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Abstract 

The reaction of (m)[TcO,] with triphenylphosphine and the organohydrazine N-ace@, N’-phenyl- 
hydrazine (PhNHNHC=OCH,) in methanol with a minimal amount of HCI,,,, gives the neutral Tc(V) 
complex [Tc(NPh)CI,(PPh,),] in very good yields. The IR spectrum of this complex displays a strong 
band in the 1090 cm-’ region which has tentatively been assigned to v(Tc=N). The (+)FAB mass 
spectrum does not show the peak associated with the neutral parent species [TcCl,(NPh)(PPh,),]. 
However, a prominent feature of 784 m/z is associated with the fragment generated from the loss of 
a chloride ligand, giving the cationic species [TcCl,(NPh)(PPh,),]+. Other peaks present in the mass 
spectrum correspond to the fragments [TcCl,(NPh)(PPh,)]+ of 522 m/z and [TcCI(NPh)(PPh,)].H+ 
of 488 m/z. The diamagnetic Tc(V) complex displays a ‘H NMR spectrum with the proton signals 
from the imido-phenyl group resolved from those of the phosphine-phenyl groups. The complex displays 
distorted octahedral molecular coordination geometry, with mutually truns triphenylphosphine ligands 
and equatorial phenylimido and chloride ligands. The technetium-nitrogen bond length is 1.704(4) A 
with a technetium-nitrogen+arbon bond angle of 171.8(4)“, which reflects the sp hybridization of the 
phenylimido nitrogen atom. Bond lengths and angles involving the chloride and phosphine ligands are 
unexceptional for technetium in the +5 oxidation state. Crystal data for C&fH,7NP,C15Tc: triclinic 
space group Pi, u= 10.8651(9), b= 12.2236(9), c=16.867(2) A, a=71.998(7)“, /3=74.078(7)“, 
y= 80.336(7)“, V=2040.2 A3, with Dcalc= 1.455 g cme3 to give Z=2. Structure solution based on 9334 
reflections converged at R=0.054, R, =0.053, GOF = 1.35. In an analogous reaction, [TcO,]- reacts 
with benzoylhydrazine (PhC=ONHNH*) and triphenylphosphine in methanol with HCI to give the 
Tc(V) nitrido complex [TcNClz(PPh3)z] in excellent yields. 

Introduction 

The organoimido core, (M=N-R), may prove to 
be of great synthetic utility in radiopharmacology, 
since a variety of organic substituents can be in- 
corporated into a stable technetium-nitrogen core. 
This property may allow the chemical ‘fine-tuning’ 
of the complexes’ biological properties by simply 
altering the imido group’s organic substituent -R. 
The organoimido unit, in its linear conformation 
(A), is formally isoelectronic to the 0x0 group. It 
can also adopt a bent conformation, with a lone 
pair of electrons residing on the nitrogen atom (B), 
see Fig. 1. This core can ultimately be expected to 
form a whole new class of technetium complexes 
based on established technetium-oxo chemistry. 
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Fig. 1. Linear (A) and bent (B) coordination geometries 
for the organoimido core. 

We have previously reported the synthesis and 
characterization of the first technetium complex to 
incorporate the organoimido core, [TcCl(NPh)- 
(PhNNCONzHPh)z] [l]. This neutral complex was 
synthesized from the reaction of (BQN)[TcOCL+] 
and the organohydrazine phenylazo formic acid 2- 
phenylhydrazide, (PhNHNHCONzPh). The phenyl- 
imido unit is incorporated into the technetium com- 
plex through the fragmentation of the disubstituted 
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TABLE 4. Least-squares plane for [TcCI,(NPh)- 

W'hhl . C&C& 

Atoms defining plane Distance e.s.d. 

Tc 0.0074 0.0005 
Cl1 - 0.0025 0.0015 
Cl2 0.0230 0.0017 
Cl3 - 0.0681 0.0016 
Nl 0.0022 0.0042 
c37 - 0.0670 0.0056 
C38 0.0245 0.0068 
c39 - 0.0097 0.0080 
c40 -0.1588 0.0076 
c41 - 0.2623 0.0078 
C42 -0.2184 0.0072 

Mean deviation from plane is 0.0767 A. Chi- 
squared = 5323.8. 
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Fig. 4. Structure of proposed intermediate in the synthesis 
of the Tc(V) nitrido complex ]TcNCIZ(PPh,),]. The Tc(V) 
imido complex [TcCI,(NH)(PPh,),] loses the N-H proton 
and a chloride to form the neutral five-coordinate nitrido 
complex. 

mediate which subsequently loses the N-H proton 
as HCI, generating the five-coordinate nitrido species 
(see Fig. 4). Apparently the five-coordinate, 16 
electron nitrido complex is more thermodynamically 
stable than the six-coordinate, 18-electron imido 
complex. The presence of the nitrogen-aryl-carbon 
bond in the 1-acetyl,2_phenylhydrazine reaction pre- 
vents the phenylimido species from reorganizing to 
form the five-coordinate nitrido complex. The IR 
spectrum of the nitrido complex prepared in this 
manner is identical to that of an authentic sample 
of [TcNC&(PPh&] prepared by the literature method 
[lo]. The IR spectrum contains no sign of an N-H 
absorption from the proposed intermediate. 

The technetium nitrido core has recently received 
considerable attention as applied towards nuclear 
medicine [13] and the synthesis of new diagnostic 
imaging agents. Duatti et al. [14] have recently pre- 
sented an improved synthesis of the techne- 
tium-nitrido core at the tracer level using the di- 
agnostic isotope -Tc and the reagent 
(H2NNRC=SSCHs). The reaction conditions em- 
ployed in this procedure are remarkably similar to 
the reaction conditions reported here. The authors 
react pertechnetate with hydrochloric acid, the ni- 

trogen donating reagent and triphenylphosphine. The 
reaction probably proceeds along a mechanism similar 
to that proposed above, with the organohydrazine 
eliminating HNRCS2CH3. Under the acidic reaction 
conditions employed, the thioester leaving group is 
probably hydrolyzed to the dithio acid (HNRCS,H), 
which is itself an excellent ligand. This might explain 
the lack of radiochemical purity at this stage of their 
synthetic procedure. In the analogous reaction with 
benzoylhydrazine, the benzamide leaving group, at 
best a very poor ligand, is easily displaced by the 
excess of chloride ions in solution. 

Conclusions 

We have developed simple syntheses of the tech- 
netium(V) phenylimido complex [TcCl,(NPh)- 
(PPh3)2] and the Tc(V) nitrido complex [Tc- 
NC12(PPh&] directly from pertechnetate under rel- 
atively mild reaction conditions. The neutral Tc(V) 
phenylimido complex is proving to be a very useful 
synthetic precursor in synthesizing technetium com- 
plexes with the new nitrogen based core. The results 
of this chemistry and the analogous chemistry with 
the metastable isotope %Tc will be presented else- 
where. 
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