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Abstract%

Strategies(to(influence(the(steric(and(electronic(properties(of(three(classes(of(ligands(

were(investigated.((First,(a(compound(class(known(as(aminoCdithiaphospholanes(

was(studied.((It(is(structurally(related(to(phosphoramidites,(which(have(been(

successfully(applied(in(catalysis.((The(synthesis(of(aminoCdithiaphospholanes(was(

envisaged(as(an(approach(to(electronically(tuned(phosphoramidites.((General(access(

to(a(variety(of(structurally(modified(aminoCdithiaphospholanes(from(commercially(

available(starting(materials(was(developed.((The(investigation(of(their(chemical(

reactivities(indicated(that(a(combination(of(electronic,(steric(and(physical(properties(

determined(the(stability(of(the(target(ligands.((The(electron(donating(properties(of(

the(new(ligands(were(characterized(by(NMR.((They(were(found(to(be(more(basic(and,(

thus,(more(electron(donating(than(the(corresponding(phosphoramidites.((The(

coordination(chemistry(of(aminoCdithiaphospholanes(was(investigated(by(synthesis(

of(a(series(of(iridium(and(rhodium(complexes.((Analysis(of(the(physical(data(obtained(

for(the(complexes(confirmed(the(increase(in(the(electron(density(at(the(metal(

centers(as(a(consequence(of(the(increased(basicity(of(the(ligands.(

Second,(a(series(of(new,(as(well(as(known,(phosphinooxazoline((PHOX)(ligands(was(

synthesized.((A(systematic(study(of(structureCproperty(relationships(was(performed(

with(the(PHOX(ligands.((It(was(shown(that(electronic(tuning(of(the(ligands(is(possible(

by(varying(the(substituents(on(the(phenyl(ring.((However,(the(tuning(was(seen(to(

have(unexpected,(and(often(only(minor(influence(on(the(electronic(properties(of(the(

metal(complexes(from(those(ligands(due(to(the(structural(diversity(and(the(backC
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X(

X(

bonding(abilities(of(the(PHOX(ligands.((The(efficiency(of(steric(tuning(was(

investigated(by(evaluation(of(XCray(structure(analysis(data(of(new(iron(PHOX(

complexes(synthesized(for(the(study.((It(was(shown(that(the(presence(of(substituents(

in(the(position(α(to(the(nitrogen(atom(of(the(oxazoline(ring(had(the(most(profound(

impact(on(the(geometries(of(the(corresponding(metal(complexes.(

Finally,(five(new(multidentate(N,O(donating(ligands((L)(were(synthesized(and(

characterized.((Their(coordination(chemistry(was(investigated(by(preparation(of(

new(iron(complexes(mimicking(naturally(occurring(nonCheme(enzymes.((The(general(

formulation([Fe(L)2](OTf)2,([Fe(L)(OTf)2](or([Fe(L)(OTf)](OTf)(was(established(for(

the(new(complexes,(and(formation(of(only(one(isomer(was(confirmed(for(one(of(the(

complexes.((The(catalytic(activity(of(the(new(compounds(was(demonstrated(in(the(

oxidation(of(activated(methylene(groups(and(alcohols(to(the(corresponding(ketones.(



Chapter(I!

Rational(Ligand(Design(for(Transition(Metal(Catalysis(
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1(

1.1.##Introduction#

With(the(society’s(driving(need(to(establish(and(practice(environmentally(benign(

chemical(processes,(catalytic(reactions(have(become(a(highly(dynamic(field(in(

chemical(research.((Indeed,(the(threat(of(global(warming(has(escalated(the(

requirement(of(global(industries(to(develop(catalytic(reactions(for(the(regioE(and(

enantioselective(synthesis(of(sophisticated(targets(from(simple(starting(materials.((

This(is(due(to(a(strong(and(overriding(belief(that(the(development(of(efficient(

catalysts(for(industrialEscale(reactions(will(significantly(reduce(energy(consumption(

and(waste(production.(

Stoichiometric(and(catalytic(reactions(of(transition(metals,(in(particular,(have(

generated(considerable(interest(due(to(their(versatile(and(numerous(applications(in(

industrial(and(pharmaceutical(settings.((With(the(expanding(utility(of(transition(

metal(catalysis(in(the(pharmaceutical(and(petrochemical(industries,(a(major(driving(

force(was(provided(for(the(study(and(development(of(transition(metalEcatalyzed(

reactions.((Catalysts(of(this(type(provide(critical(assistance(in(thermodynamically(

feasible(processes(by(opening(a(lower(activation(energy(pathway,(often(one(that(was(

symmetry(forbidden.1((These(metalEcentered(reactions(are(mostly(characterized(by(

one(or(more(elementary(reactions,(i.e.((ligand(substitution,(oxidative(addition,(

reductive(elimination,(migratory(insertion,(hydrogen(exchange,(βEhydrogen(transfer,(

σEbond(metathesis,(and(nucleophilic(addition.2(

There(are(several(reasons(why(transition(metal(complexes(have(become(popular(in(

this(field.((First,(many(of(them(are(stable(and(easy(to(handle(on(any(scale.((For(
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2(

example,(the(LEDOPA(synthesis,(discovered(by(Knowles,3(was(taken(to(a(commercial(

process(in(1974(by(the(Monsanto(Corporation.((It(utilizes(a(stable(rhodium(complex,(

which(is(required(in(large(quantities(for(bulk(syntheses.((Secondly,(by(employing(

chiral(ligands,(these(catalysts(can(promote(highly(stereoselective(reactions.((A(good(

example(is(the(use(of(chiral(BINAP(ligands(in(ruthenium(complexes(for(the(

hydrogenation(of(βEketo(carboxylic(esters.((The(reported(enantiomeric(excess(was(

nearly(100%.4((Thirdly,(transition(metal(catalysts(can(be(sterically(and(electronically(

“fineEtuned”(by(appropriate(choice(of(the(metal(center(and(by(manipulating(the(type(

and(structure(of(the(ligands.((Finally,(understanding(of(the(mechanisms(of(the(

catalytic(transformation(and(the(influence(of(the(ligands(on(the(properties(of(the(

metal(center(can(be(used(to(improve(the(performance(of(the(catalysts.(

1.2.##Influence#of#the#metal#complex#on#the#catalytic#efficiency#

The(effectiveness(of(a(catalytic(reaction(depends(on(the(following(considerations:(

(1)(the(selectivity(of(the(transformation((chemoE,(regioE,(and(stereoE),((2)(the(rate(of(

the(conversion,(and((3)(the(yield(of(the(desired(product.((One(of(the(main(advantages(

of(organometallic(catalysts(is(the(ability(to(be(“tuned”(to(the(desired(level(of(activity(

and(selectivity.((This(can(be(accomplished(in(two(main(ways.((First,(the(choice(of(the(

metal(for(the(complex(heavily(influences(what(kind(of(chemical(transformations(the(

complex(could(catalyze(efficiently.((Thus,(rhodium(and(iridium(are(common(choices(

for(homogeneous(hydrogenation;5(manganese,6,7(titanium8,9(and(recently(iron10E14(

are(widely(employed(in(oxidation(reactions;(palladium(is(the(most(prevalent(metal(

for(catalyzing(carbonEcarbon(bond(formation(in(cross(coupling(reactions;15(and(
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ruthenium(carbene(complexes(catalize(olefin(metathesis.16((The(second(important(

part(of(a(metal(complex(are(its(ligands.((Most(of(the(complexes’(characteristics,(

including(catalytic(activity,(are(defined(through(the(nature(of(the(ligand(attached(–(

i.e.((the(steric(and(electronic(properties(of(a(ligand(are(usually(translated(to(the(

complexes.((Thus,(since(the(catalytic(properties(of(metal(complexes(are(highly(

dependent(on(the(nature(of(the(ligand,(it(is(thereby(reasonable(to(assume(that(the(

design(of(a(ligand(that(exhibits(the(desired(steric(and(electronic(property(will(lead(to(

an(efficient(catalyst(for(a(particular(process.((Consequently,(it(is(important(to(realize(

that(the(outcome(of(reactions(catalyzed(by(organometallic(complexes(can(be(

influenced(by(the(nature(of(a(metal(complex(and(the(selection(and(design(of(the(

chiral(ligand.1((Therefore,(the(targeted(design(of(ligands(can(lead(to(synthesis(of(

metal(complexes(with(desired(properties,(which(is(especially(beneficial(for(

application(in(organometallic(catalysis.(

1.3.##Ligand#design#

There(are(several(characteristics(to(be(considered(for(the(structure(of(a(ligand(to(be(

employed(in(synthesis(of(a(metal(complex.((The(design(of(a(ligand(starts(with(the(

selection(of(an(atom(that(would(participate(in(formation(of(a(coordination(bond(to(

the(metal.((Typical(choices(are(phosphorus,(nitrogen,(oxygen(or(sulfur.((These(atoms(

typically(are(part(of(structurally(complex(ligands(unlike(halogens(that(are(ligands(on(

their(own.((The(coordinating(atom(plays(an(important(role(in(the(overall(behavior(of(

a(molecule(as(a(ligand.((The(energy(of(the(coordination(bond(depends(on(interaction(

of(the(metal(center(with(the(coordinating(atom.((The(“hard(and(soft(acid(and(base”(
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concept(can(be(used(to(describe(that(dependency.17((It(was(shown(that(“softer”(

transition(metals((platinum,(palladium,(ruthenium,(rhodium,(etc.)(form(stronger(

bonds(with(ligands(bearing(“softer”(coordinating(atoms((phosphorus,(sulfur)(rather(

than(“harder”(oxygen(or(nitrogen(atoms.((The(opposite(holds(true(for(the(“harder”(

