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   Research into better cancer treatments has been a progressively 
growing field.  Metal containing coordination compounds offer unique 
chemistry that could prove useful.  A ruthenium(III) compound with two 
indazole and four chlorine ligands, KP1019, is currently in phase III 
clinical trials as a pro-drug for the treatment of cancer.  Our research 
delved into creating similar compounds to KP1019 but with cobalt 
centers instead of ruthenium, and with various nitrogen-containing 
heterocyclic ligands. 
    Starting with cobalt(II) chloride and ligands including: imidazole, 
pyrimidine, indazole, pyridine, pyrazole, L-histidine or L-tryptophan, we 
attempted to oxidized the metal center and attach the desired ligands.  
Each ligand presented its own unique aspects and binding properties.  A 
4:1 metal to ligand ratio was most commonly used, however this ratio 
was altered based on the denticity of the specific ligand and our desired 
binding sites.   
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Filename         = 2013−5.jdf
Author           = morris
Experiment       = single_pulse.ex2
Sample_id        = KH_nathalie_H2OgrnXTA
Solvent          = ACETONE−D6
Creation_time    = 27−JUN−2013 04:11:12
Revision_time    =  5−JUL−2013 11:29:24
Current_time     =  5−JUL−2013 11:30:05

Comment          = single_pulse
Data_format      = 1D COMPLEX
Dim_size         = 13107
Dim_title        = 1H
Dim_units        = [ppm]
Dimensions       = X
Site             = ECX 400
Spectrometer     = DELTA2_NMR

Field_strength   = 9.389766[T] (400[MHz]
X_acq_duration   = 1.31072[s]
X_domain         = 1H
X_freq           = 399.78219838[MHz]
X_offset         = 5[ppm]
X_points         = 16384
X_prescans       = 1
X_resolution     = 0.76293945[Hz]
X_sweep          = 12.5[kHz]
Irr_domain       = 1H
Irr_freq         = 399.78219838[MHz]
Irr_offset       = 5[ppm]
Tri_domain       = 1H
Tri_freq         = 399.78219838[MHz]
Tri_offset       = 5[ppm]
Clipped          = FALSE
Mod_return       = 1
Scans            = 16
Total_scans      = 16

X_90_width       = 12.1[us]
X_acq_time       = 1.31072[s]
X_angle          = 45[deg]
X_atn            = 3[dB]
X_pulse          = 6.05[us]
Irr_mode         = Off
Tri_mode         = Off
Dante_presat     = FALSE
Initial_wait     = 1[s]
Recvr_gain       = 74
Relaxation_delay = 5[s]
Repetition_time  = 6.31072[s]
Temp_get         = 415.4[dC]
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Scheme 1- Reduction half potentials of oxidizing agents 
utilized along with the oxidation half potential for cobalt. 
1
2!! ! + 2!! + 2!! !⇌ !!!!!!!!!!!!!!!!!!!!!!!!!!° = 1.229!! 

 
!!!! + 2!! + 2!! !⇌ 2!!!!!!!!!!!!!!!!!!!!!!!!!!!° = 1.763!! 

 
!"! ! + 2!! !⇌ 2!"!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!° = 1.360!! 
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   We have successfully synthesized some octahedrally 
coordinated Co(III) complexes that contain heterocyclic ligands.  
Research continues in the lab to improve these syntheses and 
further characterize the synthesized compounds. 
 

N

HN

imidazole

H
N

N

indazole

N

pyridine NH3+HN

N

O

O-

L-histidine

NH3+

H
N

O
O-

L-tryptophan

N

N

pyrimidine

N

N
H

pyrazole

pKa values
1.7
6.0
9.2

pKa values
2.4
9.4

     Octahedrally coordinated cobalt complexes have interesting 
magnetic properties that allow them to be potential pro-drugs.  As 
shown below, a low spin Co(III) complex has all paired electrons 
and is inert, while a low spin Co(II) complex has an unpaired 
electron causing it to be reactive.  The idea is to make Co(III) 
complexes that would only be reduced to their Co(II) counterparts in 
the hypoxic environment of cancer cells.  This would allow for 
selective destruction of only the diseased cells. 
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