Copyright © 1994 Elsevier Science Ltd
Printed in Great Britain. All rights reserved
0960-894X/94 $7.00+0.00

Bioorganic & Medicinal Chemistry Letters, Vol. 4, No. 21, pp. 2597-2600, 1994
Pergamon

0960-894X(94)00372-6

9IMTECHNETIUM LABELLING OF ANTIBODIES
USING METHYLPHOSPHONYLATED, BIFUNCTIONAL CYCLAMS
AS CHELATORS

Wilhelm Stahl* Ludwig Kuhlmann+, Matthias Wiesner®'), Axel Walch¥

Hoechst AG, Aligemeine Pharma Forschung, 65926 Frankfurt, FRG
*Hoechst AG, Radiochemisches Labor, 65926 Frankfurt, FRG
#Hoechst AG, Zentralforschung, 65926 Frankfurt, FRG

Abstract: Cyclam based bifunctional chelators are used for antibody labelling. The antibody
conjugate 7, containing the unmodified macrocycle, shows only slow complexation kinetics.
The introduction of methylphosphonic acid groups into the cyclam (9) significantly enhances
the complexation kinetics.

In today's medicine a variety of imaging techniques are well established. Most of them
primarily show morphological changes. In contrast scintigraphy, a highly sensitive y-radiation
based technique, focuses on the visualisation of physiological changes. Immunosczintigraphyz)
combines this principle with the high specificity of antibodies and uses it e. g. for tumor
imaging, The most favourite y-emitter for clinical applications is [99MTc]technetium. It emits
only y-radiation, is available from a generator, has a low radiation energy and a short half live
of only six hours.

In order to overcome the limitations of direct antibody labelling®) with 99MTc which is limited
to certain classes of antibodies we have developed a generally applicable principle for the
labelling of antibodies and other diagnostically relevant compounds‘).

Polyazamacrocycles are well known chelators for cations®). Especially 1,4.8,11-
tetraazacyclotetradecan (cyclam) forms thermodynamically stable complexes with 99mTc
which is required for medicinal applications. We decided to use a nitrogen atom of the cyclam
to link the macrocycle to an antibody. In the past a variety of principles for linking macrocycles
to proteins have been developed®). We have chosen the vinylpyridin group which has been
shown”) to selectively react with thiolgroups to covalently link the cyclam to the antibody. Free
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thiol groups at the surface of antibodies can selectively be generated with 3-mercapto-1,2-
propandio]s) without major alteration of their tertiary structure and biological activity.
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Reagents and conditions: a: 1) CICPh3, Pyridine, DMAP, 1h RT, then 0,5h 60°C, 74%; 2)
MnOy, Dichloromethan; 6h RT, 77%; 3) Ph3PCH3Br/NaNHj, THF, 4h RT, 75%; b: 1)
HCl-gas, Dichloromethan, 0,5h RT, 95%; 2) Dibromopropan (a), Dibromohexan (b) or
Dibromododecan (c), KOH, THF, 6h RT, 51-63%; c: 1,4,8,11-Tetraazacyclotetradecan,
KOH, dioxan, 6h reflux, 72-78%.

The synthesis of the linker starts with selective tritylation of 2,6-di-(hydroxymethyl)-pyridin 1
followed by manganese dioxide oxidation and a Wittig reaction generating the vinylpyridine 2.
Acidic cleavage of the trityl group and subsequent alkylation with dibromopropane,
dibromohexane or dibromododecane led to Ja-¢ having hydrophobic spacers with different
length. Selective monoalkylation of cyclam with 3a-¢ results in the desired bifunctional
chelators 4a-c¢.
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Reagents and conditions: a: 3-Mercapto-1,2-propandiol; b: 4b or 8b (excess).

The human immunoglobulin Beriglobin® s%) 5, the antibody used in this study, is treated with
3-mercapto-1,2-propandiol to generate § which has an average of 7 free thiol groups on its
surface. These react with 52‘0) forming an average of 5.5 thioether linkages to the antibody
conjugate 7. Treatment of 7 with tin-(II)-citrate and sodium [99MTc]pertechnetate-(VII) under
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usual conditions!1) yields 90% labelling of the antibody conjugate 7 after about 3 hours (figure
1, O ).Complexation times around 3 hours are unacceptable considering the short half life of
99mTc and a convenient clinical application.
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Reagents and conditions: 1) 2N HCI, lyophilise; Diethylphosphite, Para-formaldehyde,
Acetonitrile, 3A-molecular sieves, HCl-gas, 7h reflux; 2) 5N HCl, 7h reflux.

In order to optimise the chelation kinetics we introduced phosphonic acids which are well
established 99MTc chelators. E. g. methylenediphosphonic acids are used as diagnostics for
bone cancerl2). The introduction of methylphosphonic acid units turned out to be quite
tricky13). Finally we have been able to obtain the desired trimethylphosphonic acids 6a-c in
75% yield14). The corresponding free acids 8a-¢ are generated by acidic hydrolysis. The
reaction of 8b with the activated antibody § leads to the thioether 9 ( 4 thioethers in average
per Ab). 99T labelling yielded 95% complexation in only 30 minutes (figure 1, W ).
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Figure 1: 99mT, labelling of the antibody conjugates 7 and 9,

These results clearly demonstrate the advantage of the N-methylphosphonic acid residues. 8a-¢
have proven to be superior bifunctional chelators with rapid complexation kinetics and high
thermodynamic stability. With regards to antibody labelling the conjugate 9 fulfils the
requirements for a potential clinical application. 8a-¢ are currently under further investigation
for the labelling of other antibodies and molecules of diagnostic value.
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