alkali(metals.18(

Next(factor(is(the(number(of(atoms(that(participate(in(formation(of(coordination(

bonds(with(a(metal(center.((Ligands(with(only(one(of(such(an(atom(are(called(

monodentate.((Ligands(with(two(or(more(atoms(capable(of(forming(coordination(

bonds(to(a(metal(are(called(polydentate.((Upon(formation(of(a(complex,(these(ligands(

generate(chelating(rings(including(the(metal(center.19((Chelation(complexes(are(

thermodynamically(more(stable(mainly(due(to(an(overall(increase(in(entropy(during(

their(formation.20((The(stabilization(is(known(as(“chelate(effect”.21((That(is(usually(a(

beneficial(outcome(for(complex(synthesis(because(it(often(allows(the(preparation(of(

compounds(that(are(more(stable(and(thus(easier(to(handle(without(special(

precautions.((However,(in(some(cases(the(stability(of(a(complex(can(limit(its(practical(

applications.((Thus,(for(catalysis,(a(complex(in(a(catalytic(cycle(should(be(able(to(

open(a(coordination(site(through(one(of(the(mechanisms(mentioned(above,2(but(

strongly(bonded(ligands(can(potentially(inhibit(that(process.(

With(type(and(number(of(coordinating(atoms(selected,(the(next(aspect(of(the(design(

is(the(organic(core(structure(that(would(contain(these(atoms.((The(choice(of(the(

organic(compound(class(ultimately(defines(the(molecule’s(performance(as(a(ligand(

and(the(kind(of(steric(and(electronic(properties(that(would(be(translated(to(the(

metal(complex.(
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1.3.1.##Steric#and#electronic#effects#

As(mentioned(above,(ligands(exert(steric(and(electronic(influences(on(the(metal(

center.((Thus,(they(not(only(influence(the(stereoE(and(regioselective(outcome(of(the(

reaction(to(be(catalyzed,(they(also(affect(the(catalytic(efficiency.((MetalEligand(

interactions(have(a(big(influence(on(the(electron(density(of(the(metal(center(and(thus(

impact(the(catalytic(behavior(of(the(metal(complex.22(

LigandEmetal(bonds(consist(of(σE((usually(donor(interaction)(and(πE((usually(

acceptor(interaction)(components.((The(contribution(of(each(component(to(bonding(

depends(on(the(electronic(characteristics(of(the(ligand.23E25((Consequently,(

considerable(research(efforts(have(been(devoted(to(the(fineEtuning(of(the(electronic(

characteristics(of(a(ligand(by(incorporating(a(variety(of(electron(withdrawing(or(

electron(donating(groups.((On(the(other(hand,(bulky(groups(on(a(ligand(exert(steric(

effects(on(the(metal(center.((These(thereby(influence(catalytic(activity(by(changing(

the(geometry(of(the(complex(and(by(controlling(the(accessibility(of(the(metal(center.(

1.3.1.1.##Steric#tuning#of#ligands#

Varying(the(steric(properties(of(ligands(is(most(commonly(employed(strategy(in(

improving(the(performance(of(metal(complexes.26((One(of(the(first(systematic(

investigations(of(steric(properties(was(performed(by(Tolman(who(introduced(his(

concept(of(a(cone(angle(Θ(for(phosphorus(containing(ligands((Figure'1.1,(I).27((Later,(

an(additional(probe(for(assessing(steric(properties(was(developed(by(Casey(and(

Whiteker(for(bidentate(ligands((Figure'1.1,(II).((They(introduced(the(concept(of(a(

bite(angle(βn.28((However,(it(was(shown(that(effects(of(the(bite(angle(of(ligands(are(
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not(exclusively(steric(but(could(have(an(electronic(component.29((While(these(

concepts(are(applicable(for(relatively(simple(systems,(most(of(the(more(complex(

ligands(cannot(be(analyzed(by(these(concepts.(

(

Figure'1.1.''The'cone'angle'Θ '(I)'and'bite'angle'βn'(II)'concepts'

Fundamental(steric(properties(of(ligands(are(defined(by(their(skeletal(core(structure,(

but(minor(alternations(can(be(achieved(by(varying(substituents,(usually(alkyl(

groups,(on(the(basic(configuration.((Placement(of(the(substituents(plays(an(

important(role(with(the(most(logical(positions(being(nearby(the(coordinating(atom(

(or(atoms(in(case(of(multidentate(ligands).((For(example,(the(chromium(based(

complex(III((Figure'1.2)(employed(in(asymmetric(epoxidation(of(transEβE

methylstyrene(was(shown(to(induce(higher(enantioselectivity(when(substituents(in(

orthoE(positions(to(the(coordinating(groups((R1(and(R4,(Figure'1.2)(were(

present.30,31((On(the(contrary,(a(shift(of(the(substitution(to(the(R2(and(R3(positions(

with(R1(and(R4(being(hydrogens(resulted(in(a(drop(of(the(selectivity.((This(finding(

was(ascribed(to(greater(influence(on(the(properties(of(the(complex(by(steric(effects,(

when(the(substituents(are(situated(closer(to(the(coordinating(oxygen(and(nitrogen(

atoms.((Steric(“fine(tuning”(of(the(catalyst(III(was(performed(by(varying(the(size(of(
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the(substituents(R1.((Very(bulky(tEbutyl(groups(were(shown(to(provide(the(highest(

stereoselectivity.30(

(

Figure'1.2.''Sterically'tuned'chromium'complex'III'

Several(approaches(to(study(steric(properties(of(ligands(and(their(effects(on(the(

metal(center(of(complexes(are(known(in(literature.27,32E34((Analysis(of(theoretical(

models(is(often(employed(in(order(to(describe(steric(characteristics(of(known(

ligands(and(possibly(predict(steric(influence(of(new(compounds.33,34((While(

molecular(mechanics(methods(were(employed(in(the(literature(to(assist(

investigation(of(potentially(practical(catalysts,35(employment(of(XERay(structural(

analysis(remained(a(more(common(technique.36E38(

1.3.1.2.##Electronic#tuning#of#ligands#

Modifications(of(the(electronic(properties(of(ligands(for(known(catalytic(systems(are(

not(as(widely(employed(as(“adjustments”(of(the(steric(environment(caused(by(

ligands.((This(is(generally(due(to(more(challenging(electronic(tuning(of(most(

practically(used(ligands,(which(often(do(not(allow(a(convenient(modification(of(their(

structure.26((Nevertheless,(studies(of(new(catalytic(systems(and(the(influence(of(the(

electronic(properties(of(ligands(on(their(efficiency(have(been(reported(in(the(

literature.22,39(
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The(purpose(of(electronic(tuning(of(ligands(is(to(influence(the(ability(of(the(

coordinating(atom(to(donate(electron(density(to(the(metal(center(of(a(complex.((

Electronic(tuning(effects(can(be(divided(into(two(aspects:((1)(selection(of(the(

compounds(class(to(bear(principal(electronic(properties(and((2)(electronic(fineE

tuning.(

Similarly(to(sterics,(the(key(electronic(properties(of(ligands(are(defined(by(the(initial(

choice(of(the(compound(class.((The(substitution(pattern(around(the(coordinating(

atom(shows(the(largest(influence(on(the(electronic(properties(of(the(ligand.((For(

example,(in(a(series(of(phosphorus(containing(ligands,(a(change(from(strong(

electronEdonation(to(moderate(electronEwithdraw(was(observed(when(the(

increasing(number(of(oxygen(atoms(was(attached(to(the(phosphorus((Figure'1.3).23((

Among(nitrogen(based(ligands,(amines(perform(as(σEdonors(but(presence(of(a(

double(bond(at(a(nitrogen((imines,(pyridines,(etc.)(makes(them(also(effective(πE

acceptors.40,41(

(

Figure'1.3.''Influence'of'the'substitution'pattern'around'a'phosphorus'atom'on'

the'donating'properties'of'the'ligands'

At(the(point(when(the(general(electronic(properties(have(been(set,(fine(electronic(

tuning(can(be(performed(by(placing(electronEdonating(or(electronEwithdrawing(

groups(in(the(backbone(while(the(core(skeletal(structure(remains(the(same.((

Properties(of(these(substituents(translate(to(electronic(changes(at(the(coordinating(
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atom(through(either(inductive(or(resonance(effects.42((Therefore,(the(type(and(

position(of(a(substituent(in(a(molecule(plays(an(important(role(in(the(overall(

outcome(of(the(electronic(tuning.((The(inductive(effect(strongly(depends(on(the(

number(of(bonds(separating(the(coordinating(atom(and(the(substituent.((It(decreases(

very(rapid(with(increasing(distance.((Hence,(the(position(of(the(substituent(should(be(

close(to(the(coordinating(atom(to(have(an(effect(on(its(electron(density.((However,(

that(placement(can(interfere(with(the(steric(properties(of(the(molecule.30,31((On(the(

model(metal(complex(III((Figure'1.2)(it(was(shown(that(its(catalytic(activity(

significantly(decreased(with(moving(the(electron(withdrawing(chloride(substituent(

farther(from(the(coordinating(oxygen(atom((from(R1(=(Cl(to(R3(=(Cl).31(((

There(are(several(ways(how(the(effects(of(electronic(tuning(of(ligands(can(be(

studied.((One(of(the(most(common(procedures(is(based(on(employing(the(ligands(in(

the(synthesis(of(a(series(of(related(metal(complexes(carrying(a(carbonyl(ligand.((

