(2-hydroxyphenylmethyl)-ethylene. diamine -
Formula IVa: R=CH3(OCH;CHy)3-—; m=1;
T=-—CHj—; n=1; X=wm; A=Be=H; Q=—CHzz=

(A) 3-(3,6 9-moxadecyloxy)-2-ammopropxomc acid
This product is obtained with a melting point of
184°-185° and a yield of 70% by treatment of 3-(3,6,9-

moxadecyloxy)-z-clﬂoroproplomc acid (Ex. 11A) with 60

25% ammonia {1 mol/3.5 mol) at 115° C. for two hours
and removal of the salts by passage thxough an ionm
exchange resin columm.
(B) N,N'-bis-(3,6,9,12-tetraoxa-~1-carboxy-1-tridecyl)-
ethylene diamine

3.2 g (17 mmol) of 12.d1bromo ethane in 27 ml of
ethanol and 2.85 g of sodium bicarbonate.in 30 m! of
water are dripped simultaneously into a solution of 8.5

40
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g (34 mmol} of ptoduct 19A} and 2.85 g (34 mmol) of
sodium bicarbonate in 35 m! of water, agitated at 50° C.
After mamtauung the-mixture 4t 90° C. for 2 hours, the
ethanol is removed and the remaining solution is passed
through an acidic-type cation exchange resin. The title
compound is evaluated by aqueous ammonia. The elu-
ate obtained produces by concentration and crystalliza-
tion from ethanol N,N'-bis-(3,6,9, I%tetraoxa—l»car-
boxy- l~tndecy[)»ethylene diamine with a melting point
of 192° C.

©

The product of Example 19(B) is treated with. 2-
acemxyphenylmethyl bromide in the same manner as
described in Example 17, to obtain N,N'-bis«(3,6,9,12-
tettaoxa-l-carboxy-l-mdccyl)-N N'-bis«(2-hydroxy-
phenylmethyl)-ethylene diamine. Melting point 190° C.

. Example 20

' 4-methoxy-3,3-dimethyl-2-N-[2-N",N"-bis-(carboxyme- -

thyl) armnQethle»N-(carbcxymethyl)mnnobutync
acid

Formula ITa; R=CH3—;
—{CH)py=:~CHaC{CH )2
Ry=Ry=—CH3COOH; n={; X=—

(A) 4~methoxy-3,3-dxme:hyl-Z-N«(Z«ammoethyl)

aminobutyric acid

From 3-hydmxy«2,2-dxmethyl pmpmnaldehyde, 4-
methoxy-3,3-dimethyl-2-aminol butym: acid is prepared
by the conventional method. From the latter, by reac-
tion with an excess of chioro acetomitrile in dimethyl
acetamide, 4-methoxy-3,3-dimethyl-2-N-(cyanome-
thyl)-aminobutyric acid is. obtained. By hydrogenation
in the presence of a palladinm-carbon catalyst and in the
presence of ammonia, 4-methoxy-3,3-dimethyl-2-N-(2-
aminoethyl)-aminobutyric acid is obtained.
(B) 4-methoxy-3,3-dimethyl-2-N-{2'-N’,N’-bis-(carbox-
ymethyI)»annnoethyl]«N-(ca:hoxymethyl)-
aminobutyric acid

The product of Examgle 2OA is completely carbox-
ymethylated with bromo acetic acid and the compound

" shown in the caption is thus obtained. Melting point:

45

N'-bis-(2-hydroxy-1-carboxy-1-ethyl)- - A

50
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155* C.

. Example 21
3-methoxy-2-N,N-bis-[2-N',N"-bis-(carboxymethyl)-
aminoethylJaminopropionic acid
Formula Va: Re=CHys m=1; n=1; X<,

= R3== - CH;COOH
(A) 3-metkoxy-2-bromq—propibnit@i1& (0.1 mol) is
reacted in dimethyl acetamide (DMA), at 100°-125" C.
and in the presence of potassium carbonate with 0.13

‘mol of bis-(2-acetylaminoethyl) amine. The 3-methoxy-

2-N,N-bis-(2-acetylaminoéthyl)}-aminopropionitrile ob-
tained is saponified in ethanolic sodium hydroxide, with
the ethanol being gradually distilled and substituted step
by step by water. B-methcxy-%N,N—bxs«(Z-ammoethyl)—

. aminopropionic acid is thus obtained’

65

(B) 3-methoxy-2-N,N-bis-(2-aminoethyl)-aminopro-
pionic acid is subjected to complete carboxymethyla-
tion with an excess of bromo acetic acid and in the
presence of sodium hydroxide at a p}i of appwxxmately
10. The conipound shown in the captzen is thus formed.
Melting point: 170° C.
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(B) The ethyl ester of 4-methoxy-3,3-dimethyl-2-
Example 22 bromo-butyric de 0:1-mol) is reacted in anhydrous
4-methoxy-3,3-dimethyl-2-N,N-bis.[2-N’,N'-bis-(car- dimethyl acetamide, at 100°~125°-C. and in the presence
boxymethyl)-aminoethyl}-aminobutyric acid of potassium carbonate, with 0.13 mol of bis-[2-N,N-bis-
Formula Va: R=CHs—; 5 (ethoxycarbonylmethy})-ammoethyl}amme The ethyl
-(CHz)m—=~C1iz~é(CH3)z~' 1;3 12 X sz ot ester of 4-methoxy-3,3-dimethyl-2-N,N-bis-[2-N',N’-bis-

R1=R3=——CH2COOI"I; ’ ? . (ethoxycatbonylmethy})»ammoethyl} aminobutyric

acid is saponified by heating in ethanolic sodium hy-
{A) 4-methoxy-3,3-dimethyl-2-hydroxy butyric acid  droxide, and the compound shown in the caption is
is prepared by conventional methods from 3-hydroxy- 10 obtained.
2,2-dimethyl-propionaldehyde and from that compound Melting point: 175° C.
the ethyl ester of 4-methoxy-3,3-dimethyl-2-bromo- In a similar manner, the polyammo.polycarboxyhc
butyric acid is obtained. acids listed in the following tables are obtained.

