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Compounds having the general formula I

where R1, R2 and R5 are the same or different and stand for hydrogen or a Cj_g- 

alkyl radical, substituted if required by a hydroxyl group,

R3 and R4 are the same or different and stand for a hydrogen atom or a C^-al- 

kyl or amino (Cj_g)-alkyl or carboxymethyl or (C^-alkoxycarbonyOmethyl or 

(Cj.6-alkoxycarbonyl)benzyl radical,

R6 stands for a (Cj g)-alkylene radical,

.../2
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R7 and R8 are the same or different and stand for hydrogen or a (Cj^)-alkyl radi­

cal and

B and B' are the same or different and stand for a phenyl or naphthyl or 2-mer- 
captophenyl or thienyl or pyrrolyl radical, substituted with 1-3 hydroxyl groups, 
or nitrosomethyl radical having the formula

NO
I

------CH
I
Rx

where R* denotes C,.6-alkyl radical which, together if required with R1 or R2, 

is cyclised via a trimethylene or tetramethylene group to form a 5 or 6 

membered ring, and

A denotes a functional group C,

where C stands for an amino or hydrazino or hydrazido or carboxy or 

C2.6-alkinyl or alkenyl or hydroxyl or aminophenyl or oxiranyl or 

tetrahydropyranyloxy or nitrophenyl or fluorinated phenoxycarbonyl or halogen 

or formyl or nitrile or phenylisothiocyanate or a succinimide oxycaronyl radical 

which latter is substituted if required with a sodium sulfonate radical,

or contains a compound T bonded by means of the functional group C and selectively 

concentrating in lesions or certain tissues,

where T stands for monoclonal antibodies or fragments thereof or hormones or 

enzymes or growth factors or ligands for cell membrane receptors or steroids 

or neurotransmitters or lipids or saccharides or amino acids or oligopeptides or 

biotin or radiosensitizers such as misonidazole,

and complexes thereof with radioactive metal ions suitable for diagnosis and tumour 

therapy, and salts thereof with inorganic and organic acids.
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Complete specification for the invention entitled

"Chelating agents for forming complexes with 
. , radioactive isotopes, metal complexes thereof and

' · use thereof in diagnosis and therapy".

The following statement is a full description of this invention, including the 
best method of performing it known to me:-
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Chelating agents for forming complexes with radioactive Isotopes, 

metal, complexes thereof and use thereof in diagnosis and therapy

Description

1
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Radioactive metal Ions, usually bonded to a complexing agent, 

have long been used for In-vivo diagnosis. Among these, the 

radionuclide most frequently used in clinical nuclear medicine Is 

technetium-99m (Tc-99m) because of Its almost ideal physical 

properties for these, purposes - I.e. good absorption of radiation in 

appropriate detection devices (gamma cameras, SPECT apparatus) in 

contrast to low absorption In the human organism and ready 

availability via a molybdenum-technetium generator. Its short half- 

Itfe of 6.02 h guarantees that the patient Is only slightly subjected to 

gamma radiation, particularly since the daughter nuclide technetium- 
99 has negligible residual radioactivity. Its disadvantage , however, is 

its complex-chemistry, which is complicated and not yet fully 

understood. Technetium can occur in a number of oxidation stages 

(+7 to -1), which can greatly change the pharmacological properties 

through changing the charge of a complex. It is therefore necessary 

to synthesise complexes which bond technetium in a defined oxidation 

stage and prevent redox reactions which could result In redistribution 

of the drug. A number of such Tc-99m complexing agents are 
already known and used in treatment. Neutral complexes are 

frequently systems in which Tc-99m Is bonded between 2-4 nitrogen 
atoms and 0-2 sulphur atoms (NeSE)- N3S- and proplylene amine 

oxime complexes). Often however the Inadequate stability of these 

Tc-99m complexes Is a serious disadvantage (Hung, JC. et al.; J. 
Nucl. Med. 29: 1568, 1968). in clinical use, it is necessary e.g. to 

apply HMPAO (hexamethyl propylene amine oxime) shortly after 
labelling with pertechnetate, to prevent excessive increase in the 

proportion of decomposition products which reduce the accuracy of 
diagnosis. These chelates or chelating agents cannot be

coupled to other substances which selectively accumulate in foci of
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disease. Consequently most of the aforementioned complexes are 

distributed In a manner depending on the circulation and/or metabolic 

activity of an organ (e.g. EPA 0 194 843), so that necrotic or 

ischaemic regions, e.g. after an Infarction or stroke, can be shown In 
a scintigram.

• · ft ft • ftftft ft ft

• ft ft

ft ft ft ft ft ft• · · ·

• ft• · · ·
ft ft ft ft
•» ·

• β ft• ft ·• ··

However, substances representing molecular changes In the diseased 

tissue are much more promising for -successful diagnosis of tumours, 

neurological diseases or diseases of the heart and circulation, since 

they become· specifically bonded to the diseased tissue or become 

Incorporated in the metabolism. As a result of biological and 

biochemical basic research, It Is possible to select a number of 

substances which become selectively concentrated In foci of disease. 

Some tumours develop increased or reduced surface concentrations on 

receptors, e.g. for growth factors or steroid hormones (Sledge, G.W.; 
Adv. Cancer Res. 38: 61-75 El 9833). In neurological diseases also 

there ts a change In concentration of receptors for neurotransmitters 

In certain regions of the brain (Frost, J.J.; Trends Pharmacol. Sci. 7: 

490-498 Ε19Θ73). Also, diseased or Injured cells or cells transformed 

to tumour cells often show considerable changes In their metabolism 

and a deficiency of oxygen in the tumour. These physiological 

peculiarities can be used In In-vivo diagnosis, e.g. by coupling 

hormones, growth factors, neurotransmitters or certain metabolic 

products such as fatty acids, saccharides, peptides or amino acids to 
chelating agents for Tc-99m. Substances such as misonidazole (a 
radiosens I tiser) or other compounds which are converted to radicals In 

the absence of oxygen can also be used for specific concentration of 
radioactive Isotopes, resulting in pictorial representation of tumours 

or Ischaemic regions. A final possibility Is coupling to monoclonal 

antibodies which have become a very promising Instrument in tumour 

diagnosis owning to their specificity.

In order to provide diagnostics In the,, manner descrrlbed it Is 

necessity to couple chelating agents for radioactive metal ions, more 
particularly Tc-99m, to substances which become selectively 

concentrated in diseased tissue.
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Since the Isotopes of rhenium (Re-188 and Re-136) have similar 

chemical properties to Tc-99m, chelating agents can also be used for 

complexing the latter Isotopes. The aforementioned Re-isotopes are 

beta emitters. Accordingly the selectively concentrating substances 

can also be used in tumour therapy when complexed with rhenium 

instead of technetium.

Previous attempts to couple chelating agents to selectively 

concentrating substances are unsatisfactory for many reasons. If the 

functional groups of the complexing agents are used for bonding the 

chelating agent to such a molecule the result frequently is a 

weakening of the stability of the complex, i.e. the proportion of the 
isotope released from the conjugate Is greater than that which can be 

tolerated in diagnosis. (Brechbiel, M.W. et.al., Inorg. Chem. 25:2772 

C19863). It is therefore necessary to produce bi functional complexing 
agents, i».e. complexing agents which contain functional groups for 

coordinate bonding of the desired meteil Ion and also contain one 

(other) functional group for bonding the selectively concentrating 
molecule. These bifunctional ligands can be used for specific 

chemically-defined bonding of techne/tlum to a wide variety of 

biological materials, even when ’’pre-label I Ing" is carried out. In this 

method, labelling with Tc-99m and isolation of the complexes both 
precede a second step in which the complex is linked to a selectively 

concentrating molecule, with the result that the labelled compounds 

are obtained with high purity.

There are descriptions of some chelating agents coupled to 

monoclonal antibodies (e.g. EPA 0 247 886 and EPA 0 166 256) or 
fatty acids (EPA 0 200 492). The chelating agents used, however, 
are the previously-mentioned NESe systems which are unsuitable 

owing to their low stability. The somewhat more stable N3S 
chelates, when coupled to monoclonal antibodies, do not lose so much 

Tc-99m from the conjugates, (J. Lister-James; J.Nucl.Med. 30:793 and 

EPA 0 284 071).
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Since there are wide differences both In the properties of the 

selectively concentrating substances and in the mechanisms by means 

of which they concentrate, It Is also necessary to vary the chelating 
agents capable of coupling and to be able to adapt the physiological 
requirements of the coupling reactant with regard to lipophilic and 

hydrophilic properties and permeability or Impermeability through

, membranes, etc.

• · 00

For these reasons there Is an urgent need for stable complex 

compounds which are coupled or capable of being coupled to various 

selectively concentrating compounds.

0 0 0 0

0 0 0 0 
• 0 0

• 0 0

• 0· 
0 0 0
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0 0 0 0

The object of the invention therefore is to provide stable chelating 
agents containing a functional group for coupling to a selectively 
concentrating compound or containing a selectively concentrating 

compound coupled by means of this functional group.

According to the Invention this problem Is solved by compounds 

having the general formula I

0 0 0 0 
• 0

0 0 0 0

0 0 0 9
• 0 0 

9 0 0
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where R’, R° and Ra are the same or different and stand for 

hydrogen or a C,_o-alky! radical, substituted If required by a 
hydroxyl group,
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Ra and R* are the same or different and stand for a hydrogen atom 

or C,_e-alkyl or amino CC^oi-alkyl or carboxymethyl or (C,_o- 
alkoxycarbonyDmethyl or (C,_e-alkoxycarbonyl)benzyS radical,

Re stands for a C,_a-a|kylene radical,

Rz and Re are the same or different and stand for hydrogen or a C,_ 
o-aikyl radica! and

• ·»»
I ftft ft ft ft
• ftftft

► ft ft• ft ft
ft ft ft

B and B' are the same cr different and stand for a phenyl or 
naphthyl or 2-mercaptophenyl or thienyl or pyrrolyl or nitrosomethyl 

radical, substituted with 1-3 hydroxyl groups and having the formula

NO
I ■

------CH
I
R*

ft ft ft
where R** denotes a C,_o-aikyl radical which, together If 

required with R1 or Ra, Is cyclised via a trimethylene or
) tetramethylene group to form a 5 or 6 ring, and

ft ft ft • ft ft

A denotes a functional group C,

J · ,· where C stands for an amino or hydrazlno or hydrazldo or

·**».· carboxy or CE_e-alkinyl or alkenyl or hydroxyl or
aminophenyl or oxiranyi or fluorinated phenoxycarbony I or 

halogen or formyl or nitrile or phenyl isothiocyanate or a 

succinimide oxycarbonyl radical which latter is substituted If
required with a sodium sulphate radical,

or contains a compound T bonded by means of the functional group C 

and selectively concentrating in lesions or certain tissues,
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where Τ stands for monoclonal antibodies or fragments thereof or hormones or 

enzymes or growth factors or ligands for cell membrane receptors or steroids or 

neurotransmitters or lipids or saccharides or aminoacids or oligopeptides or biotin or 

radiosensitizers such as misonidazole,

and complexes thereof with radioactive metal ions suitable for diagnosis and tumour therapy, 

and salts thereof with inorganic and organic acids.

According to the invention, preference is given to those compounds according to claim 1 in 

which R’, R2, R7 and Rs are hydrogen atoms or methyl radicals or those compounds according 

to claim 1 in which the functional group C, if present in A, stands for a carboxyl or amino 

or C2.6- alkenyl or C2.6-alkinyl, or nitrile or tetrahydropyranyloxy or nitrophenyl or oxiranyl 

or aminophetfiyl or phenylisothiocyanate radical and the selectively concentrating compound 

T if present ίη A stands for monoclonal antibodies, fragments thereof, biotin or misonidazole.

• · ·• · ·ft ft ft ft

• ft · ftft ftftft ftft• ft ft ft• ft ft• ft ftft ft ft ft

ft ft ft ft ft ft ft • ft ftft ft ·ft ft ft ftft ft ft
• ft β• ftft

d ft

The radioactive metal ions which form the metal chelates of the invention are preferably 

radioactive ions Tc, Re, Cu, Co Ga, Y or In, and most preferably Tc or Re ions.

Surprisingly, many of the synthesised chelates labelled with Tc-99m have higher stability than 

the comparable N2S2-, N3S- And propylene amino oxime chelates. In the case for example of 

one substance according to the invention (example 12) coupled to biotin via an aminophenyl 

radical, no decomposition products were observed after 5 hours, in contrast to the case of 

HMPAO, a comparable substance known from the literature (Hung, J.C. et al.; J. Nucl. Med. 

29: 1568, 1988). It has also been shown by competition tests that the Tc-99m chelates 

described according to the invention form complexes better than the comparable N2S2-. N3S- 

and propylene amine oxime chelates. The chelates described according to the invention are 

therefore appreciably more suitable for diagnostic and therapeutic purposes than the 

previously-mentioned chelates.

