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Technetium radiopharmaceuticals, as complexes of the
99T ¢ radioisotope, are of great importance in diagnostic nuclear
medicinel2 There are intensive efforts underway into the
development of T¢O complexes for radiopharmaceutical use
which mimic receptor agonists or antagonists such as steroids
and neuroreceptor prob&s® This communication reports a
MM model of square pyramidal complexes of the'Tcgroup,
incorporating a novel feature in MM calculations on coordina-
tion compounds, fairly large torsional barriers to rotati®f) (
about the TeL (L = donor atom) bonds. Typically the
torsional barriers of metal to donor atom bonds are quite small &
to non-existent; these large barriers are interpreted in terms of i
significant Te-L z-bonding.

In spite of reports of MM models of complexes of a variety
of metal ions in recent yeafs!® and usefulness of MM in ligand
design?~13 few reports exist of force field parameters that allow
for modeling Tc complexe¥. Possibly the most important
technetium complexes are those of Tc(V) with a single oxo
group attached to Tc. These h&v¥ a square pyramidal
structure. The four donor atoms other than the oxo group form
a square plane, with the Tc some 0.7 A above this plane, andrigure 1. (a) Side-on view of the crystal structure of [TcO(EE)
the Tc=0O bond at right angles to the plane. These features of (TC = tetrachlorocatechol)(REFCODE: KIWJUV), to be compared
TcYO complexes are readily reproduced in MM with a with the MM generated structures (b) with=0c—O—C torsional
covalent~13 description of the bonding, where specifie Tc—L paramaters included, and (c) set to zero. Color code for atoms: C, White;
angles are defined with associated angle deformation force ™ Plue-green; N, blue; S, yellow; O, red; Tc, blue; Cl, green. Graphics

S e ’ were generated by SYBYY.
constants. What is difficult to reproduce is the general feature
that, for example, ethylene bridges of the DME ligands in
[TcO(DMEY),]~ do not lie symmetrically about the plane created
by the Tc and two S donor atoms of the ligand, but are inclined
out of this plane towards the O group.

The key to reproduction of this feature is the inclusion of
torsion angles involving the oxo group oxygen, the Tc, L (which
is S for DME), and carbon atom from the ligand. For
[TcO(DME),]~, the G=Tc—S—C torsion angle has an energy
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Table 1. MM Parameters for Modeling TcQLComplexe3$

Communications

Bond Length Deformation Constahts

Tc—S Tc—N(amy Tc—N(sp)d Tc=0 Tc—0e

equilib length A 2.33 1.91 2.20 1.65 1.96
Kgf 200 200 100 400 200
Bond Angle Deformatioh
O=Tc-S O=Tc—N(amy O=Tc—N(sp)¢
equilib angle (deg) 109.1 109.1 110.0

O=Tc—-0¢ Tc—S-C S—Tc—S(trans) S-Tc—S(cis) N(sp)—Tc—N(am)

equilib angle (deg) 108.9 98.0 142.0 82.1 140.0

Torsional Constants

O=Tc—-S-C

O=Tc—N(am)-C

torsional barrier (kcal mot)

3.5 3.5

aThese parameters are to be used in the SYBYL program in conjunction with the TAFF force fife: parameter set is not complete because
of space limitations? Units for equilibrium bond length are in A, and for bond length deformation force constégtsate in kcal mott A1,
¢N(am) = deprotonated amide nitrogethsp® hybridized deprotonated polyamine nitrogé®henolic oxygen’ There is little steric distortion of
Tc—L bond lengths so these constants will be further refined as more strained structures become avAitgiidebending constants all presently

as 0.008 kcal mot deg.

Preliminary ab initio calculatiot8 (RHF/STO3-21G-) on
[TcO(DME),]~, found an MO with 32% contribution from the
Tc, 43% from the oxygen, and from—42% from each of the
sulfurs. Further support of this-bonding hypothesis is that
Tc—L bond lengths are shorter wherebonding is postulated
to occur, than where it is not. Thus, Fbl(sp?) and Te-N(am)
bonds are typically about 1.91 A in length, whereas-Rcfor
sp® hybridized N, and pyridine N, is typically about 2.20 A in
length. Thioether sulfurs also appear to form weakéronds
compared to deprotonated thiols, with-T8 bonds some 0.06
A longer for the thioether, and no apparent torsional barrier in
the Tc—S(thioether) bond. The®&Tc—0O—C torsional barrier

structures of 35 complexes of the TcPtype present in the
literature® and Cambridge Structural Datab#eReference
codes for those TcQlLcomplexes found in the Cambridge
Database are gived. TheTc-L bond lengths of these com-
plexes are reproduced with a standard deviatigrof 0.08 A,
L—Tc—L bond angles witlhy = 5.8 and O=Tc—L—C torsion
angles witho = 12.22. The parameters in Table 1 were varied
individually, with location of the minimum deviation for the
MM predicted structural feature determined by the parameter,
compared to the crystallographically determined feature, for each
of the 35 structures. The parameters allow for modeling T£OL
complexes where L can be any combination of S (S of

for carboxylate oxygen is small, suggesting that the p electrons deprotonated mercaptans, or S of thioureas), tAégpridized

on this oxygen donor are much less availablesfdsonding to

nitrogen present in deprotonated amide nitrogens, deprotonated

the Tc than are those of phenolate oxygens. Those donors,amine nitrogens, aromatic nitrogens? $ybridized saturated

which are postulated to be weak L to N-bonders, spN,
aromatic N, and carboxylate oxygen, all proniéfé the
formation of Tc(V) complexes of coordination number six or

nitrogen, as well as the deprotonated oxygen donor of phenols.

The subtlety of structural detail that requires inclusion of
O=Tc—L—C torsional contributions for accurate modeling is

higher, and the addition of a second oxo group. It appears thatdemonstrated in Figure 1b,c, where the crystal structure of the
the Tc d orbitals can interact either with a second oxo group in pjs(tetrachlorocatechol) (TC) complex of i@ (Figure 1a) is

the case of weak-bonders, or throughr-bonding in suitable
donors. As might be expected, thes@c—S—C, O=Tc—0—
C, and G=Tc—N—C (N = amide or sp N) torsional barriers
(V) of 3.5 kcal motl, are smaller thaw; values in SYBYLY?
for modeling rotation about organic double bonds.

The parameters for modeling Tc(V) oxo complexes in Table
1, in conjunction with the TAFF force fielf, reproduce
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Reference codes for Tc@lcomplexes taken from the Cambridge
Structural Database are as follows: BATMTC, CEWZIN10, CILTAS,
DATMUG, DORMUS, DORNAZ, DORNED, DORNIA, FISCIT,
FIPJIX, FONNIF, FUYNES, GAXBAI, GEMNER, GIKZEF, JAV-
ZAH, JAWMID, JEZTIR10, JIZBID, JOSSUF, KIWJUV, PATXTC,
PCLTCCO01, PEWTOA, PEXZIB, VULXAB, WACRUN, WEMKOO,
and WEMKUU.

(21)

(22)

compared with the MM generated structures with (Figure 1b)
and without (Figure 1c) inclusion of the torsional contribution.

The MM model described in this communication should prove
useful in the development of new Tc-based radiopharmaceuti-
cals. The candidate ligands for the synthesis #f0’complexes
which mimic biological substrates can be screened with the
present MM model, greatly facilitating identification of poten-
tially useful complexes. The development of this force field
has also led to insight in the bonding interactions between the
Tc(V) oxo group and donor atoms commonly used in ligands.
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