Polyamins-polyearboxylic acids according to formnla Oa:

No. R R| Ry ) o m a X
1 CH3y(CHpy— ~CH;COOH ~~CH2COOH" 12 N
N~CHzCOOH
d
2 CH3(CHpo— —CHyCOOH ~CHC00H 1 2 N
: N--CH,COOH
/7
3 CHyCHu=~ —CH;COOH '~ CHCO0H 1 2 N
N—CH;COOH
s .
4 CH3(CHp)1s— —CH;CO0H ~CH;COOH 1 2 —(OCHCHpy—0=—
S Ph—CH;—CH;— ~CH;CO0H —CHCO0H 2 2 N
N=-CHyCOOH
/
6  4-Chlor-Ph=CHy— © e—CHZCO0H —CHCOOH R
- 7 Phe~CHy~ ~CH(CH;COOH —CH(CH)COOH 1 1 —
8  Ph—CHy— ~CH(CH)COOH ~—CH(CH)COOH 1 2 §
9  Phenyl-{=Ph~) ~CHCOOH —~CH;COOH T -
10 4HOOC—Ph— ~CH,COOH —CH,COOH SN
N--CH,COOH
e
1l CHy(OCHZCHg).yy= ~~CH3COOH ~—~CH;COOH R -
12 CHi(OCH2CH2).. 11 ~CHCOOH =~ HCOOH 2 1 -
13 HO~CH;O(CH;0H;CHy—  ~—CHaCOOH ~CH;CO0H 2 1 -
¥ HOCH;CH—CHz).g~  —CH2CO0H —CHCO0H 2 1 -
OH
15  HOCHHCHOH)CHy— «=CHCO0H ~CH;COOH - 1 2 N
T N—~CH;CO0H
e
16 HOCHpCHOH)CHy— ~=CH2COCH e CHCOOH 2 2 N
. ’ N—CHzCO0H
v
17 CH3y(QCHCH)s - CH2CO0H ~CHaCOOH ¥ o2 N
: N~CH;COOH
e

W = ~(CHpy = ~~CHy~(CH3)y™
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Polyamino-polycarboxylic acids according to formula 1a
No. R Rt  m a X
I CoHs— —CHCO0H 1 2 s
2 (CH3npCH= —CHCOOH 1 1
* N=CHzCOCH
'
3 Ph—CHp— —CH;COOH - ' 2 o
4  H(OCH;CHz)g— —~CH;CO0H ) 2 o
5 CHyOCH;CHz)y~— —~CHyCO0H ) 1 .
6  H(OCH;CHy)p~ ~CH,COOH 1 1 -
7  H(OCHCHj)— “CHCOOH 1 2 N
N—CH;COOH
7
.8 H(OCH;CHau— ~CHCOOH "1 1 -
9 H(OCH;CHy. 11— —CH;COOH 2 ° 2 N
N--CHCOOH
Ve
10 HOCHNCHOH}CHy—~  —CHyCOOH 1 1 —
11 HOCHy(CHOHNCHz—~  —CHCOOH 2 2 N
. N—CH;COCH
/7 .
Wam ~={CH)y = ==CHy=C(CHy)~
Polyamino-carboxylic acids aceording to formala IVa
: Pagsition , .
No. R T ) of ~OH Q A B. m a X
1 H —CHy~ 2 ~CH® 30H~ H '
2 H - ~(CHp)y= 2 CH== 30H— H [
3 H —CHy 2 —CH= H SHOS@z~ "1 1
4 HOCHCH(OH)CHz— =~CHj= 4 —CH= H H TR
S  CH3OCH;CHz— “CHy— 2 ~CH= H . H 201 -
6 CH3(OCH;CHyCHp)4~ —CHy— 3 . -—CH®= H 5CHO=~ 1 }
7  CH;0~CH;CHy— - =CHy— 2 —~CH= 30H~ H RN G-
8 CH3OCH;CHy— ~CH(COOH)~ 2 —~CH= H H 2 2 ©
9  CH3OCH:CHy— ~—CH—~CHy— I -=CH= 4Cl= H R T
COOH
10 CH30CHCHy—~ 4-CHy~ 3 =N= CHy SHOCH;~ 1| | -
11 CH;OCH;CHy~ 4CHy~ 3 =Nz 2CH;—  SHOCHy~. 2 2 O
12 CH3(OCH;CHz)3— 4-CHy=~ 3 | =N= 2CHy~- SHOCH;~ 2 2. O
13 CHy(CH)u~— ~CHy— 2 ~CH= 4HOOC—~ H - 1 2 0O
Polyamino-carboxylic acids acourding to formuls IVa T = —CHy=s )
Position ' - ' ’
No. R of ~OH Q A B m 8 X
14 ° CHz— 2 —CH= H H -CHIC(CH )~ 1| —
15 H(OCHCH)r— 2 ~CH= H H ~CHIO(CHI~ 1| —~
16 HOCH;CH(OH)CH;~ 2 ~~CH== H H ~CHCICH 3~ 1 —
17 CH3~ 2 ~CH= 5CH;0— H ~CH;C(CHz)z~ 1 —
18§ Hee 5 ©ON= 4-CHy  6CH0H  —CHyC(CHyly— .1 —
19  Ph~~CHy=~ ] IN== 4CH; 6CHOH —CHiC(CH3)y— 1 -
Polyamino-polycarboxylic acids according to formula Ila
No. R Ry B3 '“(Gﬁg')u*‘x“'(Cﬂz)n“ m
1  PhCHy— “—CH;COOH  —CH;COOH —~CH~CH— t