(6i25>0/9O)337l55.iroi;nh
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To prepare the compounds according to claim 1 a 1,3-propane diamine having the general 

formula II

• a · ·
■ . <·{>' ·*·· u ·«· ·• ·* · ·"·

(61290/90)137155 patnh
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where R3,R° and A have the meanings given previously,

is reacted with a compound having the general formula III or IV

B - RlC=O 

B'- R2C=O
an)
(IV),

• ft··• ft ft···
• ••ft• · · w· ·
·· ft ft ftft• ftft

ft
ft ft

ft *· ft ft ft• ••ft

in which R’ = RB, B = B* and R’,Re,B and B1 have the 
meanings given previously,

in a polar solvent, preferably ethanol, or by using a water separator 
In a non-polar solvent, preferably benzene, at temperatures of 25 - 

150’C within 6 hours and 3 days,

the Imino group Is reduced in known manner, preferably with sodium 
boron hydride in a polar solvent, preferably a methano (-water 

mixture, at temperatures of 25 - 100’C within 0.5 to 24 hours
preferably 2 days, or

a propane diamine having the general formula Π
• ••ftft *• ••ft
ft ft ft ftft ft 9• ft ft

ί
ft ftft ft ft · ft ftft

ft· ftft • ft ft ft ft
• ft · ft ft ·• ftft

(II)
in which Rs, R° and A have the meanings given previously,

is reacted with a compound having the general formula V or VI

B - CO-X 
B'-CO-X

(V)
(VI) ,

in which B “ B' and B and B' have the meanings given 

previously, the hydroxyl, mercapto and amino groups in B are
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in protected form and X stands for a halogen atom, preferably 

W chlorine atom,

or substituted malonic acid halides, preferably malonic acid chlorides 
having the general formula VII,

• R\ /r6a 
γν

X-OC^ xco-x
(VII)

• ftftft• ύ ft· ft b
ft···• · ft

ft
ft

ftftft··

ft ·<·• e• •«ft

in which Ra and Ra have the meanings given previously, X 

stands for a halogen atom and any hydroxyl groups in B are 
present In protected form,

Is reacted with an amln© having the general formula VIII or IX

• «•ft ft ftftft ft ft
ft· ft ftft «ft

ft ft· ft ft ft ft «ft

In which R' = RB, R7 = R°, B = B* and R’, RB, R* Ra, B and 
***·,· B‘ have the meanings given previously,

In an aprotlc solvent, preferably dlchloromethane, at temperatures of 

0 - 180*, preferably at room temperature, For S to 54 hours, 
preferably 4 hours with addition of trtethylamine,

the amide group Is ^educed In known manner to the corresponding 

arnlnft group, prefr/bbly wtth borane In THF or lithium aluminium
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hydride In an aprotlc solvent, preferably diethylether, at temperatures 

of 25 - 150’C in 0.5 to 24 hours, preferably 8 hours,

If required, the amino groups are alkylated in known manner and any 
protective groups are split off, and

the compounds obtained in these equivalent ways, If required before 

generating the free functional group C at the amino groups are 

protected with protective Ions, e.g. In the form of a Cu complex,
'■ and, If required, the resulting compounds are subsequently coupled via

the functional group C In A to selectively concentrating T compounds

,"···» and, If required, the aromatic substituents B and B' are formed Into
♦ ··

«»♦·«* complexes with the required radioactive Isotope, and any protective
** * Ions previously present In the product are removed by methods known

» · ·
• ·- In the literature and the sequence of the steps of comp I ex-forming

• *
·;*··; with technetium or rhenium isotopes and coupling T can be changed
• * ·
« · » over.

····• to ee« ·
to« · ·• · ·
··) ·
to ID• ·> to·

·· · ·• · · > ·
tor• to β

The hydrexy protective groups can e.g. be the benzyl or 4- 

methoxybenzyl or 4-nltrobenzyl or trityl or diphenylmethyl or 
trimethylsllyl or dimethyl-t-butylsllyi or dlphenyl-t-buylslly! group. In 

the case of polyols, the hydroxy groups can also be protected in the 
form of ketals, e.g. with acetone, acetaldehyde, cyclohexanone or 

benzaldehyde. The hydroxy groups can also occur e.g. as THP-ethers 
or a-alkoxyethyl ethers or MEM ethers or esters of aromatic or 
aliphatic carboxylic acids, e.g. acetic acid or benzoic acid. The 

hydroxy protective groups can be liberated by methods known to the 
skilled addressee, @.g.. by hydrogenolysis, reductive splitting with 

lithium and ammonia, treatment sf ethers and ketals with acid φγ 
alkali treatment of esters (see e.g. "Protective Grofjps In

Organic Synthesis", T.W, Green, John Wiley and Sons 1981).

The amlnq~ .protective groups can e.g. be tr I fluoroacetyl or t- 
butoxycarbonyl or 2,2,2-trichloroethoxycarbanyl or benzoxycarbonyI or 

acetyl groups. The amino protective groups can be spilt off by
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methods known In the literature, e.g. by basic or acid hydrolysis, 
reductive splitting with zinc In acetic acid, or hydrogenolysis.

• ft ·
• * ·• ft «• · · ft

ft ft ft ft ft ftft ft ft ft
ft ft ft ft ft ftft

)ft ftft ft ft ft ft ftft

The mercapto protective groups can be C,_e alkyl radicals or 

benzylthio ethers. The mercapto protective groups are optionally split 

off by alkatl-metal alkyl thlolauas, alkali-metal alcoholates or alkali 

metals, preferably with sodium methyl thlolate in a polar solvent, 
preferably In HMPT, DMF or dimethyl acetamide or by reductive 

splitting with sodium and ammonia.

Non-symmetrical compounds (B * B') can be prepared by using

commercially available mixed malonic acid esters which Initially 
enable only one of the two different ester groups to be selectively 

converted to the carboxylic acid amide. These substances may more 

particularly be methyl, benzyl or t-butylesters, which can easily be 

selectively saponified by methods known in the literature, together 

with other carboxylic acid esters, e.g., an ethyl ester. The resulting 
free carboxylic acid group Is converted in known manner to the 
corresponding carboxylic acid chloride and then reacted with a 
primary amine, substituted If required, to give a secondary carboxylic 
acid amide. The remaining ester group Is then reacted as described 

with ammonia to form a primary carboxylic acid amide and then the 
two different acid amide groups are reduced In known manner to the 

differently substituted amines.

As already described, the primary amino group can be reacted with a 

compound of formula 111 or IV to form the corresponding Imine. The 

remaining secondary amino group can then be reacted with a formula 
III or IV compound In known manner under reductive alkylation 
conditions, the imino group being simultaneously reduced to the 
amine.

The radical C is suitable for producing a stable bond to proteins or 

other selectively concentrating molecules. If the functional group C 

is suitably chosen, coupling can occur under gentle reaction conditions 
which do not influence the biological function and/or selectivity.
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Coupllng to the desired compounds Is also brought about by known 
methods (e.g. Frltzberg et al.; J. Muck Med.: 26,7 (19071), e.g. by 

reacting the group C with nucleophilic groups of the selectively 
concentrating molecule or, If the group C is itself nucleophilic, with 

activated, groups of the selectively concentrating molecule.

• · ·
···

4 9 4
4 4 4

9 44 4

4 44 4 
9

444 4

4 44 4 
• 9
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The group C, represents any substltlent which is a functional group 

which can bring about, coupling to a selectively concentrating 
molecule under gentle conditions (e.g. by acylation or amidation) or 

any activated group which can react with nucleophilic groups of 
proteins, antibodies, hormones or other bio-molecules e.g. the amino 

or phenol or sulfhydryls or formyl or imidazole group. "Activitated 
group" means a group capable of forming a conjugate and reacting 

with a nucleophilic substituent of a seiectively concentrating molecule 
or of the complex ligand itself in aqueous solution within a 

reasonable short time and under reaction conditions which do not 
denature or destroy the biological activity. Examples of such

substances are imido-esters, alkylimldc-esters, amidoalkyllmido-esters, 
sirccinimido-esters, acyisuccinlmides, phenolic esters, substituted 

phenolic esters, tetrafluorophenolic esters, anhydrides, hydrazides, 

alkyl halides and Michael acceptors. Γ. is preferably a

monoanhyoride or acid chloride or acid hydrazide or mixed anhydride 

or activated ester (such as phenolic or imido-ester) or nitren or 

Isothiocyanate, more particularly for coupling with nucleophilic groups 
of amino acids, or an aliphatic or aromatic primary amine for 

coupling to carbohydrate radicals of proteins.

If the group C is itself nucleophilic, it can react with activated 
groups of a selectively concentrating molecule, including groups of 
the molecule reacting with cross-linking reagents, such as 

homob (functional imldo esters, homobi functional N-hydroxysuccinimido 

esters (NHS) and heterab functional cross-1 inkers containing various 
functional groups such as NHS esters, pyridyl disulphides and 
activated halogens such as α-keto-halides. These cross-linkers are 
commercially obtainable.
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The coupling reactants (= compound T) can be various blo-molecules, 

such as ligands which bond to specific receptors and can thus 

recognise a tissue where the receptor density has changed. These 
substances include peptide and steroid hormones, growth factors and 
neurotransmitters. It has been shown that diagnosis of breast and 

prostate carcinoma can be Improved by using ligands for steroid 

hormone receptors (S.J. Brandes & J.A. Kaztzenellenbogen, Nucl. Ned. 

Biol. 15:53, 1988). Tumour cells have different changes in density of 

receptors for peptide hormones or growth factors such as the 

epidermal growth factor (EGF). The differences in concentration can 

be used for selective enrichment of cytostatics In tumour cells (E. 
Aboud-Ptrak et al., Proc. Natl. Acad. Sci. USA 86: 3778, 19B9).
Ligands for neuroreceptors and labelled with positron-emitting Isotopes 
can often be used for diagnosis of various brain diseases (J.J. Forst, 

Trends In Phazrmacol. Sol. 7: 490, 1987). However, bio-molecules are 

metabolites which can be inserted Into the metabolism of cells and 

show a change In the metabolism. These substances Include fatty 

acid?/, saccharides, peptides and amino acids. Fatty acids coupled to 

the relatively unstable NeSe chelating agents have been described In 

EPA 0 200 492. Other metabolic products such as saccharides
(deoxyglucose), lactate, pyruvate and amino acids (leucine, methyl 
methionine and glycine) have been used in the PET technique for 

pictorial representation of changed metabolic processes (R. Welnreich, 
Swiss Med.; 8.10.1988). Non-blological substances such as
mlsonldazole and derivatives thereof which become Irreversibly bonded 
to cell constituents In tissues or parts of tissues with reduced oxygen 

concentration can also be used for specific concentration of 

radioactive isotopes and consequent pictorial representation of 
tumours or ischaemic regions (M.E. Shelton, J. Nucl. Med. 30: 3t I, 
1989). Finally, bifunctlonal chelating agents can also be coupled to 
monoclonal antibodies or fragments thereof. The biotln-containlng 
compounds according to the invention can be used for bonding 
radioactive conjugates to substances containing avldln or streptavidin. 
This can be used to increase the concentrataion of antibody- 

streptavidin conjugates In the tumour before applying the radioactive 

biotin-containing component, thus reducing the exposure of the
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patient to radiation (O.J. Hnatowich et al., J. Nuc|. Med. 28: 1294, 

1987). Conjugates can be complexed with Tc-99m or rhenium isotopes 

for the purpose of diagnosis and treatment of tumours.

* · · ft• < ft · ft ft
• «ft·

ft ftft ftft ft
ft ft ft ft ft ft ft ft
ft ftft ft ft ftftftftft

ft ft ft ft ft ft• ••ft
• ••ftft ft ft• ft ft

)
• ft*ft ft ft ft ft·

It does not matter whether the chelating agent Is labelled with Tc- 

99m or a rhenium isotope before or after coupling to the selectively 
concentrating molecule. However, IF coupling to the selectively

concentrating molecule occurs after forming a complex, the reaction 
between the radioactive complex and the concentrating compound 

must occur quickly, under gentle conditions and almost quantitatively, 
and no subsequent purification must be necessary.

The pharmaceutical agents according to the invention are prepared In 
known manner, in that the complexing agents according to the 
invention are dissolved in an aqueous medium, adding a reducing 

agent, preferably tin (II) salts such as the chloride or tartrate 
together with conventional galenic additives If required, followed by 

sterile filtration. The additives may e.g. be physiologically

compatible buffers (e.g. tromethamine) or small amounts of 
electrolytes (e.g. sodium chloride) or stabilisers (e.g. gluconate, 
phosphates or phosphonates). The pharmaceutical agent according to 
the invention occurs in the form of a solution or In freeze-dried form 

and, shortly before application a solution of Tc-99m pertechnetate 
eluted from commercially obtained generators, or a perrhenate 

solution is added.

• ft ft ftft ft ft
• · When used In vivo In nuclear medicine, the agents according to the• ft ·
*· *·ϊ invention are applied in quantities of 1.10-3 to 5.10”* nmol/kg body

weight, preferably In quantities between 1.10-3 and 5.10B nmol/kg 
body weight. Assuming an average body weight of 70 kg, the amount 
of radioactivity for diagnostic applications is between 0.05 and 50 
mCl, preferably 5 to 30 mCi per application. The amount used for 
therapeutic applications is between 5 and 500 mCl, preferably 10 - 

350' mCi. Application is normally by intravenous, Intra-arterial or 
peritoneal or intra-tumoral injection of 0.1 to 2 ml of a solution of



1ι-
v ■ ■

t ·

- 14 -

the agents according to the invention. Intravenous application is 
preferred.

The following examples illustrate the inventive idea In detail.

Example 1:

• · 0 9
0 0 

0 000

0 ·*·
0 · ·
• 9 0

9 0 0
0 0 0

9 «0

•
090000

9099
0 0 0

0 0 0

• 00 
' 0
V 0 0

90 90
0 9 9
0 0

90 0
0 9 9

0 0 9

9 9 0 9 
9 9

5-rjethvl-g-(4-nltroben2yl)-rofa1lonic acid dimethyl ester ii]

11,5 g (0.5 mol) of sodium In a stream of nitrogen was placed In a 

dry 1000 ml three-necked flask with a reflux condenser, a drying 
tube and a dropping funnel with pressure compensation. Next, 350 ml 

of methanol was carefully added dropwise and agitated until the 

sodium had completely dissolved. A methanolic solution of 87 g (0,5 

mol) methylmalonic acid diethyl ester was added very slowly dropwise 

to the sodium methanolate solution, which was still warm. At the 

end of the addition, the mixture was stirred for a further 30 minutes, 
after which 4~nltrobenzyl bromide was added In portions, using a 

powder funnel. After everything had dissolved, the mixture was first 
reflux-heated for two hours and then agitated at room temperature 

overnight. The Solvent was removed tn © rotary evaporator and 
water was added to the residue, which was repeatedly extracted with 
ethyl acetate (250 ml portions). Ths combined organic extracts were 

washed with saturated common salt solution and dried over sodium 

sulphate. After removing the solvent, faintly yellow crystals were 

left. Recrystalllsatlon was from dimethyl formamlde (DMF) and 

water.

