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Abstract. For several years, our research group has been 
developing cyano-substituted polypyrazolylborate ligands, 
also called cyanoscorpionate ligands. In previous work, we 
have demonstrated that cyanoscorpionate ligands have the 
ability to facilitate the synthesis of polymeric materials via 
coordination to both the cyano and the pyrazole N atoms. 
Due to the electron-withdrawing nature of the cyano 
substituent, the cyanoscorpionate ligand also has the 
potential to alter the electronic structure and properties of 
the coordinated metal. In this work we report our current 
progress in this area, which includes new heteroleptic 
sandwich complexes of Co, Ni and Mn.  
 
1. Introduction 
 
Discovered by Trofimenko in the mid-1960s, 
polypyrazolylborate, or scorpionate, ligands have 
become very popular in inorganic chemistry, largely 
due to the relative ease with which one can 
synthesize pyrazole rings with different substituents, 
giving rise to ligands with varying steric and 
electronic properties.[1] Most of the studies involving 
scorpionate ligands have concentrated on those with 
alkyl and aryl substituents and these have been 
shown to be able to tune the electronic and reactivity 
properties of the metal complexes through purely 
steric effects.  
 
Dias, et al., have reported extensive work with 
bispyrazolylborate (Bp) and trisporazolylborate (Tp) 
ligands with electron-withdrawing CF3 substituents.[2] 
Trofimenko, et al., have also reported work with Tp 
ligands with electron-withdrawing Br substituents at 
the 4- and 5-positions of the pyrazole ring.[3] These 
ligands impart unusual electronic structures and 
reactivity to the coordinated metal centers. Our 
research involves a related class of scorpionate ligand 
with a cyano substituent, which is also strongly 
electron-withdrawing, at the 4- position of the 
pyrazole ring. In past research, our group has 
demonstrated the ability of the cyanoscorpionate 
ligands to facilitate the synthesis of polymeric 
materials via coordination to both the pyrazole and 
cyano N atoms.[4] The cyanoscorpionate ligand also 
has the potential, due to the electron-withdrawing 
nature of the cyano substituent, to alter the electronic 
structure and properties of the coordinated metal. We 

report herein our current progress in this area, 
including the synthesis and characterization of new 
sandwich complexes of Co, Ni and Mn with Tp and 
Bp ligands. 
 
2. Experiment, Results, and Discussion 
 
Synthesis of Pyrazole and Scorpionates 
 
Our group has previously reported the synthesis of 3-
R-4-cyanopyrazole (R = Ph and t-Bu) by a 
modification of Tupper and Bray’s method.[5] We 
have also reported the synthesis of KTpR,4CN.[6]  
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Fig. 1. (a) Hydrotris(3-R-4-cyanopyrazolyl)borate, TpR,4CN (R = 
Ph, t-Bu); (b) Dihydrobis(3-R-4-cyanopyrazolyl)borate, BpR,4CN; 
(c) 3-R-4-cyanopyrazole, HpzR,4CN . 
 
Previously Reported Sandwich Complexes with the 
TpPh,4CN Ligand 
 
Using the TpPh,4CN ligand, our group has previously 
reported three isostructural sandwich complexes of 
the form (TpPh,4CN*)2M (M = Co, Mn and Fe).[6a] In 
these complexes, the TpPh,4CN ligand isomerizes to 
produce the heterocyanoscorpionate Hydrobis(4-
cyano-3-phenylpyrazolyl)(4-cyano-5-
phenylpyrazolyl)borate (TpPh,4CN*) ligand and the 
metal atom is sandwiched octahedrally between two 
molecules of the ligand. Without the isomerization of 
the bulky Ph group of one of the pyrazoles of the 
TpPh,4CN ligand to the 5-position, the formation of the 
sandwich complex might not have been possible due 
to the steric hindrance.  
Our group was also able to isolate the non-isomerized 
(κ3-TpPh,4CN)(κ2-TpPh,4CN)Co sandwich complex.[7] In 
this complex only one of the Tp ligands adopts the 
normal tridentate (κ3) coordination and the second Tp 
ligand coordinates through only two pyrazole N 
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atoms (κ2). The third (uncoordinated) pyrazole ring is 
rotated away from the metal center and the sixth 
coordination site is occupied by the H atom bonded 
to the B atom forming an agostic interaction with the 
Co metal center. Similar to (TpPh,4CN*)2M complexes, 
where the bulky Ph group isomerizes to the 5-
position of the pyrazole ring, the formation of (κ3-
TpPh,4CN)(κ2-TpPh,4CN)Co complex might not have 
been possible, without the rotation of one of the 
pyrazole rings, due to steric hindrance.  
 
