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4. Progress Report

This research is designed to investigate analytical
techniques that may be used in the study of both the basic
chemistry and the radiopharmaceutical chemistry of the transition
metal element technetium. The original submission funded in 1987
described possible new uses in this field of high pressure liquid
chromatography, mass spectrometry, and resonance Raman
spectroscopy. Since then we have added the significant
capability of MS/MS measurements on isolated technetium
complexes, making possible the study of individual species and
fragments observed in the spectra (Figures 1 and 2). Another
important technique which we began to use last year and have
extended during this reporting period is the use of “Tc NMR.
Below is a brief outline of the investigations carried out in the
past year, concentrating mainly upon MS and NMR.

FABMS and FAB MS/MS Investigations of technetium and rhenium
complexes

One of the more important aspects of technetium chemistry is
as thorough an understanding of the structure and reactivity of
new complexes as possible. To this end, the fragmentation
pathways of technetium and rhenium coordination compounds have
been explored by recording the metastable (MS/MS) and collision
induced decomposition (CID MS/MS) spectra of molecular ions,
cluster ions and fragment ions that appear in the- fast atom
bombardment mass spectra (FABMS) of three series of related
compounds. Ultimately this should provide insight -into the
effects that variations in the ligands, the metal core and the
oxidation state of the the metal have upon ion structure and
chemistry. The three series are chloro(l,2-dioxolato)oxo-(1,10-
phenanthroline)technetium(V) complexes, sterically hindered arene
thiolates of the general structure Tc(III)(SAr)ﬁ&, and hexakis
aryl isonitrile technetium(I) cations. :

FABMS and MS/MS spectra obtained with or without the use of
collision gas show that the behavior of these complexes appears
indeed to reflect changes in properties that accompany
modifications of ligand, oxidation state and metal core.
Furthermore, because MS/MS spectra are free of matrix-related
ions, they are simpler to interpret than the FABMS spectra. They
are also useful to clarify the many fragmentation pathways

because they permit observation of products originating from
individual species.

Chloro(l,2-dioxolato)oxo-{1,10-phenanthroline)t ec@petium(V)
complexes have proven to be a useful source of the TcO  core for
ligand exchange reactions (1,2). TcOCl;(phen) reacts with

olefins to produce cis-diols. The fragmentatlon pattern shown in
Figure 3 was deduced on the basis of MS/MS spectra obtained for




six members of the series, chosen as representative of the
structural variations among more than ten 1,10-phenanthroline
analogs and many more analogs containing other aromatic ligands
for which the two-sector spectra have been recorded. Facile
chlorine loss is always observed (Figs. 4,5) but there is a minor
pathway which retains the chlorine atom while the ethanedioxalate
ligand is lost. Fragmentation may occur within the
ethanedioxalate ligand or it may ke lost completely. Only after
loss of other ligands is bond-breaking within the phenanthroline

ligand observed, and then it may be fragmented or stripped away
entirely to leave Tc(I) (Figs. 6,7).

Complexes of technetium with sterically hindered arene
thiocoxalates, Tc(III) (SAr);L,, can exchange their ligands without
distrubing the Tc(SAr); core (3,4). MS/MS spectra of common ions
derived from complexes that vary in the axial ligand, and
obtained with or without the presence of collision gas, are
indistinguishable thereby suggesting the formation of identical
intermediates (Figs. 8-11). The spectra obtained from analogs
that contain rhenium, however, show quite different fragmentation
patterns that reflect the difference in the oxidation potentials
of the two elements. Like the first group of complexes, the
arene thiocoxalates form dimers in their FAB mass spectra.
However, while the CID MS/MS spectrum of (2M- cl)' Tc(V) dioxolato
species indicates that the dimer most readily collpases back to
the monomer, the (2M- L) ions of the Tc(III)(SAr)ﬂ; complex form

a variety of product ions by sequential loss of llgands but with
retention of both Tc atoms (Fig. 12). . ;

The hexakis alkylisonitrile Tc(I) cations generally produce
FABMS and MS/MS spectra that are characterized: by multiple alkyl
or alkene losses to form Tc[CN(H)]n(CNR)6n species. The spectrum
of the hexakis aryl isonitrile cation is quite simple, belng
dominated by CNAr losses. Upon CID, the doubly charged ion 1is
formed from the singly charged ion by two routes of -apparently
equal probability: loss of a second electron and loss of a proton
(Fig. 13). CID of the doubly charged cation leads. predominantly
to (M-CNAr ) species; the few singly-charged ions formed show
loss. of Ar and/or CNAr. The substitution of aryl for alkyl

groups affects both the spectra and the chemlstry of these
complexes.