Analysis(of(the(IR(spectra(gives(information(about(the(electron(density(at(the(metal,(

as(increasing(stretching(frequencies(of(the(carbonyl(ligand(indicate(increasing(

electron(donating(properties(of(the(ligands.41,43E46(

Applications(of(cyclic(voltammetry(method(for(identification(of(oxidation(potentials(

were(described(for(metal(complexes(and(ligands.((A(correlation(between(donating(

properties(of(ligands(and(νC=O(stretching(frequencies(was(found.((A(linear(increase(of(

the(oxidation(potentials(was(shown(to(result(in(the(decrease(of(νC=O(stretching(

frequencies(in(a(similar(linear(manner(that(was(connected(to(the(decline(of(the(

electron(donating(abilities(of(the(ligands.23(
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Nuclear(magnetic(resonance(was(employed(to(determine(coupling(constants(

between(magnetically(active(coordinating(atoms((usually(31P)(and(a(metal(center(

(Rh,(W,(Hg).47E51((A(decrease(in(the(coupling(constant((31PEM)(values(was(observed(

with(increasing(donating(properties(of(ligands.((Also,(extensive(application(was(

found(for(values(of(31PE77Se(couplings(due(to(their(good(correlation(with(donating(

properties(of(the(phosphorus(atoms.43,52E58(

1.4.##Goals#of#the#current#project#

The(main(goal(stated(for(this(project(is(to(investigate(pathways(to(influence(steric(

and(electronic(properties(of(three(classes(of(ligands.((The(first(target(of(the(

investigation(is(a(class(of(compounds(known(as(aminoEdithiaphospholanes.59((They(

are(structurally(related(to(phosphoramidites,(which(have(successfully(been(applied(

in(catalysis.60((Therefore,(aminoEdithiaphospholanes(can(be(seen(as(electronically(

tuned(phosphoramidites.((However,(very(little(is(known(about(their(properties(and(

their(coordination(chemistry(has(not(been(reported(in(the(literature.((The(second(

objective(is(to(systematically(investigate(the(possibility(of(steric(and(electronic(

tuning(of(the(phosphinooxazolines.61((While(they(are(a(known(class(of(ligands,(a(

comprehensive(study(of(their(structureEproperties(relationship(cannot(be(found(in(

the(literature.((The(final(part(of(the(project(is(dedicated(to(the(synthesis(of(several(

new(multidentate(ligands(and(their(corresponding(iron(complexes(mimicking(

naturally(accruing(nonEheme(enzymes.62((A(probe(of(the(catalytic(activity(of(the(new(

complexes(is(going(to(be(performed(using(oxidation(reactions(of(activated(

methylene(groups(and(alcohols.(
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1.5.##Conclusion#

Irrespective(of(the(application,(the(synthetic(pathway(to(a(metal(complex(consists(of(

several(stages.((Ligands(design(is(one(of(the(most(substantial(steps(in(the(process.((

Its(importance(is(often(underestimated.((However,(the(ligand(is(a(significant(part(of(a(

metal(complex(and(defines(many(of(its(principal(properties.((A(better(understanding(

of(steric(and(electronic(properties(exerted(by(known(ligands(helps(to(develop(

complexes(with(desired(characteristics.((On(the(other(hand,(introduction(of(new(

classes(of(compounds(as(potential(ligands(broadens(the(selection(of(building(blocks(

that(can(be(used(for(designing(new(metal(complexes.((These(are(the(main(ways(for(

the(expansion(and(improvement(of(practical(implementation(of(metal(complexes(

that(will(lead(to(the(continuous(evolution(of(coordination(chemistry.(
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2.1.$$Aim$of$the$chapter$

Electronic(tuning(of(phosphoramidite(ligands.(

It(has(been(our(experience(that(one(of(the(most(employed(ligand(class(in(our(

laboratory,(phosphoramidites,1C5(lacked(the(ability(of(effective(electronic(tuning,3,4(

when(performed(by(electron(donating(or(accepting(substituents(on(the(aryl(rings(

connected(to(the(phosphorus.((Therefore,(a(different(approach(to(adjust(the(

electronic(properties(was(required.((A(new(class(of(ligands(structurally(related(to(

phosphoramidites(was(investigated(in(which(the(oxygen(in(phosphoramidites(was(

replaced(with(sulfur.((The(aim(of(the(investigation(was(to(establish(a(general(

procedure(for(the(synthesis(of(the(new(ligands,(characterization,(determination(of(

their(chemical(stability(and(investigation(of(their(electronic(properties.((

Coordination(chemistry(and(impact(of(the(new(ligands(on(the(electron(density(at(the(

metal(center(were(also(investigated.(

2.2.$$Introduction$

Phosphoramidites((I(in(Figure(2.1)(have(been(employed(in(the(synthesis(of(a(variety(

of(catalytically(active(organometallic(complexes.6((Our(laboratory(has(already(shown(

that(phosphoramidite(complexes(of(ruthenium(can(efficiently(catalyze(the(formation(

of(βCoxo(esters4(and(the(Mukaiyama(aldol(reaction.3((However,(it(was(shown(that(

electronic(tuning(of(the(phosphoramidites(had(only(a(slight(effect(when(performed(

on(the(backbone(of(the(ligand.3,4((Consequently,(we(were(interested(in(investigating(

the(electronic(influences(of(the(atoms(directly(attached(to(the(phosphorus(center(on(
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the(properties(of(the(ligands.((We(decided(to(study(the(sulfur(analogs(of(

phosphoramidites,(known(in(the(literature(as(aminoCdithiaphospholanes((III)(if(the(

phosphorus(and(the(sulfur(atoms(are(incorporated(in(a(five(membered(ring,(or(

phosphoramidodithioits((II)(in(all(other(cases((Figure(2.1).7((Significantly,(this(class(

of(compounds(is(known,(but(it(has(not(been(applied(in(transition(metal(coordination(

chemistry.(

(

Figure(2.1.((Phosphoramidites(I,(phosphoramidodithioits(II(and(amino7

dithiaphospholanes(III(

AminoCdithiaphospholanes(have(first(been(reported(in(the(literature(but,(their(

synthetic(applications(have(been(limited.8((Only(a(few(structures(have(been(

synthesized,7(therefore(the(knowledge(of(their(chemistry(and(reactivity(is(limited.((

Up(to(now,(only(a(few(applications(of(this(class(of(compounds(in(research(gave(

information(about(their(reactivity.((The(PCN(bond(in(aminoCdithiaphospholanes(is(

sensitive(to(hydrolysis9(or(alcoholysis,7,10(a(property(that(has(been(used(for(the(

phosphorylation(of(nucleotides.7,8,11((While(the(instability(of(the(PCN(bond(is(useful(in(

these(cases,(for(purposes(of(our(research(we(needed(to(access(more(stable(

structures(of(that(compound(class.(
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2.3.$$Synthesis$and$studies$of$the$ligands$

Due(to(the(lack(of(literature(examples(for(aminoCdithiaphospholane(synthesis,(we(

applied(modified(methodologies(developed(earlier(in(our(laboratory(for(the(

preparation(of(phosphoramidites.3,4((The(general(procedure(consisted(of(a(two(step(

substitution(of(the(chloride(atoms(in(PCl3(that(were(performed(one(pot((Figure(2.2).(

(

Figure(2.2.((General(method(for(amino7dithiaphospholane(synthesis(

As(shown(in(Figure(2.2,(the(intended(synthesis(of(the(targeted(ligands(started(with(

the(exchange(of(one(of(the(chlorides(in(PCl3(with(a(disubstituted(nitrogen(atom((the(

NR2(unit)(to(give(compound(IV.((It(was(performed(by(slow(dropwise(addition(of(one(

equivalent(of(a(secondary(amine(to(a(solution(of(PCl3(in(CH2Cl2(in(the(presence(of(

Et3N(as(a(base.((In(order(to(prevent(overheating(of(the(reaction(mixture(and(possible(

formation(of(diC(and(triC(substituted(side(products,(the(addition(was(performed(at(0(

°C((ice/water(bath).((The(reaction(proceeded(very(fast(but(in(order(to(ensure(

complete(conversion,(the(mixture(was(stirred(for(an(hour(in(the(ice(bath.((At(that(

time,(the(next(step(was(performed(to(yield(the(target(compound(V.((After(addition(of(

a(slight(excess((2.1(equivalents)(of(the(thiol(R1SH(at(0(°C,(the(reaction(mixture(was(

warmed(to(room(temperature(and(stirred(for(30(minutes.((A(crude(31P(NMR(was(

recorded(to(check(for(the(presence(of(the(desired(product.((The(reaction(mixture(

was(quickly(washed(with(aqueous(solutions(of(NaHSO4(and(NaHCO3(in(order(to(

separate(unreacted(amine(and(thiol(starting(materials,(if(present,(and(potential(basic(
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CH2Cl2, 0 °C,
1 h

