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Claim

Compounds having the general formula I

RS R%A

R R
R\ SN N _R?
874// \|<Rs
B B 4y
where RY, RZ and R3 are the same or different and stand for hydrogen ora C;

alkyl radical, substituted if required by a hydroxyl group,

R3 and R? are the same or different and stand for a hydrogen atomora C, ¢-al-

kyl or amino (C, ¢)-alkyl or carboxymethyl or (C, g-alkoxycarbonyl)methyl or
(C,.g-alkoxycarbonyl)benzyl radical,

RO stands for a (C,.¢)-alkylene radical,

/2
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R7 and R are the same or different and stand for hydrogen or a (C ¢)-alkyl radi-
cal and |

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

where R* denotes C, .-alkyl radical which, together if required with R' or R?,
is cyclised via a trimethylene or tetramethylene group to form a S5 or 6

membered ring, and
A denotes a functional group C,

where C stands for an amino or hydrazino or hydrazido or carboxy or
C,¢alkinyl or alkenyl or hydroxyl or aminophenyl or oxiranyl or
tetrahydropyranyloxy or nitrophenyl or fluorinated phenoxycarbony! 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 linids 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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The following statement is

Institut fur Diagnostikforschung GmbH
Klinikum Rudolf Virchow

Spandauer Damm 130

1000 Berlin 19
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the invention entitled
"Chelating agents for Zorming complexes witn

radioactive isotopes, metal complexes thereof and
use thereof in diagnosis and therapy".

a full description of this invention, including the

best method of performing it known to me:-
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Chelating egents for forming compiexes wlith radioactive Isotopes,

metal complexes thereof and use thereof in diegnosis and therapy

Descr'lptlon

Radiocactive metal lons, usuelly bonded to a complexing agent,

have  long been used for In-vivo dlagnosis. Among these; the

radionuclide most frequently wused In clinical nuclear medicine Is

technetium-99m  (Tc-99m) because of Its almost Ideal physical
properties for these purposes - l.e. good absorption of radiation in
appropriate detection devices (gamma cemeras, SPECT apparatus) in

contrast to low absorption [n the human organism and ready

‘avallabllity via a molybdenum-technetlum generator. Its short half-

life 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 radioactlvity. Its disadvantage , however, Is
Its complex-chemistry, which is complicated and not yet fully
understood.  Technetium can occur in a number of oxidatlon stages
(+7 to -1), which can greatly change the pharmacological propertles
through changing the charge of a complex. It Is therefore necessery
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-98m complexing agents are
already known and wused in treatment. Neutral complexes are

frequently systems in which Tc-99m [s bonded between 2-4 nitrogen

atoms and 0-2 sulphur atoms (NeSe,~ NsS- and proplylene amine
oxime complexes). . Often however the Inadequate stability of these
Tc-99m complexes Is a serlous disadvantage (Hung, JC. et al; J.

Nucl. Med. 29: 1568, 1988). 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 eccurulate in foci of
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disease. Consequently most of the aforementioned complexes are
distributed In a menner depending on the clrculation and/or metabolic
activity of an organ (e.g. EPA 0 184 B843), so that necrotic or

Ischaemic reglons, e.g. after an infarction or stroke, can be shown in

a scintigram.

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 circalation, since
they become- specifically bonded to the diseased tissue or become
incorporated in the metabolism. As a result of biological and V
blochemical basic research, it [s 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 [1883D. In neurological diseases also

there Is a change in concentration of receptors for neurotransmitters

In certain reglions of the brain (Frost, J.J.; Trends Pharmacol. Sci. 7:
480-496 [19671). Also, diseased or Injured cells or cells transformed
to tumour cells often show considerable -changes In their metabalism
and a deficiency of oxygen 1in the tumour. These physialogical
peculiarities can be wused 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
radiosensitiser) or othzr compounds which. are converted to radicels 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 monocional
entibodies which have become a very promising Instrument in tumour

dlagnosis owring to their specificity.

In order to provide diagnostics In the_ manner descrribed It Is
necesstry to couple chelating agents for radloactive metal lons, more
particularly = Tc-88m, to substancez = which  become selectively

concentrated in diseased tissue.
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Since the Isotopes of rhenlum (Re-188 and Re-186) have similar
chemical properties to Tc-99m, chelating agents can also be used for
complexing " the latter Isotopes. @ The aforemention:d Re-isotopes are
beta emitters.  Accordingly the selectively concentrating substances

can alsa be used in tumour therapy when complexed with rhenium
instead of technetfum.

Previous attempts to couple chelating agents to selectively
concentrating substances wre unsatisfactory for many reasons. If the
functional groups of the cumplexing agents are used for bonding the
chelating agent to such a molecule the result frequently is a
weakening of the stahility of tte complex, l.e. the proportion of the
isotope released from the conjugate Is greater than that which can be
tolerated In dlagnosis. (Brechbiel, M.W. et.al.,, Inorg. .Chem. 25:2772
[(18861). It is therefore necessary to praduce blfunctlorié?*:-complexing
agents, is.@. complexing agents which contaln functlonal groups for
coordinate bonding of the desired meté! lon and also contain one
(other) functional group for bonding the selectively concentrating
molecule, These bifunctional ligands cen be used for speclific
chemically-defined bonding of techngtium to a wlde variety of
blological materlals, even when "pre—le}belllng" Is carrled out. In this
method, labelling with Tc-99m and isolation of the complexes both
precedz 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 s¢ome chelating agents coupled to
monoclonal antibodies (e.g. EPA 0O 247 866 and EPA O 188 256) or
fatty acids (EPA O 200 482). The chelating egents used, however,
are the previtusly-mentioned NeSe systéms which are unsuitable
owing to thelr low stability. The somewhat more stable NS
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 O 284 071).
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Since there are wlide differences both In the proyerties of the
selectively concentrating substances and In the mechanisms by meéns
of which they concentrate, It Is also necessary to vary the chelating
agents capable of coupling and to be able to adapt the physlological
requirements of the coupling reactant with regard to lipophilic and

hydrobhlllc properties and permeability or Impermeabllity through

. membranes, etc.

For these reasons there is an urgent need for stable complex
compounds which are coupled or cepable of being coupled to various

selectivaly concentrating compounds.

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 thls functional group.

According to the Invention this problem fs solved by compounds

having the general formula 1

RS RSA

where RY, R® and R® are the same or different and stand for

hydrogen or a C,-s—alkyl radlcal, substituted If required by a
hydroxyl group,
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R® and R* are the same or different and stand for a hydrogen atom
or C,-e-alkyl or amino(C,.g)-alkyl or carboxymethyl or (C,_g~

alkoxycarbonyl)methyl or (C,_e-8lkoxycarbonyl)benzy! radical,

R® stands for a C,_s-alkylene radical,

.

R” and R® are the same or different and stand for hydrogen or a C,-

',,-aikyl radica! and

B and B' are the vame ¢ different and stand for a phenyl or
naphthyl or 2-mercaptophenyl or thienyl or pyrrolyl or nitrasomethyl
radlcal, substituted with 1-3 hydroxy! groups and having the formula

fiJO
~——CH

|
RX

where R>= denotes a C,-g~alkyl radical which, together If
required with RY or R%, s cyclised via a trimethylene or

tetramethylene group to form a 5 or 6 ring, and

A denotes a functional group C,

where C stends for an amino or hydrazino or hydrazido or
carboxy or Cg_g-alkinyl or alkenyl or hydroxyl or
aminophenyl or oxlranyl or fluorinated phenoxycarbonyl or
halogen or formyl or nitrile or phenylisothlocyanate 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,

EEEN
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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 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', R?, R" and R*® 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 C, ¢ alkenyl or C, c-alkinyl, or nitrile or tetrahydropyranyloxy or nitrophenyl or oxiranyl
or aminophenyl or phenylisothiocyanate radical and the selectively concentrating compound

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

R The radjoactive 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
:5::.: the comparable N,S,-, Ngs- #nd propylene amino oxime chelates. In the case for example of
**ee . 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

HMPAQO, 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 inveaiion form complexes better than the comparable N,S,-. N,S-
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.

(61260/90)337155.irnt.nh
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To prepare the compounds according to claim 1 a 1,3-propane diamine having the general

" formula II

HZN NH2 (II)
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where R3,R® and A have the meanings given previously,

is reacted with a compound having the general formula [l or IV

B-RIC=0 1D
B R¥C=0 av),

In which R' = R®, B = B! and R',AR%B and B' have the
meanings glven previously,

In a polar solvent, preferably ethanol, or by using a water separator
In a non—polar solvent, preferably benzene, at temperatures of 25 -
180°C within 6 hours and 3 days,

the Imino group Is reduced In known manner, preferably with sodjum
boron hydrlde in & 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 dlamine having the general formula II

R® RA

HyN NH, (11
In which R, R® and A have the meanings given previously,

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

B-CO-X )
B-COX (vD),

In which 8 = B' and B and B' have the meanings glven

previously, the hydroxyl, mercepto and emino groups In B are



i protected form and X stands for a halogen atom, preferably

¢ chlorine atom,

or substituted malonic acid haildes, preferably malonic acid chlarides

having the general formuia VII,

.

R3 RSA

Ny
X~OC/ \co.

.} X (VD
“e0do

(]
(LN A%
“°3°, in which R® and R® have the meanings given previously, X
:: : stands for a halogen aktom Bnd any hydroxyl groups in B are
L] L )
oo present In protected form,
..O..:
L] [ ]
[ LX)
Yetid ls reacted with an amine having thi generat formula VIII or IX

R‘\ /R"
Bh—— St () .

