Recommendedeading: 24, 27.227.7
Ch 102 Problem Set 8
Due: Tuesday, May 31, before class

Problem 1 (15 points)

Laccase is part of an important class of medipper proteins found in plants and fungi, and
which catalyze the synthesis (in plants) angrddation (in fungi) of lignin coupled to reduction
of dioxygen to water. Shown below is theray diffraction crystal structure of the fungal laccase
from Trametes hirsuta

Figure 1. Structure of fungal laccasPDB: 3PXD. Cuatoms shown as bronze spheres.

Laccase contains four copper atoms in two distinct locations. Three Cu atoms, bound by histidine
residues, are found in a triangular arrangement. A fourth Cu atom (bound by two histidines and
one cysteine, and labeled as-&4y¢ is located ~13 « away from the tricopper active site.
Shown below is a schematic representation of the catalytic cycle involving the full tetracopper
moiety for the reaction with dioxygen and substrate. Assume that the organic substrates (ArO
bindto the protein but do not coordinate to copper.
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Schemel. Catalytic cycle of laccase



a) Write the balanced chemical equation for the overall catalytic reaction. How many
protons and electrons are formally transferred in this @&zt

b) Label the G-derived oxygen ligands from the above scheme as dioxygen adduct,
superoxide, (hydro)peroxide, hydroxide, or oxide.

c) How many electroitransfer processes take place in the reaction from the Intermediate la
state of the enzyme to the Internsgd Ila state? Are these electimansfers innesphere
or outersphere?

d) Does laccase act as an oxidase or as an oxygenase?

e) Does the conversion of the Oxidized form to the Reduced form involve- ioneuter
sphere electron transfer?

f) Which electron trasfer step do you expect to be more facile (faster) if the geometry
around CuScys is optimized (smallek) to stabilize a Clicenter?

Problem 2 (25 points)

Ruthenium olefin metathesis catalysts containing a chelated NHRet@ocyclic carbene)
ligand as a result of an intramolecularHCbond activation (see compl€) have recently been
discovered and exhibit interesting reactivity, especially in the cross metathesis of two olefins to
yield Z-olefins selectively. These catalysts are prepared by tgeatmplexA with silver ()
pivalate which causes a ligand exchange reaction to yield silver (I) chloride and the bis
carboxylate ligated specieB. After a carboxylat@riven GH bond activation, the desired
speciesC is formed. Unfortunately, in some easC decomposes to proposed intermedite
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Depending on the identity of thé ring, complexD reacts further to form different products
resulting from hydride elimination reactions.

a) As discussed in class, NHC ligands are goedbnors and only very @akz-acceptors.
Explain the lowsr-acidity in terms of Lewis dot structures and molecular orbital sketches
(only 3 MOsbfor the NCNmr-system) of the free NHC.

b) For complexe#\-D, provide the valence shell electron couhglectron count and metal
oxidation state.

c) Is the conversion of compleéxtoD a 1,1 or 1,2insertion?



d)

e)

ComplexE shown below (obtained from decomposition of compoGnahenX=0-Me-
CsHs) undergoes a reaction to yield a new species containing-td Band. Draw the
product of this reactionand include drawings of any relevant transition states and/or
intermediates, as appropriate. What type of elementary reaction trangommis F?
Provide the valence shell electron coultlectron count and metal oxidation state for

specied-.
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When X = adamantyl, produds is obtained. From this species, bethandp-hydride
elimination reactions can occur to generate compouthdsnd I, respectively. Draw
productsH andl. Include drawings of any relevant transition states and/or intermediates,
as apropriate. Provide the valence shell electron codrglectron count and metal
oxidation state for the two products.
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Based on the nature Xf glve an explanation for why speciéslecomposes solely to one
product while compoun@ has two decomposin products?
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Problem 3 (20 points)

Norepinephrine) is a key hormone and neurotransmitter in the human Baidylays a crucial
role in attention, being a key factor in the figintflight response due to its ability to increase
heart
synthesized from dopaming)(by the membranbound protein dopaminghydroxylase ([BH)
in the central nervous system.

rate and, theiore, oxygen supply to the brain. In the human body, norepinephrine is

OH
NH, NH,
OH OH
norepinephrine, 1 dopamine, 2

Although it has thus far escaped crystallographic charaateng O3H has undergone extensive
investigation. [BH displays two copper atoms, which are not magnetically coupled due to the



large distance separating them (~11 ). The schematic representation of the catalytic cycle of

DpH is shown below (Ascklis ascobate).
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a) Write a balanced chemical equation for the overall catalytic reaction. How many protons
and electrons are formally transferred in this reaction?

b) Label the G-derived oxygen ligands as dioxygen adduct, superoxide, (hydro)peroxide,
hydroxide, or oxde.

c) For the conversions ofto Il andlll to IV indicate whether innesphere or outesphere
electron transfers are involved (multiple electron transfer processes may occur).

d) Is DBH an oxidase or an oxigenase enzyme?

e) In the reaction shown above dioxygen reduced by four electrons. What are the
source(s) of these reducing equivalents (i.e. electrons)?

Problem 4 (20 points)

Part A

In class, you were introduced to several enzgaialyzed reactions. Each of the reactions listed
below reduces dioxygenyldour electrons. What are the sources of electrons in each reaction?
Remember that determining oxidation states is a useful tool to follow the path of electrons in
redox reactions. Label each reaction as being carried out by an oxygenase or an oxydase enz
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Part B

Provide the valence shell electron coumglectron count and metal oxidation state for the
complexes below.Label each step in the scheme with the name of the transformation.
Conversion of compound to the next species shown in the tata cycle involves two distinct
processes; name both, without including the nature of the intermediate or the order of

occurrence.
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Problem 5 (20 points)

Pick a topic of interest from the recommended reading (descriptive chemistry) in bold at the
begnning of this problem set. Prepare two power point slides including relelesatiptive
chemistry(background on synthesis, applications, reactivity, properties, trend, etc, as applicable),
some concepts presented in class (oxidation states, electroh symmetry, MO theory,
vibrational spectroscopy, etc.) and some application of the provided software (since MO theory
and vibrational spectroscopy were covered in class, you are now expected to include some
molecular orbital pictures / MO diagram anadyS5IR/Raman analysis).