P N
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or(acidic(byproducts.((Final(purification(was(accomplished(either(by(precipitation(of(

the(target(compound(out(of(a(solution(in(CH2Cl2(by(addition(of(a(Et2O/hexanes(

solvent(mixture(or(by(column(chromatography.((The(synthesis(of(the(ligands(and(

their(characterization(is(detailed(below.(

For(further(investigations(we(first(needed(to(understand(the(chemical(behavior(of(

the(potential(ligands.((Therefore,(an(appropriate(selection(of(target(structures(was(

performed(to(achieve(that(objective.((Due(to(the(aforementioned(ability(of(aminoC

dithiaphospholanes(to(undergo(decomposition(through(a(nucleophilic(attack(on(the(

phosphorus(atom,(an(investigation(of(the(influence(of(the(molecular(structure(on(the(

stability(of(the(compounds(was(required.((There(are(two(main(factors(that(can(play(a(

role(in(the(ability(of(the(phosphorus(atom(to(suffer(nucleophilic(attack.((The(first(

factor(relates(to(the(electronic(properties(of(the(potential(reaction(centers.((For(a(

nucleophilic(attack,(the(phosphorus(atom(has(to(perform(as(an(electrophile,(so(the(

electron(density(at(the(atom(must(be(low(for(the(attack(to(proceed.((Consequently,(

an(increase(of(the(electron(density(at(the(phosphorus(should(result(in(a(less(reactive(

compound,(and(thus(a(more(stable(molecule.((The(second(important(factor(for(

reactivity(is(the(steric(environment(around(the(phosphorus(center.((A(nucleophile(

has(to(be(able(to(reach(the(atom(in(order(for(an(attack(to(take(place.((By(increasing(

the(steric(congestion(around(the(phosphorus(atom,(aminoCdithiaphospholanes(

should(become(less(prone(to(nucleophilic(attack.((In(our(targeted(ligands,(both(

effects(mainly(depend(on(the(substituents(on(the(nitrogen(and(the(sulfur(atoms.((

Therefore,(by(exploiting(structural(modifications(of(the(ligands,(we(should(be(able(to(

identify(optimal(substituents(to(increase(the(stability(of(our(targets.((This(part(of(the(
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project(was(divided(into(two(sections.((The(electronic(effects(were(studied(first,(

followed(by(an(investigation(of(the(steric(influence(on(the(ligand(stabilities.(

2.3.1.$$Electronic$properties$and$chemical$stability$

The(electron(density(at(the(phosphorus(atom(in(aminoCdithiaphospholanes(can(be(

tuned(by(varying(the(substituent(on(the(sulfur(and(nitrogen(atoms.((According(to(the(

method(chosen(for(the(general(synthesis(of(the(compounds((Figure(2.2),(those(

variations(were(implemented(by(employing(amine(and(thiol(starting(materials(with(

different(electronic(properties.(

Five(readily(available(thiols(2.172.5(were(used(for(the(synthesis((Figure(2.3).((We(

were(interested(in(comparing(the(impact(of(different(alkyl((2.1)(and(aryl(

substituents((2.272.5)(on(the(ligand(properties.((In(addition,(introduction(of(

substituents(on(the(aryl(ring(were(expected(to(change(the(electronCdonating(

properties(of(the(sulfur(atom.((Therefore,(along(with(the(parental(thiophenol(2.2,(

thiols(with(a(strongly(electronCdonating(methoxy(group((2.5),(a(weakly(electronC

donating(methyl(substituent((2.3)(and(an(electronCwithdrawing(chloride(substituent(

(2.4)(were(selected(for(the(synthesis(of(the(corresponding(aminoC

dithiaphospholanes.(

(

Figure(2.3.((Electronically(modified(thiol(and(amine(starting(materials(

SH
SHX H

N N
H

2.1
2.2  X = H
2.3  X = Me
2.4  X = Cl
2.5  X = MeO 2.6 2.7
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At(the(nitrogen(side(of(the(molecule,(a(modification(of(the(electronic(properties(was(

intended(to(be(achieved(by(use(of(a(dialkyl(and(a(diaryl(amine.((In(an(attempt(to(only(

probe(the(electronic(effect(without(triggering(steric(interactions,(two(structurally(

similar(secondary(amines(were(selected,(diphenylamine(2.6(and(dibenzylamine(2.7(

(Figure(2.3).((All(the(compounds(chosen(for(the(study(are(commercially(available.(

With(this(series(of(starting(materials,(we(moved(to(employing(them(in(the(synthesis(

of(aminoCdithiaphospholanes(according(to(the(general(procedure(described(above(

(Figure(2.2).((In(order(to(get(insight(in(the(relationships(between(the(structure(and(

the(stability(of(aminoCdithiaphospholanes,(we(employed(all(possible(combinations(

of(the(starting(materials(in(synthesis((Figure(2.4).((To(obtain(preliminary(data,(test(

reactions(were(performed(and(the(reaction(mixtures(analyzed(spectroscopically.(

(

Figure(2.4.((Targets(for(probing(of(electronic(effects(
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Accordingly,(after(reaction,(a(small(aliquot(of(the(crude(reaction(mixture(was(taken(

from(each(of(the(ten(reaction(mixtures.((Crude(31P(NMR(spectra(were(obtained(and(

confirmed(the(absence(of(either(the(PCl3(starting(material(or(any(chloroCcontaining(

intermediates.((Each(sample(showed(a(major(peak(with(various(amounts(of(minor(

signals.((The(chemical(shifts(for(the(main(signal(in(the(31P(NMR(spectra(ranged(

between(120(and(135(ppm,(and(were(in(the(region(expected(for(the(target(

molecules.10((Unfortunately,(even(from(the(crude(NMR(data(we(observed(ongoing(

decomposition(for(many(of(the(desired(compounds.((A(large(number(of(signals(with(

high(intensities,(exceeding(in(total(the(intensity(of(the(major(peak,(was(observed(in(

the(crude(spectra(from(the(syntheses(of(compounds(2.872.12.((Due(to(the(aniline(

derivative((2.7)(employed(in(the(synthesis,(all(those(molecules(were(expected(to(

contain(a(NPh2(group(on(the(phosphorus,(which(is(significantly(less(electron(

donating(than(the(NBn2(group,(therefore(a(nucleophilic(attack(on(the(phosphorus(

potentially(proceeded(at(a(higher(rate.((While(we(observed(that(aryl(substituents(on(

the(nitrogen(atom(caused(fast(decomposition(of(the(molecules(2.872.12,(a(trend(for(

their(relative(stability(was(nevertheless(noticed(based(on(the(analysis(of(the(data(

obtained(from(31P(NMR(spectra(of(the(crude(reaction(mixtures(over(a(period(of(a(

couple(hours.((Thus,(compound(2.12(was(found(to(decompose(at(the(lowest(rate(

among(the(molecules(in(the(series.(

Those(findings(were(consistent(with(similar(data(obtained(for(compounds(2.137

2.17.((In(that(series,(overall(a(higher(stability(was(observed(for(molecules(bearing(

dialkylamino(substituent(at(the(phosphorus(atom,(with(the(aminoC

dithiaphospholane(2.17(being(the(most(stable(one.(
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After(acquisition(of(preliminary(information(about(the(stability(of(the(aminoC

dithiaphospholanes(2.872.17,(numerous(attempts(to(separate(and(purify(the(

synthesized(compounds(in(Figure(2.4(were(undertaken.((First,(aqueous(work(up(of(

the(reaction(mixtures(was(necessary(to(separate(the(ammonium(salts(and(some(of(

the(side(products.((Then,(precipitation(of(the(desired(target(molecules(was(

attempted.((For(that(purpose,(the(crude(materials(obtained(from(the(aqueous(work(

up(were(redissolved(in(a(minimal(amount(of(CH2Cl2(followed(by(slow(addition(of(

Et2O/hexanes(mixtures(with(various(ratios(of(the(two(solvents.((Column(

chromatography(was(also(investigated(for(purification(of(the(products.((Several(

sorbents(were(examined,(including(silica(gel,(alumina(and(Florisil®.((Hexanes/ethyl(

acetate(or(toluene/ethyl(acetate(solvent(systems(with(3%(Et3N(were(used(for(

elution.((Unfortunately,(almost(all(efforts(to(separate(the(desired(products(from(the(

reaction(mixtures(failed(due(to(ongoing(decomposition(of(the(compounds.((Only(the(

target(molecule(2.17(was(shown(to(be(stable(enough(to(“survive”(washing(with(H2O,(

and(purification(by(column(chromatography(to(afford(the(product(in(85%(yield(as(a(

colorless(oil.(

2.3.2.$$Steric$properties$and$chemical$stability$

Similar(to(probing(the(electronic(tuning(effects,(investigations(of(the(influence(of(the(

steric(environment(around(the(phosphorus(center(on(the(stability(of(the(aminoC

dithiaphospholanes(were(performed(by(employing(sterically(modified(thiols(and(

secondary(amines(in(their(synthesis.(

Due(to(the(presence(of(two(sulfur(atoms(connected(to(the(phosphorus(center(in(the(

target(molecules,(the(choice(of(the(sulfur(containing(starting(materials(allowed(the(
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inclusion(of(dithiols.((Their(use(would(incorporate(the(phosphorus(into(a(cyclic(

system,(consequently(provid(an(unique(steric(environment.((Hence,(three(cyclic(

dithiol(starting(materials(2.1872.20(were(chosen((Figure(2.5).(

(

Figure(2.5.((Sterically(modified(thiol(and(amine(starting(materials(

Amines(with(different(nitrogen(substituent(were(seen(as(good(candidates(to(probe(

the(influence(of(steric(hindrance(on(the(stability(of(the(aminoCdithiaphospholanes.((

Four(amines(were(picked(for(the(study((2.2172.24(in(Figure(2.5).((In(the(previous(

experiments,(we(observed(that(dialkylamino(substituents(gave(more(stable(products(

than(diarylamino(substituents,(thus(all(the(amines(we(used(at(that(point(carried(

alkyl(groups.(

While(most(of(the(thiols(and(the(amines(were(commercially(available,(the(known(

compound(2.19(had(to(be(prepared.((It(was(synthesized(in(two(steps(from(

cyclohexene(oxide(2.25(similarly(to(a(procedure(described(in(the(literature((Figure(