C—NH, (VIID)
(XXX )
(XXX}
L] o &
..} [ ]
o o Rz Rs
-.... , \ '/
(LK X] X §
HIAN in which R* = RA®, R? = R®, B = B' and R', R®, R?, R®, B and
e B' have tha meanings glven previously,

In an aproklc solvent, preferably dlchloromethane, at temperatures of
0 - 1807 preferably at room temperature, focr 2 to 24 hours,
preferatsly 4 hours with addition of triethylamine,

the emide group (s reduced In known manner to the corresponding
amings group, prefe,ably with borane In THF or (ithium eluminium
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hydride In an aeprotic solvent, preferably diethylether, at temgeratures
of 25 - 150°C in 0.5 to 24 hours, preferably 8 hours,

If required, the emino 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 atthe amino groups are
protected with protective fons, e.g. In the form of a Cu complex,
and, If r‘equlred, the resulting compounds are subsequently coupled via
the functional group C In A to salectively concentrating T compounds
and, If required, the aromatic substituents B and B' are formed Into
complexes with the required radioactive Isotope, and any protective
lons previously present In the product are remcved by methods known
In the literature and the sequence of the steps of complex-forming

with technetium or rhenlum isotopes and roupling T can be changed
aver,

The hydraxy protective groups can e.g. be the benzyl or 4-
methoxybenzyl or 4-nitrobenzyl or trityl or diphenylmethyl or
trimethylsilyl or dimethyl-t-butylsliyl or diphenyl-t-buylsily! group. In
the case of polyols, the hydroxy groups can also be protected in the
form of ketals, e.g. with acetone, acetaidehyde, cyclohexanone or
benzaldehyde, The hydroxy groups can also occur e.g. as THP-ethers
or o-alkoxyethyl ethers or MEM ethers or esters of aromatic or
aliphatlc carboxylic aclids, e.g. acetlc acld ar benzoic acid. The
hydroxy protective groups can be |lberated by methods known ta the
skilled addressee, ®.g. by hydrogenolysis, reductive splitting with
Iithiumy and ammonla, treatment of ethers and ketals with acid ¢r
alkall treatment of esters (see e.g. "Protective Growps in

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

The emino_ protective groups cen e.g. be trifluoroacetyl or t-
butoxycarbony! or 2,2,2-trichloroethoxycarbony! or benzoxycarbony!l or

acetyl groups. The semino protective groups can be split off by
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methods known In the literature, e.g. .by basic or acid hydrolysis,

reductive splitting with zinc in acetlc ecid, or hydrogenolysis.

The mercapto protective groups can be C,_s alkyl radicals or
benzylthio ethers. The mercapto protective groups are optlonally split
of f By alkali-metal alkyl thiolaiss, alkali-metal alccholates or alkall
metals, preferably with sodium methyl fthiolate In a polar solv:at,
preferably In HMPT, DMF or dimethy! acetamide or by reductive
splitting with sodium and ammonia.

Non-symmetrical compounds (B # B') cen be prepared by using
commerclally available mixed malonic acid esters which initially
enable only one of the two different ester groups to be selectively
converted to the carboxylic acld amide. These substances may more
particularly be methyl, benzyl or t-butylesters, which can easily be
selectively saponified by methods known In the Iiterature, together
with other carboxylic acld esters, e.g., an ethyl ester. The resulting
free carboxy'!lc acid group Is convsited in known manner to the
corresponding carboxyllc acld chloride end 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 ammonla to form = primary carboxylic acld amide and then the
two different acid amide groups =re reduced In known manner to the
differently substituted umines,

As already described, the primary amino group can be reacted with a
cdmhound of fortula 11l or IV to form the corresponding imine. The
remalning secondary amino group can then be reacted with a formule
IIT or IV compound In. known manner under reductive alkylation

conditions, the imino group being simultaneously reduced to the
amine.

The radical C fs 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 biologlcai function and/or selectivity.
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Coupling to the deslired compounds Is also brought about by known
methods (e.g. Fritzberg et al; J. Nucl. Med.. 26,7 (1987)), e.g. by
reacting the group C with nucleophilic groups of the selsctively
concentrating molecule or, (f the group C is itself nucleophitic, with

activated groups of the selectiveiy concentrating molecule.

The group C represents any substitlent which Is a functional group
which can bring about coupling to a szlectively concentrating
molecule under gentle conditions (e.g. by acylation or amidation) or
any actlvated group which can react with nucleophllic groups of
proteins, entibodies, hormones or other blo-molecules e.g. the amino
or phenol or sulfhydryls or formyl or imidazoie group. "Activitated
group" means a group capable of forming a conjugate and reacting
with a nucleophilic substituent of a selectively cincentrating molecule
or of the complex ligand itself In aquesus solution within a
reasonable short timy end under reaction conditions which do not
denature or destroy ibe bilological activity. Examples of such
substances are Imido-estgrs, alkylimidc-esters, amidoalkylimido-esters,
succinim/do-esters, acyisuccinimides, phenolic  esters, substituted
phenolic esters, tetrafluorophenolic esters, anhydrides, hydrazides,
alkyl ~ halides and Michael acceptors. Q is preferably a
monoanhydride or ecid 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 ean aliphatic or aromatic primary amine for

coupling to carbohydrate radicals of protains.

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
homobifunctional Imido esters, homobifunctional N-hydroxysuccinimido
esters (NHS) and heterobifunctional cross-linkers containing various
functional groups such as NHS esters, pyridyl disulphides and
activated halogens such as o~keto-halides. These cross-linkers are

commercially obtainable.
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The coupling reectants (= 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 sterold hormones, growth factors and
neurotransmitters. It has been shown that diagnosis of breast and
prostate carcinoma can be improved by using ligands for sterold

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

Blol, 15:53, 1988). Tumour cells have different changes In density of

receptors for peptide hormones or growth factors such as the
epiderinal growth factor (EGF). The differenzas In concentration cen
be used for selective enrichment of cytostatics In tumour cells (E.
Aboud-Pirak et al.,, Proc. Natl. Acad. Sci. USA 86: 3778, 1989).
Ligends for neuroreceptors and labelled with positron-emitting Isotopes
can often be used for diagnosis of varlous brain diseases (J.J. Forst,
Trends in Phazrmacol. Scl. 7: 490, 1987). However, blo-molecules sre
metabolites which can be Inserted Into the metabolism of cells and
show a change In the metabolism. These substancis Include fatty
acldg, saccharides, peptides and amino aclids. Fatty acids coupled to
the relatively unstable NgSe chelating agents have been described In
EPA 0 200 492. Other metabolic products such as saccharides
(deoxyglucose), lactate, pyruvate and emino aclids (leucine, methy!
methionine and glycine) have been used In the PET technique far
pictorial representation of changed metabolic processes (R. Welnreich,
Swiss  Med.; 8.10.1986). Non-blological substances such as
misonldazole and derivatives thereof which become irreversibly bonded
to cell constituents In tissues or parts of tissues with reduced oxygen
concentration can w@also be used for specific concentration of
radicactive isotopes and consequent pictorial representation  of
tumours or Ischaemic regions fM.E. Shelton, J. Nucl, Med. 30: 341,
1988). Finally, bifunctional chelating agents can also be coupled to
monoclonal antibodies or fragments thereof. The biotin-containing
compounds according ta the invention can be wused for bonding
radloactive conjugates toc substances containing avidin or streptavidin,
This can be used to increase the concentrataion of eantibody-
streptavidin conjugates In the tumour before applying the radioactive

blotin-containing compenent, thus reducing the exposure of the
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patlent to radlation @J.J. Hnatowlch et al., J. Nucl. Med. 28: 1294,
1887). Conjugates can be complexed with Tc-98m or rhenlum Isotopes

for the purpcse of diagnosis and treatment of tumours.

It does not matter whether the chelating agent Is labelled with Te-
99m or a rhenlum Isctope before or after coupling to the selectively
concentrating molecule. However, If coupling to the selectively
concentrating molecule orcurs after forming a complex, the reaction
between the radioactive complex and the concentrating compound
must occur quickly, under gentle conditions and almost quentitatively,

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
inventlon are dissolved In an aqueous medium, adding a reducing
agent, preferabiy tin (II) salts such as the chloride or tartrate
together with conventional galenic additives If required, foliowed 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). Thea pharmaceutical agent according to
the Invention occurs in the form of a solution or In freeze-drled form
and, shortly otefore application a solution of Tc-88m pertechnetate
egiuted from commercially obtained generators, or a perrhenate

solution is alided.

When used In vivo In nuclear medicine, the agents according to the
invention are applied In quentities of 1.10-® to 5.10* nmol/kg body
welght, preferably in  quantitles between 1.10-® and 5.10® nmol/kg
body welght. = Assuming an average body weight of 70 kg, the amount
of radioactlvity for diegnostic applications Is between 0.05 and 50
mCl, preferably 5 to 30 mCl per application. The amount used for
therapeutic applications Is between 5 and S00 mCl, preferably 10 -
350 mCi. Applicatlon is normally by Iintravenous, Intra-arterial or

peritoneal or Intra-tumora! injection of 0.1 to 2 ml of a solution of
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the agents ac¢cording to the invention. Intravenous application is

~ preferred.

The following examples !llustrate the Inventive idea in detail.

Example 1:

2-nethyl-2- (4-nitrobenzyl)-mulonic acid dimethyl ester [1]

11,5 g (0.5 mol) of sodlum 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 compensatlon. Next, 350 ml
of methanol was carefully added dropwise and agitated untll the
sodium had completely dissolved. A methanolic sclution of 87 g Q.S
mol) methylmalonic acid diethy! ester was added very siowly dropwise
to the sodium methanolate soluilon, which was still warm, At the
end of the additlon, the mixture was stirred for a further 30 minutes,
after which 4~nltrobenzyl bromlde was added In portions, using a
powder funnel. After everything had dissolved, the mixture was first
reflux-heléted for two hours and then agitated at room temperature
overnight. The solvent was removed v a rotary evaporator and
water was added to the residue, which was repeatedly extracted with
ethyl ecetate (250 ml portions). Thz combined organic extracts were
washed with saturated common salt solution and dried over sodium
sulphate.  After removing the sclvent, faintly yellow crystals were
left. Recrystalilsation was from dimethyl formamide (DMF) and

water.

Melting ~oint: 84.5 - 85.0°C
Yield: 747%

'H-NMR-Data in DMSQ/TMS

1.4 ppm (s,3H,Me); 3.5 ppm (s,2H,CHeAr); 3.8 ppm
(s,6H,Me00C); 7.2 ppm (d,2H,ArR); 8.2 ppm (d,” 2H,ArH)
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2-Methyl=-2- ¢4-nitrobenzyl)-malonic_acid diamide (21

5.0 g of the ester (1] 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
wag closed by a suction member with an air balloon and left at room
temperature for at least one week. A white preclpitate formed after
a few days. After the entire educt had reacted (DC check) the
precipitate was suction-flltered and the remalning solution was cooled
to -20°C in a deep freezer and suctlon-flitered again. The mother
liquor was additionally concentrated in a rotary evaporator and the
precipitate was again suction-filtered. The combined crystal fractions
were recrystallised from acetonitrile. The white crystalline product

was dried in a vacuum exsiccator.
Mslting point: 178°C
Yield: 91%
'H-NMR-data in DMS0/TMS
1.22  ppm (s,3H,Me); 3.3 ppm (s,2H,CHeAr); 7.1  ppm

(s (br),4H,CONHg); 7.3 ppm (d,2H,ArH); 8.1 ppm (d,2H,ArHD

2-Methyl-2- (4-nitrobenzyl)-1.3-propane diamine [3]

The dlemide (2] (5.0 g) was suspended, with exclusion of atmospheric
humidity, in 25 ml abs. tetrahydrofuran in a 250-m) two-necked flask
with reflux condenser, & drying tube and a septum. The flask was
cooled In an ice bath, after which a solution of borane in THF was
added througti the septum using a 20 or S50-ml! disposable syringe.
After the required quantity of borane solution (80 ml of a |+ M
solution in THF) had been added, the mixture was heated to room
temperature.  After 30 minutes the mixture was reflux-bolled 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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end of - g_aé evolution, the reaction mixture was quantitatively
transferred tg a 500-ml! round-bottomed flask and the solvent was
carefully drawn off In a rotary evaporator,  leaving a white
precipitate. 125 ml of 6 N HCl was addzd to the precipitate, which
was reflux-boiled for 3 hours. Next, the hydrochloric acid was slowly
removed in a raotary evaporator. The residue was absorbed In the
minlmum 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 dlamine was collected (pH
check) and the combined fractions were concentrated in the rotary

evaporator. The residue vas a falntly yellow oll.

