
Organometallic Chemistry and Homogeneous Catalysis
Exam MHC E. Bouwman April 12, 2019

General : Provide for every metal compound the electron count, the number of d-electrons and the formal
oxidation state of the metal. In mechanisms do not perform two steps in one - give each separate step.
Name every reaction step. Please write legibly (do not use a penci/), if I can't read it, it's considered to be
wrong.

1. Organometallic chemistry. (6 points)
a. Given are the compounds [Ni(H)(CO)(PR3)2J? and [Ir(Br)4(NH3)2J? Which

charge do you expect for these complexes? Give the electron count, oxidation I ~
states and number of d-electrons of the metal centers. (lp) R-Ny -R

b. Give electron count, formal oxidation state and number of d-electrons for the Cl 1
Hoveyda Grubbs II catalyst shown. Describe the differences of the Fischer and CI/R\U:Q
Schrock models for a carbene. (lp) Ij ~

c. Describe the three possible mechanisms for the activation of H2 at a metal yO_
center. (lp) \

d. Describe the different binding modes of NO with the formal charges in the ionic electron count.
Give the 'electron count of the compound [Re(CH3)(CO)(Cp)(NO)]. What is the formal oxidation
state and number of d-electrons of Re? (lp) Ol " I

e. The compound [Pt( cod)Cb] reacts with MeOHjNaOAc to give a species
[Pt{CaH12(OMe)}Clh (cod = l,5-cyelooctadiene shown in figure, watch out for the
formula of the product!). This product reacts with PR3to yield
l-methoxy-cyelooctadiene and [Pt(H)(CI)(PRJ)2].
Draw the three Pt compounds and explain wh at happens in the reactions. Give the electron
count, oxidation state and number of d-electrons for the platinum center in the three
compounds. (2p)

2. Palladium compound [Pd(P2)(X)2] catalyses the hydroformylation of
propene in diglyme (See Figure for P2and diglyme; X= methane
sulfonate = CH3S03-), forming two aldehydes in 95% selectivity.
(7 points)
a. Propose a structure for the starting catalyst species; how can it be

formed from [Pd(P2)(X)2]? (O.Sp)
b. Construct a complete catalytic cyele for the hydroformylation of

propene; which two aldehydes are formed? (2p)
c. Which property (properties) of the catalyst determine the relative ratio of the two aldehydes

formed? (O.Sp) .

diglyme

When the reaction is performed in methanol as the solvent instead of diglyme (using the same
catalytic system and reactants) aldehydes are not formed, but seven different ketone products
(partly due to different termination mechanisms) are formed in 95% selectivity.

d. Try to think of 6 potential products and draw their structures. (lp)
e. Construct a potential mechanism for the formation of these products. (2p)
f. The major product is 2-methyl-3-hexanone, how can you explain this? How could the selectivity

to this product be increased? (O.Sp)
g. Propose two different termination mechanisms. (O.Sp)
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3. Enantioselective hydrogenation is one of the most important steps in the synthesis of drugs, e.g.
L-dopa. Hydrogenation can be carried out with H2 or through transfer hydrogenation. (7 points)
a. Describe the binding of an alkene to a transition metal center. What properties of a substrate

are desired to achieve enantioselective hydrogenation? (2p)
b. Give a likely mechanism for the hydrogenation of propene with H2 using the catalyst precursor

[Rh(PR3)3CI]. (2p)
c. What is transfer hydrogenation? What side product is formed from the hydrogen donor formic

acid (methanoic acid)? (lp)
d. Give areaction mechanism for transfer hydrogenation of cyclopentanone with formic acid using

[Ru(PR3)3Cb]. (2p)
r e. Give the definitions for catalyst stability (TON), catalyst rate (TOF). Use the reactions

hydrogenation and transfer hydrogenation to describejdiscuss the principle of 'atom efficiency'.
(lp)

4. Given below is a figure from a paper from thegroup of Beller (J. Uu, H. U, R. Dghren, J. Uu, A.
Spannenberg, R. Franke, R. JacksteIl, M. Beller, Angew. Chem. Int. Ed. 2017, 56, 11976).
(6 points)
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a. Provide a mechanism for the reaction forming compound 3e using a palladium catalyst with a
bidentate phosphane ligand. Give all intermediates with electron count. (2p)

b. Provide a mechanism for the reaction forming compound 5 using a palladium catalyst with a
bidentate phosphane ligand. Give all intermediates with electron count. (2p)

c. Which three factors are used to describe the properties of bidentate phosphorus ligands? (lp)
d. Which property is important for the reaction to give 3e, wh at is the side product? Answer the

same questions also for formation of 5. (lp)
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