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Exam 1 
February 21st, 2008 

Name:      

1. For each reaction below, provide the correct products.  Show all organic and inorganic 
products.  If necessary, be sure to clearly indicate the stereochemistry of the organic or 
organometallic product (16 points). 
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2. For each problem below provide the answer and a brief explanation that gives the 
fundamental reason why your answer is correct (20 points). 

a. Provide the oxidation state, d-electron count, and total electron count for the complexes 
below.  Show how you arrived at your values. 
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b. Treatment of Mo(CO)6 with 3 equivalents of PEt3 gave an isomer of Mo(CO)3(PEt3)3 that 
showed two peaks in the CO stretching region of the IR spectrum.  Was the mer- or fac-
isomer formed? 
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c. Which metal hydride below would you expect to be the most acidic? 
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d. Which compound below would have a larger 1JRh-P coupling? 
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e. In the complexes below, which would undergo ligand substitution of CO by PMe3 faster? 
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3. If the isopropyl complex below is heated, it rearranges to the n-propyl complex.  (16 points) 
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a. Provide a step by step mechanism for this transformation.  Show each metal intermediate 
formed along the way. 

 

 

 

 

 

 

 

 

 

 

 

b. What is the driving force for this reaction? 
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4. In the reaction of (Cp-NO2)Rh(CO)2 with PPh3, the following experimental data was 
obtained.  Use this data to determine the mechanism for the ligand substitution.  Explain how 
each piece of data either was or was not useful in determining the mechanism.  If the data 
was useful, say how the observed result was inconsistent with other possible mechanisms. 
(18 points) 
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¥ Under pseudo-first order conditions ([PPh3] >> [Rh]) the reaction is first order in [Rh]. 
¥ A plot of the observed pseudo-first order rate constant (kobs) vs. [PPh3] was linear with a 

zero intercept. 
¥ !S à = -17.9 eu 
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5. Collman's anion (Na2[Fe(CO)4]) reacts with alkyl halides quite readily.  Some relative 
reactions rates of various substrates are shown below. (16 points) 

Na2[Fe(CO)4]  +  RX
THF

Na[Fe(R)(CO)4]  +  NaX

Cl
Cl

Cl Cl> > >

relative
reaction
rate

5 0.13 4 X 10-3 1.4 X 10-5

n-C10H21I  >  n-C10H21Br   >   n-C10H21OTs  >   n-C10H21Cl

51 1 0.58 2.3 X 10-3
relative
reaction
rate  

a. Possible mechanisms we've discussed include:  concerted, SN2, atom abstraction, radical 
chain, and electron transfer (inner- or outer-sphere).  Which mechanisms are consistent 
with the data give above.  Explain your reasoning for including or excluding the various 
mechanisms. 
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b. Suggest two more experiments you would perform to confirm the mechanism for this 
reaction.  Describe what data you would obtain, and what results you'd expect to observe 
for the possible mechanisms you identified in part a.  
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6. Scandocene hydride, like other early transition metal-hydrides, catalyzes the H/D exchange 
of aromatic C-H bonds in the presence of D2.  (14 points) 
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Show series of reaction steps by which Cp*2Sc-H would convert C6H6 to C6H5D in the 
presence of D2 (i.e. one cycle of the reaction above).  Show each intermediate species in your 
reaction sequence. 
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Ligand Name  Covalent Model  lonic Model  

 Electron Count Charge Electron 
Count 

Nitrosyl (linear, NO+), terminal or bridging) 3 +1 2 

Carbene (CYR, where Y = substituent with ! 
interaction with carbene, i.e., OR, NR2, Ph, X 

 
M

Y

R 

2 0 2 

CO, CNR (bridging or terminal) 2 0 2 

PR3, AsR3, SbR3, NR3, imines, nitriles, ethers, sulfides, 
etc. 

2 0 2 

Terminal dinitrogren (N2) 2 0 2 

! 2(!) -Alkene    M  

2 0 2 

! 2(!) -Alkyne     M  
2 0 2 

! 2(!) -Carbonyl    

O
M

 

2 0 2 

! 2(" )-Dihydrogen    

H H

M  
2 0 2 

µ-! 2-Alkyne  M M  
4 0 4 

! 4-acyclic diene 

M  

4 0 4 

! 6-Arene         M  

6 0 6 

Hydride (H-) 1 -1 2 

Terminal or bridging Alkyl (-CR3) 1 -1 2 

! 1-Acyl  M

O

 

1 -1 2 

! 1-Aryl, alkenyl, or alkynyl 1 -1 2 

ER3 or EX3 (E = Si, Ge, Sn) 1 -1 2 

Alkoxide (-OR), thiolate (-SR), amide (-NR2), or 
phosphide (-PR2) 

1 -1 2 
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Superoxide  M
O

O 1 -1 2 

Halide (F-, Cl-, Br-, I-) or pseudohalide (-CN, -OTs, etc) 1 -1 2 

Bridging alkoxide, thiolate, amide, or phosphide 3 -1 4 

Bridging Halide (µ-X) 

M-X-M 

3 -1 4 

! 2-Acyl    M

O

 
3 -1 4 

! 2-Alkenyl (terminal or bridging) 

M M

M

Terminal Bridging  

3 -1 4 

! 3-Allyl     
M

 
3 -1 4 

! 5-Cyclopentadienyl (Cp-)       M  

5 -1 6 

Carbene (CR2 where R = substituent with no ! 

interactions with the carbene carbon)  
M

R

R 

2 -2 4 

µ-CYR or CR2      

R

C
R M

M
 

2 -2 4 

Imide (M=NR) 2 -2 4 

Oxide  (M=O) 2 -2 4 

Peroxide (terminal or bridging)   O O
M

 
2 -2 4 

Alkylidine or carbyne, terminal    M C R 3 -3 6 

µ-Alkylidine    

R

C
M M

M
 

3 -3 6 

Nitride   M N 3 -3 6 

 