]
CH; CH3
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-continued
Polyamino-polycarboxylle acids according to formula Tla :
No. R Ry Ry- —[CHYy—X~(CHp)y— m
2 CH3(OCH;CHz)¢— =—CH2CO0H ~CH)COOH —CH: Com ¥
{CHz)e
3 CHj~ -CH;COOH  —CHCOOH o CHom CH 1
CH;;\CH:,
4 DEGL-— ~CH;COOH  ~~CHCOOH - CHeCH 1
A CH3 CH3
DEGL = | deoxy-t-glucityl=
M (CHyhm = ==CH;™C(CH )~ .-
Polyamino-carboxylic acids according to formuls 1lla
No. R © Ry ~(CHa)y==X={(CHp)r~_ =
1 CHz— —CH:COOH o o (S e t
i
CH3; CHy
2 CHy —~CH,CO0H e CH 2
CH3 CHy
3 CHy~ —CHyCOOH —CH- CH— M
N
{CHae
4 Ph~— ~~CH;COOH et Cm—’ - S 1
N/
{CH)4
S CH3(OCH;CHa)g~ ~CH;CO0H —CH~CH— »
i1
CH; CHa

3 (CHa)p = == CHy==C(CH3)™

Polyamino-carboxylic acids according to formuta Va

No. R . Ry ‘Ra m n X
1 Ph— . ==CH;COOH -—CH;COOH 2 02
N-+~CH3COOH
VAN
2 Phe N ~CH;COOH  =~CH3;COOH 32 N )
N-~CH;COOH
Ve N
3 CHy— —CHCOOH 2HO~~PH~CHy~ 2 .1 -
4 CHz~ —CH;COOH  23-(HORPh—~CHy~— 2 | -
5 PhCHp— . ~CHCOOH =~CH3COOH 11 —
$  4HN—Ph—CHy— =—CH;COOH ~CH,COOH - »og -
7  CH}OCH;CH)¢~ —CH:CO0H ~~CHCOOH P —
W = “{CHp)p = ~CHy=C(CHy~
i Example 23
0 Complex manganese compoungd of

. A B 3-phenylmethoxy-2-N-{2-N’,N'-bis-(carboxymethyl)-

Preparation of the complex compounds according to aminoethyl]-N-(carboxymethyl)-aminopropionic acid
general formula I (or formulas 11 to V, respectively) Formula I Me@+)=MnC+) b=2: Be2EE
from the polyamino-polycarboxylic acids according to o m,o‘tgﬁ‘h . fl ol Ry R O ZCH’ .
general formulas Ia (or formulas ITa to Va, respectively) 65 &=ri—tta— m=1, ‘;‘_‘_')_1*» 1=R3=—~CH,COO(~;
which are the basis of these complex compounds and of Z=~) R
ready-made solutions for use as contrast-enhancing 45.2 g of 3-phenylmethoxy-2-N-[2-N' N'-bis-{carbox-
substances according to the invention. . ymethyl)-amincethyl}-N-(carboxymethyl)-aminopro-
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pionic acid .(=the compound shown in the caption of
Example 2) (0.119 mol) and 13.67 g of manganese car-
bonate {0.119 mol) are heated in 1100 ml of water at
100° C. under ag:tauon After about 20 minutes a pink-
ish-red solution is formed which loses color cmnpletcly
_ after an additional 10 minutes. The reaction mixture is
" maintained at about 160° C. for one and one-half hours,
then filtered until clear and evaporated in a vacuum
until dry. The complex manganese compound thus ob-
tained melts, jn a dehydrated condition, at 156°~158° C.

Analysis of. the dehydrated compound'
CisH22MnN»Og; calculated: C 4646%, H 4.76%; N
6.02% Mn 11.80%; measured: C 45.82%; H 4.81%; N
6.11%, Mn 11.52%.

Example 24

Salt of tris-(hydroxymethyl}-aminomethane (TRIS) of .

the cemplex manganese compound shown in Example
23

Formila H: Me@+)=Mn@+); b=2;
EG+H) =2 (H3N-—~C(CH,0H)3) +; R = Ph—CHz~—;
m=1; n=1; Ri=R3=~—~CHyCO0(—); Zz=(~); X

To a hot solution, at 60° C., of 28 g of tris-(hydrox-

15
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ymethy!)-ammomethane -in 500 ml of double-distilled 25
water suitable for injection is added, under agitation, *

41.28 g (0.1 mol) of 3-phenylmethoxy-2-N-[2-N’,N"-bis-
(carboxymethyl)‘aminoethyl}-N-(catboxym’ethyl)-
aminopropionic acid. The solution thus obtained is
* treated with 11.48 g of manganese carbonate (0.1 mol)
and agitated at 60° C. until completely dissolved. The

clear solution is diluted with 1000 m! of double-distilled

.water and then filtered under sterile conditions.

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

UV spectrum: lambda max. =256 nm; epsilon==239.

The sterile clear solution is cooled to —30° C. and
then freeze-dried at 0.01 torr-and +4-28° C. The freeze-
dried product is filled under sterile conditions into 14
serum vials. When it is to be used, the solution is recons

stituted by injecting it with 10 ml of doubledistilled

water. The amount of solution obtained is a sufficient
amount of contrast-enhancing agent for nuc!cax’spm
tomography of one adult.