New Sandwich Complexes (TpPh,4CN)(BpPh,4CN)M [M 
= Co, Ni, and Mn] 
 
The TpPh,4CN ligand (Fig. 1a) was reacted in a 1:1 
ratio with the chloride salts of Co, Ni and Mn in 
CH3OH/CH2Cl2 with the expectation of synthesizing 
a half-sandwich complex, (TpPh,4CN)MCl. Instead, 
when the structures of the crystals, obtained from the 
filtrate (with CH2Cl2) of the reaction mixture, were 
solved using X-ray crystallography, the complexes 
were found to be sandwich complexes of TpPh,4CN and 
analogous BpPh,4CN ligands (Fig. 1b). From the 
precipitate (dissolved in CH3OH) of the reaction, we 
were also able to isolate an octahedral complex 
Ni(HpzPh,4CN)4Cl2. Representations of the crystal 
structures are shown in Fig. 2.  
These (TpPh,4CN)(BpPh,4CN)M complexes were then 
synthesized rationally when TpPh4CN, BpPh,4CN and 
chloride salts of Co, Ni and Mn were reacted together 
in CH3OH/CH2Cl2.  
Although the initial reaction was not started with 
BpPh,4CN present, the reason we isolated five 
coordinate (TpPh,4CN)(BpPh,4CN)M complexes might be 
due to the fact that formation of six coordinate 
(TpPh,4CN)2M complex is sterically hindered because 
of the bulkiness of the Ph substituent. In order to 
facilitate the formation of a sandwich complex one of 
the pyrazole molecules might have dissociated from 
the TpPh,4CN ligand forming the BpPh,4CN ligand, thus 
forming (TpPh,4CN)(BpPh,4CN)M sandwich complex. 
This is supported by the fact that we were also able to 
isolate Ni(HpzPh,4CN)4Cl2, containing only the 
HpzPh,4CN ligand (Fig. 1c) from the same reaction. 
The sixth coordination site of (TpPh,4CN)(BpPh,4CN)M 
complex is occupied by one of the H atoms bonded to 
the B atom of the BpPh,4CN ligand. This H atom 
participates in an agostic interaction with the metal 
center, a phenomenon which is also observed in (κ3-
TpPh,4CN)(κ2-TpPh,4CN)Co.  
 
 
 
 
 
 

3. Conclusions 
 
New five coordinate heteroleptic sandwich 
complexes (TpPh,4CN)(BpPh,4CN)M of Co, Ni and Mn 
were synthesized. In these complexes, the metal atom 
is coordinated only via the pyrazole N atoms, with an 
agostic interaction to the B-H bond.  

 
 

 
 
 
 
 
Fig. 2. Structures of (a) (TpPh,4CN)(BpPh,4CN)Co, (b) 
(TpPh,4CN)(BpPh,4CN)Ni, (c) (TpPh,4CN)(BpPh,4CN)Mn, and (d) 
Ni(HPzPh,4CN)4Cl2. H atoms (except H atoms bonded to B) are 
omitted for clarity. Atom colors: grey = C, blue = N, light pink = 
B, purple = Co, green = Ni, dark pink = Mn.  
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