Chemistry 455:
Advanced Inorganic Chemistry

Problem Set 6

1. Design a synthesis for the complexus-[PtCl2(NHz)(tu)] (thetrans designation refers to the

fact that the identical ligands are trans to each other), given that the trans effect order is tu > Cl >
NHs; tu = (FbN)2CS. Hint: Based on our discussion of the trans effect in lecture, choose a logi-

cal starting material.

2. Low-oxidation state complexes are typically air-sensitive (i.e., they react with the oxygen in
the air), but are rarely water sensitive. Why do you think this is so?

3. MnCp is high spin, while MnCg (Cp* = 5°-CsMes) is low spin. How many unpaired elec
trons does each metal have, and which ligand has the stronger field? What valuevodlfd
you expect for each complex?

4. Draw structures for each of the following organometallic complexes. Assuming the 18-
electron rule applies, identify the transition metals.

a. M(CO)(CS)(PP)2Br, M is a first-row transition metal.

b. [(#3-CsPhe)(7*-C4H4)M(NH3)2]*, M is a first-row transition metal.

c. [M(COR(NO)], M is a second-row transition metal; assume NO is linear.

d. [(#7*-CsHs)M(CO)3]-, M is a first-row transition metal.

e. [(7°-CsHs)(7-C3Hs)(#3-CsHs)2M, a 16-electron molecule with a second-row transition
metal.

5. Construct a qualitative frontier MO diagram foy®{CsHs)Cr(CO)]. Neatly sketch what the
MOs would look like, paying particular attention to the metal-ligand interactions. Show where
the 18-electron rule originates in this compléiut: Break the molecule up into logical frag-

ments, similar to what you have done with methane or PtCls. Determine the SALCS of these
fragmentsN you can even use the visual projection operator method, although doing projection
operators by hand is fun!

6. List the following in the order of decreasing reactivity you would predict for the attack of tri
methylamine oxide on their CO groups: Mo(GOMo(CO)]*, Mo(CO)(dpe), [Mo(CO)]%,
Mo(COl(dpe), Mo(CO3(NO).. How would you experimentally determine the reactivity trends
of the above complexes?



7. Carbonyl complexes can be prepared in several ways. One method, shown below, involves the
reaction of CO(g) with an elemental transition metal:

;O, 200 atm, 200°

Fe(s)®

Another method, calledeductive carbonylation, involves using CO(g) and a reducing
agent:

Fe(CO)4(s)

NiSO, + CO + 8,0 ' Ni(CO), + stuff
Why does the second method involve the use of a reducing agent, while the first does not?

8. Predict the hapticity of each Cp ring in Bf{CO), and of each OtriphosO in
[Pd{(PPhCH.CH2)3CPh},]?*. You will need to draw reasonable structures for each complex.

9. Assign the oxidation stateg; configurations, and electron counts for the two species shown
below, which are in equilibrium in solution. Draw reasonable structures for both complexes.

W(5?>7H,)(CO),(PR;), == W(H),(CO),(PR;),
10. When heated at low pressure, the compoyr€*)Rh(CO) reacts to give a gas and-an

other product having a single peak in tHeNMR and a single band near 1850tm the infra
red. Suggest a structure for this product.

11. The following questions concern the complex shown below.
a. ldentify the first-row transition metal.
b. This compound has IR absorptions at 1320 and 1495Ataount for these bands.

c. Suppose eachsEgs ligand were replaced by Cp*. Would you expect the IR bands de
scribed in part b to shift to higher or lower energies? Why?
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Bonus (10 points)
12. Photolysis of>-CsHs)(#%-C4H4)2Rh in the presence of benzene in an inert solvent such as
pentane gives a remarkable product having the following charactetistics:

¥It has the empirical formula R8s
¥It has a metal-metal bond and follows the 18-electron rule
¥Although thelH-NMR was not reported, it would likely have the following characteris
tics:
¥Three different types of resonances, with relative intensities of 5:2:1.
¥The largest peak should have a chemical shift near that of the starting material.

Propose a structure for the product.

1. J. MYller, P.E. Gaede, and K. Qidagew. Chem. Int. Ed. Engl., 1993 32, 1697.