2.6).12(

(

Figure(2.6.((Synthesis(of((rac)7trans71,27cyclohexanedithiol(2.19(

In(the(first(step,(the(epoxide(2.25(was(opened(by(a(xanthate(anion(preformed(in#situ(

by(mixing(KOH(with(CS2(in(MeOH.13((The(reaction(proceeded(smoothly(at(room(
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temperature(and(upon(dilution(with(a(large(amount(of(H2O,(yellow(crystals(of(the(

desired(intermediate(product(2.26(formed.((In(order(to(remove(excess(CS2(the(

mixture(was(kept(at(around(70(°C(for(an(hour.((The(crystalline(product(was(

separated(by(filtration,(was(spectroscopically(pure,(and(was(used(in(the(next(step(

without(further(purification.((Reduction(of(the(cyclic(trithiocarbonate(2.26(with(

LiAlH4(in(THF(gave(complete(conversion(to(the(dithiol(2.19(after(3(hours(of(reflux.((

Washing(of(the(reaction(mixture(with(diluted(HCl(was(performed(to(destroy(

unreacted(LiAlH4(and(aluminum(byproducts(of(the(reaction.((After(extraction(with(

Et2O(and(evaporation(of(the(solvent,(the(product(2.19(was(obtained(with(base(line(

NMR(purity(in(83%(yield(and(was(used(without(further(purification.(

All(the(starting(materials(were(next(employed(in(the(aminoCdithiaphospholane(

syntheses(according(to(the(general(methodology((Figure(2.2).((The(previously(

obtained(data(showed(that(the(use(of(paraCmethoxythiophenol(2.5(and(

dibenzylamine(2.7(gave(more(stable(products.((Therefore,(at(this(phase(of(the(study,(

they(were(used(as(coupling(partners(to(obtain(the(corresponding(target(molecules(

with(different(levels(of(steric(congestion.((We(started(with(the(synthesis(of(

phosphoramidodithioites(2.2772.30((Figure(2.7).(
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(

Figure(2.7.((Targets(for(probing(the(steric(effects(of(the(substituents(on(

nitrogen(on(the(ligand(stabilities(

The(reactions(and(workups(were(performed(as(described(above((Figure(2.2).((Upon(

completion(of(the(reactions,(an(investigation(of(the(number(of(products(was(

performed(by(31P(NMR(of(the(crude(mixtures.((It(showed(that(the(crude(compound(

2.28(gave(the(least(number(of(31P(signals(not(related(to(the(expected(product(and(

the(highest(ratio(between(the(intensity(of(the(major(product(signal(at(133.2(ppm(and(

the(combined(intensities(of(the(minor(peaks.((A(reverse(trend(was(seen(in(the(31P(

NMR(data(of(the(compounds(2.27,(2.29(and(2.30.((The(spectra(for(those(mixtures(

contained(a(significant(number(of(signals(in(the(region(between(40(to(0(ppm,(

suggesting(ongoing(hydrolysis(with(formation(of(compounds(containing(PCO(bond(

and(ultimately(phosphoric(acid.((Purification(attempts(increased(the(intensity(of(

those(peaks.((The(aminoCdithiaphospholane(2.28(was(separated(from(the(reaction(

mixture(by(extraction(and(purified(by(column(chromatography(in(50%(overall(yield(

as(a(colorless(oil.((The(three(other(targets((2.27,(2.29(and(2.30)(from(Figure(2.7(

were(too(reactive(and(all(efforts(to(separate(them(from(hydrolysis(byproducts(

resulted(in(ongoing(decomposition.(
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Our(last(synthetic(targets(were(the(cyclic(aminoCdithiaphospholanes(2.3172.33(

(Figure(2.8).((The(dithiols(2.1872.20(were(utilized(for(their(synthesis.((

Dibenzylamine(2.7,(that(was(shown(above(to(give(potentially(more(stable(products,(

was(used(as(the(nitrogen(source.(

(

Figure(2.8.((Targets(for(probing(the(steric(effects(of(substituents(on(sulfur(

The(syntheses(were(performed(under(the(standard(condition(described(above(

(Figure(2.2).((The(products(2.3172.33(were(found(to(be(crystalline.((Therefore,(their(

separation(was(performed(by(precipitation.((Attempts(to(exclude(potentially(

destructive(aqueous(work(up(and(to(precipitate(the(aminoCdithiaphospholanes(

2.3172.33(straight(from(their(corresponding(reaction(mixtures(did(not(result(in(

successful(separations.(Significant(amounts(of(hydrolysis(byproducts(were(observed(

during(aqueous(workup,(which(precipitated(along(with(the(crystalline(materials(as(

oils.((However,(the(byproducts(were(separated(by(washing(with(H2O(and(saturated(

aqueous(NaHCO3,(and(the(resulting(crude(products(were(redissolved(in(CH2Cl2.((The(

compounds(2.3172.33(were(successfully(precipitated(out(of(the(solutions(by(slow(

addition(of(Et2O(followed(by(Et2O/hexanes(mixtures.((The(crystalline(materials(were(

separated(from(the(solvent(by(filtration(and,(upon(drying,(afforded(the(
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spectroscopically(pure(aminoCdithiaphospholanes(2.3172.33(in(82%,(85%,(and(83%(

yields,(respectively,(as(colorless,(crystalline(materials.(

2.3.3.$$Investigation$of$the$chemical$stability$of$the$synthesized$amino?

dithiaphospholanes$

Overall,(five(aminoCdithiaphospholanes((2.17,(2.28,(2.3172.33)(were(isolated(in(

spectroscopically(pure(form(with(yields(ranging(from(50(to(85%.((In(general,(it(was(

found(that(for(this(class(of(compounds,(a(combination(of(factors(afforded(isolable(

products(with(stabilities(sufficient(to(obtain(analytically(pure(materials.((Increase(of(

the(electron(density(at(the(phosphorus(atom(produced(compound(2.17,(which(is(less(

vulnerable(to(hydrolysis(than(2.872.12.((In(addition(to(the(electronCdonating(

substituents(on(the(sulfur(atoms,(the(molecule(2.28(carries(two(quaternary(carbon(

atoms(next(to(the(nitrogen(that(we(believe(causes(a(significant(steric(barrier(for(a(

potential(nucleophilic(attack(on(the(phosphorus(atom,(thus(making(the(structure(

relatively(stable.((The(physical(state(of(the(desired(products(was(also(found(to(play(

an(important(role(in(successful(isolation(and(purification(of(the(compounds.((The(

ligands(2.3172.33(are(crystalline(and(precipitated(out(of(the(solutions(of(the(crude(

mixtures.((However,(all(other(crude(mixtures(required(purification(by(column(

chromatography,(which(is(more(“demanding”(with(respect(to(the(stability(of(the(

target(molecules.((Therefore,(from(the(large(series(of(the(attempted(syntheses,(only(

two(nonCcrystalline(products((2.17(and(2.28)(were(successfully(isolated.(

The(relative(chemical(stability(of(the(synthesized(compounds(2.17,(2.28,(2.3172.33(

was(investigated(by(31P(NMR(measurements(in(presence(of(nucleophiles(over(time.((
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The(experiments(were(conducted(in(NMR(tubes.((The(compounds(were(dissolved(in(

CDCl3(and(around(10(volume(percent(of(MeOH(or(H2O(were(added(to(the(solutions.((

Water(is(not(miscible(with(CDCl3,(therefore(the(tubes(were(shaken(to(form(

emulsions.((The(31P(NMR(data(for(the(solutions(were(recorded(before(the(addition(of(

the(nucleophiles(and(after(15,(30,(60(minutes(and(after(one(day.((Analysis(of(the(

relative(rates(of(decomposition(of(the(molecules(resulted(in(the(following(row(of(

stability(for(the(synthesized(aminoCdithiaphospholanes((Figure(2.9).(

(

Figure(2.9.((Chemical(stability(row(for(the(synthesized(compounds(2.17,(2.28,(

2.3172.33(

The(aminoCdithiaphospholane(2.17(was(found(to(be(the(most(stable(among(the(

synthesized(compounds,(closely(followed(by(the(molecule(2.28.((Both(compounds(

showed(only(small(amounts(of(decomposition(after(60(minutes(in(CDCl3(solutions(in(

the(presence(of(MeOH(or(H2O.((However,(after(24(hours(the(intensities(of(the(31P(

signals(corresponding(to(the(compounds(2.17(and(2.28(were(significantly(lower(

than(the(combined(intensities(of(the(other(peaks(in(the(NMR(spectra.((These(data(

supported(increased(stability(of(the(products(2.17(and(2.28,(while(still(confirming(

their(sensitivity(towards(hydrolysis(and(alcoholysis(over(time(in(solution.(
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The(three(aminoCdithiaphospholanes(2.3172.33,(which(incorporate(the(phosphorus(

atom(into(a(cyclic(structure,(were(observed(to(be(indefinitely(stable(in(crystalline(

form,(but(were(seen(to(rapidly(decompose(in(solution.((The(NMR(study(of(their(

behavior(in(presence(of(the(nucleophiles(showed(almost(complete(disappearance(of(

the(31P(signal(for(compounds(2.3172.33(60(minutes(after(addition(of(MeOH(or(H2O.((

The(relative(degradation(rate(of(compound(2.33(was(noticeably(higher(than(that(of(

the(compounds(2.31(and(2.32,(while(the(aminoCdithiaphospholane(2.31(was(found(

to(be(stable(in(the(solution(for(at(least(30(minutes.(

2.4.$$Analysis$of$the$properties$of$the$new$amino?

dithiaphospholanes$

With(the(purified(and(sufficiently(stable(ligands(2.17,(2.28,(2.3172.33(in(hand,(we(

started(the(next(part(of(the(project.((As(mentioned(above,(the(coordination(

chemistry(of(this(class(of(compounds(has(previously(not(been(reported.((Therefore,(

electronic(factors(relevant(for(coordination(to(a(metal(center(were(investigated(first.(