Example 25

N-methyl-glucamme salt of the complex manganese .

compound according to Example 23

Formula [I: Me@+)=Mn@+); b=2;
E(b+)~2.(CH3NH2CH2(CHOH)5H)+
R=Ph—CHp; m=1; n-—l Ri=R3:==—CH:CO0(-)

== I —

(A) A suspension of 206. 4 gof 3—phenylmcthoxy-2-N~
[2-N',N -b1s~(carboxymethyl)-ammoethyl}l\l-(carbcx-
ymethyi)-ammopropmmc acid (0 5 mol) in 600 ml of
double-distilled water is treated in portions with 204.6 g
of N-methyl~D-glucammc The solutipn obtained with a
pH of about 5, is slowly treated, under agitation, with
200 mi of a 2.5 molar solution of manganese chloride

(0.5 mol). Each time a gaseous prec:pltate is formed 60

which begins to dissolve under agitation. After the
entire MnCl; solution has been added, the pH of the
solution is brought to 6.5-7.0 by the addition of N-meth-
yi-D-glucamine. The solution is diluted to a volume of
1000 ml and filtered in sterile conditions.
- UV spectrum: lambda max.=225 nm; epsilon=235.
(B) The same complex salt is also obtained in the
following manner: 46.5 g of the complex manganese

35
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compound obtained according to Example 23 is dis-
solved in 600 ml of double-distilled water and a solution
with a pH of abcut 2 is obtained. The pH of the solution
is then adjusted 10 6.5-7.0 by addmg N-methyl-D-gluca-
mine. The solution is diluted to a volume of 1000 miand
filtered in sterile conditions.

UV spectrum: lambda max. =225 nm; epsilon=235.

" The solutions obtained according to (A) or (B) can be
used to enhance the contrast of the images obtained by
nuclear spin tomography
Dosage:

Solution A-—-apprqmmatety 15 ml

Solution B~—approximately 70 i

Example 26

The sodmm salt of the complex gadolinium compound
of
3-phenyl~methoxy-2~N-{2’-N’ {27 -N",N"-bis-(carbox-
ymethy-amirioethyl}-N'-(carboxymethyl)-aminoe-
thyl}-N-(carboxymethyl)-aminopropionic acid

Formula IE: Me©@+H)=GdG+); b=2; E(-H=2 Nal+);
Z=(); R=Ph—CHp~—;m=1; n=2;
Ry ==R3=-~CH:COO( “Yy X= )NwCHzCOO(‘-)

16 g of sodium hydroxide is gradually added to a
suspension of 53.15 g of 3~pheuyime&xoxy-2«N-{2’- i
2" N"N’-bw{carboxymethylhxmnwthyl}N {car-
boxymethyl)—ammoethyl]«Na(carboxymethyl)~ammo~
propxomc monohydrate acid (the compound shown in
the caption of Example 4) in 500 ml of double-distilled
water. The solution obtained is slowly treated under
ag:tatmn with 200 ml of a 0.5 molar solution of gadolin-
ium chioride and. szmultamusly with-as much of 2 2N
solution: of sodium hydroxide as is needed to maintain
the pH of the reaction solution between 4.5 and 6.0

Onge the addition of gadolinium chioride is com-
pleted, the pH of the solution Is adjusted to 6.5-7.0, the
solution is diluted to 1000 ml and filtered in sterile con-
ditions in a nitrogen atmosphere.

UV spectrum: lambda =256 nm; epsilon=220.

The solution is transferred into serum vials in sterile
conditions or is freeze-dried.

Dosage: 20-200 mi (02-2.4 ml per kg of body
weight).

Example 27

TRIS salt of the complex gadolinivm compound of
3-phenyl-methoxy-2:N-[2'-N'-[2"-N" ,N’*-bis-(carbox--
ymethyl)-munaethy}}aN {carboxymethylyanunoethyl]- ’
N-(carboxymethyl)-aminopropionic acid

Formula IT: Melo+)==Gd3+); b=2;
Bé+)= 2.(H3NC(CH§0§Q3)+ Z={~}; R=Ph—CHy;
m=]; n--2 R{mR;{ﬁ«CI‘hCOQ(")
>N—CHzCO0(-)

28 g of TRIS i mdually added to a suspension of
5315 g of 3-phenylmethoxy-2-N-[2"-N"-{2"-N",N"-bis-
{carboxymethylj-aminoethyl]N'-{carboxymethyl)~
ammoethyl]vN-(catboxymethyl)-mnopmpmmc Jacid
in 500 ml of double-distilled water suitable for injection.

The solution obtained is slowly treated under agite-
tion with 200 ml of 2 0.5 molar solotion of gadolinium
chloride and simultaneously with TRIS {=tris-(hydrox-
ymethyl)-aminomethane), in order to maintain the pH
of the solution between 4.5 and 6.0. After the entire
quantity of GdCl; has been added, the pH is adjusted to
6.5-7.0 by adding TRIS, the solution is diluted to 1000
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ml, filtered in sterile conditions and transferred to serum
vials or freeze-dried.
UV spectrum: lambda=256 nm; epsilon=208.

Example 28 5

Serinol salt of the complex gadolinium compound of
3-phenylmethoxy-2-N-[2/-N"-[2"-N",N' -bis(carbos-
ymethyl)-aminoethyl}-N'-(carboxymethyl)-aminoe-

thyl]-N-{carboxymethyl)-aminopropionic acid

Formula II: Me@+)=GdB+); b=2;
Bo+) =2, (HzNCH(CHzOH)z)(+)' Z=(—)
R=Ph—CH;— m=1; n=2; Rt~—R3-—-CHzCOO(")
X= >N——-CH2COO(‘

The preparation is similar to that of Example 27 wnth 15
the TRIS being replaced by an equimolar amount of
serinol (=1, Sdmydroxy-z-amxnopropane)

UV spectrum: lambda =256 nin; epsilon==232. -

Example 29
nithine salt of the complex gadolinium
compound of
3-phenylmethoxy-2-N-[2'-N'-[2"-N"",N"-bis-(carbox-
ymethyl-aminoethyl]-N'-(carboxymethyl)-aminoe-
thyI]-N-(carboxymethyl)-ammopmpmmc acid’

Formula IL Mc(“*‘)-—GdG‘H- be=2;
E0b+)=2, (H;N(CHﬂﬁH(NHﬂCOOH)(H Z=(-);
R= Ph——CHz——-, m=1; n=2; R1=R3= ~CH2COO(-')
>N-—-CH2COOC-')

The preparanon is similar to that of Example 27, with 30
the tris being replaced by an equimolar amount of L-
ornithine. The corresponding lysine salt i 1s obtamsd in
the same manner.