Melting point (hydrochloride): 270°C

Yield: 80%

'H-NMR-Data In DMSQ/TMS
1.0 ppm (s,3HMe); 2.9 ppm (m4H,CHeNHz); 3.0 ppm
(s,2H,CHgAr); 7.5 ppm  (d,2H,ArH); 8.2 ppm (d,2H,ArH);

8.5 ppm (s (br),4H,NHg)

2-Methy|=-2~ (4'-nltrobenzvl)—N.N'-nrdpy lepe-bis (salicylidene-imine) (4]

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 (31 In
75 ml absclute ethanol. The colour of the resulting solution slowly
changed to Intense 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
obtainad. |

Melting r it 103°C

Yield: #7%



'H-NMR-data in CDCla/TMS
1,1 ppm (s,3H,Me); 3,0 ppm (g,2H,CHeAr); 3,5 ppm
(m,4H,CHaN=C); 6,9 ppm (m, 4H, ArHd; 7,3-7,4 ppm
(m,8H,ArH); 8,2 ppm (d,2H,ArH); 8,4 ppm (s,2H,CH=N)

2=Methy|-2- (4'-nitrobenzyD-N.N'-propylene-bis (salicyclidene_amine)
51

300 mg of sodlum boron hydride was added with agitation to a
solution of 2 g diimine [4] In SO 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 wes removed
in the rotary evaporator and the residue was dissoived In water. The
mixture was brought to pH 11 with saturated potassium carbonate
solution and the precipitate wee dissolved In chloroform. After
drying over sodium suiphate and removing the solvent, a crystalline

residue was left. White crystals were recrystallised from acetonitrile.
Melting point: 151°C

Yield: 81%

*H-NMR-data in CDClg/TMS
0.8 ppm (s,3H,Me); 2.5 pPpm (m,4H,CHaNH); 2.8  ppr¢
(s,2H,CHgAr); 3.8 ppm (m, 4H, ArCHaNH); 6.8 ppm
(m,4H,ArH); 7.0-7.3 ppm (m,Bh,ArH); 8.2 ppm (d,2H,ArH)

2-Methy -2~ (4'-aminobenzv D~N,N'-propylene-bis (salicylidene—amine)
(61

20 mg of 10% Pd/C In 25 ml of MeOH were suspended in & SO-ml
two-necked flask and saturated with hydrogen. Next, the solution of
218 mg (51 ©.5 mmol) In 4 ml methanol aend 833 ul 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 recrystallised from methanol.

Yield: 73%

'H~NMR-data in DMSQ/TMS
1.0 ppm (s,3H,Me); 2.5 ppm (m,4:H,CHaNH); 2.8 ppm

(s,2H,CHgAr); 4.1 opm (m,4H,ArCHaNH); 6.8-7.5 ppm
(m,12H,ArH)

E—Methv'I-E-'(d“-lsothiocvanatobenzvl)--N.N‘-Dronvlene-bls— (salicylidene
amine) [7]

An 85% solution of thlophosgene In carbon tetrachioride (0.2 ml, 2.23
mmol) was added to a solutlon of compound (6] (O0.16mmol) in 4 ml
hydrochloric acid (3 M). The reaction mix%ure was agitated at room

temperature for 6 hours and then concentrated to dryriess in vacuo.

Yield: 87%

'H-NMR-data in DMSO/TMS
1.0 ppm (s,3H,Me); 2.8 ppm (m,4H,CH=NH); 3.0 ppm
(s,2H,CHeAr); 4.1 ppm “(m,4H,ArCHzNH); 6.8-7.4 ppm
(m,12H,ArH)

EXAMPLE 2:

2= (4-Nitrobenzyl)-malonic_acid diethyl sster (8]

21.4 g of |ithium dilecpropyl amide was added to 210 ml anhydrous

cr

etrahydrofuran in e 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 dlethyl 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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and 39.1 g of 4-nitrobenzy! bromide In tetrahydrofuran was slowly
added dropwise with vigorous agitatlon, followed by agitatlon 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

Insoluble residue. 34.7 g of falntly yellowish crystals were obtained
after cooling.

Melting point: 57 -~ S8°C
Yield: 65%

'H-NMR-data in CDClsTMS

1.2 pPm (t,6H,CH:CH5); 3.3  ppm (d,2R,CHgAr); 3.6 ppm
(t,1H,CHY); 4.1 ppm  (q4H,CHsCHg); 7.4 ppm  (d,2H,ArH); 8.1

ppm (d,2H; ArH)
2-(4=NItrobenzyl)-malonic_acid diamide (8]
This compound was prepared in the same manner as compound [(21.
Melting paint: 225 - 228°C
Yieid: 98%
'H-NMR-data In DMSO/TMS

3.1 ppm (d,2H,CHzAr); 3.4 PPM (t,1H,CH); 7.1 ppm
(s,4H,NHg);7.4 ppm (d,2H,ArH); 8.2 ppm (d,2H,ArH)

2= (4=-Nitrobenzyl)-1.3-propane diamine {10]

This compound wa# prepared In the same manner as compound (31

Melting puint (hydrochioride): 273 - 275° C



'H-NMR-data in D0

1..3ppm (t, 1H,CH); 3.1 ppm (d,4H,CHaNH2 Y, 3.2 ppm
(d,2H,CHpAr) 7.5 ppm (d,2H,ArH); 8.2 ppm (d,2h,Ari()

2-(4'-Nitrobenzy)-N.N'-propylene-bis (galicylidene imine) 111

This compeund was prepared in the same manner as compound L[4].

¥
Melting point: 75°C

.t.bl.
eveo Yield: 68%
OO
.:' _E 'H-NMR-data in CDClg/TMS
ceeess 1.5  ppm G, AHCH); 3.2 ppm (d,2H,CH=Ar); 3.5 ppm
¢ oo (m,4H,CHaN=C); 7.1 ppm (m,4H,ArH); 7.3-7.4 ppm (m,8H,ArH);
seee 8.2 ppm (d,2H,ArH); 8.4 ppm (s,2H,CH=N)
(XXX
oo'O.
“--.). o 2-(4'-NitrobenzyD-N.N'-propylene-bis- (sa|icylldenz amine) [12]
9 oo
*°e This compound was prepared in the same manner as compound (S].
ee o0 Yleld: 90%
o o

tH-NMR-clata In CDClg/TMS

1.6 ppm (m, 1H,CH); 2.5 ppm (m,4H,CHaNH); 2.8 ppmM
{d,2H,CHxA"); 3.9 ppm  Gn,dH,ArCHeNH); 6.9 ppm (m,4H,ArH);
7.1-73 ppm (m,BH,ArH); 8.1 ppm (d,2H,ArH)
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2-(4'-Aminobenzy )=N.N'-propylene-bis (sallcylidene amine) (13]

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

Yigld: 84%

'H-NMR-data in DMSQ/TMS

1.9  ppm (m1H,CH); 2.5  ppm (m,4H,CHaNHg); 2.7  ppm
(t,2H,CH=Ar); 4.1 ppm (m,4H, ArCHgNH); 6.8-7.5 PPM
(m, 12H,Art)

EXAMPLE 3

1.7-Bls (2.3-Dihydroxypheny -4~ (4'=nitrobenzyi)-2.6-diazahepta=1.6-
diene [14]

This compound was prepared in the same manner as compound [4].

Yield: 76%

'H-NMR-~data In CDCl3/TMS

1.5  ppm  (mIHCH); 3.1 ppm (d,2H,CHegAr); 3.5  ppm,
(m.4H.CHzN=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)

1.7-Blg (2.3-Dihydroxypheny )=4=(4'-nitr(benzy)-2.6~dlazaheptane (151

This compourd was prepared [n the same manner as compound (5],

Yield: 38%
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'H-NMR-data [n CDCI5/TMS

1.6 ppm (m, 1H,CH); 2.5 ppm (m,4H,CHMH); 2.9  ppm
(s,2H,CHgAr); 4.0 ppm (m,4H,ArCHaNH); 6.5-7.3 ppm
(m,8H,ArH); 8.2 ppm (d,2H,ArH)

.

1,7-Bis (2,3-dihydroxypheny|)-4-4 (4-aminobenzyi)-2.6-diazaheptane [16]

250 mg of the nitro compound [15] 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%

'H-NMR-data In DMSO/TMS

1.8 ppm (m, 1H,CH); 2.5  ppm (m,4H,CHaNHg); 2.7  ppm
(t,2H,CHzAr); 4.1 ppm (m,4H,ArCHaNH); 6.6-7.5 ppm
(m,12H,ArH)

EXAMPLE 4

g-[4'- (Tetrah,dro-2=pyranyloxylbutyll-malonic acld dimethyi ester
0z

7.9 g (0.3 mol) of sodlum In a stream of nitrogen wes placed i =&
S00-m! 3-necked flask with reflux condenser, drying tube ang
dropping funnel with pressure equalisation. Next, 250 ml of
anhydrous methanol was carefully added dropwise and agitated until
the sodium had completely dissalved. A methsnolic solutioen of 95.4 g
(0.58 mol) malonic acld diethyl ester was added very slowly dropwisé
to the stlll~-warm sodium methanolate solution. At the end of the
addition process, the mixture was reflux-bolled for a further hour,
after which 0.5 mat of 1-chloro-4-tetrahydro-pyrenyloxybutane was

slowly added dropwise. The mixture was then reflux-bgiled overnight.
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The solvent was removed in a ratary svaporator and water was added
to the residue, which was repeatedly extracted with ethyl acetate.
The combingd organic extracts were washed with saturated common-

salt solution and dried over sodium suphate. After removal of the

solvent, a colouriess oil was left. 66.4 g of the substituted malonic
ester were outained after distiliation in vacuo, ’

Balling-point ymei 148°C
Yield: 70%

'H-NMR-data in COCl5/TMS

1.6-2  ppm  (m1,12H,CHe)  3.5-3.7 ppm  (m,5H,CH+OTHP); 3.7
ppm (s,BH,COOMe); 4.6 ppm (t,1H,0THP)

2-[4'~ (Yetrahydre=—2

~pyranyloxydbutyll-malonic acid diesmide [18]

40 g of the substituted malonic ester [17] wers weighed In a 1000-m!