Melting ^olnt: 94.5 - 95.0 ’C

Yield: 74%

Ή-NMR-Data in DMSO/TMS
1.4 ppm (s,3W,Me); 3.5 ppm (s,2H,CHEAr); 3.8 ppm

(s,6H,Me00C); 7.2 ppm (d,2H,ArK); 8.2 ppm <d,' 2H,ArH)
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g-M.ethvl-g- (4-nltrobenzyl)-malonlc acid diamlde C2]

• · ··« ·
0000

0 0 00 
• · 0

«0 0

• 0 ·
« 0 0

0 · ·

•0000« 
• 0

0 00 0
0 C

000«

0 0 · 0 
• 0 ·<

0 0 0

)

0 0·

5.0 g of the ester C13 was weighed In a 500 ml round-bottomed flask 

and dissolved in 200 ml methanol. Ammonia was Introduced Into the 

methanolic solution until saturation, after which the catalytic quantity 

of sodium was added and, at the end of evolution of gas, the flask 

was closed by a suction member with an air balloon and left at room 

temperature for at least one week. A white precipitate formed after 

a few days. After the entire educt had reacted (DC check) the 

precipitate was suction-filtered end the remaining solution was cooled 

to -gO'C in a deep freezer and suction-filtered again. The mother 
liquor was additionally concentrated In a rotary evaporator and the

precipitate was again suction-filtered, 
were recrystaWsed from acetonitrile, 
was dried In a vacuum exsiccator.

Molting point: 179’C

Yield: 91%

Ή-NMR-data In DMSO/TMS
1.22 ppm (s,3H,Me); 3.3

(s (br),4H,CONHe); 7.3 ppm (d,

The combined crystal fractions 

The white crystalline product

ppm (s,2H,CHEAr); 7.1 ppm 

2H,ArH); Θ.1 ppm (d,2H,ArH)

>

• 0 0
0 00 0

g-Methvl-2-(4-nitrobenzyl)-1.3-propane diamine (33

• The diamlde (21 (5.0 g) was suspended, with exclusion of atmospheric
0 0 ·

• ·β5 humidity, in 25 ml abs. tetrahydrofuran in a 25O~ml two-necked flask
with reflux condenser, a drying tube and a septum. The flask was 
cooled In an ice bath, after which a solution of borane In THF was 

added through the septum Using a 20 or 50-ml disposable syringe. 
After the required quantity of borane solution (80 ml of a 1 M 
solution in THF) had been added, the mixture was heated to room 

temperature. After 30 minutes the mixture was reflux-boiled for 4. 

hours. After cooling to room temperature the excess of borane was 
carefully hydrolysed with water (a total of 16 ml water). At the
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• ••ftft ftft ft··
ftftftft ft ft ft
ft ft ©

• ft ft ft ftft
w ··

ft ft ft · ft ft
ft ftft ft ftftft··

ft··· ft ft• ftft·
• ••ft ft ft' ftft ft, ft

}
• · ft• ft ft ft ftft

ft ft ftft ftft ft
• ftft ft

end of gas evolution, the reaction mixture was quantitatively 

transferred tq a 500-ml round-bottomed flask and the solvent was 

carefully drawn off In a rotary evaporator, leaving a white 

precipitate. 125 ml of 8 N HC1 was added to the precipitate, which 
was reflux-boiled for 3 hours. Next, the hydrochloric acid was slowly 

removed in a rotary evaporator. The residue was absorbed in the 
minimum amount of water (about 50 to 70 ml) and placed In a 

prepared ion-exchange column (highly basic) and the pure amine was 

eluted with distilled water. The free diamine was collected (pH 

check) and the combined fractions were concentrated in the rotary 
evaporator. The residue was a faintly yellow oil.

Melting point (hydrochloride); 270*C

Yield: 807.

Ή-NMR-Oata In DMSQ/TMS

1.0 ppm (s,3H,Me); 2.9 ppm (m,4H,CHENHB); 3.0 ppm
(s,2H,CHEAr); 7.5 ppm (d,2H,ArH); 8.2 ppm (d,2H,ArH);
8.5 ppm (s(br),4H,NHE)

2-Methyl-2- (4*-n I trobenzyD-N.N'-propylene-bis (salicylidene-imine) (43

A solution of 5.5 g salicylic aldehyde in 75 ml absolute ethanol was 
added dropwise with agitation to a solution of 5.6 g diamine E33 in 
75 ml absolute ethanol. The colour of the resulting solution slowly 

changed to tntehse yellow. It Was agitated for a further 3 hours at 

room temperature, during which time a yellow precipitate formed and 
was filtered after to -20*C. A total of 7.5 g of the dlImine was 
obtained.

Melting r .Λ; 103’C

Yield: /77.
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t ftftft• ft• ft··
ft ftft·• ftft• ft ft
ftft ftft ftft

ft
ft ft ft y ft «ft
ft ftftft ft ft• ••ft

ft ft ft ft ft ft• •ft·
ftft··• 1 ft

1H-NMR-data in CDCIe/TMS

1,1 ppm (s,3H,Me); 3,0 ppm (s,2H,CHaAr); 3,5 ppm

(m,4H,CHaN=C); 6,9 ppm (m,4H,ArH); 7,3-7,4 ppm

(m,8H,ArH); 8,2 ppm (d,2H,ArH); 8,4 ppm (s,2H,CH=N)

2-Methvl-2- (4l-nltrobenzyl)-N.N'-propy lene-bls (sallcyclidene amine)
£53

300 mg of sodium boron hydride was added with agitation to a 

solution of 2 g di Imine £43 In 50 ml ethanol and agitated at 0*C for 
two hours. Next, 20 ml water was added dropwise and agitated at 
room temperature for one hour, after which the solvent was removed 

in the rotary evaporator and the residue was dissolved In water. The 

mixture was brought to pH 11 with saturated potassium carbonate 

solution and the precipitate was dissolved In chloroform. After 

drying over sodium sulphate and removing the solvent, a crystalline 
residue was left, White crystals were recrystallised from acetonitrile.

Melting point: 151‘C

Yield: 81%

• ft· ft ft ft ft ftft

ftft ftft • ft ftft ft
ftft ft 

ft I ftft ft·

1 H-NMR-data in COCIa/TMS
0.9 ppm (s,3H,Me); 2.5 ppm (m,4H,CHaNH); 2.8 ppr t
(s,2H,CHaAr); 3,9 ppm (m,4H,ArCHaNH); 6.8 ppm 

(m,4H,ArH); 7.0-7.3 ppm (m,6h,ArH); 8.2 ppm (d,2H,ArH)

2-Methvl-2- (4l-aminobenzv I j-N.N'-propy lene-bls (salicylidane-emlne)
[63

20 mg of 1(3% Pd/C In 25 mi of MeOH were suspended in a 50-=ml 
two-necked flask and saturated with hydrogen. Next, the solution of 
218 mg [53 (0.5 mmol) In 4 ml methanol and 833 pi of 6N 

hydrochloric acid was added through a septum, using a 5-ml 
disposable syringe. After the hydrogen had been absorbed, the
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catalyst was separated and the solvent was removed In vacuo, leaving 

white crystals, which were recrystal Used from methanol.

Yield: 73%

• ft»·• ·• fr ft·
ft···• ft ·*w* ·
'ft ·

r · ·• ···

ft ft· 
« « 
····

···«• «• ftft·
···«• · <“*

• ft·• ft ft• ··

Ή-NMR-data in DMSQ/TMS

1,0 ppm (s,3HeMe); 2.5 ppm (m,4:H,CHsNH); 2.8 ppm 

(s,2H,CHeAr); 4.1 ppm (m,4H,ArCHeNH); 6.8-7.5 ppm 

(m,12H,ArH)

2-Methvl-2- (4--isothlocyanatoben2yl)-N.N>-propylene-bls- (salicylidene

amine) t73

An 85% solution of thiophosgene In carbon tetrachloride (0,2 ml, 2.23 

mmol) was added to a solution of compound C61 (0.16mmo|) in 4 ml 

hydrochloric acid (3 M). The reaction mixture was agitated at room 

temperature for 6 hours and then concentrated to dryness In vacuo.

Yield: 87% .

Ή-NMR-data in DMSO/TMS

1.0 ppm (s,3H,Me); 2.8 ppm (m,4H,CH=NH)j 3.0 ppm 

(s,2H,CHeAr); 4.1 ppm (m,4H,ArCHeNH); 6.8-7.4 ppm 

(m,12H,ArH)

1

4

J*·*** EXAMPLE 2:
ft* ft • · ft• ·A

2- (4-NltrobenzvD-malonlc acid diethyl ester 181

21.4 g of lithium d'dsopropyl amide was added to 210 ml anhydrous 

tetrahydrofuran in a stream of nitrogen in a dry 3-necked flask with 
a drying tube and dropping funnel with pressure compensation. Next, 
58.0 g of malonic acid diethyl ester in 100 ml anhydrous 

tetrahydrofuran was added dropwise at room temperature In 40 

minutes. After 30 minutes the reaction solution was cooled to -62’C
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• · ft·* · ft ft ft ft
β » · ·• ftft
ft ο · 

ft ft ft 
ft ft ft

and 39.1 g of 4-nitrobenzyl bromide in tetrahydrofuran was slowly 

added dropwise with vigorous agitation, followed by agitation for a 

further hour at -62*C, after which the precipitate was filtered cold. 
The filtrate was concentrated in a rotary evaporator, and the residue 

was dissolved in 300 ml ethanol at 65’ C and separated from the 
irtsoluble residue. 34.7 g of faintly yellowish crystals were obtained 
after cooling.

Melting point: 57 ~ 58‘C

Yield: 65%

Ή-NMR-data in CDCI^TMS

1.2 ppm (t.SH.CHoCH^): 3.3 ppm (d,2H,CHeAr); 3.6 ppm 

(t,1H,CH); 4.1 ppm (q.4H.CHCTCH^): 7.4 ppm (d,2H,ArH); 8.1
ppm (d,2H, ArH)

ft ftft 
ft ft 'i• ft ft ft

2-(4-Nltrobenzv D-malonic acid diamide [93

This compound was prepared in the same manner as compound [23.

• m ·,·ft »1 ftft ft ft Melting point: 225 - 228’C

ft »· 
ftft ft 

ft · ft Yield: 98%

Ή-NMR-data in DMSO/TMS

3.1 ppm (d,2H,CHaAr)i 3.4 ppm (t,lH,CH); 7.1 ppm 

(s,4H,NHe)j7.4 ppm (d,2H,ArH)j 8.2 ppm W,2H,ArH)

2-(4-Nitrobenzyl)-1.3-propane diamine [103

This compound was prepared In the same manner as compound (33.

Melting point (hydrochloride): 273 - 275* C
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Ή-NMR-data in DE0

1..3ppm (t,1H,CH); 3.1 ppm (d.4H.CHPNH^)t 3.2 ppm
(d,2H,CHBAr>; 7.5 ppm <d,2H,ArH); 8.2 ppm Cd,2h,Af’O

2- (4'-NltrobenzyU-M-N'-propylene-bls (gal tcvlldene Imine), 1113

This compound was prepared in the same manner as compound C43.

Melting point: 75*C

• •ft·
’·*··’ Yield: 687.

ft ftft ft ϋ · ·• · ·
: Ή-NMR-data In CDCIs/TMSft · ft

........ ; 1.5 ppm (m,1H,CH>; 3.2 ppm (d,2H,CHEAr); 3.5 ppm

.’ ./ <m,4H,CHttN=C>; 7.1 ppm Cm,4H,ArH); 7.3-7.4 ppm Cm,8H.ArH);

8.2 ppm (d,2H,ArH); 8.4 ppm (st2H,CH=N)

• ·· ftft ft• ••ft
ft ft ft ft•ftft
·· J · 5-" (4l-Nitrobenzyl)-“Njf\l>"propylene"biB" (salicylidene amine) [ 151

• ··• « ·
‘ ” This compound was prepared in the same manner as compound C53.

., .. Yield: 907.ft ft ftft ft
ft ft ft

*· *·: Ή-NMR-data In CDCIa/TMS

1.6 ppm (m,1H,CH); 2.5 ppm (m,4H,CHeNH); 2.8 ppm
(d,2H,CHKAr); 3.9 ppm Cm,4R,ArCHnNH); 6.9 ppm Cm,4H,ArH)i 
7.1-7.3 ppm (m,6H,ArH); 8.1 ppm Cd,2H,ArH)
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g-(4'-Amlnobenzyl)-N.Nl-propylene-bls(salicylidene amine) [13]

This compound was prepared In the same manner as compound [61.

Yidld: 84%

Ή-NMR-data in DMSO/TMS

1,5 ppm (m,1H,CH);; 2.5 ppm (m,4H,CHENHE); 2.7 ppm

S (t,2H,CHEAr); 4,1 ppm fm,4H,ArCHBNH>; 6,8-7.5 ppm

<m,12H,ArH)

0 0 00
0 0

0 000

*’./*« EXAMPLE 3
09 0

0 0 0
• 9 0

,,,,, ζ 1.7-Bis (3.3-Oihydroxypheny 1)-4- (4l-nitrobenzy i)-2.6-dlazahepta-1.6-
0 0 ' .

• *· diene Cl4]
0 0 0

0 0 00

This compound was prepared in the same manner as compound t4).

0000 
• 0 
'0900

Yield: 767.