20
The

e L-orm
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Example 30 35

The N-methylglucamine salt of the complex iron
compound
N,N'-bis-(2-methoxy-1-carboxy-1-ethyl)-N,N'-bis(2-

. B

34
kept between 5 and 7 by adding the N-methylgluca-
mine. The solution immediately turiis to an intense red.
color.

After the full amount of the second solution has been
added, the pH of the solution is adjusted to a value
between 6.8 and 7.2 by means of N-methylglucamine; it
is diluted to 100 ml with water “for injection” and fil-
tered through a 0.22p filtering membrane under nitro-
gen pressyre.

UV spectrum: lambda max. =275 nm-—epsilon 12300;
lambda max.=485 nm—epsilon 3780, ‘

In a manner similar to that described in the preceding

vt #ham ~8 A1 H-u.
EAMI}I}“ 23’30, (22 &UMPWA wuu&puuuus i all

compounds described in Examples 1 through 22 and
isted in the tables on pages 48 through 52, are obtained
with ferrobs chloride, ferric chloride, gadolinium chlo-
ride, manganese chloride or with their carbonates or
basic salts,

Table 1 lists data on the relaxation effectiveness and
stability of some of the complexes according to the
invention as compared with the complexes representing
the current state of the art relative to the corresponding
paramagnetic ion.

‘The symbols have the following meanings:
EDTA=FEthylene diamine tetra-acetic acid;

DTPA =Diethylene triamine penta-acetic acid

EHPG=Ethylene  diamine-N,N"-bis-(2-(2-hydroxy-
phenyl)-acetic acid;

B 18950==3-phenylmethoxy-2-N-[2-N',N"-bis-(carbox-
ymethyl) ammcethyll—N-(carboxymethyi)-ammopro-
pionic acid;

B 19030==3.phenylmethoxy-2-N-{2"-N"-[2"-N",N"-bis-

{carboxymethyl)-aminoethyl}-N'-(carboxymethyl)-

anunoe&yl}-—N{aarboxymethy1)~ammopropmn1c

acid;
19040==N,N'-bis-(2-methoxy-1-carboxy-1-ethyl)-

NN ’~bis-(2-hydroxyphenyl)-methyi)—ethylme di-

amine.

TABLE 1

STABILITY, AND SPECIFIC RELAXIVITY* OF PARAMAGNETIC COMPOUNDS IN WATER

AND N RAT PLASMA - 20 Mz, 40

SPECIFIC RELAXIW‘I’Y
STABILITY CONSTANT (zstandard. deviation) RELATIVE®*

COMPLEX OF THE COMPLEX {mmol - s)*‘ 1 SPECIFIC RELAXIVITY
Mi (log . unit) IN WATER INPLASMA IN WATER IN PLASMA
Mn-EDTA 14.0 3.63 (:£0.10) '5.29 (0.04) 1
Mn-B 18950 13.4 298 (=0.11y  8.18(20.32) . 0,82 1.55
Gd-DTPA 2.7 390 (=0.00) 460 (0.0 3 i
Gd-B 19030 1.0 5.88 (£0.05) * §.58 (£0.05) 1.51 1.B6
Fe-EHPG 33.9 107 (£004) L35 (:£0.04) 5 -1
Fe-B 1195040 37.1 103 (+001) 1 40(&:003) 0.96 l 04
*Expressed ay'the sngular coefficient (b) of the regression line (y —~ & = bx} which 5 xhe ate of Tongitudi ion (y),
of the solution with the Lof the p plex (x), The line v "y inthe: tmn mterwl berween
0.1 and 5.0 mmol A,

**Expressed as the ratio of the spe ivity of the ¢l d complex and the specific refasivity of the respanding ref

. complex.

hydroxyphenylmethyi)-ethylene diamine

Formula IVa: Mel@+)=Fel3+); be=1;
E(’H-)—(CHsNHzCHz(CHOII)4CH20PI)(+)
R=CHj—; m=1; n=1; T=—CHy—; A=B=H;
Q=elCHry Zz=(—-)

To a suspension of 3.336 g of N,N’-l.nsn(z-methoxy—l-
carboxy-1-ethyl)-N, N’-bxs-(Z-hydroxthenylmethyl)—
ethylene diamine (7 mmol) in 50 m} of water “for injec-
tion”, 14 ml of an aqueous 1M solution of N«methyL
glucamine is added with which the product is pat in
solution. To the solution prepared in this manser,
whose pH is about 7.3, 7 m! of a 1M solution of ferric
chloride (7 mmol) is added and the pH of the solution is

65

From a comparison of the specific relaxivities (ratio
of the effectiveness and the molar concentration of the

60 complex), it-is clear that substantial progress with re-

spect to known compounds can.be obtained in plasma
with the manganese and gadolinium complexes of the
invention.

