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1. (8 points) Write the oxidation state and electron count (total valence electrons) before and after
the reaction for the following complexes:
a. Pd(PPhs)s + CHsl — Pd(CHs)(1)(PPhs)2

Before: Pd(0), 18 electrons. After, Pd(II), 16 electrons.
(each answer 0.5 points, same below)

b. [Ru(CO)3(PPhs)s] + Me—I — [Ru(I)(Me)(CO)2(PPhs),]

Before, Ru(0), 18 electrons; after, Ru(II), 18 electrons.

c. [IrPh(H)(CO)(PPh3)2] — [Ir(CO)(PPh3)2] + benzene

Before, Ir(I1), 17 electrons, After, Ir(0), 15 electrons.

d. [Mn(CO)sMe] — [Mn(CO)4(C(O)Me)] (CO insertion)

Before, Mn(I), 18 electrons; After, Mn(I), 16 electrons.

2. (1 point) Which of the following would undergo reductive elimination more rapidly? Why?
[Pd(Ar)(Me)(PPh3)2] or [Pd(Ar)(Me)(PMe3)2]
Hint: Consider the role of electron-rich vs electron-poor phosphines.

[Pd(Ar)(Me)(PPh3)2]. Because PPh3 is more electron poor ligand, so [Pd(Ar)(Me)(PPh3)2] is

more electron poor complex. It is better for reductive elimination.

3 (1 point) Compare the tendency for reductive elimination in the following complexes. Why?

[PdMe2(PPh3)2] or [NiMe2(PPh3)2]

[NiMe2(PPh3)2] because Ni(II) is more electron poor than Pd(II), so better for reductive
elimination.

4. (3 points) The following sequence of reactions is observed for a platinum complex:
*Step 1:* *cis*-Pt(PR3).Cl2 + CHs-1 — Pt(PR3)2(C)(I)(CH3)
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*Step 2:* Pt(PR3)»(C1)(I)(CHs) + CO — Pt(PR5)>(CO)(I)(CHs) + CI-
*Step 3:* Pt(PR3)>(CO)(I)(CHs) — CHs-C(O)-I + Pt(PRs)a()

a) Classify each step (1, 2, and 3) as an oxidative addition, substitution, migratory insertion,
reductive elimination, or B-hydride elimination, or combination of them.

Step 1: Oxidative Addition. Step 2: Substitution. Step 3: Migratory insertion and Reductive
Elimination.
(each name 0.5 point; total 2 points)

b) Step 3 is an unusual step. Propose a mechanism for this step, explaining what makes it
possible. (Hint: Consider the properties of the CO ligand).

Mechanism for Step 3: The CO ligand inserts into the Pt-CHs bond, forming an acyl intermediate
[Pt(PR3)2(1)(C(O)CHs)]. This acyl ligand can then undergo RE with the adjacent iodide ligand.

(0.5 point for each step; total 1 point)

5. (8 points) The Chauvin mechanism is the accepted pathway for olefin metathesis.

a) Draw a complete catalytic cycle for the self-metathesis of propene (2 CH.=CH-CH3) using a
generic metal alkylidene catalyst, M=CH:. Show all intermediates and indicate the distribution of
products.

The cycle should show: **M=CH:** + CH.=CH-CHs — [2+2] — Metallacyclobutane —
Cycloreversion — **M=CH-CHs** + CH.=CH.. The new metal alkylidene (**M=CH-CHs**)
then reacts with another propene: **M=CH-CHs** + CH>=CH-CHs — [2+2] —
Metallacyclobutane — Cycloreversion — **M=CH.>** + CHs-CH=CH-CHs.

(3 points)

b) Based on your cycle, explain why the self-metathesis of propene produces both ethene and
but-2-ene in a statistically predictable ratio.

The mechanism is a statistically random exchange. Every time a metal alkylidene reacts with
propene, there is an equal probability of forming either ethene (**M=CH-CHs**) or the original
methylidene (**M=CH.**).

(1 point)



c) What would be the statistically predictable ratio of ethene, propene, and but-2-ene, ignoring
any other factors such as thermodynamics. Explain why. (Hard question!)

This leads to an equilibrium mixture with ethene, propene, and but-2-ene in a 1:2:1 ratio.
Ratio: 2 points (correct ethene to bu-t-ene, 1 point; correct ethene to propene, 1 point).

Why: In equilibrium, the ratio of M=CH2 and M=CH-CH3 is 1:1. Each M=CH2 can give equal
ratio of CH2=CH2 and CH2=CH-CH3; each M=CH-CH3 can give equal ratio of CH2=CH-CH3
and CH3-CH=CH-CH3.

Reason: 2 points.

6. (9 points) For each of the following reactions, draw a simplified catalytic cycle (starting from
the metal methylidene, M=CH:) and show the products:

a) Ring-Closing Metathesis (RCM) of diethyl diallylmalonate. The reaction is performed under
high dilution conditions. Why is this necessary for high-yielding RCM?
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The diene coordinates to **M=CH.**, and the cycle proceeds to form a ring and release
CH2=CHo..
4 points

Dilution To avoid cross metathesis.
1 point

b) Cross Metathesis (CM) between ethylene and 2-decene. Why is ethylene often used as a
reactant in CM?



Ethylene reacts with **M=CH.** to release ethylene (degenerate). When **M=CH.** reacts
with 2-decene, it generates 1-propene and **M=CH-C7H:-**. The latter can then cross with
another ethylene to produce 1-nonene and **M=CHx**.

4 points

7. (5 points) The Hoveyda-Grubbs 2nd Generation (HG-II) catalyst features a chelating
isopropoxybenzylidene ligand. Compared to the original Grubbs II catalyst, the HG-II catalyst

has superior shelf stability and potential for low catalyst loading.
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a) Explain why HG-II have these superior properties. Hint: use a "Release-Return" type

mechanism.

Along the line: The chelating ether dissociates ("Release") to open a coordination site for the
olefin substrate. After the metathesis cycle, the ruthenium fragment can "Return” to rebind the
ether, reforming the stable chelate. This closed, chelated form is inherently more stable to air and
aggregation, leading to superior shelf life. The "return" mechanism also means the catalyst is not
consumed but acts as a propagating species, allowing for lower loadings.

2 points



b) Application in Tandem Catalysis: In one pot, a sequence requires a metathesis step after a Pd-
catalyzed cross-coupling reaction. Knowing that the metathesis catalyst must be tolerant to a
variety of functional groups and residual phosphines from the cross-coupling step, indicate which

catalyst between the original Grubbs II or HG-II is better suited for this application, and why.

HG-II. Because the Ru center is protected by the O group, so phophine cannot attack.

One point for choice. One point for reason. Total 2 point.

c) What is the primary kinetic trade-off of this chelating design?
Slow initiation.

1 point



