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THE OPEN UNIVERSITY OF SRI LANKA
B.Sc./B.Ed. DEGREE /STAND ALONE COURSES IN SCIENCE- LEVEL 5
FINAL EXAMINATION-2008/2009

CHU3127/CHE5127 - ORGANOMETALLIC CHEMISTRY

Date: 20" January 2009 (Tuesday) | Time 1.00 — 3.30 p.m.

Answer any FOUR (04) questions. If more than four questions are answered, only the first four
answers will be marked.

1. (a) Give IUPAC name for each of the following complexes.
(i) [RuBr(n"-CsHg)(n*-C;Hs)]
(ii) [CoCl(n*-CyHy)(CO)m*-CsHa)] (20 marks)

(b) Draw the structures of the following complexes,
(i) Bromo(ns -cyclopentadienyl)di(n-ethene)chromium.
(i1) (nS—Allyl)carbonylbis(u-iphenylphosphine)(vinyl)ruthenium.
(iii) Bromocarbonyl(nﬁ—cycloheptalriene)(methyl)iron (30 marks)

(c) (i) Determine the valence electron count (VEC) of the complex
[CoBrH(n*-C3H;)(CO)(*-C,Ha)] using the ionic model.
{Indicate in your work out, the electron contribution made
by cach ligand, Co is a Group 9 metal).

(if) Determine the valence electron count {(VEC) of the complex
[NICHMe)(PPhs)}(n"-C4H,)] using the covalent model.
(Indicate in your work out, the electron contribution made
by each ligand, Ni is a Group 10 metal). : (22 marks)

’

(d) The iron complex [FeCl(Br)(PPh;)s] shows three isomers with
the trigonal-pyramidal geometry. Draw the structures of them. (18 marks)

(e) Arrange CS, N> and NO in the order of increasing n-acceptability. {10 marks)




2. (a) Draw the orbital diagrams showing (1) G—orbitaf.oVerlap and (i1) r-orbital
overlap between Ru and Ny in the cation [Ru(NH)s(N2)J* (20 marks)

(b) The complex [RhH(CO)(PPh),] reversibly loses two PPh, ligands fo give two
intermediates (A) and (B) containing 16 and 14 electrons, respectively.
Write the reaction sequence for this dissociation process. (20 marks)

(c) How would you account for the variation in the CO
in the following compounds ? - .. . G :
Compound _ v(CO) in em™
free CO " 2143
[Cr(CO)g] S 2000 -
[V(CO)] 1860

stretching frequency

(20 marks)

(d) The tetrahedral d“~complex [P(PEt,),] undérgdes a 2e-oxidative addition
reaction with Phl to give a four coordinated neutral complex (C).
Draw and identify the two possible structures for (C). : (20 marks)

(e) What is an B-agostic intefaction? [W(CO);(Péyg)z]ﬁam octahedral
arrangement with one agostic type interaction. Draw é;(mcture of the complex
and identify the type of agostic interaction associated with it. o '
{Cy =cyclohexcyl ) (20 marks)

3. (a) Reaction of pinacolone oxime, (Me),CC(=NOH)Me, with Na,[PdCl,] and NaOAc gives
the cyclometallated chloride-bridged palladium(ll) dimer which contains
a S-membered chelate ring. Draw the structure of this dimeric complex (20 marks)

(b) Na[Re(CO)s] reacts with CH;=CHCH:i to give (P) and Nal,
On heating, (P) gives (Q) and CO. Identify (P) and (Q). (20 marks)

(c) What is a earbene ligand? Explain the bonding between a carbene
ligand and a metal centre using orbital diagrams.

(20 marks)
- (d) Reduction of [Rex(CO)q) with Na EE’iVES the salt (X), which reacts with '
Phl to give the complex and Nal. (Y) in the presence of CO gives (7).
; Identify (X), (Y) and (Z). (30 marks)
(e) What is the major pfoduct formed due to cross-coupling of PhMgBr _
with 2-bromopyridine in the presence of the catalyst [Pd(PPhs),]. (10 marks)

o




4 Predict the major product(s) of each of the following reactions, using the hint given in the
brackets). :

(a) [Mo(CQ)s] + cyclobutadiene —> (substitution)
(b) [(M*-Cp)Mo(CH.CH;3)(CO)s] + PhsCBFy —> (proton abstraction)

(¢) trans-[HCI(CO)(PPhy)y] + HCI —>  (oxidative addition)

(d) [(7°-Cp)(OC),Fe(n*-CH,=CH,)]" + NMe; —> (nucleophilic addition)

(e) [Fe(PMes)] + 2 CH=C=CH: —> (oxidative coupling)

3] fmns-[ﬁ(PEt;);Me;] A, (cyciomafallation énd loss of CHay)
(2) [(*-CsHs)WMe(r-CH:=CH,)]" + Me —> (nucleophilic addition)

(h) [(acac)Ni(Me)(PPh;)] + CF3C=CCF; -—> (coordination -+ insertion)

(i) [(n°~Cp)Fe(n'-CH,CH=CH,)(CO),] + Br; —> (electrophilic addition)

() fac-[PAF(Ph)3(PEts)s] A  (reductive elimination of an organic molecule)
(10 x10 marks})

5. (a) How would you prepare the acyl complex [(1*-CpXOC),FeC(=0)E{]
from [(’-Cp)FeH(CO),]? (20 marks)

{b) Hydrogenation of olefins gives alkanes. Arrange the following olefins in the order of
increasing ease of hydrogenation.

trans-PhCH=CHPh, cis-PhCH=CHPh, Ph,C~=CH, (15 marks)

(c) Suggest reagent(s), which can be used to carry out the following conversions.

@ [Cxco)] - —  [HCHCO)T '
(i) [Fe(CO),] — [(CO),Fe-C(=0O)H]"
(i) [CoCO,] —  [Co(CO)]

(iv)  cis-[PtCL(PMe,).] — cis-[PtMe,(PMe,),]

)  [IH(PCy)] —  [IrH-H)(PCy,),]BF, (40 marks)
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(d) [Mo(CO),] reacts with three moles of PPh, to give a coordinatively saturated mononuclear:'_
tricarbonyl Mo(0) complex R, which shows two infra-red bands in the carbonyl region.
Deduce the structure of R. (15 marks)

6. (a) [RhC1(PPh;)s] catalyses the hydrogenation of RCH=CH: to RCH,CHa. :
Draw the catalytic cycle for this process. (40 marks)

(b) In the presence of [PdL4] (L= PPh;), ArCH=CH, rcacts with PhBr to give :
trans-ArCH=CHPh and HBr. Draw the catalytic cycle for this process. _ (30 marks)

(c) Give the active catalyst(s) for the following processes.
(D Wacker process
(il  Original Roelen Process.
(iii) Monsanto acetic acid process
(iv)  Hydrocyanation of ethene by NiLy L = P(OPh)s. (20 marks):

(d) Draw the structure of the polymer formed due to ring opening metathesis
polymerization of norbornadiene. ' (10 marks

1

aa

(norbornadiene)