0 0 0 »

00 } 0 ‘H-NMR-data in CDCIa/TMS
0 0 9

0 0 0
i,5 ppm (m,1H,CHl·, 3.1 ppm (d,2H,CHEAr); 3.5 ppm,

0 0 ·

(m.4H.CHaN=C); 6.8-7.0 ppm (m,8H,ArH); 7.4 ppm, (m,2H,ArH):
8.2 ppm (d,2H,ArH); 8.4 ppm (s,2H,CH=N)

«9 90
0 0 0
• 0

• 00'
»90

* "* 1.7-E3is (2,3-0ihvdroxypheny 1)-4- (4l-nitr<)benzyl)-2.6-dlazaheptane C151

This compound was prepared in the same manner as compound C51,

Yield: 387.
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Ή-NMR-data in CDCI3/TMS ,

1,6 ppm (m, 1H,CH); 2.5

(s,2H,CHEAr); 4.0 ppm 
(m,8H,ArH); 8.2 ppm <d,2H,ArH)

ppm (m,4H,CHeNH); 2.9 ppm 

(m,4H,ArCHeNH); 6,5-7.3 ppm

1,7-Bls (2.3-dihvdroxypheny 1)-4-4 (4-amlnobenzyl)-2.6-dlazaheptane [ 1B3

t

ft ft ft ft
····4 · *• ft «1
• · ·• · ·• · ·

• «·

250 mg of the nitro compound [151 was dissolved In 30 ml of 50% 
methanol (pH 11) and hydrogenated at room temperature with 25 mg 

Pd/Alox. After separation of the catalyst and concentration, 60 mg 
of a crystalline solid was left.

Yield: 27%

Ή-NMR-data In DMSO/TMS

1,5 ppm (m,1H,CH); 2,5 ppm <m,4H,CHENHE)i 2.7 ppm
(t,2H,CHsAr); 4.1 ppm (m,4H,ArCHENH); 6.6-7.5 ppm 
(m,12H,ArH)

ftftftft 4 ·
EXAMPLE 4ft .· ft

ft ftft ft ftft ··
2-C41- (Tetrahydro-g-pyranvloxy)butyl]-malonlc acid dimethyl .ester

021

··.··. 7.9 g (0,3 mol) of sodium In a stream of nitrogen was placed ?rF a
9ft
,, , 500-ml 3-necked flask with reflux condenser, drying tube ahij

« · ·
’ ” dropping funnel wtth pressure equalisation. Next, 250 ml of

anhydrous methanol was carefully added dropwise and agitated until 
the sodium had completely dissolved. A methfinolic solution of 95.4 g 

(0,58 mol) malonic acid diethyl ester was added very slowly dropwise 
to the still-warm sodium methanolate solution. At the end of the 

addition process, the mixture was reflux-boiled for a further hour, 

after which 0,5 mol of 1-chloro-4-tetrahydro-pyranyloxybutane was 

slowly added dropwise. The mixture was then reflux-batled overnight.
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The solvent was removed in a rotary evaporator and water was added 

to the residue, which was repeatedly extracted with ethyl acetate. 

The combined organic extracts were washed with saturated common- 

salt solution and dried over sodium suphate. After removal of the 
solvent, a colourless oil was left. 66,4 g of the substituted malonic 
ester were obtained after distillation in vacuo.

Boiling-point ,mml 148’C

Yield: 70'/.

Ή-NMR-data in CDCI3/TMS• ft ft·
1.6-2 ppm 3,5-3.7 ppm (m,5H,CH+OTHP); 3.7

::”S ppm (s,6H,C00Me); 4.6 ppm (t,IH,OTHP)
• · ·• ft ftβ β ft

ft 
β ■

·

ft « ·«ft ft • · ft ft

4¼ *ft ·% · e ·
• •«ft 

• β ··· «

« ·«• «

2-C41-CTetrahvdro-2-oyrBnyloxy)buty|]-malonlc acid diamide C181

40 g of the substituted malonic ester (171 were weighed in a 1000-ml 

round-bottomed flask and 700 ml methanol was added. The solution 

was cooled to ~4Q‘C and ammonia gas was added till saturation, 
followed by a catdytic quantity of sodium and agitation at the same 

temperature for 4 hours. After heating to room temperature, the 
precipitate was suction-filtered and the remaining solution was cooled 

to «20’C in a deep-freezer and. again suctlon-f iltered. The combined 
crystal fractions were recrystallised from acetonitrile.

ft· ··« · ·• ft Ylald: 62%
• ft ft ft« ·

*H‘ NMR-data In DMSO/TMS

1,3-2. t ppm (m,12H,CHB>; 3.1-4.0 ppm (m,5H,;CH,OTHP); 4.5
ppm (ε,ΙΗ,ΟΤΗΡ): 7.2 ppm (s(br),4H,C0NHE)
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2-C41- (Tetrahydro-g-pyranyloxylbuty 13-1,3-propane diamine [ 19]

I

6.8 g (0.18 mol) of lithium aluminium hydridq were added with 
exclusion of moisture to 400 ml of absolute THF in a 1000-ml round- 
bottomed flask with reflux condenser and dropping funnel. Next, 15.5 
g ‘(0.06 mol) of the substituted malonic acid amide C183 in 100 ml 
absolute THF was slowly added dropwise and reflux-heated for 4 

hours, then cooled to Q’C. 8 ml of water was carefully added 

followed by 6 ml of 20% caustic soda solution and a further 30 ml of 
water. The mixttr’e was filtered and the remaining precipitate was 

twice extracted by boiling with THF, The combined filtrates were

• ftftftft ft
* »ftft
ft ft ft ftft ftft ft ft ft
ft ft ft ft ft ft ft ftft

ftft ft··ft*ft ft
ft ftft • ft ftft ft ft ft

washed with saturated common-salt solution and dried over sodium

sulphate. The solvent was removed
residue was distilled in vacuo.

In the rotary evaporator and the

Yield; 70%

Ή-'NMR-data in CDC!a/TMS

»··» ft ft• •ft ft
ft ft ft ft

ft ft ftft ft ftft ft·

1.3- Ί.8 ppm (m,13H,CH,CHs); 2,7-3.1 ppm (m,4H,CHaNHa)j

3.4- 3.8 ppm (m,4H, QTHP); 4.5 ppm (tJH.OTHP)

4- (4I-Tetrahvdropyranyl oxybutyD-N.N'-propylene-bls (salicylidene

imine) t£03

This compound was prepared in the same manner as compound C43.

Yield: 70%

Ή-NMR-data in CPCIa/TMS

1,2-1,9 ppm (m,13H,CH,CHe,0THP)j 3,2-3,7 ppm
(m,8H,CHaN=G,0THP)i 4.5 ppm (t.lH.OTHP); 6,8-7,1 ppm

(m,8H,ArH)j 8.4 ppm (s,2H,CH=N)

ftft ft ft' ft
ft ft ·ft ft ftft ftft
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4- U'-Tetrehydropyranyl oxybuty D-N.N'-eropy lene-bis(salicylidene

imine) C21]

This compound was prepared in the same manner as compound C5L

Yield: 61%

Ή-NMR-data in CDCta/TMS

• 990 
• <
• · 0 0

• 00 0 
4 0

.0.0

• «4
• 0 4

0 0 9 0

1,2-1.9 ppm <m,13H,CH,CHe,0THP);2.7 ppm (m,4H,CHBNH>; 

3.4,3.6 ppm Cm,4H,0THP,CHB0R); 4.5 ppm <t(1H,OTHP); 6.5-7.3 

ppm (m,8H, ArH)

Example 5

2-Methyl-2-C4'- (tetrahydro-2-pyranyloxyl)butyl]-malonic acid dimethyl
ester C223

»··»• ·
9 0 ft ·

0 0 0 9

0 0»
0 0. 9

• 4 9

90 9«
0 0 0* ·

00 · 
• 40

4 0 0

This compound was prepared in the same manner as compound Cl 73,

Yield: 78%

Ή-NMR-data in CDCIa/TMS

1.4 ppm (s,3H,Me); 1.2-2.0 ppm (m, 12H,CHS); 3.5-3.8 ppm

(m,4H,OTHP); 3.7 ppm (s,6H,CC0Md); 4.6 ppm <t,1H,0THP)

2-Methyl-2-(4l- (tetrahydro-2-pyranyloxy Dbutyll-mBlonic acid dimethyl
ester [231

This compound was prepared in the same manner as compound Γ183.

Yield: 66%
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’H-NMR-data in DMSO/TMS

1,3ppm (s,3H,Me); 

Crn,4H, OTHP);

(s <br),4H,C0NH?s>

1.2-2.0 ppm (m,12H,CHE); 3.1-4.0 ppm

4.5 ppm (t.lH.QTHP); 7.1 ppm

ί

ftftftft ft ft
ft ft9 ft

····• · ftft ft ft
• ft ft

ft · «

ft ftft ft ft ftft ft · ft

2-Methy I-2-C41- (tetrahydro-2-pyrBnyloxyi)butyl3-1 .3-propane_____ diamine

This compound was prepared in the same manner as compound [193.

Yield: 84%

Ή-NMR-data in CDCIa/TMS

0.9 ppm (s,3H,Me); 1.2-1.9 ppm (m,12H,CHc)j 2.7 ppm (m,4H,

CHaNHB); 3.3-3.8 ppm (m,4H,OTHP); 4.5 ppm (t.iH.OTHP)

2-Methy 1-2- (4-tetrahydropyrariV loxvbutyD-N.N'-propylene- 
*,,. bis(salicvlidene imine) 1251

ftft·· ft
ftftftft

This compound was prepared in the same manner as compound £4]

ft ft ft . ' . ■ . .
’·’··* Yield: 77%

• ft

Ή-NMR-data in CDCIa/TMS

1.0 ppm (s,3H,Me); 1,2-1.9 ppm <m,12H,OTHP+CHa>; 3.2­
3,7ppm (m,BH,OTHP=CHsN=C); 4.5 ppm (t,1H,0THP>; 7.0 ppm
(m,4H,ArH); 7.3-7.5 ppm (m,4H,ArH); 8.3 ppm (s,2H,CH=N) ,

2-Methv Ι-2,·*ΐ41- (tetrahvdro-pyranvl oxv Ibutv D-M-N'-propylene-

bls (salicylidene amine) [283 · ·«·

This compound was prepared in the same manner as compound (53



27

Yield: 89%

Ή-NMR-data in DMS0/TMS

1.0 ppm (s,3H,Me); 11.2-1,8 ppm (m, 12h\,0THP+CH3); 2.8-3.1

* ppm (m,4H, CHeNHE); 3.3-3.9 ppm (m,6H,0THP-PArCHsNH);
4.5 ppm (t,1H,OTHP); 7.0 ppm (m,4H,ArH); 7.3-7.5 ppm

(m,4H,ArH)

j Cu-g-rnethy 1-2- (4-tetrahydropvranv I oxybutv I)-N.N'-propylene-

bls(salicylidene amine) [271

ft ftftft
400 mg of copper acetate (2 mmol) in 20 ml methanol was added 

• dropwise to a suspension of 913 mg C26) (2 mmol) in 50 ml methanol

• *r · and agitated at room temperature. After removal of the solvent in
ft. · ft *

, the rotary evaporator and drying with a vacuum pump, an oily residue
••«•ft· ' . '
* / was left. A crystalline residue was left after re-crystal I Isation

*»·»·* from pyridine/chloroform.

Yield: 76%

ftftft· ft ·ft ft ft ft
• ftftft

Cu-g-methvl-2-(4-hydroxybutv D-N.N'-proov lene-bis(sal icvlidene amine)

£HS1

• ·» A solution of 877 mg C27) (1.7 mmol) in 5 ml methanol was added
dropwise to a solution of 0.3 ;.il concentrated sulphuric acid in 5 ml

* methanol and agitated at room temperature for 15 hours. After
• * ·* cooling to 0°C, the mixture was carefully neutralised with sodium

ft ft ft
·. carbonate, with agitation and cooling. After removing the solvent,

the residue was extracted with ether, washed with saturated common 

salt solution and dried over sodium sulphate.

Yield: 68%
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Cu-2"methvl-2-(A-formvIbutyD-N.N'-DrapvIene-bis (salicylidene amine)

L2S1

ϊ

4.32 g of (28J (i0 mmol) dissolved in 20 ml dichloromethane was 

added In one go to an agitated suspension of 3.23 g PCC in 20 ml 
anhydrous dichloromethe.ie and the mixture was agitated at room 

temperature for 2 hours. 50 ml anhydrous ether was added, the

mixture was decanted, the black residue was washed three times,

each time with 50 mi ether, and the combined ether solutions were

filtered over silica gel. An oily residue was left after removal of

the solvent.

• β · *• ft
9 09ft

0900
ft 0 ft

• 0 0

• ft ft• · ·

Yield: 59%

ft « ft

0

ft 0

• «9
0 0 ft
«000

Example 6

2-Butvl-2-[4'~ (tetrahvdro-2-ovranvloxv)butvl]-maIonic acid dimethyl
ester [30]

• «•ft• ft• •ft ft
.‘V.

ft· 0 '

This compound was prepared in the same manner as compound 17.

Yield: 69%

• 0 · ft ft ft
· 0 0 Ή-NMR-data in CDCI3/TMS

• ft ft « ft ft ft
0 0

0.9 ppm (t,3H,Me); 1.2-2 ppm (m,18H,CHa); 3.3-3.9ppm
(m,4H,0THP); 3.7 ppm (s,6H,C0QMe); 4.6 ppm (t,1H,OTHP)

• ft · « ft ft
ft 0 ft

2-Butv 1-2-( 4'-tetrahvdro-2-0vranvlaxv)butvl]-ma Ionic acid di amide

(31)

This compound was prepared in the same manner as compound [18].

Yield: Θ6%
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9 ft 0 9 
• «

9 «9 9

A ft 9 9 
« 9 ft

r 9

• 9 9
9 9 ·

« 9 9

9
999999
• 9

9 99
9 9 ·

9 ft · 9

999 9 
ft 9

ft M 9 ft

9 9 9 9 
ft 9f 9
*9 ' ft

9 «9ftft ft ft ft ft

9 9 9«
» 9 9
9 9

99
9 90

9
9

ft 9

Ή-NMR-data in DMSO/TMS

0.9 ppm (fc,3H,Me); 1.3-2.2 ppm (m,18H,CHe); 3,1-3.9 ppm

(rn.4H.0THP); 4.5 ppm (fc.1H.0THP)

2-Butyl-2-[4l- (tetrahydro-2-pyranyloxy)buty 13-1.3-propane diamine

[321

Thia compound was prepared in the same manner as compound [193.