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

was cooled to -40°C end smmonia gas was added till saturation,
followed by a catclytic quantity of sodlum and agitation at the same
temperature for 4 hours.  After heating to room temperature, the
precipltate was suction-filtered and the remaining solution was cooled
to ~20°C Ih a deep-freezer and again suction-filtered. The combined

crystal fractions were recrystallised from acetonitrile.
Yiald: 82%

*H+NMR-data In DMSO/TMS

1.3-2.t  ppm  (m12H,CHg); 3.1-4.0 ppm  (m,5H,CH,0THP); 4.5
ppm (&, TH,0THPY; 7.2 ppm (s (br),4H,CONHg)
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2-[(4'- (Tetrahydro-2-pyranyloxy)buty!l—-1.3-propane diamine (19]

68 g (0.18 moD of lithiun aluminium hydride were added with
exclusion of moisture to 400 ml of absolute THF in a 1000-mi raund-
bottomed flask with reflux condenser end dropping funnel. Next, 15.5
g '(0.06 mold of the substituted malonic acid emide (18] in 100 ml
absolute THF was slowly added dropwise and reflux-hested for 4
hours, then cooled to Q°C. 8 ml of water was carefully added
follewed by 6 ml of 20% caustic soda solution and & further 30 mil of
water. The mixture was filtered and the remalning precipitate was
twice extracted by boiling with THF. The combined flltrates were
washed with ssturated common-salt solution and dried over sodium

sulphate. The solvent was removed In the rotary evaporalor snd the
residue was distilled in vacuo.

Yield: 70%

'H-NMR-data In COCi5/TMS

1.2+1.8  ppm  (m,13H,CH,CH=); 2.7-3.1  ppm  (m,4H,CHaNH);
3,4~3.6 ppm (m,4H, Q7HP); 4.5 ppm (L,IH,0THP)

4- (4'-Tetrahydropyrany! oxybuty)-N,N'=propylene-bis (salicylidene
imine) (201

This compound was prepared in the same manner as compound [4].
Yield: = 70%

'H-NMR-data in CRCis/TMS
1.2-1.9 ppm (m,13H,CH,CHg,0THP); 3,2-3,7 ppm
(m,BH,CHaN=E,0THF); 4.5 ppm (L, 1H,0THP); 6,8-7,1ppm
(m,8H,ArH); 8.4 ppm (s,2H,CH=N)
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4- (4'—Tetrahvdropﬂanyl oxybuty!)-N,N'-pcropylene-big (salicylidene

imine) {211

This vompound was prepared in the same manner as compound ([5].

Yield: 61%

"H-NMR-data in COCla/TMS
1,2-1.8  ppm  (m,13H,CH,CHe,0THP%2.7 ~ ppm  (m,4H,CHaNH);
3.4,3.6 ppm ‘m,4H,0THP,CHLOR); 4.5 ppm (t,1H,0THP);  6.5-7.3

ppm (m,B8H, ArH)

Example S

2-Methyl-2-[4'~ (tetrahydro-2-pyranyloxyDbutyll-malonic _acid__ dimethy!
ester [22)

This compound was prepared in the same manner as compound [17],

Yield: 78%
'H-NMR-data in CDCIly4./TMS

1.4 ppm (s,3H,Me); '2=20 ppm (m12H,CHg); 3.5-3.8 ppm
(m,4H,0THP); 3.7 ppm (s,6H,COOM»); 4.6 pom (t,1H,0THP)

2=Methyi~-2-[4'~ (tetrahydro-2-pyranyloxybutyll-melonic _acid _dimethy!
ester (231

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

Yield: 8&6%
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'H-NMR~data in DMS0O/TMS

1.3ppm (s,3H,Me); 1.2-2.0 ppm (m,12H,CHp); 3.1-4.0 ppma
(m, 4H, OTHP); 4.5 PPpm (t,1 H,OTHF‘;); 7.1

ppm
(s (br),4H,CONHz)
2-Methy1-2-[4'~ (tetrahydro-2-pyranyloxyi)butyll-1.3-propane diamine

(241
This compound was prepared in the same manner as compound [19].
Yield: 64%

'"H-NMR-data in CDCl5/TMS

0.9 ppm (s,3H,Me); 1.2-1.8 ppm m,12H,CHg); 2.7 ppm (m,dH,
CHeNHz); 3.3-3.8 ppm (m,4H,0THP); 4.5 ppm (t, 1H,0THP)

2=Methyi-2- (4-tetrahydropyraryloxybuty |>-N,N'~propy lene-~
bis(salicylidene imine) [25]

Thls compound was prepared in the same manner as compound [4]

Yield: 77%

'H-NMR-data in CDCl5/TMS
1.0 ppm (s,3H,Me); 1.2-1.8  ppm (m,12H,0THP+CHa); 3.2-
3,7ppm  (m,BH,0THP=CHZN=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-Methyl-2-t4'- (tetrahydro-pyranyl| oxylbuty}-N-N'~propylene-

big (salicylldene amine) [261

This compound was prepared in the same menner as compound (5]



Yield: 89%
'H-NMRA-data in DMSO/TMS

1.0 ppm (s,3H,Me); 1.2-1.8 ppm (m, 12~ O0THP+CHz); 2.8-3.1

*ppm (m,4H, CHeNHp); 3.3-3.9 ppm  (m,8H,0THP+ArCHNH);
4.5 ppm (E,1H,0THP); 7.0 ppm (m,aH,ArH); 7.3-7.5 ppn
{m,4H,ArH)

) Cu-g-methyl-2~ (4-tetrahydropyrany! oxybuty)-N.N'-propylene-

bisisalicylidene smine) [27]

(XXX
®eevs’ 400 mg of copper ac:tate (2 mmol) in 20 ml methanol was added
':::.3 dropwise to a suspension of 913 mg (261 (2 mmal) in 50 m! methano!
ST and agitated at room temperature. Afker removal of the solvent in
) .: the rotary evaporator and drying with & vacuum pump, an olly residue
sQevtbe
.’ “‘ was left. A crystalline residue was left after re-crystallisation
*etes’ from pyridine/chloroform.

Yield: 76%
.'...‘
ceee Cu-2-methyl-2= (4-hydroxybuty3>~N.N'-propylene-bis (salicylidene amine)
(XXX )

on” : E_E..Ql

"o’ A solution of 877 mg (271 <1.7 mmal) in S ml methenol was added

dropwise to a solution of 0.3 :l concentrated sulphuric acid in S5 ml
. oe methanol and agitated at room temperature for 15 hours. After
* e cooling to 0°C, the mixture was carefully neutralised with sodium
“‘,E cartonate, with agitation and cooling, After removing the solvent,

the residue was extracted with ether, washed with saturated common

salt solution and dried over sodium sulphata.

Yield: 68%
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‘Cu=2-methyl=2- (4-formylbuty)-NN'~-propvlene-bis (salicylidene_amine)

(291

432 g of (28] (0 mmob) dissolved in 20 ml - dichloromethane was
added In ore go to an agitated suspension of 3.23 g PCC in 20 ml
anhydrous djchloromethese arnd the mixture was agitated at room
temperature for 2 hours. 50 ml anhydrous ether was added, the
mixture was de-anted, the black residue was washed three times,
each time with S0 ¢ ether, and the combined ether solutions were

filtered over silica gel. An olly residue was left after removal of
the solvent.

Yield: 59%

Example 6

2-Buty|-2-[4'- (tetrahydro-2-pyranyioxylbutyll-malonic_acid dimethy!
ester (307

This compound was prepared in the same imanner as compound 17.
Yield: 68%
'H-NMR-data in CDCl5/TMS

0.9 ppm . (t,3H,Me); 1.2-2 ppm  (m,18H,CHpn); 3.3-3.9ppm
(m,4H,0THP); 3.7 ppm (s,6H,COOMe); 4.6 ppm (&, 1H,0THP)

2-Butyl|-2-(4'-tetrahydro-2=gyranyloxylbutyll-malonic_acid diamide
£313

This compound was prepared in the same wanner as compound [181.

Yield: B86%
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'H-NMR-data in DMSO/TMS

0.9 ppm (t,3H,Me); 1.3-2.2 ppm (M, 18H,CHg); 3.1-3.8 ppm
(m,4H,0THP); 4.5 ppm (t,1H,0THP)

* 2-Butyl-2-[4'- (tetrahydro-2-pyranyloxylbutyil-1.3-propane diamine

(321

This compound was prepared in the same manner as compound [18].
Yield:. 70%

'H-NMR-data in CDCI5/T#S

0.9 ppm (t,3H,Me); 1.2-1.9 ppm (m,18H,CHg); 2.5-2.9 ppm
(m,4H,CHaNH3); 3.3-4.1 ppm (m,4H,0THP); 4.6 ppm
(t, 1H,0THP)

1,7-Bis (2'-Pyrroly)-2-buty|-2-[4' (tetrahydro-2-pyranyloxy)butyll-2.6—
diazahepta-1.6—-diene [33]

This compound was prepared in the same manner as compound (4],

Yield: 74%

'H-NMR-data in CDCl3/TMS

0.8 ppm (t,3H,Me); 1.2-1.9 ppm (m,18H,CHz); 3.3-4.1 ppm
(m,8H,0THP+CHaN=C); 48  ppm (L, 1H,0THP); 8.2 ppm
(m,2H,ArH); 6.4 ppm (m,2H,ArH); 6.8 ppm (m,2H,ArH); 8.0

ppm (s,2H,CH=N)

1.7-Bis(2'-Pyrroly)~2~butyi=2-[4'-tetrahydro—-2-pyrany loxy)buty11-2.6—=
diazeheptane [(34]

This compound was prepared in the same manrer as compaund [S1.
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Yield: 71%
'H-NMR-data in CDCl5/TMS
0.9ppm (t,3H,M2); 1.2-1.8 ppm (m,18H,CHu); 2.4  ppm

(m,4H,CH_NH); 3.3-4.1 ppm  (m,8BH,OTHP + ArCHgNH); 4.6
ppm (t,1H,0THP); 6.1-6.6 ppm (m,BH,ArH)

Example 7

2-Allyl-malonic _acid diamide [35]

This tompound was prepered in the same manner as compound (2l.

