
Chemistry 423-523 
Assignment 3 Fall 2016 

 
 
 
1. The following variable temperature (VT) 1H NMR spectra (200 MHz) were 

recorded for the ethylene proton region of CpRh(C2H4)2. Answer the following 
questions about the spectra shown. 

 

 
 

a) Suggest a reason why the ethylene protons resonate at such high field. 
b) Explain the reason for the splitting pattern observed at 233 K. What is 

the large splitting mostly likely due to? Explain. 
c) Have we reached the high temperature limit yet? Explain what you 

expect to see at the high temperature limit. 
d) Calculate the value of G* (roughly) from the data given. 

 
 
2. The VT 13C{1H} spectra of [(C5Me5)Rh(2,3-dimethylbutenyl)]+BF4

- in CD2Cl2 
at 100.8 MHz are shown below. Answer the following questions about these 
spectra. 

 
a) Assign the low T spectrum. 
b) Explain why 103Rh-13C coupling is not easily distinguishable in the 

low T spectrum. 



c) Explain what is going on in the 203 K spectrum. 
d) Calculate an approximate value for G* for the dynamic process 

involved. 
e) What dynamic process could explain the NMR behaviour? 
f) Why do two resonances remain temperature invariant? What are they? 
g) Why is the solvent resonance a 5 line pattern? 

 

 
 
 
3. The 16 e- Ir(III) species shown at right reacts rapidly with 

excess P(OMe)3 in C6D6 to form a new compound with a 
hydride resonance near –20 ppm. This compound also shows 
a doublet for the SiMe group (J = 2.5 Hz). After a few 
minutes the hydride resonance due to this compound begins 
to decline and is slowly replaced by a new resonance near –8 
ppm. The SiMe group for this compound is a simple singlet. The hydride region 
of the 1H NMR for the reaction mixture is shown below.  
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a) Deduce the most likely structures for the kinetic (initial) product and 
its thermodynamic isomer. Explain the significance of the coupling 
pattern observed. 

b) What features of this particular ligand set make this rearrangement 
facile and help to stabilize the 16 e- precursor? 

c) Propose a process that accounts for the observed rearrangement.  
 
 
4. The double reduction of (6-C6H6)Mn(CO)3

+ by a powerful hydride source 
yields one of the three isomeric complexes shown below. (The dotted lines in B 
indicate a three-centre Mn-H-C two-electron bond also called an agostic bond). 
From the variable temperature 1H NMR spectra 
(100 MHz) given below, determine which of the 
three structures is most consistent with the low 
temperature limiting spectrum. Note that the 
gated 13C NMR spectrum shows a 1JCH value of 
85 Hz associated with the most upfield proton. 
Propose a dynamic process that could be 
responsible for the spectral changes observed 
with changing temperature.   
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5. The VT 19F NMR spectra of Zr{(C6F5NCH2CH2OCH2)2}{N(SiMe3)2}Cl are 

shown below (resonant frequency of 19F is 338.86 MHz). (* = impurity)  
 

a) Provide a tentative assignment of the limiting low T spectrum. 
b) Explain why the observed VT behaviour is consistent with restricted 

rotation about the N-C(phenyl) bond. 
c) Calculate the G* value for this process. 



d) Using the information given below, determine the H* and S* 
values for this process. Are the derived values what you would expect 
for rotation about a single bond? Looking at the structure, why do you 
think such a large rotational barrier is observed? 
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For the lower left spectrum: 
 
limiting line widths:  

high T = 60 Hz; low T = 
65 Hz 
 
observed w1/2 in Hz: 
253 K, 120 Hz 
273 K, 450 Hz 