At(first,(the(electronCdonating(abilities(of(the(new(ligands(were(compared(with(those(

of(structuraly(related(phosphoramidites,(which(was(accomplished(by(NMR.((A(

relationship(between(the(chemical(shift(and(the(electron(density(at(the(atom(is(very(

complex(for(heavy(elements,(such(as(phosphorus,(due(to(the(large(influence(of(

paramagnetic(shielding(components(on(the(chemical(shift.((On(the(other(hand,(

coupling(constants(to(another(nucleus(were(shown(to(correlate(well(with(the(

electron(density(at(phosphorus.((For(phosphorus(containing(ligands,(analysis(of(the(
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coupling(constants(was(previously(performed(to(assess(the(electron(density(and(

basicity(on(the(phosphorus.14((Basicity(trends(obtained(from(1J(31PCM)(coupling(

constants(in(metal(complexes(showed(a(dependency(on(the(metal14(and(the(

structure(of(the(complexes.15,16((Thus,(it(was(observed(that(with(increase(of(the(

electron(donating(properties(of(a(ligand,(the(31PC195Pt17(and(31PC183W18,19(coupling(

constants(decreased,(but(a(reversed(effect(was(observed(for(1J(31PC199Hg).20,21((

Similar(relationships(were(found(for(selenium(derivatives(of(phosphines.((The(

isotope(77Se(is(NMR(active(and(has(a(spin(of(½,(leading(to(spinCspin(interactions(with(

31P,(which(results(in(splitting(of(the(phosphorus(signals(to(a(doublet.((It(was(

described(that(the(value(of(the(31PC77Se(coupling(constant(increases(with(decreasing(

basicity(of(the(phosphorus(atom.16,22C28((Correlations(based(on(those(trends(were(

found(to(be(more(reliable(due(to(only(very(slight(deviations(of(the(structures(of(

phosphorus(compounds(upon(introduction(of(selenium.16((Therefore(we(employed(

selenium(derivatives(in(order(to(characterize(the(electronic(properties(of(the(new(

aminoCdithiaphospholanes.(

2.4.1.$$Preparation$of$selenium$derivatives$

Phosphines(and(other(compounds(containing(trivalent(phosphorus(readily(react(

with(elemental(selenium(to(form(the(corresponding(selenides,26,29(which(are(analogs(

of(phosphinoxides(derivatives.((For(the(purpose(of(collecting(31PC77Se(coupling(

constants,(we(found(that(NMR(tube(experiments(are(the(fastest(and(easiest(way(to(

achieve(that(goal.((To(perform(the(tests,(we(followed(a(general(procedure(specifically(

developed(to(determine(those(coupling(constants((Figure(2.10).(
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Figure(2.10.((A(general(procedure(for(synthesis(of(the(selenium(derivatives(of(

the(amino7dithiaphospholanes(2.17,(2.28,(2.3172.33(

A(20(mg(sample(of(the(phosphorusCcontaining(ligands(2.17,(2.28,(2.3172.33(was(

dissolved(in(CDCl3(and(placed(into(an(NMR(tube.((The(amount(of(selenium(added(to(

the(solution(was(15(mg.((The(molar(ratio(between(the(reactant(and(selenium(varied(

depending(on(the(molecular(weight(of(the(molecule(to(be(tested,(but(the(added(

amount(of(selenium(was(always(in(2(to(4(fold(excess.((It(was(found(that(different(

aminoCdithiaphospholanes(reacted(at(slightly(different(rates(at(room(temperature(

except(for(the(compound(2.28(that(did(not(give(noticeable(conversion(to(2.35(even(

after(several(hours,(as(assessed(by(NMR.((The(other(ligands(afforded(the(expected(

selenium(derivatives(between(2(and(4(hours(at(room(temperature.((The(substantial(

difference(in(the(reactivity(of(2.28(was(ascribed(to(the(very(high(steric(hindrance(of(

the(phosphorus(center(in(that(compound.((Therefore,(to(assure(complete(conversion(

to(the(corresponding(selenide(for(each(molecule,(all(reactions(were(carried(out(at(50(

°C(for(one(hour.((The(formation(of(the(selenides(2.3472.38(was(confirmed(by(FABC
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MS(showing(corresponding(molecular(ion(peaks(in(the(spectra.((31P(NMR(spectra(

were(recorded(next.((The(natural(abundance(of(the(77Se(isotope(is(low((7.63%),30(

thus(a(doublet(caused(by(31PC77Se(coupling,(which(appeared(as(satellites(of(the(main(

phosphorus(signal.((Hence,(usually(an(extended(number(of(scans((256(to(512)(was(

required(in(order(to(obtain(a(good(signal(to(noise(ratio.(

2.4.2.$$Analysis$of$the$NMR$data$

The(1J(31PC77Se)(coupling(constants(along(with(the(31P(chemical(shifts(of(free(aminoC

dithiaphospholanes are(complied(in(Table(2.1.((For(comparison,(corresponding(data(

for(the(phosphoramidite(VI((R1(=(BINOL,(R2(=(Bn(in(structure(I,(Figure(2.1)27(and((

(PhO)3P,31((MeO)3P,22,31(and(Ph3P16,31(are(provided(as(well.(

Table(2.1.((31P(NMR(data(for(the(new(amino7dithiaphospholanes(and(their(Se7

derivatives(

Ligand( 31P(chemical(shift,(
ppm(

Selenium(
derivative(

1J(31PC77Se),(Hz(

2.17( 133.2( 2.34( 858(

2.28( 133.2( 2.35( 832(

2.31( 108.8( 2.36( 841(

2.32( 102.0( 2.37( 837(

2.33( 88.0( 2.38( 862(

VI( 149.4( VICSe( 97127(

((PhO)3P( 127.531( ((PhO)3PSe( 102531(

(MeO)3P( 139.831( (MeO)3PSe( 95422(

Ph3P( C7.431( Ph3PSe( 73516(
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We(were(expecting(that(the(exchange(of(the(two(oxygen(atoms(in(phosphoramidites(

by(sulfur(would(lead(to(an(increase(of(electron(density(at(the(phosphorus(atom,(thus(

making(it(more(basic.((Overall,(the(31P(chemical(shifts(of(the(synthesized(aminoC

dithiaphospholanes(were(observed(at(higher(field((88.0C133.8(ppm)(than(

phosphoramidites(normally(resonate((145.2C152.3(ppm).32((This(finding(was(

consistent(with(previously(reported(NMR(properties(of(phosphorus(containing(

compounds,(where(more(electronegative(substituents(caused(a(downfield(shift(of(

the(corresponding(31P(signals.33((However,(no(correlation(was(found(for(the(

chemical(shifts(of(the(31P{1H}(and(the(structures(of(the(synthesized(compounds(2.17,(

2.28,(2.3172.33.((As(was(expected,(a(more(reliable(trend(for(analysis(of(the(electron(

donating(properties(was(obtained(from(the(31PC77Se(coupling(constants(of(the(

selenium(derivatives(2.3472.38(of(the(corresponding(aminoCdithiaphospholanes.((

The(compound(2.28(was(found(to(be(the(most(basic((1J(31PC77Se)(=(832(Hz)(and(the(

molecule(2.33(was(the(least(donating((1J(31PC77Se)(=(862(Hz)(among(the(synthesized(

aminoCdithiaphospholanes.((The(electron(donating(properties(of(the(other(three(

compounds(2.17,(2.31(and(2.32(were(shown(to(be(in(between(the(molecules(2.28(

and(2.33(according(to(the(1J(31PC77Se)(values,(which(ranged(from(837(to(858(Hz(for(

their(selenium(derivatives(2.34,(2.36(and(2.37.((In(general,(aminoC

dithiaphospholanes(were(found(to(be(less(basic(than(PPh3((1J(31PC77Se)(=(735(Hz),(

but(more(basic(than(phosphoramidites((1J(31PC77Se)(=(971(Hz)(and(phosphites(

(1J(31PC77Se)(=(954C1025(Hz).(
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2.4.3.$$Analysis$of$the$spectroscopic$data$of$amino?dithiaphospholanes$in$metal$

complexes$

The(investigation(of(the(coordination(capabilities(of(the(new(ligands(was(performed(

in(follow(up(studies(by(applying(them(in(the(synthesis(of(new(iridium(and(rhodium(

metal(complexes.9,34((Initial(investigations(concerning(the(chemical(stability(of(the(

new(aminoCdithiaphospholanes(upon(coordination(to(the(metal(center(were(

explored(utilizing(the(least(stable(compound(2.33.((Rhodium(and(iridium(complexes(

2.39(and(2.40(containing(the(ligands(2.33(with(structures(shown(in(Figure(2.11(

were(synthesized9(and(their(stabilities(towards(nucleophilic(attack(were(assessed(by(

NMR.(

(

Figure(2.11.((Iridium(and(rhodium(complexes(for(investigation(of(the(chemical(

stability(of(amino7dithiaphospholanes(upon(coordination(

To(probe(the(chemical(stability(of(the(ligand(upon(coordination(to(the(metal(center,(

solutions(of(the(complexes(2.39(and(2.40(in(CDCl3(were(treated(with(a(drop(of(H2O(

followed(by(recording(of(1H(and(31P(NMR(spectra.((As(described(above,(the(

decomposition(of(the(free(ligand(2.33(started(immediately(upon(the(addition(of(H2O(

and(resulted(in(complete(hydrolysis(after(60(minutes.((For(the(complexes(2.39(and(