Melting point: 168.5 - 1639°C
Yield: 94%

‘H-NMR-data in DMSO/TMS

2.4 ppm (m@2H,CHzCH=CHe); 3.0 ppm (t,14,CH): 5.0 ppm
(m,2H,CH=CHz); 5.7 ppm (m,1H,CHgCH=CHg); 7.0 ppn (s
br,2H;CONHg); 7.3 ppm (s br,2H,CONHg)

2-Allyl=1,3-propane _diamine [36]

A suspension of 3.12 g of diamide (351 in 50 m! anhydrous
tetrahydrofuran was slowly added, cooled on ice, to a suspension of
1.52 g lithium aluminium hydride in SO mi anhydrous tetrahydrofuran.
The mixture was slowly cooled 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
over sodium sulphate and the residue was distilled In vacuo after

evaporeating the solvent.

Yield: 65%

" "H-NMR-data in CDCls/TMS

1.9 ppm (m,1H,CH); 2.1 ppm (d,2H,CH=CH=CHg); 2.7 ppm
(d, 4H,CHoNH); S.1 ppm (m,2H,CHeCH=CH5); 3.8 ppm
(m, 1 H,CHEQHFCHE)

2-Allyl-N.N'--propylene-bis ¢salicylidens imine) (371

This compound was prepared in the same manner as compound [4].

Yield: 83%
'H-NMR-data in CDCl5/TMS

1.5 ppmm, 1H,CH); 2.2-2.4 ppm (m,2H,CHeCH=CHp); 3.5 ppm

(m,4H,CHN=C); 4.9 ppm (m,2H,CH=CHz); 5.6 ppm
(m, 1H,CH=CHy; 6.8-7.1 PPM (m,8H,ArH); 8.4  ppm
(s,2H,CH=N) /

2= (3-Bromo-2-hydrigxyprooy )-N,N'-propy lene=bis (salicy!ideng Imine)
{383

1,78 g (10 mmoDl) of NBS was added to a solution of 3.22 g (37) (10
mmal) in 58 ml of 6:1 THF/water and agitated for two days at room
temperature with exciusion of light. The mixture was poured in 250
ml of water and repestedly extracted, each time with S0 ml acetic

acid, dried, concentrated and the residue was re-crystallised from
acetonitrile.
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Yield: 32%
'H~NMR-data in CDCly/TMS

1.5 ppm  (m,3H,CHCH.CHOH); 3.5 ppm (m,4H,CH.N=C); 3.8
[oaly)} (d,2H,CH=Br); 4.1 PpPm (m, 1H,CHOR); 6.9 pPpm
(m,dH,ArH); 7.3 ppm (m,4H,ArH); 8.4 ppm (s,2H,CH=N)

2~ (2,3-Epoxypropy D-N,N'-propy lene-bis (sallcv!idene_imine) (39]

A solution of 7.6 g (381 (18 mmol) In 100 ml methanol was addea to
a solutlon of 5.4 g potassium carbonate In 15 ml water and agitated
for one hour at room temperature. The mixture was flltered and
concentrated and Lhe residue was diluted with 30 ml water, extracted

with chioroform, dried over sodium sulphate and concentrated.
Yield: 76%

'H-NMR-data in CDCl5/TMS

1.5 ppm  (m,3H,CH+CH.CHOR); 2.6 ppm  (m,2H,epoxide); 3.1
ppm  (m, 1H,epoxide); 3.5 ppm  (m,d4H,CHzN=C); 6.9 ppm

( -7 ArH); 7.3 ppm(m,4H,ArH); 8.4 ppm (s,2H,CH=N)

2=[2-Hydroxy~5~{2-nitroimidazoly)=propy11-N,N'-propy lene=
bis (salicylidene iming) (401

A mixture of 250 mg of 2-nitroimidazole (2.2 mmol), 475 g of 1.8-
bis- (dimethylamino)-naphthalene (2.2 mmol) and 920 mg (2.2 mmol)
of (391 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 wlth.50 m|l water, repeatedly extracted with
ethy! acetate, then washed With dilute hydrochloric acid and water,
dried over sodium sulphate and concentrated. The mixture was re-

crystallised from methanol/water.
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Yield: 28%
"H-NMR~-data in CDCls/TMS

1.4-1.5 ppm  (m,3H,CH+CH-CHOH); 2.9 ppm  (m,2H,CHOH-CHa-
NRe); 3.5 ppm  (m,dH,CHeN=C); 4.0 ppm  (m,1H,CHOH); 6.9-7.4

ppm (m,10H,ArH); 8.4 ppm {s,2H,CH=N)

2-{2-Hydroxy-3- (@-nltrolmidazoly)-propy!1-N,N""~propylene=
bis(salicylidene amine) (413

This compound was prepared in the same manner as compound (4],
Yield: 63%

YH-NMR-data in CDCly/TMS

1.4-1.5 ppm (m,3H,CH+CHACHORY; 2.5  ppm (m, 4H,CHNH);
2.8 pPpm (m,2H,CHOH+CH-~NRz); 3.9-4.1 ppm

(m,SH,CHOH+ArCHgNH);  B.9-7,4 ppm (m,10H,ArH)

Example 8

2-Allyl-2-methyl-malonic acid diethyl ester [42]

This compound was prepared In the samg manner as compound (11
Yield: 76%

Bolling point: 2Sqpar~ 106-107°C



1H-NMR-data In CDCly/TMS

1.3 ppm(t,6H,CO0CHLCHZ); t.4 ppm (s,3H,Me); 2.6 ppm (d,2H,
CHeCH=CHz); 4.2 ppm (q,4H,COOCHCH5); 50 ppm d
br,1H,CHCH=CH); 5.4 ppm (d br, 1HCHeCH=CHx); 5.7 ppm
(m, 1H,CHgCH=CHz)

2-Allyl-2-methyl-malonic_acid diamide (433
This compound was prepared In the same manner as compound [2].
Yield: 887%

'*H-NMR-data In DMSO/TMS

1.3 ppm (s,3H,Ma); 2.2 ppm (d,2H,CH-CH=CHp); 4.9 ppm (d
br, 1H,CHeCH=CH); 5.0 ppm (d br, 1H,CHzCH=CHs=); 5.8 ppm
¢{m, 1H,CH.CH=CHg)

2-Allyl-2-methyl-1.3-propane_dlemine (44]
This compound was prepared in the same manner as compound [36].
Yield: 82%

'H-NMR-data In COCl5/TMS

1.0 ppm (s,3H,Me); 2.2 ppm (0,2H,CH=CH=CHg); 2.5 ppm
(m, aH,CHLNH); 49 ppm (d br,1H,CHeCH=CHy); 50 ppm
br,'H,CHaCH=CH=); 5.8 ppm (m,1H, CHeCH=CHs)

2-Allyl=2-methyl=NN'-propylene-blis (salicylidene Imine) (45]

This compound was prepared In the same manner as compound (41,

Yield: 76%
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'H-NMR-data In CDCls/TMS

1.0 ppm (s,3H,Me); 2.2 ppm (d,2H,CHsCH=CHg); 3.7 ppm

(m,4H,CHaN); S.1 ppm (m,2H,CHCH=CH5.); 5.8 ppm
(m,1H,CHzCH=CHR); 6.8-7.4 ppm (8H,ArH; 8.4 ppm (s,2H,CH=N);

13.5 ppm (s,2H,Ar0OH)

2-Allyl-2-methy|-N N'-propylene-bis (salicylidene amine) (461

This compound was prepared in the same manner as compound {51.

Yield: 73%

'H-NMR-data In CDCl5/TMS
t.1 ppm  (s,3H,Me); 2.3 pemn  (d,2H,CH=CH=CHg); 2.8 ppm
(m, 4H,CHaNH); 4,1 ppm (m,4H,ArCHgNH); 5.1 ppm
(m,2H,CHeCH=CH=); 5.8 ppm  (m,1H,CHeCH=CHg); 6.8-7.4 ppm
(8H,ArH); 13.5 ppm (s,2H,ArOH)

Example ©

{.7-Bis f2-hydroxynaphthy)~4-methyl~d- (4-nitrobenzy1)-2.6,dlazahepta-

1,6~dlenel47)

Thls compound was preparced In the same manner as compound (4).
Yield: 80%

'H-NMR-dsta In CDCI3/TMS

1.2 ppm (5,3H,Me); 3.0  ppm (s 2H,CHeAr); 3.8  ppm
(m,4H,CHxN=C); 7.0 ppm (d,2H,ArH); 7.3-7.4 ppm (m,BH,ArH);
7.6-7.8 ppm  (m,BHArH); 8.3 ppm (d,2H,Art); 8.9 ppm

(s,2H,CH=N)
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1.7-Bls (@-Hydroxynaphithy1)=4-methyl=4- (4-nltrobenzy|)=2.6-
diazaheptane (48]

This compound was prepared In the same manner as compound [S].