Yield: 70%

Ή-NMR-data in CDCI3/TMS

0.9 ppm (t,3H,Me); 1.2-1.9 ppm (m,18H,CHe); 2.5-2.9 ppm
(m,4H,CHaNHa); 3.3-4.1 ppm (m,4H,0THP); 4.6 ppm

(t.lH.OTHP)

1.7- Bis (2l-Pyrroly1)-2-butyl-2-[4l (tetrahydro-2-pyrany loxy)butyll-2.6-

diazahepta-1,6-dlene Γ333

This compound was prepared in the same manner as compound (43.

Yield; 74%

Ή-NMR-data in CDCI3/TMS

0.9 ppm (t,3H,Me); 1.2-1.9 ppm (m,18H,CHa>; 3.3-4.1 ppm

(m,8H,OTHP+CHaN=C); 4.6 ppm (t,1H,0THP); 8.2 ppm

(m,2H,ArH); 6.4 ppm (m.2H,ArH)j 6.8 ppm (m,2H,ArH); 8.0

ppm (s,2H.CH=N)

1.7- Bls (2I-Pyrrolv I )-2-buty 1-2-C 4l-»tetrahydro-2-pyrany loxy)butv 13-2.6-

diazahepfcane C343

This compound was prepared in the same manner as compound E53.
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Yield: 71%

Ή-NMR-dats in CDCIa/TMS

Q.Sppm 1.2-1.9 ppm (m,18H,CHB); 2.4 ppm
(m,4H,CHENH); 3.3-4.1 ppm Cm,8H,0THP + ArCHENH); 4.6 
ppm (t, IH.OTHP); 6.1-6.6 ppm Cm,6H,ArH)

• 40ft 0 0 ftftftft
00ft·

4 ft «ftft ft
V ft ·

t ftftft ftft
0ft·*··· ft ft

ft 0»
• ft 0

0 0 00

9···
0 ft

ft ft 0 0

• f

9 00
0 0 ft

ft ·«

Example 7

2-A II vl-malonic acid diamide [35]

This compound was prepared In the same manner as compound C2L

Melting point: 168.5 - 169’C
Yield: 94%

•H-NMR-data in DMSO/TMS

2.4 ppm (m.2H.CH„CH=CHg): 3.0 ppm Ct,1 H.CH): 5.0 ppm
(m.2HfCH-GHP): 5.7 ppm Cm, 1H,CHeCH;=CHe); 7.0 pprrt <s

br,2H»C0NHE); 7.3 ppm Cs br,2H,C0NHE)

2-Allyl-1.3-propane diamine [36]

ftftftft*
0 0 9

• * A suspension of 3.12 g of diamide (353 in 50 ml anhydrous
•a «

·. *.· tetrehydrofuran was slowly added, cooled on ice, to a suspension of
1.52 g lithium aluminium hydride in 50 ml anhydrous tetrahydrofuran. 
The mixture was slowly coaled to room temperature and then heated 
with reflux for eight hours. After cooling to room temperature, 10 

ml water was added dropwise followed by 10 ml of 10% potassium 

hydroxide solution and a further 10 ml water. Precipitated

aluminium hydroxide was filtered off and was twice briefly extracted 
by boiling, each time with 50 ml tetrahydrofuran. The combined
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filtrates were washed with saturated common-salt solution and dried

ϊ

over sodium sulphate and the 

evaporating the solvent.

residue was distilled in vacuo after

Yield: 65%

Ή-NMR-data in CDCI3/TMS

1.9 ppm (m.'IH.CH); 2.1 ppm (d,2H,CI±,CH-CHs); 2.7 ppm

(d, 4H,CHeNH); 5.1

(m,1H,CHECH=CHE)

ppm (m,2H,CHeCH=CHE); 5.8 ppm

©·6©
© ·β ©»*

·0®β• · ■• Λ ·
·© ·ft © <·β ·©

©•©ft©· 
© ©

• ©·
© » €

g-Allyl-N.N'-propylene-bisCBalicylidene imine) C37]

This compound was prepared in the same manner as compound [41.

Yield: 83%

Ή-NMR-data in CDC|a/TMS

• ©ft©
©

·©© ©

©·©·

<m,4H,CHKiM=C)i

ft©

© υ©* · © • ©V

(m,1H,CH.=CHs);

(s,2H,CH=N)

1.5 ppm(m,iH,CH); 2.2-2.4 ppm (m,2H,CHsCH=CHe); 3.5 ppm
4.9 ppm (m.aH.CH^EHs); 5.6 ppm
6.8-7.1 ppm Cm,8H,ArH); 8.4 ppm

·· ··
• · ©
© ©

5-(3-Bromo-2-hydrPxyprooy D-N.IM'-propv lene-bis(salIcylldefig imine) 
£331

4©• · »• ft
1,78 g (10 mmol) of NBS was added to a solution of 3,22 g |‘37J (10 
mmol) in 50 ml of 6:1 THF/water and agitated for two days at room 
temperature with exclusion of light. The mixture was poured in 250 
ml of water and repeatedly extracted, each time with 50 ml acetic 
acid, dried, concentrated and the residue was re-crystallised from 

acetonitrile.
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Yieldr 32%

£

• »
to···

• to »
« to to

f > to• to to
A · ·

•
•···toe

Ή-NMR-data in CDCI3/TMS

1,5 ppm (m.3H.CHfCHPCH0H): 3.5 ppm <m,4H,CHBN«C>; 3.8

ppm (d,2H,CHEBr)j 4.1 ppm (m.lH.CHOH); 8.9 ppm

(m,4H,ArH); 7.3 ppm (m,4H,ArH); 8.4 ppm (s,2H,CH=N)

2- (2.3-Epoxypropyl)-l\l.Ml-propylene-bis(sal!cvi!dene imine) (393

A solution of 7,6 g C383 (18 mmol) In 100 ml methanol was addea to 

a solution of 5.4 g potassium carbonate In 15 ml water and agitated 
for one hour at room temperature. The mixture was filtered and 

concentrated and the residue was diluted with 30 ml water, extracted 

with chloroform, dried over sodium sulphate and concentrated.

Yield: 76%

Ή-NMR-data in CDC!3/TMS

• · · ·
• · · to

• · · « ·• *·

1.5 ppm (m.3H.CH+CH«,CH0R): 2.8 ppm (m,2H,epoxide); 3.1
ppm (m, 1H,epox Ide); 3.5 ppm (m,4H,CH2N=C); 6.9 ppm

( ’ ArH); 7,3 ppm (m,4H,ArH); 8,4 ppm (s,2H,CH=N)

• to ··• ·

• < ·to · ·

2-[2-Rydroxy-S- (2-nlbrolmidazoly D-propy ll-N.N'-propy lene-

bls(salicylidene Imine) [40]

A mixture of 250 mg of 2-nltroimidazole (2.2 mmol), 475 g of 1.8- 
bis- (dimethylamino)-naphthalene (2.2 mmol) and 920 mg (2.2 mmol) 

of C393 In 5 ml DMSO was heated to 80°C with agitation for twenty- 
four hours in a 10 ml round-bottomed flask. After cooling the 
mixture was diluted with 50 ml water, repeatedly extracted with 
ethyl acetate, then washed with dilute hydrochloric acid and water, 

dried over sodium sulphate arid concentrated. The mixture was re­

crystal Iised from methanol/water.

1/
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>

ft ·β·ft ·

ft ft• ft
• ftft ft ft 4k

ft ftft • ft ftft ft ft ft

ft « · Λ ft ftft···

• ··«· · 
ft ··

• ft ··ft · ft• ·
·' · ·• ft ·

Yield: 28%

Ή-NMR-data in CDCla/TMS

1.4- 1.5 ppm (m,3H.CH+CHPCH0H): 2.9 ppm (m.2H.CHQH-CH®-
NRC); 3.5 ppm (m,4H,CHEN=C); 4.0 ppm (m, 1 H.CHOH); 6,9-7.4 
ppm (m,10H,ArH); 8.4 ppm (s,2H,CH=N)

2-C2-Hvdroxy-3- (3-nltrolmldazolyl)-propy l1-N.Nl,-propylene-
bis(salicylidene amine) (411

This compound was prepared in the same manner as compound C41.

Yield: 63%

Ή-NMR-data in CDCIa/TMS

1.4- 1,5 ppm (m.3H.CH+CH®ChOH): 2.5 ppm (m,4H,CHsNH);

2.8 ppm (m, SH.CHOH-Ctk-NRs): 3.9-4.1 ppm
(m,5H,CH0H+ArCHENH); 6.9-7,4 ppm (m,10H,ArH)

Example B

2-Allyl-2-tnethyl-roalpnic acid diethyl ester [421

This compound was prepared In the same manner as compound C11

Yield: 76%

Bolling point: 25mtja 106-107°C
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’H-NMR-data in COCl3/TMS

1,3 ppm(t,6H,C00CHEO43); 1,4 ppm (s,3H,Me); 2.6 ppm (d,2H,

CHECH=CHS); 4.2 ppm (q,4H,C00CHECH3); 5.0 ppm Cd
br.lH.CH„CH=CH„): 5.1 ppm Cd br, 1 H,CHECH=Chk); 5.7 ppm
Cm, 1H,CHECH=O4a)

S-Allyl-2-methyl-malonic acid dtamide [433

««*«• »• e · ·
• · tt ·• ·· ·
tttt tt• tttt

• ·• · · · tt

• ·· · tt ttβ · · ·
····• ··· ·

<· tt·• · ·• ·
• · ·

• a»• · ·

This compound was prepared in the same manner as compound [23.

Yield: 89%

Ή-NMR-data In DMSO/TMS

1,3 ppm (s,3H,Me); 2.2 ppm Cd.2H.CH^CH=CHP); 4.9 ppm (d

br, 1H,CHECH=CI±j): 5.0 ppm (d br, 1 H.CH»CH=CHCT): 5.8 ppm 
<m,1H,CHeCH=CHE)

2-Allyl-2-methyl-1,3-propane diamine [443

This compound was prepared in the same manner as compound [363.

Yield: 82%

’H-NMR-data In COGI3/TMS

1.0 ppm (s,3H,Me)j 2.2 ppm (O.2H.CH„CH=CHr. ); 2.5 ppm
Cm,4H,CHaNH); 4.9 ppm Cd br,1H.CH,CH=CHP): 5.0 ppm Cd
br.1H.CH,»CR=O4„): 5.8 ppm (m,1H, CHPO4=O4„)

2-Allyl-2-methyl-N.N,-propylene-bls(salicylidene Imine) [453

This compound was prepared in the same manner as compound (43.

Yield: 76%
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Ή-NMR-data In CDCI3/TMS

1.0 ppm (s,3H,Me); 2.2 ppm (d.2H.CHPCH=CHP): 3.7 ppm
(m,4H,CHBN); 5.1 ppm (m.2H.CH„CH=CH^): 5.8 ppm

(m,1H,CHe£H=CHB); 6.9-7.4 ppm (8H,ArH; 8,4 ppm (s,2H,CH=N);
13.5 ppm (s,2H,Ar0H)

2-Allyl-2-methvl-N.Nl-prooylene-bls(salicylidene amine) 1481

This compoOnd was prepared in the same manner as compound (51.

ft ft ftft• I• ftft ft
ft···ft ft• ft
ft ftV ft• ft

ft ftft ft ft ftft ft ft ft

Yield: 737.

Ή-NMR-data In CDCla/TMS

1.1 ppm (s,3H,Me); 2.3 ppm (d.2H.CH„CH=CH.): 2.8 ppm

(m,4H,CHBNH); 4.1 ppm (m,4H,ArCHBNM); 5.1 ppm

(m.2H.CH,CH=CH„): 5.8 ppm (m.lH.CHPGH=CHP): 6.8-7.4 ppm

(3H,ArH); 13.5 ppm (s,2H,ArOH)

ft ·· ft ft ftft ft ft ft
ft ft ft ftft ·}·ft ft 1·

Example S

ft ftft ft ft ftft ft· 1,7-Bls (2-hydroxynaphthyl)-4-methyl-4~ (4-ntcrobenzyl)-2.6.dla2aheptB-

1,6-d)gne£471

·« »» 
ft ft ft This compound was prepared In the same manner as compound C41.

ft ft ft ft ft ft ft ftft
Yield: 807.

Ή-NMR-data In CDCIa/TMS

t .2 ppm (s,3H,Me); 3.0 ppm (s 2H,CHBAr); 3.8 ppm

(m,4H,CHBN=C); 7.0 ppm (d,2H,ArH); 7.3-7.4 ppm (m.BH.ArH);
7.6-7.9 ppm (m,6H,ArH); 8.3 ppm (d,2H,ArH); 8.9 ppm
(s,2H,CH=N)
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•1

• * • ·· ·
··· ·• ·«
«·• «

• ·»
9· ·* · · ·

«··· 
ft ♦ft···

β· » ft• Ϊ ·• · / ·

• »·

»· ·»• · · « ·
·» ·• * · « ··

1.7-Bls (2-Hydroxynaphithyl)-4-methyl-4- (4-nltroben2y D-2.6-

diozaheptane C4S1

This compound was prepared in the same manner as compound [53.

