Chemistry 652
Organometallic Chemistry
Final Examination, May 22, 2014

Please write your answers directly in the spaces provided.
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Have a productive summer!




1) (15 points) Predict the products of the following organometallic transformations.

Draw structures indicating stereochemistry and identify the type of reaction (e. g.
“reductive elimination” etc.)
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2) (15 points) Pick three different homogeneous catalytic reactions. Write balanced
reaction equations for these reactions and give as much detail as you can
remember about the catalyst and the reaction conditions required (Note: the Wacker

process does not count — see question 3).
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3) (10 points) Draw the mechanistic cycle for the Wacker process, using both
palladium and copper as a catalyst. Begin by writing a balanced reaction equation
identifying the reagents and products. Then draw the catalytic cycle with its individual

steps.
[ i
Ch, + 4o, _"\19; CH, — “h
i
=
Ou)\ \A
“%O":; P—H;,CQ
= “ « N ON
_ T
A e PC\“ G-




4) (10 points) Reaction of Cp*Ir(PAr;)Cl, with silver triflate (AgOTT) and ethylene in
water yields the isotopologs shown in the scheme below. Write a mechanism for this
transformation that is consistent with the labeling results shown in the scheme.

""| +
;nr—co
ArqP EHID
3.d,
HC=CH; | D;0
+* 249" R iy
4 , = 7 ir—co
I—Cl Ir—~0H; - L
L o e [ b i i 3CH3
1 £
|}
HyC=CHa, | H,"%0 T i
i Qf*@\rfh.r = e
ﬂ+
T—¢"%0
AP \CH:,
3-"p
v Tt 2+
___\_‘-____Ol\lL T‘_l_,_,.\“-\ - \T, -]2-+
- ' —
| AR - ]
Ou, ol - \O
N 2\ )- p'-g-
\l
\-_“ _|‘|‘ l%‘ ‘{" 1 i r-t.'\‘ ‘I‘J -‘+
Tow Tl wST Ty
S H No
dov Tek Tl T
O™ “Chy 3
e | ¥
Se—— .‘ [} I -
J/.j; — I ‘;“"""‘G'ls
CHy L
L2
3



5) (15 points) In the CO induced migratory insertion of MeMn(CO); there arises the
mechanistic question whether the CO inserts into a ‘stationary’ Mn-Me bond or the Me-
group migrates to a CO (in other words: “which moves — the Me or the CO?”). Prof. F.
Calderazzo has performed an ingenious experiment to address this subtle question.
Describe the experiment, its outcome, and its interpretation, including the answer to the

question posed above.
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6) (15 points) The so-called ‘isotopic perturbation of resonance’ is sometimes used as
evidence for the presence of an agostic interaction in the ground state of a molecule,
whereas the ‘isotopic perturbation of stereochemistry’ has been used to detect agostic
interactions in the transition state for the insertion of olefins into metal alkyls. What
causes these effects (i.e. what chemical or physical principle is responsible), and how
do they manifest themselves (i.e. what are the observable results)?
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7) (10 points) The catalytic polymerization of a-olefins like propene gives rise to
different materials, depending on the catalyst used. The difference lies in the

microstructure of the polymer.

a) name the three most important forms of polypropylene and indicate their structures.
b) What analytical technique is used to determine the structure of polypropylene? How

are the results of the analysis expressed?
¢) Draw structures of homogeneous catalysts that produce the three different types of

polypropylene.
d) What material/molecule is commonly used (in large excess) as co-catalyst in propene

polymerizations?
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8) (10 pts) There are different types of metal-mediated C-H activation reactions. Using
example reactions (draw structures and show reactants and products in balanced
reactions), identify as many of them as possible
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