"Yield: 52%
1H~NMA~data In COClg/TMS

1.0 ppm  (3,3H,Me); 26 ppm  (m,4H,CH=NH); 2.9  ppm
(s,2H,CHsAM; 4.0 ppm  (m4H,ArCH=NH); 6.9-7.4  ppm
(m,BH,ArH); 7.6-7.8 ppm (m,6H,ArH); 8.3 ppm (d,2H,ArH}

1.7-Bis (@-hydroxynaphthy)~4-methy|-4- (4-aminobenzy 1)~2.6~
diazaheptane [49]

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

Yield: 72%

'H=NMR data in CDCly/TMS
.1 ppm (5,3HMe); 2.6 ppm (m4H,CHeNH); 2.8 ppm

(s,2H,CHeAr); 3.9 ppm (m4H,ArCHeNH); 6.9 = 7.4 ppm
(m,BH,ArH); 7.6 - 7.9  ppm (m,6H,ArH); 8.3 ppm
(d,2H,ArH)

EXAMPLE 10

1.72-Bls (@'~thlenyl)-4- (4'~nitrobenzy)-2.6-diaza-hepta=1.6-dlene [50]
This compound was prepared in the same manner as compound (4]

Yield: 91%



"H-NMR data In COCle/TMS
1.4 ppw (m1H,CH) 3.2 ppm (d,2H,CHgAr}, 3.5 ppm
(m4H,CHeN=C); 6.9 ppm  (m4HArRY 7.2 - 7.4 ppm
(m,4H,ArH); 8.2 ppm (d,2H,ArH); 8.3 ppm (s,2H,CH=N)

" 1.7-Bls (@'~ hleny})-4- (4'-nitrobenzy!)-2.6-diaza-heptane [51)

This comuound was prepared in the same menner as compound (5]

Yield: 76%

"H-NMR data in COCls/TMS
t.4 . ppm (miH,CH); 25 ppm (m4H,CHaNH); 2.8 ppm
d,2H,CHgAr); 3.8 ppm  (mdH,ArCHeNH); 6.7  ppm
(m,2H,ArH)Y; 6.8 ppm (mdHArH) 7.4 pmm (m2HArH); 8.2

ppm (d,2H,ArH)

1,2=5(g (B,ZZthlenvD—d- (4’-‘-'anliln0banzvI)-E,’__._S_—dlaze-hegtane (521

This compound was preparéd In the same manner as compound [6]

Yield: 88%

H-NMR data In DMSO/TMS
1.2 ppm (mIH,CHY; 2.4 - 25 ppm (mBH,CHeNH+CHaAr);
3.8 ppm (m4H,ArCHzNH); 6.5 - 6.8 ppm (mdH,ArH); 6.8
- 6.9 ppm  (m,6H,ArH)

EXAMPLE 11

2=Methyl-2- (E-DrrSDJ‘nyl)-malonIc acld dimethyl ester (53]

This compound was {,‘Srepared In the same manner as compound (1)
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Yleld: 66%
'H-NMR-data In CDCly/TMS

1.5 ppm (s,3H,Me); 2.0 ppm (t,1H,CCH); 2.8
(m,2H,CHg); 3.8 ppm (s,6H,CO0Me)

gﬂtibyl—.a— (2-propinyl)-malonic _acid dismide [54]

Thls compound was prepared In the same manner as compound (21
Yield: 72%

'H-NMR-data In DMSO/TMS

1.5 ppm  (5,3HMe); 1.9 ppm (mIH,CCH); 2.6
(m,2H,CHp)

2-Methyl-2- (2-propinyl)~1.3-propane_dlamine [55]

This compound was prepared in the same manner as compound [38]
Yield: 57%
'H-NMR-data in CDCl5/TMS

1.5 ppm (s,3H,Me); 1.9 ppm (m,1H,CCH); 2.5 ppm
CHeC+CHeN)

2-Methyl=2= (propiny1)-N.N'~-propylene=his(salicylidene imine) [S6]

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

Yield: 77%

ppm

ppm

(m,6h,

oo T
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'H-NMR-data In CDClse/TMS

1.5 ppm (s,3H,Me); 2.0 ppm (t,1H,CCH3; 2.6  ppm
(m,2H,CHg); 3.7 ppm (m,4H,CHeN); 6.9 - 7.4 ppm
(m,8H,ArH); 8.3 ppm (s,2H, CH=N)

2-Methyi-2- (propinyD-N.N'-propylene-bis (salicylidene amine) [57]

This compaund was prepared in the same manner as compound (5]

Yield: 78%

'H-NMR-data in CDCl5/TMS

1.5 ppm (8,3H,Me); 2.0 ppm (t,1H,CCH); 2.6 - 2.8 ppm
(m,6H,CHaCC+CriuNH); 4.0 ppm  (m,4H,ArCHzNH); 6.8 ~
7.4 ppm (m,8H4,ArH)

Example t1a

2-Methy|-2- (2-propiny)-malonic_acld (58]

23.7 g (531 (127 mmol) were dissolved in 200 ml methanol and a
solution of 28.3 g (208 mmol) of NaOH In 50 ml water was slowly
added dropwise. The mixture was heated to 50°C In a water bath
for two hours, the solvent was removed in a rotary evaporator and
the residue was dlgsalved In water. The mixture was acidifled with
semi--concentrated hydrochloric acid and the free carboxcylic acid was

exasted with ch!)® “oform, washed and dried.
Yield: 84%

'H-NMR-dsta In DMSR/TMS
1.4 ppm (s.3H,Me); 2.6 ppm (d,2H,CHe); 2.9 ppm (t,1H,CCH)
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2-Methyl-2~ (2=propinyl)-malonic_acid dichloride (591

A mixture of 3.40 g (58] &and 8.8 g of thionyl chloride and one drop
of DMF were heated to boiling with agitation and with exclusion of
moisture. When -all the gas had evolved, the excess of thionyl
chloride was removed In vacuo at room temperature and the residue

was distllled in vacuo.
‘Yield: 91%
Boiling point: 125°C/y 4mem

N,N'-Bis {2-methoxybenzy|)-2- (propiny!)-malonic_acid diamide {603

468 g (58] (24.3 mmol} In 100 ml dichloromethane was carefully
added dropwise to a mixture of B6.67 g of 2-methoxybenzyl amine
(48.6 mmol> and S5.06 g of triethylamine (50 mmol) in 100 ml
dlochloromethane, with exclusion of molsture. The mixture was
agitated at room temperature for a further three hours, then
repeatedly extracted with chlaroform after adding water. The
organic phase was successively washed with 11N  HCI, saturated

potassium - carbonate solution and water and dried over sodium

sulphate.
Yield: 64%
'H-NMR-data In CDC1,/TMS

1.5  ppm  (5,3H,Me); 20  ppm  (t,1H,CCH); 2.8 ppm
(d,2H,CHeCC); 3.8 ppm (s,6H,0Me); 4.4 ppm (d,4H,CHaNH);
6.9-7.3 ppm (m,8H,ArH) '

N.N'-Bis (2-methoxybenzy)-2-methyl-2-= (propiny|)-1.3-propane diamine
[61]

=

This compound was prepared In the same manner as compound (441,

'H-NMR~data in CDC15/TMS



1.5  ppm  (s,3H,Me); 2.0 ppm  (t,1H,CCHY; 2.6-2.8 ppm
(m,6H,CHeCC+CHaNH); 3.8 ppm  (s,6H,0Mej; 42  ppm
(m,4H,ArCHzNH); - 6.9-7.3 ppm (m,8H,ArH)

2-Methy|-2- (propinyD-N,N'-propylene-bis (salicylidene amine [57]

A solution of 338 mg (611 (1.0 mmol) In 15 ml dichloromethane was

cooled to 0°C In & nltrogen atmosphere with exclusion of molsture.
1.75 g (7.00 mmol) of boror tribromide In 20 ml dichloromethane was
added drr_:)pwise 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

8= (4'=Nltrobenzyi)-3.3.8.9-tetramethyi-4.8~diazaundecane-2,10-dlone=
dioxime_[62]

3.9 g of diamine [10] was dissalved in 90 mi methanol and cooled to
0°C, after which 6.5 g of 2-chloro-2-methyl-3-nitrosobutane were
added with agitation. After heating to room temperature the
mixture was agitated for two hours, bolled 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: 187-188<C

Yield: 27%
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'H-NMR~-data 'n DMSO/TMS

1.3 ppm (s,12H,MeCNH); 1.8 ppm (s,6H,MeC=N); 2.3 ppm
(m, 1H,CH); 2.5 ppm  (m4H,CHaNH); 2.8 ppm  (d,2H,CHzAr);
7.4  ppm (d,2H,ArH);8.2 Ppm (d,2H,ArH); 10.8 ppm

(s,28H,HON=C)

6= (4'Aminobenzy1)-3,3,9,9~tetramethyl-4.8-diezaundecane-2,10-dione-~

dioxime (631

250 mg of the nitro compound [62] was dissolved In 30 ml of 50%
methanol (pH 11) and hydrogenated at room temperature with 25 mg
of Pd/Alox. 60 mg of a crystalline solid was left after removal of
the catalyst and concentration.

Yield: 26%

"H-NMR-data in D0
1.2 ppm (s,12H, MeCNH); 1.7 ppm (s,6H,MeC=N); 1.9  ppm
(m, 1H,CH); 2.5 ppm  (m,4H,CHzNH); 2.4  ppm (d,2H,CHAr);

8.5 ppm (d,2H,ArH); 6.8 ppm (d,2H,ArH)

Cu-6-(4'-aminobenzyl)~3,3,9,9-tetramethy|-4.8-dlazaundecane-2,10~
dione-dioxime {64]

This compound was prepared In the same manner as compound [27].

Yield: 45%

Cu-6-14'-(hlotin _carbamoyl)benzyll-3.3.9.9-tetramethyl-4.8~

diazaundecane-2,10~dione-dioxime [65]

680 mg of NHS blotin (2 mmob) was added with agitation to a .

solution of 439 mg (641 (1 mmoi) In 10 ml DMS0 and heated to

S0=C for three hours. After cooling to room temperature, the



ayso0
@eoe
onode
L (]
(1] ®
LX ] [

< L 2"

[
d00000
( ]

(X LE )
0999

o't

L L]
® L
oo

- 43 -

mixture was agitated for a further fifteen houra. The solvent was

then removed In vacuo end the residue purifed with MPLC (silica gel,

dichloromethane/ethanol/concentrated ammonia 20:20:3).
Yield: 75%

8- (Biotin_carbamoyi) benzy!1-3,3.8,9-tetramethyl-4,8~diazaundecane~-
2,10-dione-dioxime [66]

500 mg of potassium cyanide was added to a solution of 600 mg [6S]
in 75 ml 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, acetonitrile/concentrated ammonia 40:3).

Yield: 41%

Tc-99m complex of [66]

5.6 x 10~? mol potassium tartrate In 1| ml HgO, 4.8 x 10-°® mal tin
chloride In 1| ml HeO and § mCi of Tc-98m-pertechnetate were added
to a solution of 1.86 % 10-2 mol (62] In 1 ml EtOH/Hz0 4:6 and
incubated for ten minutes. The corresponding -technetium complex

was obtainazd with more than 90% purity.

Example 13

6-(4'-lsothiocyanatobenzy!)-3,3,9,9-tetramethyi-4,8-dlazaundecane~
2.10~-dlone-dioxime [673

Thls compound was prepared in the same manner as compound {7].

‘*H-NMR-data in Dg0
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1.2 pprﬁ (s,12H,MeCNH); 1.7 ppm (s,6H,MeC=N); 1.8 ppm

(miH,CHY; 2,6 ppm  (mAH,CHeNH); 2.4 ppm  (d,2H,CHeAr);
6.7 ppm (d,2H,ArH);7.2 ppm (d,2H,ArH)

Example 14

2-Methyl-2-[44-(blotIn_carbamoyl)benzy!l=-N,N'-nrapylene-

bis(salicylidene amine) [681

100 mg' of the hydrochloride of aniline [8) (0.194 mmol) was
dissolved In 10 m! 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 formamide was added, followed
by 80 pl triethylamine with agitation. After fifteen hours the
reaction mixture was concentrated In vacuo and the residue was
dissolved in dimethoxyethane. Purification was hrought about by
HPLC. Column:M&W 250 x 4.8 mm, nucleosil 100 C-18.5 pm;
developer (lacetronitrilel/l0.05M KHePQ.,, pH 4.81)50:50 (v/v) flow
rate: 1.0 ml/min UV detector 280 nm.