2.40,(the(disappearance(of(their(corresponding(31P(signals(in(NMR(spectra(
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proceeded(at(a(noticeably(lower(rate.((However,(2C3(hours(after(the(addition(of(H2O,(

the(solutions,(they(did(not(contain(detectible(amounts(of(the(starting(materials(2.39(

and(2.40.((Several(resonances(assigned(to(hydrolysis(products(were(observed(in(the(

1H(NMR(spectra.((The(presence(of(broad(signals(around(5(ppm(most(likely(

corresponded(to(SH(groups(formed(by(cleavage(of(the(PCS(bonds.((Free(

dibenzylamine(was(detected(in(the(mixtures(due(to(the(signal(of(its(CH2(groups(at(3.9(

ppm.((Therefore,(coordination(of(the(ligand(2.33(slightly(increased(the(time(required(

for(complete(hydrolysis,(but(did(not(have(a(dramatic(influence(on(its(stability(

towards(nucleophilic(attack.((Most(interestingly,(an(opposite(result(was(obtained(for(

the(second(least(stable(aminoCdithiaphospholane(2.32(when(applied(in(a(similar(

stability(investigation.9((The(corresponding(metal(complexes(structurally(related(to(

2.39(and(2.40(decomposed(much(faster,(as(shown(by(NMR.(

In(order(to(finalize(the(introduction(of(the(aminoCdithiaphospholanes(as(new(

potential(ligands,(extra(information(was(obtained(from(a(series(of(rhodium(

complexes(synthesized(in(a(follow(up(study.34((The(compounds(2.17,(2.28,(2.31,(and(

2.32(were(employed(in(the(synthesis(of(square(planar(rhodium(complexes(with(

general(structures(presented(in(Figure(2.12.34(

(

Figure(2.12.((Rhodium(amino7dithiaphospholanes(complexes34(
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The(first(noteworthy(finding(concerned(the(ligand(2.28.((As(mentioned(above,(

during(preparation(of(its(selenium(derivative(2.35(the(reaction(did(not(proceed(at(

room(temperature(unlike(for(all(other(aminoCdithiaphospholanes.((Therefore,(the(

phosphorus(might(be(sterically(hindered(due(to(the(presence(of(the(quaternary(

carbon(atoms(next(to(the(nitrogen.((Hence,(it(was(expected(that(the(compound(2.28(

would(form(complexes(slowly,(but(no(coordination(was(observed(at(all(in(attempts(

to(employ(it(as(a(ligand(to(obtain(rhodium(complexes(comparable(to(those(shown(in(

Figure(2.12.((Application(of(the(aminoCdithiaphospholanes(2.17,(2.31(and(2.32(

resulted(in(six(rhodium(complexes(2.4172.46.((The(compounds(were(analyzed(by(

NMR(and(IR.((All(complexes(contained(a(rhodium(metal(center,(which(is(magnetically(

active(with(a(spin(of(½,(and(three(of(the(compounds(2.4172.43(bear(CO(ligands.((

Therefore,(measurements(of(the(RhCP(coupling(constants(were(obtained(along(with(

values(for(νCO(stretching(frequencies.((The(data(are(compiled(in(Table(2.2.(

Table(2.2.((Spectroscopical(data(for(the(rhodium(complexes(2.4172.46(

Ligand( Complex( νCO,(cmC1( 1J(31PC103Rh),(Hz(

2.17( 2.41( 1972( 166(

2.31( 2.42( 1980( 161(

2.32( 2.43( 1983( 164(

2.17( 2.44( C( 197(

2.31( 2.45( C( 194(

2.32( 2.46( C( 194(

(
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It(is(know(from(the(literature(that(νCO(stretching(frequencies(can(be(used(to(analyze(

the(electron(density(at(the(metal(center.((It(was(shown(that(electron(rich(metal(

centers(decrease(νCO(stretching(frequencies(through(back(bonding(from(the(metal(to(

the(CO(ligand.24,35C38((Previously,(the(analysis(of(the(electron(donating(properties(of(

free(ligands((Table(2.1)(revealed(that(the(compound(2.32(should(be(the(most(basic(

one(followed(by(the(aminoCdithiaphospholane(2.31(and(the(least(electron(donating(

molecule(2.17.((Therefore,(the(corresponding(rhodium(complexes(2.4172.43(were(

expected(to(follow(a(similar(trend.((However,(a(reverse(dependency(of(electron(

density(at(the(rhodium(center(on(the(proposed(donating(properties(of(the(ligands(

was(observed(based(on(the(νCO(stretching(frequencies(in(the(complexes(2.4172.43.((

Thus,(the(compound(2.43(bearing(the(most(basic(ligand(2.32(was(found(to(have(a(

relatively(electron(poor(rhodium(center((νCO(=(1983(cmC1)(and(the(least(donating(

ligand(2.17(corresponded(to(the(complex(2.41(with(the(smallest(νCO(stretching(

frequency((1972(cmC1).((IR(frequencies(data(are(highly(structure(dependent,(hence(

direct(comparison(of(the(stretching(frequencies(is(only(possible(for(structurally(

related(compounds.39((The(complexes(2.4172.43(have(a(square(planar(geometry,(but(

their(ligands(2.17,(2.31(and(2.32(created(significantly(different(steric(environments(

around(the(carbonyl(ligands,(consequently(influencing(their(stretching(frequencies.((

While(the(observations(of(the(relative(electronic(properties(of(the(aminoC

dithiaphospholanes(2.17,(2.31(and(2.32(in(the(complexes(2.4172.46(were(not(

consistent(with(the(previous(findings,(the(overall(impact(of(changing(the(oxygen(

atoms(in(phosphoramidites(to(sulfur(resulted(in(the(expected(increase(of(the(basicity(

of(the(corresponding(compounds.((The(literature(values(of(the(νCO(stretching(
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frequencies(in(related(square(planar(rhodium(complexes(containing(

phosphoramidite(or(phosphite(ligands(ranged(from(1983(to(2017(cmC1,34(which(are((

higher(than(those(observed(for(aminoCdithiaphospholanes(complexes((1972C1983(

cmC1).(

The(coupling(constants(between(the(phosphorus(atom(and(the(rhodium(center(were(

investigated(in(the(literature(as(a(way(to(describe(electron(donating(properties(of(

the(ligands.((It(was(shown(that(the(1J(31PC103Rh)(values(decreased(in(complexes(with(

increased(basicity(of(their(ligands.40((However,(as(mentioned(above,(metalCligand(

interactions(are(highly(dependent(on(the(structures(of(the(complexes(and(the(steric(

and(electronic(properties(of(the(ligands.((Hence,(even(for(complexes(with(similar(

geometries(([(L)3RhPR3]),(a(linear(trend(for(a(basicity(–(1J(31PC103Rh)(relationship(

was(not(observed.15((The(two(groups(of(the(investigated(structurally(related(

complexes(2.4172.43(and(2.4472.46(showed(nearly(identical(1J(31PC103Rh)(coupling(

constants(regardless(of(their(respective(ligands((161C166(Hz(and(194C197(Hz,(

respectively),(but(overall,(they(were(found(to(be(significantly(lower((29C46(Hz)(than(

the(coupling(constants(of(corresponding(complexes(bearing(structurally(related(

phosphoramidite(ligands.34(

Overall,(the(spectroscopic(analysis(of(rhodium(complexes(bearing(thio(analogs(of(the(

phosphoramidite(ligands(showed(increased(electron(density(at(the(metal(centers(

supporting(our(assumption(that(the(aminoCdithiaphospholanes(are(more(basic(and,(

thus,(more(electron(donating(ligands(than(phosphoramidites.(
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2.5.$$Conclusion$

A(general(approach(to(access(a(variety(of(electronically(and(structurally(modified(

aminoCdithiaphospholanes(from(commercially(available(starting(materials(was(

introduced.((First,(the(investigation(of(their(chemical(stability(was(performed.((A(

combination(of(electronic,(steric(and(physical(properties(of(the(target(molecules(was(

shown(to(dictate(the(stability(of(the(desired(compounds.((Overall,(five(new(aminoC

dithiaphospholanes(were(found(to(be(stable(enough(to(be(obtained(analytically(pure(

compounds(and(their(application(in(coordination(chemistry(was(subsequently(

investigated.(The(electron(donating(properties(of(the(ligands(were(analyzed(by(NMR(

and(IR.((They(were(found(to(be(more(basic(and,(thus,(more(electron(donating(than(

the(corresponding(phosphoramidites.((The(coordination(chemistry(of(the(aminoC

dithiaphospholanes(was(investigated(by(synthesis(of(a(series(of(iridium(and(

rhodium(complexes.((Analysis(of(the(spectroscopic(data(of(the(complexes(confirmed(

increased(electron(density(at(the(metal(centers(compared(to(related(phosphite(and(

phosphoramidite(complexes.(

Overall,(aminoCdithiaphospholanes(were(shown(to(be(easily(accessible(and(more(

basic(alternatives(to(phosphoramidite(ligands.((However,(their(stability(depends(on(

electronic(and(steric(factors(about(the(phosphorus(center.(
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General'Methods'

Chemicals(were(treated(as(follows:(THF,(toluene,(diethyl(ether,(distilled(from(

Na/benzophenone;(CH2Cl2,(distilled(from(CaH2.((BenzeneK1,2Kdithiol((2.20),(

phosphorus(trichloride,(triethyl(amine,(dibenzyl(amine((2.7),(1,2Kethanedithiol(

(2.18),(4Kmethoxy(thiophenol((2.5),(2,2,6,6Ktetramethyl(piperidine((2.22)((all(

Aldrich)(were(used(as(received.((All(reactions(were(carried(out(under(an(atmosphere(

of(nitrogen(applying(Schlenk(techniques.(

NMR(spectra(were(obtained(at(room(temperature(on(a(Bruker(Avance(300(MHz(or(a(

Varian(Unity(Plus(300(MHz(instrument((1H:(300.13(MHz;(13C:(75.5(MHz;(31P:(121.5(

MHz)(and(referenced(to(a(residual(solvent(signal;(all(assignments(are(tentative.((