PPc NMR Studies

“Technetium is one of the most sensitive nuclel known for
NMR spectroscopy with a recept1v1ty re1at1ve to 'H of 0.275, a
value which is 2.134 times that of '"C. The “Tc nucleus is
quadrupolar, having a nucleer spln I =9/2 and a magnetogyrlc
ratio of 6.0211 x 10' rad.s '.T . A further advantage is that
samples are mon01sotoplc in technetium. The standard reference
sample used in thlS work is taken as (NH ) [TeO,] in H,0/D,0 which
resonates with 5 = 22.508.304 (5), which is chosen for its sharp
resonance @&v1 = 3Hz) near the centre of the known chemical
shift range. Because of the high sensitivity and convenient




resonance frequency of this nucleus together with the increasing
number of diamagnetic complexes being discovered, particularly in
oxidation states +7, +5, and +1, we now believe this form of

spectroscopy will prove very useful in the study of technetium
chemistry.

In the previous progress report we reported early studies
that indicated shifts varying over a range of >7000 ppm. It is
now clear that there is a correlation between the chemical shift
and the oxidation state. The technetium(V) species investigated
all resonate downfield of TcO, 1nd1cat1ng that the nucleus is
heavily deshielded. This effect is also noted in the Mo
spectra of the isoelectronic molybdenum(V) species and is in
accord with the Griffith and Orgel theory (6). Because of
quadrupolar relaxation mechanisms, the bandwidth of the
resonances depend directly on the electric field gradient
experienced by the Tc nucleus. Therefore in symmetrical
complexes such as TcO, and Tc(CNR)6 narrow lines are observed
allowing for accurate dterminatiion of chemical ShlftS. With
less symmetrical molecules, for example, TcO(en)2 the lines are
>2000 Hz wide at half- helght limiting the information available.

Some examples of the kind of data that may be obtained now
follow. It has long been known that the green color of TcOCl,
intensifies upon dissolution in coordinating solvents, suggestlng
an interaction trans—- to the oxo ligand. 1Investigation of the
NMR resonance of this compound in MeOH and CH,CI, (coordinating
and noncoordlnatlng solvents, respectively) shows significant
changes in both the position and width of the spectral lines.

Such experlments should permit measurement of chemical exchange
and equilibria in solution. :

The complex Tc(CNBu) (bpy)® has been prepared and is
nomlnally a technetium (1) complex, being ‘a derivative of
Tc(CNBu )¢ The NMR resonance for this complex at -844 ppm does
not occur in the expected region for Tc(I), but rather in that of
known Tc(IIXI) complexes. Inspection of the X-ray crystal
structure of this ion reveals that that the .isonitrile ligands
are distinctly nonlinear, with the CNC bond angle of one being
148° while the others are 165°, 167°, and 168°. Based upon both
the magnetic and structural information; therefore, the complex
can almost be regarded as trivalent.

We have also studied the effect of small changes in the
ligands in order to determine whether this technique is capable
of differentiating closely related complexes A large number of
coordlnatlon compounds of the form Tc(CNR)6 were prepared and
their ®Tc NMR shifts determined. As shown in the table on
next page, the change in chemical shift as a function of R is
small compared to that between different oxidation states; the
narrow linewidths of t70 Hz, however, permit clear
differentiation between these species. The sensitivity and
specificity of this technique for the technetium(I) isonitrile
complexes is now being investigated for the study of speciation




in biological tissue.

PTc chemical shifts” for [Tc(CNR),]1PF, complexes

R § (ppm) R ' ¢ (ppm)
Ph +24.7 C (Me);CO,Me -22.7
2,6-MeZPh +20.4 i-Bu -24.8
t-Bu 0.0 cy . -24.8
i-Pr -1.5 C(Me),CH,C(Me); =-30.8
Et -2.4 CH,CO, (t=Bu) -32.0
Me -2.5 CH,C (Me) ,0Me -36.3
n-Pr -14.7 CH(Et)COZMe -38.2
n-Bu -16.3 CH(i-Pr)CO,Me -49.8

Shifts quoted with [Tc(CNBu'),]PF, set arbitrarily

to 0.0. This complex resonates at -1914 ppm relative

to Tco{.
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5. Aims for the next period

The specific aims for the final year of this cycle remain
unchanged from those described in the original application. _The
only addition is the continued study of the applications of
NMR to the problems outlined.

Publications
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conducted either wholly or in part with support from this grant.
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FIGURE 5
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FIGURE 6.
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FIGURE
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FIGURE 12.
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