Yield: 52%

Ή-NMR-data In CDCIa/TMS

1.0 ppm (s,3H,Me); 2.6 ppm (m,4H,CHENH); 2.9 ppm
(s,2H,CHaAr); 4.0 ppm (m,4H,ArCHENH); 6.9-7.4 ppm
(m.BH.ArH); 7.6-7.9 ppm Cm,6H,ArH)i 6.3 ppm (d,2H,ArH>

1,7-Bts (2-hydroxynaphthy l)-4-methvl-4- (4-am Inobenzv 1)-2.6-

dlazaheptane C493

This compound was prepared In the same manner as compound [83*

Yield: 72%

Ή-NMR data In CDCIa/TMS

1.1 ppm (s,3H,Me)i 2.6 ppm (m,4H,CHBNH)j 2,9 ppm

(S,2H,CHBAr); 3.9 ppm (m,4H,ArCHENH); 6.9 - 7.4 ppm

(m,8H,ArH); 7.6 - 7.9 ppm (m,6H,ArH); 6.3 ppm

Cd,2H,ArH)

EXAMPLE 10

1.7-Bts (2l-thlenyl)-4- (4l-nltrobenzyl)-2.6-diaza-heDta-1,6-dlene [503

This compound was prepared in the same manner as compound [43

Yield: 91%
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Ή-NMR• ft ·
ft ft ftft ftft ft ftft

• Ή-NMR data In CDC!s/TMS

1,4 pprft (m,1H,CH); 3.2 ppm (d,2H,CHBAr>, 3.5 ppm 
(m,4H,CHeN=G}? 6.9 ppm (m,4H,Arh">; 7,2 - 7.4 ppm 
Cm,4H,ArH); 6.2 ppm (d,2H,ArH); 8.3 ppm <s,2H,CH=N>

1 ■7-81s(2l-,thienyl)-4-(4l-nltrobenzyl)-2.6-dtBza~hepfcane [511

This compound was prepared in the same manner as compound [53

V
Yield: 76%

*·«« ■• «.• ·» . .

2,5 ppm (m,4H,CH8NH)j 2.8 ppm 

ppm (m.JH.ArCHeNH); 8,7 ppm 

(m,4H,ArH) 7.4 pmm <m,2H,ArH); 8.2

data in CDCIa/TMS

1.4 ppm (m,1H,CH); 
(d,2H,CHBAr); 3.8 

(m,2H,ArH); 6,8 ppm 

ppm (d,2H,ArW)

ft ft «ft ft ftft ft
ft ftft • ft ft ft ft ft ft

,,*Λ 1.7^S'fs (2,(-thleny 1)-4- (^-amlnobenzy 1)-2.6-dlaza-heptane C523
• ftft · ft ·

• ft · ft r
*..? I This compound was prepared in the same manner as compound [83

ft ftft
*·’··’ Yield: 88% .. "

H-NMR data In DMSO/TMSftft ft·
• *' 1,2 ppm (m,1H,CH); 2.4 - 2.5 ppm (m,6H,CHBNH+CHBAr);

·» 3,8 ppm (m,4H,ArCHBNH); 6.5 - 6.6 ppm (m,4H,ArH); 6.8

- 6.9 ppm (m,6H,ArH)

EXAMPLE 11

2-Methyl-2- (2-prdp|nyl)-malonlc acid dimethyl ester [533 

This compound was prepared In the same manner as compound [13
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Yield; 66%

Ή-NMR-data In CDCIa/TMS

1,5 ppm (s,3H,Me); 2.0 ppm (t,1H,CCH); 2.8 ppm
(m,2H,CHE):. 3.8 ppm (s,6H,C00Me)

2-Methyl-2-(2-proplnyj)-malonlc acid diamide £54]

ft « ft·β ··»··
« 0 0 
• 0 0

0ft · 
• 0 0* tttt
000004 

» 0

0 0 0 
•ft 0

0 0 0 0

This compound was prepored In the same manner as compound £2]

Yield: 72%

1H-NMR-data In DMSO/TMS

1,5 ppm (s,3H,Me); 1.9 ppm (m,1H,CCH); 2.6 ppm

(m,2H,GHE)

0000
<9 O
0«··

• » - w 
► 0> 0

0 0 / ·

0 tt
ft «

2-Methv 1-2-(2-orOplny 1)-1.3-propane diamine £55]

This compound was prepared In the same manner as compound £36]

Yield: 57'%

Ή-NMR-data in CDCI3/TMS
1.5 ppm (s,3H,Me); 1.9 ppm (m,lH,CCH); 2,5 ppm (m,6h,

CHEC+CHEN)

2-Methyl-2- tpropInyD-N.N'-propylene-bls (salicylidene imine) £56)

This compound was prepared In the same manner as compound £4]

Yield: 77%
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Ή-NMR-data in CDC!3/TMS

1.5 ppm (s,3H,Me); 2.0 ppm (t.lH.CCH); 2.6 ppm 

(m,2H,CHE); 3.7 ppm (m,4H,CHEN)j 6.9 - 7.4 ppm 
(m,8H,ArH); 8.3 ppm (s,2H, CH=N)

2-Methyl-g-(propInvD-N.hP-prgpylene-bls(salicylidene amine) Γ573

This compound was prepared in the same manner as compound C5]

Yield: 78%
* 0

0 0 
• 000

00 9 0
0 0 0

00 9
Ή-NMR-data in CDCI3/TMS

9 0 0
0 £ 0

0 00

0 1.5 ppm (s,3H,Me); 2.0 ppm (t,1H,CCH); 2.8 - 2.8 ppm
9 9 (m,6H,CHECC+CMeNH>; 4.0 ppm (m,4H,ArCHENH); 6.9 -

9 0 9
9 00 0 7.4 ppm (m,8W,ArH)

Example 11 a

2-Methvl-2-(2-oroptnvD-maIonic acid 158]
0 · 9 0

0 0
900 0

00 0 9
• > ·

00/ 0 23.7 g C53] (127 mmol) were dissolved in 200 ml methanol and a

solution of 28.3 g (708- mmol) of NaOH in 50 ml water was slowly
• 00

• 00 added dropwise. The mixture was heated to 50eC in a water bath
for two hours, the solvent was removed in a rotary evaporator and 
the residue was dissolved Iii water. The mixture was acidified with

• 0 09
J’»* semi-concentrated hydrochloric acid and the free carboxcyilc acid was
·**·,; exacted with ch·' 'qform, washed and dried.

Yield: 84%

Ή-NMR-data in DMSQ/TMS .
1.4 ppm (s.3H,Me); 2.8 ppm (d,'2M,CHE); 2.9 ppm (t,1H,CCH)
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2-Methy 1-2-(2~propiny l)-malonlc acid dichloride [593

A mixture of 3.40 g [58] and 8.9 g of thionyl chloride and one drop 

of DMF were heated to boiling with agitation and with exclusion of 

moisture. When alt the gas had evolved, the excess of thionyl 
chloride was removed in vacuo at room temperature and the residue 
was distilled in vacuo.

Yield: 91%

Boiling point: 125°C/,<mm

l\I.N,-B?s(2-methoxyben2yl)-2-(proplnyl)-malonlc acid diamide [601

• •«ft• ft• ftftft
ft ftft• ft ft
• ft ft ft ftftft ft·

• · e β · «• «
ft ft·ft · ·ft ·· ·

ft···ft «β· ·
·· ftft

• ft ·• ft ·• ft·

• ft ·«ft · ·ft ft
• ft ft

• 6 ft 
ft ft ft

4.69 g [591 (24.3 mmol) in 100 ml dlchloromethane was carefully
added dropwise to a mixture of 6.67 g of 2-methoxybenzyl amine 

(48.6 mmol) and 5.06 g of triethylamine (50 mmol) In 100 ml 

diochlaromethane, with exclusion of moisture. The mixture was 

agitated at room temperature for a further three hours, then 

repeatedly extracted with chloroform after adding water. The 
organic phase was successively washed with 1N HCI, saturated 
potassium carbonate solution and water and dried over sodium 
sulphate.

Yield: 64%

1H-NMR-data In C0C1„/TMS

1.5 ppm (s,3H,Me); 2.0 ppm (t,1H,CCH); 2.8 ppm
(d,2H,CHECC); 3.6 ppm (s,6H,0Me); 4.4 ppm (d,4H,CHsNH);
6.9-7.3 ppm (m,8H,ArH) '

Ν,Ν'-Bls (2-methoxvbenzy I )-2~methy 1-2- (propinvl)-l .3-propane diamine
[61]

This compound was prepared in the same manner as compound [44].

Ή-NMR-data in CDC1a/TMS
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1.5 ppm (s,3H,Me); 2.0 ppm (t,1H,CCH); 2.6-2.8 ppm

(m,6H,CHBCC+CHENH); 3.8 ppm (s,6H,OMe); 4.2 ppm

(m,4H,ArCHBNH); 6.9-7.3 ppm (m,8H,ArH)

2-Methy 1-2- (propinyD-N.N'-propy lene-bis (salicyl idene amine 1573

A solution of 338 mg C613 (1.0 mmol) In 15 ml dichloromethane was 

cooled to 0°C In a nitrogen atmosphere with exclusion of moisture. 

1.75 g (7.0 mmol) of boron tribromide in 20 ml dichloromethane was 
added dropwise and with agitation through a disposal syringe and the 

mixture was agitated at room temperature over night. The mixture 

was hydrolysed with water, made weakly alkaline with saturated 
potassium carbonate solution, extracted with dichloromethane and the 

organic extracts were washed with saturated common salt solution. 
A solid residue was left after removing the solvent.

Yield: 79%

Example 12

6- (4l-Nltrobenzyl)-3.3.9.9-tetrBmethyl-4.8-dla2aundecBne-2.10-dlone-

dloxlme C62)

3.9 g of diamine C103 was dissolved in 90 ml methanol and cooled to 

0°C, after which 6.5 g of 2-chloro-2-methy|-3-nltrosobutane were 
added with agitation. After heating to room temperature the
mixture was agitated for two hours, bolied with reflux for a further 
two hours, the solvent was removed and the remaining solid was 
dissolved in water. Th. mixture was neutralised with sodium
hydrogen carbonate and concentrated and the remaining precipitate 

was re-crystallised from ethanol.

Melting point: 197-19BaC

Yield: 27%
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Ή-NMR-data ίη DMSO/TMS

1.3 ppm (s,12H,MeCNH); 1.8 ppm (s,6H,MeC=N); 2.3 ppm

(m.lH.CH); 2-5 ppm (m,4H,CHeNH); 2.8 ppm (d,2H,CHBAr);

7.4 ppm (d,2H,ArH);6.2 ppm (d,2H,ArH); 10.8 ppm
(s,2H,H0N=C)

6~ (4* Amlnobenzv 1)-3,3,9.9-tetramethyl-4.8-diazaundecane-g, 10-dlone-
dloxime [633

• *«·• » • •ftft
ft*·· 

ft ft 9ft· ft

tfl ft ftft ft ft• ft
« «· ft ft ft• ftftft

• ftftftft ft• ft·*

ft ft· ft ft ftft ftft

250 mg of the nitro compound [623 was dissolved In 30 ml of 50% 

methanol (pH 11) and hydrogenated at room temperature with 25 mg 
of PdZAlox, 60 mg of a crystalline solid was left after removal of 
the catalyst and concentration.

Yluld: 28%

Ή-NMR-data in Dc0

1.2 ppm (s,12H, MeCNH); 1.7 ppm (s,6H,MeC=N); 1.9 ppm

(m,1H,CH); 2.5 ppm (m,4H,CHeNH); 2.4 ppm (d,2H,CHeAr);

6.5 ppm (d,2H,ArH); 6.9 ppm (d,2H,ArH)

Cu-6- M'-amlnobenzy 1)-3.3,9.9-tetramethy 1-4. B-dlazaundecane-2,10-

dlone-dloxime (643

This compound was prepared in the same manner as compound [273.
ft ft & ftftft ftft ft
·’*».? Yield: 45%

Cu-6-14'- (biotin carbamovilbenzy 13-3.3.9.9-tetramethyI-4.B-

diazBUndecBne-2.10-dSone-dioxlroe [653

680 mg of NHS biotin (2 mmol) was added with agitation to a

solution of 439 mg [843 (1 mmoi) In 10 ml DM50 and heated to
50°C for three hours. After cooling to room temperature, the
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mixture was agitated for a further fifteen hours. The solvent was 
then removed In vacuo and the residue purifed with MPLC (silica gel, 
dichlorornethane/ethanol/concentrated ammonia 20:20:3).

Yield: 75%

Ei~(Biotin carbamoyl) benzv ^3"3,3,9,9~tetramethyl-4,8-·d^azBundecane-
2.ΐ0^’·dione-dΐoxϊme Γ563

500 mg of potassium cyanide was added to a solution of 600 mg (653 

in 75 mi water at 40°C and agitated for two hours. The mixture 

was then concentrated to about 10 ml and the residue was purified 
with MPLC (silica gel, acetonitri le/concentrated ammonia 40:3).

Yield: 41%

Tc-99m complex of [663

5.6 x IO"3 mol potassium tartrate in 1 ml HE0, 4.8 x 10“° mol tin 

chloride In 1 ml Htt0 and 5 mCi of Tc-99m~pertechnetate were added 

to a solution of 1.66 x 10"° mol C62] In 1 ml EtOH/HK0 4:6 and 

Incubated for ten minutes. The corresponding technetium complex

was obtained with more than 90% purity.

Example 13

6" (d^-isothiocyanatobenzy I )-3,3,9,9-tetramethy H4.8-dlazaundecane"
2,10-dione-dioxime E673

This compound was prepared in the same manner as compound [71.

vH-NMR-data in De0
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1.2 ppm (s,12H,MeCNH); 1.7 ppm (s,6H,MeC=N); 1.9 ppm

(m,1H,CH); 2,8 ppm (m,4H,CHENH); 2.4 ppm (d,2H,CHEAr);
6,7 ppm (d,2H,ArH);7.2 ppm (d,2H,ArH)

Example 14

2-Methvl-2-[44-(biotin carbamovDbenzyll-N.N'-propylene-
bls (sal icy I Idene amine) [581

100 mg of the hydrochloride of aniline [61 (0.194 mmol) was 

dissolved In 10 ml water in a 5 ml round-bottomed flask at room 
temperature, and a freshly-prepared solution of 66.3 mg of blotin- 

NHS (0.194 mmol) In 1 ml dimethyl formamlde was added, followed 

by 80 pi trlethylamine with agitation. After fifteen hours the 

reaction mixture was concentrated In vacuo and the residue was 

dissolved in dimethoxyethane. Purification was brought about by

HPLC. Co|umn:M&W 2S0 x 4.6 mm,
developer ([acetronitri lel/CO.OSM KHEPO,.,
rate: 1.0 ml/mtn UV detector 280 nm.

nucleosil 100 C-18.5 pm;
pH 4.81)50:50 (v/v); flow

•H-NMR-data in DMSO

1.1 ppm <s,3H,Me); 1.5-1.6 ppm (m,6H,CHE); 2.5-2.8 ppm
(m,8H,CHeS,CHENH,CHEC0); 2.9 ppm (s,2H,CHEAr); 3.1 ppm
(M.1H.CHS); 4.0-4.3 ppm (m,6H,ArCHcNH,biotin-H); 6.4 ppm
(s,2H,i'JH); 6.8-7.Θ ppm (m,12H,ArH)

Tc-99m complex of [681

,0 pi of saturated tin tartrate solution was added to 25 pg of 

compound [661 In 50 pi NaCl solution pH9, and > mCi of Tc-99m 
pertechnetate from an Mo99/Tc99m generator was added. The

resulting reaction mixture was left to stand at room temperature for 

five minutes. The reaction mixture was investigated by thin-ftlm
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ftft· ft• ft ft
• ftftft ft• ft

chromatography, showing complete reduction of the pertechnetate, and 

complexing of the reduced technetium by the ligand.