While the effectiveness of the iron complex is not
s:gmﬁcant}y different from that of the reference com-
plex, its stability level is higher and it exhibits, more-
over, important hepatotropic properties in animal ex-
periments (rabbits).
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This is indicated by the fact that excretion takes place
to a large extent through the biliary system (35% excre-
tion through the bile ducts versus 24% through the

urinary tract in the first eight hours after LV. 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-EHPG, a compound which represents the current
state of the art in this particular field (Jron EHPG asan
Hepatobiliary MR Contrast Agent: Initial Imaging and
Biodistribution Studies, R.B. Lauffer et al,—Journal of
Computer Assisted Tomography 9(3):431-438 May--
June 1985, Raven Press; New York) was tested under
the same conditions and showed a decisively lower
level of hepatotropism (biliary excretion 8%) and less
protein binding, i.e., below 20%. -

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

TABLE 2
DI, 50 in tag/kg mouse .
Tolerance intravenous oral
—3dCly 72 (62-85)
DTPA.GAG+) 2628 (2448-2826)
B 19030.Gd3+) 3873 (3726-4026)
- .MnCly 36 (31-40) 1032 (965-1115)
DTPA.Mn(z“') 767 (692-852) 6650 {6127-7216)
B 18950Mn2+} 1177 (1089-1270) 8329 (7631-9074)
Explanation:

B mso GdP+) = N.methyl-D-glucanine salt
DTPA-Mn*) = Nomethiyl- -D-glucamine salt

auoso.mﬂﬂ Nemethyl-I> i 25.

Table 2 shows that by complexing paramagnetic
heavy metal ions with polyanuno-polycarbaxyhc acids
‘according to the invention, substantial detoxification is
obtained and relatively tolerable complex heavy metal
compounds are formed.

This demonstrates that the complex heavy metal .
compounds of the invention according to formula I are
endowed with the necessary characteristics of contrast-
enhancing agents for nuclear spm tcmography imaging.

We claim: -

1. A compound having the formula

(6~
S—'('ZH-—COOZ N
N,

7N
Ry Ry

Mela+) E@®+)

wherein:

ais2o0r3;

b is an integer from 0 to 4;

Me(+) is Fe@+), FeG+), GdG+), or Mn+)

EG+) is ‘one or more physiologically biocompatible
cation of an morgamc or an organic base or amino
acid, said cation tepr&sentmg a total positive charge
of b units;

8 is the group —A-O-R wherein;

A is —(CH3)mp—; —CHy—C(CHa)2—;

m is an integer from 1 t0 § '

R is H; linear or branched alkyl of 1 to 8 carbon atoms,
said carbon atoms being unsubstituted or substituted

by one or more hydroxy group; aralkyl of 1 to 4 65

aliphafic carbon atoms; phenyl or phenyl substituted
by halogen, amino or hydroxy; (poly)-oxa-atkyl of 1
to 10 oxygen atoms and from 3 to 30 carbon atoms;

36
Ry is —CH3CO0Z; —CH(CH3;)COO0Z; -—{CHz.
Ya—N(CHCOOZ); hydmxy-m:ylalkyl radical, in
which the aryl radical is unsubstituted or substituted
by hydroxy; .
Rzis 7—-CH2CODZ: —CH(CH))COOZ; -

P
“‘(Cﬂz)n“‘x“"(ﬂﬁz)u"’l“§
Ry

wherein

R3 is —CH,C00Z; —CH(CH3)COOZ; a monovalent
‘radical having the stricture S—CH—COOZ;

X is a direct chemical bond; —~O—; «-S; —~NH-—;
-~N-—-CHzCOOZ ~—-N~—CH(CH3)COOZ

u is the integer 2 or 3, with the proviso that when X is’
-a direct chemical bond; nis 1, 2 or 3;

0 Z is H or a negative charge.

25

30

2. The compound according to claim 1 wherein -
Melo+) is GAB+),

3. In 2 media for NMR contrast magxng which con-
tains an agent for mﬂnencmg relaxation time, the jm-
provement which comprises said agent being a com-
pound according to claim 1.

4. The compound of cla:m 1 wherein

S*—’CH"COOZ
N
VAN
R Rz

is selected from the group consisting of

s 3-hydroxy-2-N-[2"-N'-[2"-N" N"- bxs«(carbnxymethyl)

43
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ammoemyl]-N’-(wboxymethyl)-ammeethyl] N-

" {carboxymethy!)-amino-propionic acid,
3-phenylmethoxy-2-N-[2'N"-{2"-N"N""-bis-(carboxyme-
thyl)-aminoethyl}-N’-(carboxymethyl)-aminoethyl}-

N{catboxymthyl)—ammpmpxomc acid,
-methoxy~2-N,N-bzs{2’- N'-bis-(carboxymethyl)-

aminoethyl]- ammopmpzomc acid,

3-phenylmethoxy-2-N,N-bis-[2'-N',N'-bis-(carboxyme-
thyl)-ammoethyl}-ammopmpwmc acid, - :

4-(3,6,9,12,15-pentaoxahexadecyloxy)-3,3-dimethyl-2-
N{2-N'-[2"<N" N".bis-(carboxymethyl)-aminoe-
thyl}-N'-carboxymethyl)-aminoethyl-N-(carboxyme-
thyl)-amino-butyric acid, .

