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FINAL WRITTEN REPORT 
 

One method that could potentially produce fuels from carbon dioxide is anchoring it 

to a metal, which would allow it to be reduced to methanol or another functional fuel. It has 

been noted previously that the bis(iminoxolene)iridium complex [(Diso)2Ir]— (Diso = N-

(2,6-diisopropylphenyl)-3,5-di-tert-butyl-o-iminobenzoquinoe) forms strong bonds with 

carbon compounds and thus is an interesting complex to consider to hold on to carbon 

dioxide as it gets reduced to a fuel.  

 

Figure 1. Proposed catalytic cycle with the (Diso)2Ir anion holding onto carbon dioxide as 

it gets reduced to methanol.  



In order to be able to actualize this with the bis(iminoxolene) iridium complex, its 

reactivity with electrophiles needs to be well understood. The iridium complex reacts with 

alkyl halides and benzyl halides, replacing the halide in a typical SN2 fashion. It follows the 

expectations of an SN2 mechanism in that it reacts the fastest with butyl iodide and slowest 

with butyl chloride—as the leaving group improves, the rate constant increases.  

 

Figure 2. Absorbance versus time graph of the reaction of Na[(Diso)2Ir] with 1-

chlorobutane.  

 

Figure 3. Multi-wavelength graph of the reaction of Na[(Diso)2Ir] with 1-chlorobutane. 

 



 k with [(Diso)2Ir]— (M-1 s-1) krel 

1-chlorobutane 2.74(11) × 10-4 1 

1-bromobutane 3.9(3) × 10-2 140 

1-iodobutane 1.85(2)  6800 

Table 1. Calculated rate constants for the reaction of [(Diso)2Ir]— with different alkyl 

halides; kinetic data for butyl iodide and butyl bromide provided by Peter D. Nguyen 

(Brown lab).  

However, it appears that it reacts faster with butyl halides over benzyl halides, 

which is not observed in typical SN2 reactions—benzyl halides typically react 105 times 

faster than butyl halides. This difference may be because of a change in mechanism or that 

the reactivity properties of this particular nucleophile are atypical; further study is 

required to determine what is causing this discrepancy.  

 
Figure 4. NMR spectra of the product formed by the reaction of [(Diso)2Ir]— with benzyl 

chloride; taken one week after the addition of benzyl chloride to anion. 

 

 

 

 



 

 k with [(Diso)2Ir]— (M-1 s-1) krel 

1-chlorobutane 2.74(11) × 10-4 1 

benzyl chloride ~1× 10-4
 ~0.4 

Table 2. Rate constants for the reaction of [(Diso)2Ir]— with 1-chlorobutane and benzyl 

chloride.  

In contrast to alkyl electrophiles, the [CoCp2]+ [(Diso)2Ir]—  anion does not react 

readily with carbon dioxide or carbon disulfide.  

 
Figure 5. No reaction of the [CoCp2]+ [(Diso)2Ir]—  anion with CO2 after two weeks.  

 

 
Figure 6. No reaction of the [CoCp2]+ [(Diso)2Ir]—  anion with 6 equivalents of CS2 added.  
 

Future studies include using co-activators to facilitate the interaction of the iridium 

complex with carbon dioxide and trying to forge iridium-carbon bonds with other 

oxidation states of carbon.  