Analysis o' the Tc99m complex, HPLC

PPP-ί HPLC columns made by Messrs. Hamilton, 150 x 4.1 mm, 5 pm 

poly (styrene divlnylbenzene) copolymer were used for the analysis.

Developer; (acetonitrlle/t (KHEPOrt pH7 0.0IM) + 1% methanol)) 50:50 

(v/v), flow rate 1.5 ml/mln. Radioactivity was detected by using an 
HPLC radioactivity monitor LB506 C-1 made by Messrs. Berthold. 
The resulting radiochemical purity of the Tc-99m complex was 

greater than 92%.

ft ft

ft ft
ft ftft ft ft ft

Example 15

N.N'-blsCE- (benzv lthlo)benzoyl)-2-methy 1-2- (4-nltrobenzyl)-1,3-propane
diamine C69)

·. ft ft, ft
ft ft 99

ft · ft

ft ·ftft
ft ft · 

• · e• ··

B.Og of S-benzylthlosallcyllc acid chloride (22,8 mmol) In a solution 

of 100 ml benzene and 60 ml dichloromethane were slowly added 

dropwise during an hour to a solution of 49 ml IN NaOH (49 mmol) 

and a solution of 2.59 g C31) (11.8 mmol) in 100 ml benzene. The 

solution was then cooled to 0°C, water was added and the aqueous 
phase was repeatedly extracted with dlchloromethane and dried over 

sodium sulphate. After removing the solvent, a yellow oil was left.

Yield; 77%

Ή-NMR-dats in CDC1„/TMS

1,0 ppm (s,3H,Me); 3.0 ppm (s,2H,CHEAr)j 3.5 ppm
(m,4H,NHCHE); 4.1 ppm (s,4H,SCHEAr); 6.7 ppm (t,2H,CONH); 

7.1-7,6 ppm (m,2QH,ArH), 8.2 ppm (d,2H,ArH)
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N.N'-bisCg- (benzylthlo)benzyl]-2-methvl-2- (4-nltrobenzyl)-1.3-propane

diBmine [701

I

.... ft ft• ft · ft

ft ft:

9 ft « ft ft ft ft

ft ft· ft ft ·
«·· ft

..2. ft ftft
ft V ·

ft ft ftft ft ft ft ft ft

ftftft ft ftft

27.6 nil of a 1 H borane solution in THF was added dropwise to a 

solution of 2,96 g [69] (4,6 mmol) In 10 ml THF at 0aC, reflux- 

heated for two hours, cooled and 10 ml of a 1:1 mixture of HC| In 

water was added and the solvlent was removed in a rotary 

evaporator. After neutralising with 1N NaOH the mixture was 

extracted with dichloromethane, and dried over sodium sulphate and 
the solvent was removed, leaving a faintly yellow oil.

Yield: 567,

Ή-NMR-data in CDC1B/TMS

1.0 ppm (s,3H,Me); 2,9 ppm (s,2H,CHEAr); 3.1 ppm

(m,4H,NHCHE)j 3.3 ppm (m,4H,ArCHENH); 4.1 ppm

(s,4H,SCHEAr); 7.1-7.6 ppm (m,20H,ArH), 6.2 ppm (d,2H,ArH)

N.N'-bls (2-mercaptobenzyl)-2-methvl-2~ (4-nltrobenzvl)-1,3-propane
diamine C711

Sodium was added to a solution of 1.24 g [701 (2.0 mmol) In 30 ml 

liquid ammonia until the colour became permanently blue. After 
thirty minutes the excess sodium was destroyed by adding ammonium 

chloride. After the ammonia evaporated, the residue was dissolved 
In water and extracted with chloroform. After drying and removal 
of the solvent, a white residue was left.

Yield: 697.

Ή-NMR-data in CDCIa/TMS

1.1 ppm (s,3H,Me); 2.9 ppm (s,2H,CHeAr); *3.0 ppm

(m,4H,NHCHe); 3.3 ppm (m,4H,ArCHENH); 6.9-7.4 pprn
(m,10H,ArH),6.2 ppm (d,2H,ArH)
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Example 16

N.N'-bisCg- (benzylthlo)benzovl3-2-[4l (phenoxv)buty 13-1 .3-propans
diamine [723

6.0g of S-benzyithiosalicyllc acid chloride (22.8 mmol) in a solution 
of ,00 ml benzene and 60 ml dichloromethane was added slowly 

dropwise during an hour to a solution of 49 ml of 1N NaOH (49 

mmol) and a solution of 2.34 g of 2-(4'-phenoxy)buty|~1,3-propane 
diamine (11.8 mmol) in ,00 ml benzene. The solution was then 
cooled to 0°C, water was added, and the aqueous phase was 

repeatedly extracted with dichloromethane and dried over sodium 

sulphate. After removal of the solvent, a yellow oil was left.

Yield: 88%

Ή-NMR-data in CDC,3/TMS

1.2-1.8 ppm (m,7H,CH,CHE); 3.5 ppm (m,4H,NHCHe); 4.1 ppm 

(s,4H,SCHEAr); 4,3 ppm (t,2H,CHEQAr>; 6.7 ppm (t,2H,C0NH); 

7.1-7.8 ppm i'm,23H,ArH)

N.N'-bisig- (benzvlthlo)benzy I3-2-C41 (ohenoxy)butvl3-1.3-propane

diamine [733
• · ·

a · ··
• ·

• ft ·• · ft• · ft

This compound was prepared in the same manner as compound C7O3

Yield: 58%

Ή-NMR-data In C0C13/TMS

1,2-1.8 ppm (m,7H,CH,CHe); 3.3 ppm (m,4H,ArCHENH); 3.5

ppm (m,4H,NHCHE); 4.1 ppm (s,4H,SCHEAr); 4,3 ppm

(t,2H,CHE0Ar)j 7.1-7.8 ppm (m,23H,ArH)
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N.hP-blsCS- (benzylthlo)benzyl]-2-[4-bromobutyl]-1.3-propane diamine

C743

A solution of 1.29 g (73) (2 mmol) in 50 ml glacial acetic ocid/48% 

HBr (80:20v/v) was heated to 95°C in an argon atmosphere for four 
days. After removal of the solvent, a solid residue was left.

Yield: 69%

Ή-NMR-data In DMSO/TMS

1.2-1.8 ppm (m,7H,CH,CHe); 3.3 ppm (m,4H,ArCHcNH); 3.4- 

3.6 ppm (m,6H,CHB0Br,NHCHe>; 4.1 ppm (s,4H,SCHeAr); 7.1- 

7,8 ppm (m,23H,ArH)

N,Nl-blsC2- (benzvlthto)ben2y|]-4-C5l-amlnomefchyl)- (B1-

amlno)hexanoxyibenzoic acid C753

A solution of 8,31 g of 4-hydroxybenzoic acid ethyl ester (50 mmol) 

in 25 ml DMF was slowly added dropwlse to a suspension of 1.2 g of 
sodium hydride (50 mmol) in 25 ml DMF, and agitated for a further 

thirty minutes. Next, a solution of 31.6 g [74] in 75 ml DMF was 
carefully added dropwise and heated to 80°C for six hours. After 

cooling to room temperature, the mixture was diluted with Ice water, 

the alkaline solution was weakly acidified and repeatedly extracted 
with dlchloromethane, and after drying the solvent was removed, 
leaving a solid residue.

Yield: 64%

Ή-NMR-data In OMSO/TMS

1.2-1.8 ppm (m,7H,CH,CHc); 3.3 ppm (m,4H,ArCHENH); 3.5 
ρρ..ϊ (m,4H,NHCH=); 4.1 ppm (s,4H,SCHeAr)j 4.3 ppm
(t,2H,CHEOAr)j 7.1-8.2 ppm (m,22H,ArH)
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N,N'-bIsC2- (mercaptobenzvU“4-[5,-aminoethvl)- (61-
amlnolhexanoxvlbenzolc acid !'7B]

This compound was prepared In the same manner as compound [733

Yield: 73%

Ή-NMR-data In DMSO/TMS

1.2-1.8 ppm (m,7H,CH,CHE); 3.3 ppm (m,4H,ArCHENH); 3.5

) ppm (m,4H,NHCHs); 4.3 ppm (t,2H,CHE0Ar)i 7.1-8.3 ppm
<m,l2H,ArH)

• ft ftft• ft
ft · 9 ·

• ••ft
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• ft ft

N.N'-bisEP (mercaotobenzvl3-4-[ (S'-amlnoethvI)- (6e-

amlnolhexanoxvlbenzolc acid 2.3.5,G-tetraf luoroohenvlester (773

• · ·• ··
ft

ft ft
ft ftft• ft ft• ft ft·

»
A solution of 1.04 g of 1-(3-dimethyl aminopropyl)-3-ethyl 

carbodilmlde (5.5 mmol) In 20 ml acetonitrile was added dropwise In 

5 minutes to a solution, cooled to 0*C, of 2,47 g of carboxylic acid 
(783 (5 mmol) and 830 mg 2,3,5,6-tetraf luorophenol (5 mmol) in 20
ml acetonitrile, and heated to B0*C for 4 hours. 25 μΙ acetic acid

····• · 
ft a · ft

• ft $)·ft ftftft · ·

was added followed by agitation for a further hour, filtration and

extraction of the residue twice with hot acetonitrile. The combined
filtrates were concentrated to dryness and the residue was

ft ··• ft ·• ·· recrystal Used.

Yield: 55%
·· ··
• · ♦• ·

• ft ·• ft ft• ftft
Ή-NMR-data In CDC33/TMS

1.1-1.9 ppm (m,7H,CH,CHe)j 3.2 ppm (m,4H,ArCHENH); 3.5 
ppm (m,4H,NHCHE); 4.1 ppm (t,2H,CHe0Ar)j 7.1-8.3 ppm 
(mJ3H, ArH)
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EXAMPLE 17

Tc-99m-complex of C73

A solution of 5.0 mg [63 In water was brought to pH 11 with O.IIM 

NaOH, after which 1 ml of EtOH was added and the solution was 
made up to 10 ml with water. 400 μ! of the solution with Θ0 μ| of 

saturated tin tartrate solution and Θ mCl of Tc-99m pertechnetate 
from an Mo99/Tc99m generator was added and left to stand five 

minutes. The solution Was then washed three times, each time with 
2 ml chloroform, the organic phase was dried over a short sodium 
sulphate column, 50 μΙ of thiophosgene was added and the mixture 
was incubated at room temperature for 5 minutes. 100 μ I of 
isopropanol was then added, the chloroform was evaporated with 

argon, and 900 μ I of a 1% PVP solution In water was added to the 
residue.

a · · ·• ·to ce e
• · »k
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EXAMPLE IB

Labelling an Isothiocyanate-containing chelating agent and coupling it

to proteins

The process of coupling isothiocyanate-containing Tc-chelatlng agents 
[compound 73 to proteins will be described, using F(ab)B fragments of 

the monoclonalen antibody 17-1A as an example. Any other protein 
or substance containing an amino group can be used Instead of the 

antibody fragments.

The monoclonal antibody 17-1A was obtained by methods known In 
th£ literature, after application of 10z of the corresponding 
hybridoma cells to the abdominal cavity of a Balh/c-unouseand suction 

of the ascites fluid after 7 - 10 days, Purification was brough about 

likewise by methods known In the literature, by ammonium sulphate 

precipitation and affinity chromatography over protein A-sepharose. 

The purified antibody (10 mg/ml) was treated with 25 pg/ml pepsin
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at pH 3.5 for 2 hours and then IsCfated by FPLC. Before coupling to 
the chelating agent, the fragments were dialysed egainst 0,t M 

ΚΗΒΡ0Λ/0.1 M NaHCO3, pH 0.5, at 4’C for 12 - 24 hours. The 

protein concentration was Adjusted to 10 mg/ml, A 5-foid molar 

excess of the NCS-eontaining chelating agent [Example 13 was 

dissolved in a minima amount of the same buffer and added to the 

protein solution. order to form the conjugate, the mixture was

Incubated at 37’C f»z 3 '' -Mrs. Next, the conjugate was dialysed 24 

~ 48 hours age·' ,t PBS (phosphate-buffered saline) With repeated 

change of buffer, and the protein concentration was re-adjusted to 10 

mg/ml when necessary. Before labelling w ‘‘,h Tc-99m, the conjugate 
could be kept in acid-cleaned gldTs vesseis after sterile filiation at 
4’C. ;

• «• ft··
• «•ft

ft ft 9• ft ft
• ft ftft ··ft ·«

ftft ft ft ft ft « ft ft
ft ··• ft ft ftftftft

1 mg of the antibody fragment coupled to the chelating agent [73 

was labelled with TC-S9m by adding to mCl pertechnetate solution (= 

1 - 2 ml) and 100 pg tin—II chloride in a solution of Na 
pyrophosphate (1 mg/m,i) scavenged with argon or by ligand 
exchange e.g. by mixing tf^ solut/jn with a commercially obtainable 

glucoheptonate kit to which pertechnetate had been added.

ftftftft 
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EXAMPLE 19

Coupling an Isthlocyanate-containlng Tc-99m complex to proteins

Alternatively, coupling to the antibody fragments can be brought 
about after complexing the chelating agents with Tc-99m. The 
monoclonal antibody 17-1A was obtained as described In Example 17. 