‘H-NMR~-data In DMSO

1.1 ppm (s,3H,Me); 1.5-1.6 ppm (m,6H,CHg); 2.5-2.8 ppm
(m,BH,CHgS,CHeNH,CH:CO); 2.8 ppm (s,2H,CHeAr); 3.1 ppm
(M,1H,CHS); 4.0-4.3 ppm  (m,6H,ArCHeNH,biotin=H); 6.4 ppm
(s,2H,iVH); 6.8-7.8 ppm (m,12H,ArH)

Tc-89m_complex of [68]

.3 pl of saturated tin tartrate solution was added to 25 pg of
compound [68] in S50 pl NaCl solution pHS, and i+ mCi of Tec-98m
pertechnetate from an Mo89/Tc88m generator was added. The
resulting reaction mixture was left to stand at room temperature for

five minutes. The reaction mixture was Investigated by thin-film
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chromatography, showing complete reduction of the pertechnetate, and

complexing of the reduced technetium by the ligand.

Analysis o’ the Tc99m complex, HPLC

PRP-1 HPLC columns made by Messrs. Hamilton, 150 x 4.1 mm, 5 pm

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

Developer: (acetonitrile/l KHgPO, pH7 0.01M) + 1% methanoll) 50:50
v/v), fl_ow rate 1.5 mi/min. 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%.

Example 15

N,N'-bisl2- (benzylthio)benzoyll-2-methyl-2- (4-nitrobenzyl)-1.3-propane
diamine {691

6.0g of S-benzylthlosalicyllc acld chloride (22,8 mmol) In & solution
of 100 ml benzene end 60 ml dichloromethane were slowly added
dropwise during an hour to a solution of 48 ml IN NaOH (48 mmol)
and a solution of 2.59 g (311 (11.6 mmol) in 100 ml benzene. The
sojution was then cooled to 0°C, water was added and the aqueous
phase was repeatedly extracted with dichloromethane and drled aver

sadium sulphate.  After removing the solvent, e yellow ofl was left.
Yiewd 77%
'H+NMR--data in CDC14/TMS

1.0 ppm (s,3H,Me); 3.0 ppm (s,2H,CHgAr); 3.5 ppm
(m,4H,NHCHg); 4.1 ppm (s,d4H,SCHeAr); 6.7 ppm (t,2H,CONH);
7.1-7.6 ppm (m,20H,ArH), 8.2 ppm (d,2H,ArH)
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N,N'-bisl2~ (benzylthiolbenzyll-2-methy|-2= (4-nitrobenzyl)--1.3-propane
diemine (70]

276 ml of a 1 M borane solution In THF was edded dropwise ta a

solution of 2,98 g [69] (4,6 mmol) In 10 mi THF at 0°C, revlux-

heated for twa hours, cooled and 10 ml of a 1:1 mixture of HCl in

water was added and the sclvient was removed In a rotary
evaporator. After npeutrallsing with 1IN NaOH the mixture was
extrected with dichloroimethane, and dried over sodium sulphate and

the solvent was removed, leaving & faintly yellow all.
Yield: 508%

YH-NMR~data in CDC1,/TMS

1.0 ppm (s,3HMe); 2.9 ppm  (s,2H,CHeAr); 3.1  ppm
(m,4H,NHCHg); 3.3 ppm (m, 4H,ArCHeNH); 4.1 ppm
(s,4H,SCH=Ar); 7.1=7.6 ppm (m,20H,ArH), 8.2 ppm (d,2H,ArH)

N.N'-bls (@-mercaptobenzy)-2-methy|=2~ (4=nitrobenzy1)~1.3-propane
diamine (711

Sodium was added to & solution of 1.24 g [70] (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 dlissoived
in water and extracted with chloroform. After drying and removal

of the solvent, a white residue was left.
Yield; 639%
'H-NMR-data in COCls/TMS
t.t ppm (s,3H,Me); 2.9 ppm  (3,2H,CHeAr); --3.0  ppm

(m,4H,NHCHg); 3.3 ppm  (m,4H,ArCHzNH); 6.9-7.4  ppm
(m,10H,ArH),8.2 ppm (d,2H,ArH) - ' -
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Example 16

NN'-bisl2~- (benzylthlo)benzoyl1-2~[4' (phenoxy)butyll-1.3-propane
diamine (72]

B.O-Q of S-benzyithiosalicylic acid chloride (22.8 mmol) in a solution
of 100 ml benzene end B0 ml dichloromethane was added slowly
dropwise during an hour to a solution of 49 ml of IN NaOH (49
mmol) and a solution of 2.34 g of 2-(4'-phenoxy)butyl~1,3-propane
diamine (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 dichloromethane and dried over sodium

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

Yield: 68%
'H-NMR-data In CDC14/TMS
t.e-1.8 ppm  (m,7H,CH,CHg); 3.5 ppm (m4H,NHCHg); 4.1 ppm

(s,4H,SCHeAr); 4.3 ppm  (4,2H,CHeOAr); 6.7 ppm (t,2H,CONH);
7.1-7.8 ppm m,23H,ArH)

N,N'-bis[2- (benzylthio)benzy|1-2-[4' (phenoxy)buty!l-1.3-propane
diamine [73]

This compound was prepared In the same manner as compound (70]
Yield: 58%
'H-NMR-data in CDC14/TMS
1,2-1.8 ppm (m,7H,CH,CHg); 3.3 ppm  (m,4H,ArCHeNH); 3.5

ppm (m, 4H,NHCHg); 4.1 ppm (s,4H,SCHeA); 43 ppm
(t,2H,CHg0Ar); 7.1-7.8 ppm (m,23H,ArH)



N.N'=blisl2- (benzylthlo)benzy!1-2-[4-bromobuty!l-1.3~propane dlamine
(74]

A solution of 1.28 g (731 (@ mmoD) in 50 ml glezial acetic =cid/48%
HBr (80:20v/v) was heated to 95°C In an argon atmosphere for four
days. After removal of the sulvent, a solld regldue was left.

Yield: 68%

'H-NMR--data In DMSQ/TMS

1.2-1.8 ppm (m,7H,CH,CHg); 3.3 ppm (m,4H,ArCH=NH); 3.4-
3.6 ppm (m,6H,CHz0Br,NHCH,); 4.1 ppm (s,4H,SCHeAr); 7.1=
7.8 ppm (m,23H,ArH)

N.N'=his[2= (benzylthio)benzyll-4-{5'~aminomethy!)~ (§'~

amlpo)hexanoxyibenzolc acid [75]

A solution of 8,31 g of 4-hydroxybenzoic acid ethyl ester (50 mmol)
in 25 ml DMF was slowly added dropwise to a suspension of 1.2 g of
sodium hydride (50 mmol) In 25 ml OMF, 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 dichloromethane, &and after drying the solvent was removed,

leaving a solid residue.
Ylield: 64%
'H-NMR-data In OMSQ/TMS
1.2-1.8 ppm (m,7H,CH,CHe); 3.3 ppm (m,4H,ArCHLNH); 3.5

pp# (m4H,NHCHL); 4.1  ppm (s,d4H,SCHeAr); 4.3 ppm
(t,2H,CH=0Ar); 7.1-8.2 ppm (m,22H,ArH)
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N.N!'=-blis[2- (mercaptobenzyli-4-[S'-aminoethy ()~ (6'~

amino)hexanoxylbenzolc acid {76)

This compound was prepared in the same manner as compound (73]

Yield: 73%
'H~-NMR~data In DMSO/TMS

1.2-1.8 ppm (m,7H,CH,CHR); 3.3 ppm  (m,d4H,ArCHgNH); 3.5
ppm  (m,4H,NHCHR); 43 ppm (t,2H,CHa0Ar); 7.1-8.3  ppm

(m, 12H,ArH)

N,N'=-bisl2 (mercaptobenzy |1=d=((5'-aminoethy )~ (¢~

amino)hexanoxylbenzolc acid 2,3,5.6-tetrafluorophenylester (773

A solution of 1.04 g of 1-@3-dimethyl aminopropyl)-3-ethyl
carbodiimide (5.5 mmold> In 20 ml acetonitrile was added dropwise In
5 minutes to a solution, cooled to 0°C, of 2.47 g of carboxylic acld
(761 (5 mmeol) and B30 mg 2,3,5,6-tetrafluorophenol (5 mmol) In 20
ml acetonitrile, and heated to B0°C for 4 hours. 25 pl acetic acid
was added followed by agitation for a further hour, flltration and
extraction of the residue twice with hot acetonitrile. The combined
flltrates were concentrated to dryness and the residue was

recrystallised,
Yield: 55%

'H-NMR-data In CDC3,/TMS
1.1-1.8 ppm (m7HCH,CHe); 3.2 ppm (md4H,ArCHgNHY; 3.5

ppm  (m,4H,NHCHgz); 4.1  ppm (t,8H,CH.O0Ar); 7.1-8.3 ppm
(m;13H, ArH)



EXAMPLE 17

Tc~99m~complex of (7]

A solutlon of 5.0 mg [B] in water was brought to pH 11 with O.IN

NeOH, after which 1 ml of EtOH was added and the solution was

made up to 10 ml with water. 400 p| of the solution with 80 pl of
saturated tin tartrate solution end 8 mCi of Tc-98m pertechnetate
from an Mo89/Tc98m generator was added and left to stand five
minutes. The solutlon was then washed three times, each time with
2 ml chloroform, the organic phase was dried over a short sodium
sulphate column, 50 ul of thiophosgene was added and the mixture
was incubasted at room temperature for S5 minutes. 100 pl of
isopropanol was then added, the chloroform was evaporated with

argon, and 800 ul of a 1% PVP solutlon In water was added to the
residue.