4-(3,6,9,12,15-pentaoxahexadecyloxy)-3,3-dimethyl-2-
N, N»bls—[2’-N’,N’-bts«(catbomeethyl)~ammoethyl-
Jamino-butyric acid, |

3-hydroxy-2-N-[2-N';N '-bm-(ca:boxym@thyl)—amxnoe-

. thyl]—N—(carboxym@thyl)-ammmpmpmmc acid,

3-phenylmethoxy-2-N-{2"-N’,N*-bis-(carboxymethyl-
)amnnoethyl}~N-(carbaxymethyl-«ammo-propmmc
acid,

3-octyloxy-2-N{2'-N', ~bm»(carboxymethyl)—ammoe-
thyl}-N-(carboxymethyl)-amino-propionic acid,
N,N'-bis-(2-hydroxy-1-carboxy-1-ethyl)-N,N'-bis-(car-
boxymethyl)»ethylane diamine, -
4-methoxy-3,3-dimethyl-2-N-[2*.N',N*bis-(carboxyme-
thyl)-aminoethyl}-N-(carboxymethyl)-amino-butyric
acid,
3aphenylmethoxy-mww[2»[2-N’,N‘-bts-(carboxymethyl)-
ammoethoxy]«ethyi}-N‘(carboxymet}xyl) -aminopro-
“pionic acid.
5. The compound of claim 1 wherein Me@+) is
Fe(3 +)and
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S'-(IZH"‘COOZ

N
/N 5

Ry R;

is selected from the group consisting of
N,N’-bis-(2-methoxy-1-carboxy-1-ethyl)-N,N’-bis-(2-

hydroxy phenylmethyl)-ethylene diamine, 10

N, N"-bis-(3,6,9,12-tetraoxa-1-carboxy-1-tridecyl)-N,N"-
bis-(2-hydroxy-phenylmethyf)-ethylene diamine,

N,N'-bis-(3-methoxy-2,2-dimethyl- -carboxy-1-
propyl}-N,N'bis-(2-hydroxy-phenylmethyl)-ethylene

diamine, - - 1}
N,N'-bis-3-(2,3-dihydroxypropoxy)-2,2-dimethyl-1-car-

boxy-1-propyl)-N, N'%w—(%hydroxy—phenylmethy!)—

ethylene diamine,

6. A salt of 2 Fe, Mn, or Gd complex of a substituted

a-amino propionic acid of formula 20
$—CH—C00Z ®=
N Mele+)
7\ E(T) 25
CHy Rs
COOH
wherein: -
ais2or3; 30

b is an integer from 0 to 4;

Mela+) is Fel?+), Fe3+), GdB+), or Mn@+);

E@®+) is one or more physiologically bxocompatxble
cation of an inorganic or an organic base or amino
acid, said cation representing a total positive charge 33

-of b units;

Sis: -
1. —CH,ORs;

2. ~-C(CHz);—CH,0R35; wherein Rsis

c) 1-8 carbon alkyl;
(d) dihydroxy substituted lower alkyl;
(e) —H;
() (CH>CH,0),CH3 wherein p is an mteger num-
ber between 1 and §;
and Rsis —-(CHz)n-X—(CHz),,—-N(CHzCOOZ)z
wherein X is:
(a) a direct chetmcal bond;
" (b) —O0—;
(¢) —N-—CH3C0Q0Z:
and n is 1, 2 or 3 when X is a direct bond or the
integer is 2 or 3 and Z is H or a negative charge.

7. The compound according to claim 6 which is the 44

complex gadolinium compound’of 3-phenylmethoxy-2-
N-{2-N"-[2"-N", N"-bis-{carboxymethyl)-aminoethyl]-
N’-(catboxymethyl}axmnoethyl]—N—(carboxymethyl~
aminopropionic acid.

8. The compound according to claim 6 which is the 4,

sodium salt of the complex gadolinium compound of
3-phenylmethoxy-2-N-[2'-N'-[2".N"”, . N"-bis-(carbox-
ymethyl-aminoethyl]-N'- (carboxymethyl)-amznoe~
thyl]-N(carboxymethyl)-aminopropionic acid.

9. The compound according to claim 6 which is the g5

tris-(hydroxymethyl)-aminoethane salt of the complex
gadolinium compound of 3-pheaylmethoxy-2-N-[2'-N'~
[2“-N", N’"-bis-(carboxymethy!)-arminoethyl}-N-{car-

45
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boxymethyl)~axmn0ethyl]~N~(carboxymethyl)-ammo-
propionic acid.

18, The compound according to claim 6 which is the
serinol salt of the complex gadolinium compound of
3-phenylmethoxy-2-N-[2-N"-[2"2N",  N"-bis-(carbox-
ymethyl)-aminoethyl]-N'{carboxymethyl}-aminoce-
thyl}—N»(carboxymethyl)-annmpropmmc acid.

11. The compound according to ¢laim 6 which is the
L-ornithine salt of the complex gadolinium compound
of 3-phenylmethoxy-2-—N-{2‘—N’ -f2-N", N"-bis«(carbox-
ymethyl) axmncethyl}N’-(catboxymethyl)-ammoe-
thyl]-N-{carboxymethyl)-aminopropionic acid,

12. The compound according to claim 6 which is the
complex gadolinium componnd of 3-phenylmethoxy-2-

5 N[2-N% '«bxs»(carboxymethyl}—ammoethoxy}-ethyl}-

N(carboxymethyl)-aminopropioic acid.

13. The compound according to claim 6§ which is the
complex gadolinium compound of 3~pheuylmethoxy-2- )
N-{2-N',N’-bis-(carboxymethyl)-aminoethyl]-N-(car-
boxymethyl)-aminopmpxomc acid.

14, The compound according to claim 6 which is the
complex gadolinium compound of 3-hydroxy-2-N[2-
N N'-bxs-(catboxymetbyl)-ammcmhyl1~N»(carboxyme~
thyl)-ammopropiomc acid.

+ 15, The compound ‘according to claim 6 which is the
complex gadolinium compound of 3-hydroxy-2-N-[2'-
N-[2"-N"; N"—bls«(carboxymethyf)«amxnoathyll-N'
(carboxymethyl)wanunoethyﬂ-N-(carboxymemyl)-
aminopropionic acid.”

16. The-compound according to claim 6 which is the
complex gadolinium compound of 3-n-octyloxy-2-N-[2-

- N', N'"-bis{carboxymethyl)-aminoethyl]-N-{carboxyme-

thyD-aminopropionic acid.