As in Example 17, purification was brought about by ammonium 

sulphate precipitation and affinity chromatography over protein A- 

sepharose. The purified antibody (10 mg/ml) was treated with 25 
μΙ/ml pepsin at pH 3.5 xru> 2 hours end then isolated by FPLC. 
Before coupling with the chelating agents, the fragments were 

dialysed against 0.1 Μ ΚΗβΡΟλ/0.1 M NaHC0a, pH 8.5, at 4’C for 12 
- 24 hours. The protein co^isaptrafelonj was adjusted to 10 mg/ml·,

. ; 8
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The Tc-99m complex, prepared as In Example 16, was added in a 

moler ratio of 1 t 10 (complex : protein) to the protein solution. To 

form the conjugate, the mixture was Incubated at 37'C for an hour. 
The distribution among organs in hairless mice was carried out as in 
Example 19 and gave similar results.

EXAMPLE 20

Bto-dlstrihutlon of a protein-bonded Tc-99M complex

The bio-distribution of protein-bonded chelates will be described, 
using a conjugate of F(ab)2 fragments of the monoclonal antibody 17- 
1A and the Compound C73 prepared in Example 1 as a model. The 

antibody from which the fragments were obtained recognise an 

antigen expressed from the human carcinoma cell line "HT-29". A 
control cell line likewise obtained from a human carcinoma (MX-1) 

did not express this antigen. Isolated cells from both lines were 

subcutaneously administered to immune-deficient hairless mice. After 

the tumours had grown to a size of 300 - 800 mg, the mice were 

ihtravenously given 20 pg of the chelate conjugate [Example 173 

labelled with 200 pCI. The conjugates were first freed from low- 

molecular constituents by gel r,1tration on PD tO columns 
manufactured by Messrs. Bio-Rad. The immune reactivity of the 
conjugates was 70 - 80% as determined by boning to an excess of 
antigen In the cell. The bfo-dlstrlbution Λ4 hours after administration 
of the conjugate was determined by killing the animals, removing the 

organs and measuring the radioactivity therein. The following Table 

gives the measured amounts of radioactivity and shows a marked 
concentration of the chelate In the antigen-positive tumour.
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Organ % of applied dose per gram of tissue

Spleen 0.3

Liver 1.2
Kidneys 2.Θ

Lung 0.8

Muscle 0.1

Blood 0.6

MX-T 1.8

HT29 12.1

EXAMPLE 21

Blo-dlstrlbutlon of a blotln-containlng chelate

20 μΙ of a commercially obtainable streptavidin-coupled sepharose-gel 

(corresponding to 20 pg streptavidin) was administered to the left 
hind-leg muscle of a rat weighing 200 g. About 30 minutes 

afterwards 5 pg of the compound prepared In Example 12, labelled 

with 200 pCi of Tc-99m, was administered intravenously. The 

radioactivity In the Individual organs of the rat Was measured after 4 
houre. A 14-fold Increase In radioactivity in the left hind-leg muscle 

in comparison with the right hind-leg muscle showed a marked 

specific Concentration of the Tc complex through banding to 
streptavidin sepharose. No activity above 1% of the applied dose per 
gram of tiissue was detected in any other organ.

The maximum concentration, apart from the left hind-leg muscle
(1.47. of the administered dose per gram of tissue) occurred in the 
kidneys (0.6% of the administered dose per gram of tissue). About 

937. of the administered radioactivity was found in the urine after 4 

hours. .



< I

54 -

EXAMPLE 22

Bonding the Tc-99 complex prepared in Example 7 to hypoxic cel
aggregates

ft·*·• ftft >··
• eft»

ft j• · ft

Bonding of the misonidazole derivative labelled with Tc was 

demonstrated in vitro on cells of Morris Hepatom 7777. These cells 

have the property of growing in the form of spheroids or large 
floating cell aggregates and are thus more like a tumour than 

Individual cells. For the purpose of the incubation in various 

concentrations of oxygen, the cells were sown in 60-mm culture 
dishes, which were placed in a gas-tight closable glass vessel heated 
to 37*C. The vessel was vigorously scavenged for 30 minutes with a 
mixture of Ne, 5% C0E and 07. to 10% 0E. Next, 50 pmol/l of the 
compound [Example 73 labelled with SOpCi
through b silicone membrane, using an

throughly mixed. After an hour the vessel was opened, the cell 
aggregate was separated from the nutrient medium by centrifuging 

and washed once with nutrient medium, and was incubated in the 

nutrient medium for a further hour without adding the compound 

[Example 73 end In a normal atmosphere with addition of 5% C0E at 
37’C. The cells were then isolated and the radioactivity relative to 

the amount of protein was determined. It was found that for a given 
amount of protein, the amount of radioactivity was about 2.8 times 
higher in cells Incubated without oxygen. This shows the 
concentration of the compound [Exampie 73 in hypoxic cells.

of Tc-99m was added 
Injection cannula, and
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'the claims defining the invention are as follows: 

'· Compounds having the general formula I

R5^. ^r’a

B (I)

where R1, R2 and R5 are the same or different ar.d stand for hydrogen or aCl-6' 

alkyl radical, substituted if required by a hydroxyl group,

R3 and R4 are the same or different and stand for a hydrogen atom or a Cj ^-al­

kyl or amino (Cj^-alkyl or carboxymethyl or (Cj^-alkoxycarbonyOmethyl or 

(Cj.g- alkoxy carbonyl)benzyl radical,

R6 stands for a (Cj.6)-alkylene radical,

R7 and R8 are the same or different and stand for hydrogen or a (C ^)-alkyl radi 

cal and

I> and B' are the same or different and stand for a phenyl or naphthyl or 2-mer- 
captophenyl or thienyl or pyrrolyl radical, substituted with 1-3 hydroxyl groups, 
or nitrosomethyl radical having the formula

NO
I

----- CH
I
R*
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where Rx denotes C,.6-alkyl radical which, together if required with R' or R2, 

is cyclised via a trimethylene or tetramethylene group to form a 5 or 6 

membered ring, and

A denotes a functional group C,

where C stands for an amino or hydrazino or hydrazido or carboxy or 

C2.6-aIkinyl or alkenyl or hydroxyl or aminophenyl or oxiranyl or 

tetrahydropyranyloxy or nitrophenyl or fluorinated phenoxycarbonyl or halogen 

or formyl or nitrile or phenylisothiocyanate or a succinimide oxycaronyl rac ,> al 

which latter is substituted if required with a sodium sulfonate radical,

• · '• ••9• · · ·
·..· · or contains a compound T bonded by means of the functional group C and selectively
·· · .

·. *·· concentrating in lesions or certain tissues,

9 ·
0 · ·• · ·
• «•β

• 3 · ·····

• · · · • ·
L

where T stands for monoclonal antibodies or fragments thereof or hormones or 

enzymes or growth factors or ligands for cell membrane receptors or steroids 

or neurotransmitters or lipids or saccharides or amino acids or oligopeptides or 

biotin or radiosensitizers such as misonidazole,

and complexes thereof with radioactive metal ions suitable for diagnosis and tumour 

therapy, and salts thereof with inorganic and organic acids.

2. Compounds according to claim 1, characterised in th.4t R1 * *, R2 *, R’ and R8 stand for 

hydrogen or methyl radicals.

3. Compounds according to claim 1 and 2, characterised in that the functional group C

contained in A is a carboxy or amino or C2.6-monoalkinyl or C2.e-monoalkenyl or nitrile

or tetrahydropyranyloxy or oxiranyl or aminophenyl or phenylisothiocyanate radical or

a compound T, preferably monoclonal antibodies, fragments thereof, biotin or

misonidazole and bonded by means of C.

(61290/90)337155.irntnh
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4. Metal chelates according to claim 1 containing coordinate-bonded radioactive 
ions of Tc, Re, Cu, Co, Ga, Y and In, preferably Tc and Re.

5. Use of the chelates according to claim 4 for in-vivo diagnosis and tumour thera- 
py·

6. Pharmaceutical agents comprising at least one chelate according to claim 1, to­
gether with physiologically compatible buffers and/or stabilizers.

7. A method for preparing compounds of general formula I of claim 1

(
• · · ·
• · · ·

••
• · · ·· •• tttt ·• · •• •« •• •tt
• •

• ·• •• •• ••tt

• · ·tt
• tt · ·

where R1, R2 and R^ are the same or different and stand for hydrogen 

or a Cj_6-alkyl radical, substituted if required by a hydroxyl group,
«I

····

• · · · tt e
R3 and R4 are the same or different and st;-md for a hydrogen atom or a C^-al- 

kyl or amino (Cj^)-alkyl or carboxymethyl or (Cj^-alkoxycarbonyl)methyl or 

(Cj^-alkoxycarbonyObenzyl radical,

R6 stands for a (C*_g)-alkylene radical,

R7 and R$ are the same or different and stand for hydrogen or a (C j_g)-alkyl radi 

cal and
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B and Β' are the same or different and stand for a phenyl or naphthyl or 2-mer- 
captophenyl or thienyl or pyrrolyl radical, substituted with 1-3 hydroxyl groups, 
or nitrosomethyl radical having the formula

NO
I

----- CH

R*

where Rx denotes a Cj.6-alky! radical which, together if required 
with r} or R^’ is cyclised via a trimethylene or tetramethylene group 

to form a 5 or 6 membered ring, and

A denotes a functial group C,

where C stands for an amino or hydrazino or hydrazido or carboxy or 

C^-alkinyl or alkenyl or hydroxyl or aminophenyl or oxiranyi or te- 

trahydropyranyloxy or fluorinated phenoxycarbonyl or halogen or for 
myl or nitrile or phenylisothiocyanate or a succinimide oxycarbonyl 
radical which latter is substituted if required with a sodium sulfonate 
radical,

or contains a compound T bonded by means of the functional group C and selec­
tively concentrating in lesions or certain tissues,

where T stands for monoclonal antibodies or fragments thereof or 
hormones or enzymes or growth factors or ligands for cell membrane 
receptors or steroids or neurotransmitters or lipids or saccharides or 
aminoacids or oligopeptides or biotin or radiosensitizers such as miso 
nidazole, for example

and complexes thereof with radioactive metal ions suitable for diagnosis and tu-
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recur therapy, and salts thereof with inorganic and organic acids, characterized in 
that a 1,3-propane diamine having the formula II

where R5, R6 and A have the meanings given previously,

f
is reacted with a compound having the general formula III or IV

···· • · · ·

B - R^O (III)

B' - R2C=O (IV)

in which R1 = R2, B = B' and R1, R2, B and B' have the meanings gi-

··»., ven previously,• ·• ·♦ ·■·• · · · H• ■
«*»»• ·
4 ·" in a polar solvent, preferably ethanol, or by using a water separator in a non-po­
. *·; lar solvent, preferably benzene, at temperatures of 25- 180 °C within between 6

hours and 3 days, '

the imino group is reduced in known manner, preferably with sodium boron hy­
dride in a polar solvent, preferably a methanol-water mixture, at temperatures of 
25 - 100 °C within 0.5 to 24 hours preferably 2 days, or

a propane diamine having the general formula II
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in which R5, R6, and A have the meanings given previuosly,

is reacted with a compound having the general formula V of VI

• · · ·« ·
« 9

99 9 9
9999

• 9 9
• 9 0

B - CO-X (V)

B'-CO-X (VI)

in wich B = B‘ and B and B' have the meanings given previously, the 
hydroxyl, mercapto and amino groups in B are in protected form and 
X stands for a halogen atom, preferably a chlorine a\'om,

c · · ·
. «

0

*«e«• · · · or substituted malonic acid halides, preferably malonic acid chlorides having the 
general formula VII,

R

x-oc’XReA
CO-X (VII)

in which R·^, R6 and A have the meanings given previously, X stands 

for a halogen atom,

is reacted with an amine having the general formula VIH or IX
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1 p7\/R
—C—NH,

R

B----C
(Vffl)

R \ R' (IX)
B'—-C—NHj

in which R1 ~ R.2, R7 - R8, B = B' and R1, R2, R7, R8, B and B' have 

the meanings given previously, and any hydroxyl groups in B are pre­
sent in protected form,

• ft ft ft• ft• ·• ft ft ft ft···ft ftftft ftft

in an aprotic solvent, preferably dichloromethane, at temperatures of 0 -180 °C, 
preferably at room temperature, for 2 to 24 hours, preferably 4 hours with addi­
tion of triethylamine,

the amide group is reduced in known manner to the corresponding amino group, 
preferably with borane in THF or lithium aluminium hydride in an aprotic sol­
vent, preferably diethylether, at temperatures of 25- 150 °C in 0,5 to 24 hours, 
preferably 8 hours,

ft ft ft·» ftft» ft ft

• ••ft ft···
ft···• ftft• ft ftft ft ft• ftft ft• ft ft

if required, the amino groups are alkylated in known manner and any protective 
groups are split off, and

the compounds obtained in these equivalent ways, if required before generating 
the free functional group C at the amino groups are protected with protective 
ions, e.g. in the form of a Cu complex, and, if required, the resulting compounds 
are subsequently coupled via the functional group C in A to selectively concen­
trating T compounds and, if required, the aromatic substituents B and B' are for- 
wed into complexes with the required radioactive isotope, and any protective 
ions previously present in the product are removed by methods known in the lite­
rature and the sequence of the steps of complex-forming with technetium or rhe­
nium isotopes and coupling T can be changed over.
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8, Compounds of general formula I as described in claim 1, said compounds substantially 

as herein described with reference to any one of the examples,

DATED this 25th June 1993.

INSTITUT Fi)R DIAGNOSTIKFORSCHUNG GmbH 

By their Patent Attorneys 

DAVIES COLLISON CAVE
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