EXAMPLE 18

Labelling an_lIsothlocyanate-containing chelating agent &nd coupling it

to_protelns

The process of coupling Isothiocyanate-contalning Tc-chelating agents
(compaund 7] to proteins will be described, using F(ab)s fragments of
the monoclenalen 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 antlbody 17-1A was obtalned by methods known In
the literature, after applicatlon of 107 of the corresponding
hybridoma cells to the abdominal cavity of a Balh/c-imOuseand suctlon
of the ascites fluld 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 Isciated by FPLC. Bezfore coupling to
the chelating agent, hhé'v Frag&\ents were dialysed egainst 0,1 M
KHePO./0.f M NaHCOs, pH B.5, at 4°C for 12 - 24 hours. The
protein concentration was &djusted to 10 mg/ml. A 5-fold malar
excess of the NCS-containing chelating agent (Example 11 was
dissolved In a miniry. -amcunt of the same buffer and added to the
p;'rotein sojutlon. m'der to form the conjugate, the mixture was
incubated at 37°C »r 8 ‘, % rs. Next, the conjugate was dlalysed 24
~ 48 hours age- t FBg - (phosphate-buffered saling) with repeated
change of buffer, and the protein concentration was re-adjusted to 10
mgém} when necessary. - Before labelling w *h Tc-88m, the conjugate
could be kept in acid-cleaned glans vesseis after sterile filtiatlon at
4°C,

! mg of the antlbody fragment coupled to the chelating agent (71
was labelled with TC-$9m by addlﬁg 10 mCl pertechnetate solution (=
! = 2 mbD and 100 /ug “tIn-il chloride In a solution of Na
pyrophosphate (1 mg/m[) scavengﬂd with argon or by ligand
exchange e.g. by mixing the solut;’)n with a commercially obtainable
glucoheptonate kit £o which pbrcefchnetate had been added.

EXAMPLE 19

Coupling en_isthiocyanate-containing Te-99m complex te proteins

Alternatively, coupling ta the antibody fragments cen be brought
about after complexing theb chelating agenta with Tc~89m, The
menoclonel antibody 17-1A was obtained as described in Example 17,
As In Example 17, purification was brought about by ammonium
sulphate precipitation and aFHnity chromatography over protein A-
sepharose.  The puriFled antibody (10 mg/m]> was treated with 25
pi/ml pepsin at pH 3.5 “for 2 hotrs end then Isalated by FPLC.
Before coupling with the chelating agents, the fragments were
dialysed against 0.1 M KHeP0./0.1 M NaHCQOs, pH 8.5, at 4°C for 12

~ 24 hours. The pro*eln co\nwtiom was adjusted to 10 mg/ml,

¢

&

/

i



- 852 =

The Tc-99m complex, prepared as In Example 16, was added in a
molar ratio of | ¢ 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 18 and gave similar results.

EXAMPLE 20

Blo-distribution 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 [71 prepared In Example | as & model. The

antibody from which the fragments were obtained recognise an

antigen exgressed from the human carcinoma cell |ine "HT-2g". A
control cell [ine Ilkewise obtained from a human carcinoma (MX-1)
did not express this antlgen. Isoiated cells from both lines were

subcutaneously administered to Immune-deficlent hairless mice. After
the tumours had grown to & size of 300 - 800 mg, the mice were
intravenously given 20 pg of the chelate conjugate [Example 171
labelled with 200 pCl.  The conjugates were first freed from low-
molaecular constituents by gel #"‘tration on PO 10 columns
manufactured by Messrs. Bio-Rad. The fimmune reactivity of the
conjugates was 70 - 80% as determined by bon_c!v‘ﬁg to an excess of
antigen In the cell. The blo-distribution /4 hours after administration
of the conjugate was determined by killing the animals, removing the
organs and measuring the radiocactivity therein. The following Table
gives the measured amounts of radioactiviky and shows a marked

concentration of the chelate in the antigen—pasitive tumour.
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Organ % of applied dose per gram of tissue
Spleen 0.3

Liver 1.2

Kidneys 2.8

Lung 0.8

Muscle - Q4

Blood 0.6

MX-1 1.8

HT29 2.4

EXAMPLE 21

Blo-distrihution of a blotin-containing chelate

20 pl of a commerclally obtainable streptavidin-caoupled sepharose-gel
(corresponding to 20 pg streptavidin) was administered to the left
hind-leg muscle of a rat weighlng 200 g. About 30 minutes
afterwards 5 pg of the compound prepasred In Example 12, labelled
with 200 pCl of Tc-88m, was administered irﬁtravenously. The
radioactivity In the Indlvidual organs of the rat was measured after 4
hours, A t4-fald increase In radioactivity in tha;-‘ left hind-leg muscle
in. comparison with the right hind-leg muscle showed a marked
specific Cancentration of the Tc = complex through banding to
streptavidin sepharose. No activity above 1% ¢f the applied dose per

gram of tissue was detected In any other organ.

The maximum concentration, apart from the left hind-leg muscle
(1.4% of the administered dose per gram of tissue) occurred In the
kidneys (0.6% of the administered dose per gram of tissue). About
93% of the administered redicactivity was found in the urine after 4

hours.
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EXAMPLE 22

Bonding. the Tc~-99 complex prepared in Example 7 to hypoxic cell
aggregates

Bonding of the misonidazole derivative labelled with' Tc was

demonstrated Iin vitro. on cells of Morris Hepatom 7777. These cells
have the property of growing Iin 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 Ng, 5% COe and 0% to 10% Oe. Next, SO pmol/l of the
compound [Example 7] labelled with S0uCi of Tc-89m was added
through & silicone membrane; using an Injection cannula, and
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 compaund
{(Example 7] end In a narmal atmosphere with additlon of 5% COp 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 emount of radicactivity was about 2.8 times
higher In cells Incubated without oxygen. This shows the

concentration of the compound [Exampie 7] In hypoxic cells.
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The claims defining the invention ars as follows:

L Compounds having the general formula I
RS R°A
RG\ P<) /n4
B’ (D

where R1, RZ and R are the same or different ard stand for hydrogen or a C, ¢
alkyl radical, substituted if required by a hydroxyl group,

eces’ R3 and R4 are the same or different and stand for a hydrogen atom or a C¢2l-

L 2
L
L]

.
°
L3
[
L d
L]

kyl or amino (C; )-alky! or carboxymethyl or (C;_¢-alkoxycarbonyl)methyl or

(C,_g-alkoxycarbonyl)benzyl radical,

* RO stands for a (C;_¢)-ulkylene radical,

*e R and R® are the same or different and stand for hydrogen or a (C;_¢)-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

——CH

RX
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where R* denotes C, s-alkyl radical which, together if required with R' or R?,
is cyclised via a trimethylene or tetramzthylene 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
C,¢alkinyl or alkenyl or hydroxyl or aminophenyl or oxiranyl or
tetrahydropyranyloxy or nitropheny! or fluorinated phenoxycarbonyl or halogen
or formyl or nitrile or phenylisothiocyanate or a éuccinimide oxycaronyl rac.. al

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

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

L] .'.. . . N

*etee’ where T stands for monoclonal antibodies or fragments thereof or hormones or
S enzymes or growth factors or ligands for cell membrane receptors or steroids
‘ el or neurotransmitters or lipids or saccharides or amino acids or oligopeptides or
KD biotin or radiosensitizers such as misonidazole,

sl and complexes thereof with radioactive metal ions suitable for diagnosis and tumour
R therapy, and salts thereof with inorganic and organic acids.

.. .:

2. Compounds according to claim 1, characterised in that R', R*, R” and R® 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 C, (-monoalkinyl or C, (-monoalkeny! 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)337155.1rnt:nh
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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 chelaic according to claim |, to-

gether with physiologically compatible buffers and/or sta%ilizers.

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

¢
RS RA

::..5 R? R
N I
° . o : R7X w<80
¢ -:o ° ® B B‘
e where R!, R2 and R are the same or different and stand for hydrogen
Y * ora Cy_galkyl radical, substituted if required by a hydroxyl group, .

R3 and R4 are the same or different and stznd for a hydrogen atom or a C,¢al-
kyl or amino (C,_g)-alkyl or carboxymethyl or (C; ¢-alkoxycarbonyl)methyl or
(C,_g-alkoxycarbonyl)benzyl radical,

RS stands for a (C,g)-alkylene radical,

R7 and R8 are the same or different and stand for hydrogen or a (C,_g¢-alkyl radi-
cal and
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" Band B'are the same or different and stand for a phenyl or naphthyl or 2-mez-

captophenyl or thienyl or pyrrblyl radical, substituted with 1-3 hydroxyl groups,
or nitrosomethy! radical having the formula

NO

—CH

R!

where RX denotes a C,_¢-alky! radical which, together if required

with R} or R% is cyclised via a trimethylene or tetramethylene group
to form a § or 6 membered ring, and

A denotey a functial group C,

where C stands for an amino or hydrazino or hydrazido or carboxy or
C, g-akkinyl or alkenyl or hydroxyl or aminophenyl or oxiranyl or te-

- trahydropyranyloxy or fluorinated phenoxycarbonyl or halogen or for
my! or nitrile or phenylisothiocyanate or a succinimide oxycarbonyl
radical which latter is substituted if required with a scdium 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-



©e sces o

. L3

-59 .

meur therapy, and salts thereof with inorganic and organic acids, characterized in
that a 1,3-propane diamine having the formula II

RS R%A

H,N NH, (D

where R3, RO and A have the meanings given previously,

Joee, is reacted with a compound having the general formula HI or IV

B-RIC=0 ()

-, B'-R2C=0 (Iv)
‘..::: in which Rl = Rz, B=B'andR], R2, B and B' have the meanings gi-
Teel ven previously,

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
ey
STTRAL
Vo )

\i
éé“%
¥

(ﬂ
%
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RS R®A
(1))

{
TAY NH,

in which R3, RS, and A have the meanings given previuosly,
is reacted with a compound having the general formula V or VI

'.ooo‘ B"CO"X ' (V)
B'- CO-X (VD)

< in wich B = B'and B and B' have the meanings given previously, the
o hydroxyl, mercapto and amino groups in B are in protected form and
.o, X stands for a halogen atom, preferably a chlorine atom,
:é::: or substituted malonic acid halides, preferably malonic acid chlorides having the
cered gcnerél formula VII,
RS R°A
X-0C CO-X (VH)

in which R5. RS and A have the meanings given previously, X stands
for a halogen atom,

is reacted with an amine having the general formula VIO or IX
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" v

B—C—NH,
R? J
N R Ix)
B'— C—NH,

in which R! =22 R7 = R¥, B = B'and R, RZ, R7, R8, B and B' have
the meanings given previously, and any hydroxyl groups in B are pre-
sent in protected form,

in an aprotic solvent, preferably dichloromethane, 4t temperatures of 0 - 180 9C,
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, |

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 Cin A to selectively concen-
trating T compounds and, if required, the aromatic substituents B and B' are for-
red 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 FUR DIAGNOSTIKFORSCHUNG GmbH
By their Patent Attorneys
DAVIES CCLLISON CAVE
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