This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
———- Bifunctional Chelation Systems Based on Hydroxymethyl Phosphine-
s Ay Based Donor Groups
1 W. A. Volkert; S. R. Karra; H. Gali; R. Schibli; K. V. Katti

To cite this Article Volkert, W. A. , Karra, S. R., Gali, H. , Schibli, R. and Katti, K. V.(1999) 'Bifunctional Chelation Systems
Based on Hydroxymethyl Phosphine-Based Donor Groups', Phosphorus, Sulfur, and Silicon and the Related Elements,
144: 1, 489 — 492

To link to this Article: DOI: 10.1080/10426509908546288
URL: http://dx.doi.org/10.1080/10426509908546288

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509908546288
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:31 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 1999, Vol. 144-146, pp. 489-492 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Bifunctional Chelation Systems Based on
Hydroxymethyl Phosphine-Based Donor Groups

W.A. VOLKERT?®, S.R. KARRA?, H. GALI?, R. SCHIBLI® and
K.V. KATTI*

2Dept. of Radiology and YResearch Reactor Center, Univ. of Missouri
and “Research Service, H.S. Truman VA Memorial Hosp., Columbia, Missouri,
65211, USA '

Chelating frameworks based on hydroxymethylene phosphine (HMP) functionalities pro-
vides a novel approach to produce chelate-conjugates compatible with development of new
Tc-99m and Re-186/188 radiopharmaceuticals. Studies with a bombesin conjugate demon-
strates the potential of using HMP-based chelating frameworks to develop radiolabeled
receptor-avid agents for targeting cancers.

Keywords: hydroxymethylenephosphine; bioconjugates; radiopharmaceuticals; cancer;
Technetium-99m :

INTRODUCTION

Opportunities are steadily increasing for designing site-directed bioconjugates that will
provide for future advances in diagnosis and treatment of human cancers. Many
biomolecular vectors and their cognate molecular targets, which are uniquely or over-
expressed on cancer cells, are being identified and characterized. Formulation of
radiolabeled vectors via conjugation of a well defined radiometal chelate can provide for
effective cancer targeting radiopharmaceuticals. In most cases, the physico-chemical
properties of the metal chelate system plays an essential role in determining the in vivo
tocalization properties of these radiolabeled agents. Technetium-99m (*"Tc) is the most
widely used radionuclide for diagnostic Nuclear Medicine studies while its chemical
congener, rhenium-186/188 (**'®Re), holds potential for therapeutic applicatiom.’ For
this reason, it is essential that chelating frameworks capable of forming well defined and
stable ®™Tc (and Re) chelates be developed that can be used to formulate more effective
cancer specific *™Tc/"*¥'®¥Re radiopharmaceuticals.

Phosphine ligands have been successfully used to produce ®™Tc-labeled chelates

for applications in Nuclear Medicine for two decades’. However, their utility in
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formulating phosphine groups containing bioconjugates has been limited, primarily due

to the oxidative instability of alkyl phosphine or the bulky size of arylphosphine groups.
Since hydroxymethylene phosphine (HMP) groups exhibit good stability toward air
oxidation in aqueous solutions and coordinate strongly with both Tc and Re, they are

attractive for use in formulating new %" Tc- and '*'®¥Re-bioconjugates.

Results and Discussion

Only very few chelating frameworks (incl., N;S, N,S,, and HYNIC systems) have been
developed that are useful in synthesizing a limited spectrum of site-specific ¥™Tc/Re-
bioconjugates?! making it essential to identify others. Over the past few years, the
potential of using HMP-based ligand structures in conjunction with ®™Tc and '*/1%*Re
has been explored®. Novel approaches have been developed to synthesize new
multidentate HMP containing ligands. As a result of this work, the first HMP based
bifunctional chelating agent (BFCA) was synthesized). This BFCA is diphosphine-
dithia (P,S,) ligand system to which a side chain containing a -COOH group is appended
(See Figure 1).
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Figure 1. P,S,-BFCA

Studies with this BFCA showed that the P,S, moiety complexes with the Re(V)
trans dioxo core, leaving the -COOH group available for use in linking amine groups
on various biomolecules (incl., proteins and peptides). Parallel studies with *"Tc
showed that the corresponding [**Tc]JTc(V)03-P,S,-BFCA chelate is formed in high

radiochemical purity and exhibits high in vitro and in vivo stability in the acidic and
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neutral pH ranges'®, It is also important to note that ® Tc-P,S, complexes can be
produced in high yields using only 10°M P,S,-BFCA concentrations enabling formation
of high specific activity *™Tc-products. Activation of the -COOH group on the
"preformed” *"Tc/Re-P,5,-BFCA with pentafluorophenol (PFP), or other similar
activating reagents, produces a robust intermediate that can be used to form an amide
linkage with amine groups on biomolecules”). Recent studies with a bombesin (BBN)
analogue, a receptor-avid peptide, demonstrate that the PFP activated *"Tc/Re-P,S,-
BFCA can be efficiently conjugated to the N-terminal amine group on BBN(7-14)l.
The structure of the ® Tc- and corresponding Re-P,S,-BBN(7-14) conjugate formed in

these studies is shown in Figure 2.
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Figure 2. Structure of ®™Tc-P,S,-BBN Conjugate

In vitro cell binding studies using Swiss 3T3 cells show that Re-P,S,-BBN(7-14)
retains high specific binding affinity (i.e., ICs, = 0.77 £ 0.40 nmolar relative to 'ZI-
Tyr'-BBN) for BBN receptors expressed on these cells. The corresponding *™Tc¢-P,S,-
BBN(7-14) (Figure 2) also demonstrated high in vitro binding affinity to BBN receptors
and specific in vivo targeting of BBN receptor expressing cells in a CF-1 mouse model.
For example, at four hours post-injection, the deposition of ¥"Tc activity in the
pancreas (pancreatic acini cells express BBN receptors) was high with pancreas to blood
and pancreas to muscle ratios reaching 22.3 and 79.1". Pharmacokinetic studies
indicates high in vivo stability of the " Tc-P,S, conjugate and good clearance from non-

target tissues and organs. The results of these studies in animals coupled with chemical
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and in vitro systems demonstrate the feasibility of using HMP-based chelating systems
to form *"Tc (and '*"*Re) bioconjugates that-can be used to formulate site-specific
targeting of human cancerous tumors. It is important to recognize that the P,S,-ligand
framework used in these stuc-iies is the first example of a HMP-based ligand system for
use in producing *"Tc/"*""**Re bioconjugates. Future HMP-based ligand systems (e.g.,
P,N, frameworks) will provide increased flexibility for conjugate design and may offer

avenues for improved performance.
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