17. The componnd according to claim & which is the
complex gadolmmm compound of 3-methoxy-2-N-[2-
N',N'-bis - (carboxymethyl)-aminoethyl]-N-(carboxyme-
thyD-aminopropionic acid. -

18. The compound according to claim 6 which is the
complex gadolinium compound of 3.methoxy-2-N-[2-
N*-[2-N* N*-bis-{carboxymethyl)-aminoethyl]-N'-
(carboxymethylyamneethyl}N—(carboxymethyi)—
aminopropionic acid.

19. The compound acoording to claim 6 which is the
complex gadoliniom compound of 3-(2,3-dihydroxy-
propoxy)—Z—N—[2’-N’[2”~N",N"~bxs~(cazboxymefhyl}
aminoethyi}-N'-(carboxymethyl)-aminoethyl}-N-(car-
boxymethyl)-aminopropionic acid.

20 The compound according to claim 6 which is the
complex gadolinium compound of 3-phenoxy-2-N-{2'-
N'[2"-N",N"-bis<(carboxymethyl)-aminoethyl}-N'-(car-
boxymezhyi)~ammc>zthyl}-Ne(ca:boxymethyl)-ammo-
propionic acid.

21. The compound according to claim 6 which is the
complex gadolinjum compound - of 3-(3,6,9-triox-
adecyloxy)2<N-[2-N[2"-] N" JN""-bis-(carboxymethyl)-
aminoethyl}-N'-(carboxymethyl)-aminoethyl}-N-(car-
bexymethyl-aminopropionic acid.

22. The compeund according to claim 6 which is the
complex gadolinium compound of 4-methoxy-3,3-
dimethyl-2-N-[2-N',N"-bis-(carboxymethyl}-aminoe-
thyl]-N-{carhoxymethyl).ammobutync acid.

23. In a media’ for NMR contrast imaging which
contains an agent for mﬂnencmg relaxation time, the
improvement which comprises said agent being a com-
pound according to claim 8.

24. A salt of a Fe, Mn or Gd complex of a substituted
a-amine propionic acid of formula
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s—cu—cooz -y
N Mefla+)
/ E(bT) 5

?Hz R4 )

COOH
wherein:
ais2or3; 10

bisan mteger fromOto 4;

Me@+) is Fe(+), Fe(+), GdG+), or Mn@+);

E®+) is one or more physiologically biocompatible
cation of an morgamc or-an organic base or amino
acid, said cation representing a total positive charge 15
of b units;

wherein 8 is —CHy—ORs wherein | Rs is:
(a) benzyl;

(b) ~CH—CHj; phenyl;

{c) lower alkyl of 1-3 carbon atoms,
) H;

and Ry is

(CH)n~X—(CHpy—N—CH;C00Z
YO~—CHy—CH~C00Z

25

wherein Y is:

(1) benzyl;

(2) —CH—CHj; phenyl; .

(3) lower alkylof 1 to 3 carbon atoms,

(4) H
Xis

(a) a direct chemical bond;

(b} —0—;

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

{®) or (e}

Z is H or a negative charge.

25. In a media for NMR contrast imaging which 40
containg an agent for xnﬂuencmg relaxation time, the
improvement which comprises said agent being a com-
pound according to claim 24.

26. A saltofa Fe, Mn or Gd complex of a substm.\ted

«-amino propionic acid of formula

30

35

(b3
f' s—GH—cooz )
N Mefle+)
AN *
? E(b+)
OH .
. 55
L : R
. wherein:
ais2or3;
b is an integer from 0 to 4; 60

Me(a+)is Fe+), FeB3+), Gd(3+) or Ma2+):

E®+) is one or more. physxoichcally biocompatible
cation of an inorganic or an organic base or amino
acid, said cation representing a total positive charge

of b units; 65
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S is —CH3—O-—Rg3; »—~C(CH3)2 —~—CHz-~0—Rs;
wherein Rsis . -
B H; :
(b) lower alkyl of 1 10 3 carbon atoms;
{(c) dihydroxy substituted lower alkyl;
Rad @ (CHzCBth«SCI'Iz,
is

HO

—(CH—X—(CH——CHy @ '
Yo Qe CHp~~CH~COOZ
wherein ‘
Yis
(a) H;
(b} lower alkyl (1-3 carbon atoms);.

(c) dihydroxysubstituted lower alkyk
(d) (CHzCHzO)x..sCHL

(a) & direct chemical bcnd

() —0—;

(c) -—N-CH2<3002 and
n is 1 when X is (a) or 2 when X is (b) or {c};
and Z is H or 4 negative- charge.

27. The compound according to claim 26 wherein
Me@+)ig Fel3+),

28. In 2 media for NMR contrast imaging which
contains an agent for’ mﬂnencmg relaxation time, the
improvement which comprises said agent being a com-
pound according to claim 26.

29. A salt of Fe, Mu or Gd complex of a substituted
a-amino propionic acid of formida

b
S—CH~C00Z -

N Mele+)

1

(Bae)
{CH2)y E
NCH2C00ZY,
wherein:

a1520r3
b is an integer from O to 4;

" Mele+) is Fel2+), Fel3+), Gd(3+) or Mn@+);

E®+) is one or .more physiologically biocompatible
cation of an inorganic or an organic base or amino
acid, said cation representing a total positive’ charge
of b units;

Sis -—CKz—-O-—-Rs; wC(CHz,)szszO-Rs,
wherein
Rsis T

{(a) lower alkyl of 1 10 3 carbon atoms;

(b) benzy,
() (CH2CHz0)1.5CH3;

n is the integer 1 or 2;

Z is H or a negative charge.

30. In a media for NMR contrast jmaging which
contai,ns an agent for inﬂuencx’ng relaxation time, the
improvement which comprises said agent being a com-
pound according to claxm 29.
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