GC/MS(spectra(were(recorded(on(a(Hewlett(Packard(GC/MS(System(Model(5988A.((

Exact(masses(were(obtained(on(a(JEOL(MStation([JMSK700](Mass(Spectrometer.((

Melting(points(are(uncorrected(and(were(taken(on(an(Electrothermal(9100(

instrument.((IR(spectra(were(recorded(on(a(Thermo(Nicolet(360(FTKIR(spectrometer.((

Elemental(analyses(were(performed(by(Atlantic(Microlab,(GA,(USA.(

Syntheses'

((rac)KN,N020dibenzylamino0hexahydrobenzo[d][1,3,2]dithiaphospholane,(

((rac)K2.32).((To(a(Schlenk(flask(containing(NEt3((3.8(mL,(27.0(mmol)(and(

phosphorus(trichloride((1.2(mL,(13.5(mmol),(CH2Cl2((50(mL)(was(added(followed(by(

dibenzylamine((2.6(mL,(13.5(mmol),(which(upon(addition,(yielded(a(white(smoke.((

The(white(slurry(was(stirred(at(0(°C(for(30(min(upon(which(the(color(changed(to(
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yellow.((An(additional(portion(of(NEt3((7.5(mL,(54(mmol)(was(then(added(followed(

by(cyclohexaneK1,2Kdithiol((rac)K2.19((2.00(g,(13.5(mmol).((After(warming(up(to(

room(temperature,(the(slurry(was(stirred(for(16(h.((The(slurry(was(diluted(with(

CH2Cl2((50(mL).((The(organic(layer(was(washed(with(H2O((50(mL),(0.2(M(solution(of(

aqueous(NaHSO4,(H2O,(with(a(saturated(aqueous(solution(of(NaHCO3(and(H2O.((The(

combined(organic(layers(were(dried(over(MgSO4(and(concentrated(in#vacuo.((The(

crude(product(was(purified(by(precipitation(from(a(CH2Cl2(solution(by(addition(of(

hexanes(yielding((rac)K2.32(as(a(white(solid((4.28(g,(11.5(mmol,(85%).(

NMR((δ,(CDCl3)(1H(7.36–7.16((m,(10(H,(Ph),(4.26–4.10((m,(2(H,(NCH2),(4.08–3.91((m,(

2(H,(NCH2),(3.25–3.11((m,(1(H,(CHS),(3.05–2.90((m,(1(H,(CHS),(2.37–2.22((m,(2(H,(

Cy),(1.94–1.75((m,(2(H,(Cy),(1.72–1.52((m,(2(H,(Cy),(1.48–1.17((m,(2(H,(Cy);(13C{1H}(

137.7((s,(Ph),(128.3((d,(JCP#=(1.1(Hz,(Ph),(128.2((s,(Ph),(127.1((s,(Ph),(62.8((d,(JCP#=(2.7(

Hz,(CHS),(57.6((s,(CHS),(51.8((d,(JCP(=(17.6(Hz,(NCH2),(31.8((s,(Cy),(31.7((s,(Cy),(25.7((s,(

Cy),(25.3((s,(Cy);(31P{1H}(102.0.(

HRMS(calcd(for(C20H24NPS2(373.1088,(found(373.1093.((IR((cm–1,(neat(solid)(3019(

(w),(2931((w),(1490((m).(

N,N0dibenzylaminobenzo[d][1,3,2]dithiaphospholane,((2.33).((1,2KBenzeneditiol(

(2.20,(0.500(g,(3.52(mmol)(was(converted(to(2.33((1.07(g,(2.9(mmol,(83%)(as(

described(above(for((rac)K2.32.((Anal.(calcd(for(C20H18NPS2:(C,(65.37;(H,(4.94.(Found:(

C,(64.83;(H,(4.82.(

NMR((δ,(CDCl3)(1H(7.54((dd,(J(=(5.7,(3.3(Hz,(2(H,(aromatic),(7.34–7.22((m,(6(H,(

aromatic),(7.18–7.05((m,(6(H,(aromatic),(3.77((d,(J#=(10.7(Hz,(4(H,(2×NCH2);(13C{1H}(

137.9((s,(aromatic),(136.9((s,(aromatic),(128.41((s,(aromatic),(128.38((s,(aromatic),(
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127.4((s,(aromatic),(125.3((s,(aromatic),(124.3((d,(JCP#=(6.0(Hz,(aromatic),(52.5((d,(JCP#

=(17.0(Hz,(NCH2);(31P{1H}(88.0.(

HRMS(calcd(for(C20H24NPS2(367.0618,(found(367.0619.((IR((cm–1,(neat(solid)(

3025((w),(1441((m).(

1,20Ethanedithio0N,N0dibenzyl0phosphoramidite((2.31).((To(a(Schlenk(flask(

containing(triethyl(amine((4.8(mL,(34(mmol)(and(phosphorus(trichloride((0.5(mL,(

5.7(mmol),(CH2Cl2((20(mL)(was(added(followed(by(dibenzylamine((1.1(mL,(5.7(

mmol),(which(upon(addition,(yielded(a(white(smoke.((The(white(slurry(was(stirred(at(

0(°C(for(30(min(upon(which(the(color(changed(to(yellow.((1,2KEthanedithiol((0.58(mL,(

0.65(g,(6.9(mmol)(was(then(added.((After(warming(up(to(room(temperature,(the(

slurry(stirred(at(room(temperature(for(1(h.((The(slurry(was(diluted(with(CH2Cl2((50(

mL).((The(organic(layer(was(washed(with(H2O((50(mL),(0.2(M(solution(of(aqueous(

NaHSO4,(H2O,(and(with(a(saturated(aqueous(solution(of(NaHCO3(and(H2O.((The(

combined(organic(layers(were(dried(over(MgSO4(and(concentrated(in#vacuo.((The(

crude(product(was(purified(by(precipitation(from(an(EtOAc(solution(by(addition(of(

hexanes(yielding(2.31(as(a(white(solid((1.5(g,(4.7(mmol,(82%).((Anal.(Calc.(for(

C16H18NPS2:(C,(60.16;(H,(5.68.(Found:(C,(60.66;(H,(5.89%.(

NMR((δ,(CDCl3)(1H(7.39–7.12((m,(10(H,(2×Ph),(4.03((d,(3JPH(=(10.9(Hz,(4(H,(2×NCH2),(

3.56–3.41((m,(2(H,(CHH’CHH’),(3.25–3.10((m,(2(H,(CHH’CHH’);(13C{1H}(137.6((d,(3JCP(=(

1.65(Hz,(2×NCH2C),(128.34((s,(Ph),(128.31((d,(JCP(=(3.3(Hz,(Ph),(127.2((s,(Ph),(52.0((d,(

2JCP(=(17.0(Hz,(2×NCH2),(41.3((s,(2×CH2);(31P{1H}(108.8((s).(

HRMS(calcd(for(C16H18NPS2(319.0618,(found(319.0627.((IR((cm–1,(neat(solid)(

3023(w),(2894(w),(1492(m),(1452(m).(
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bis(40Methoxyphenyl)0dibenzylphosphoramidodithioite((2.17).((4K

Methoxythiophenol((1.5(mL,(1.7(g,(12(mmol)(was(converted(to(2.17(as(described(

above(for(2.31.((The(crude(product(was(purified(by(flash(column(chromatography(on(

SiO2((2×20(cm(column;(eluted(with(1:0(v/v(hexanes/EtOAc(→(9:1(v/v(

hexanes/EtOAc)(to(obtain(the(product(2.17((2.15(g,(4.87(mmol,(85%)(as(a(colorless(

oil.((Anal.(Calc.(for(C28H28NO2PS2:(C,(66.51;(H,(5.58.((Found:(C,(66.80;(H,(5.59%.(

NMR((δ,(CDCl3)(1H(7.48–7.38((m,(4(H,(aromatic),(7.25–7.10((m,(6(H,(aromatic),(6.99–

6.89((m,(4(H,(aromatic),(6.87–6.79((m,(4(H,(aromatic),(4.13((d,(3JPH(=(9.0(Hz,(4(H,(

2×NCH2),(3.79((s,(6(H,(2×CH3);(13C{1H}(159.5((d,(5JCP(=(2.2(Hz,(2×CH3OC),(137.3((d,(JCP(

=(2.7(Hz),(135.4((d,(JCP(=(4.4(Hz),(128.8((s),(128.1((s),(127.1((s),(124.3((d,(JCP(=(12.6(

Hz),(114.7((s,(aromatic),(55.3((s,(2×CH3),(52.1((d,(2JCP(=(17.0(Hz,(2×NCH2);(31P{1H}(

133.2((s).(

HRMS(calcd(for(C20H28NNaO2PS2(528.1197,(found(528.1200.((IR((cm–1,(neat(solid)(

3027(w),(2937(w),(2931(w),(2831(w),(1590(m),(1490(s).(

bis(40Methoxyphenyl)02,2,6,60tetramethylpiperidin010ylphosphonodithioite(

(2.28).((2,2,6,6KTetramethylpiperidine((0.96(mL,(0.81(g,(5.7(mmol)(was(converted(to(

2.28(as(described(above(for(2.31.((The(crude(product(was(purified(by(flash(column(

chromatography(on(SiO2((1.5×15(cm(column;(eluted(with(1:0(v/v(hexanes/EtOAc(→(

9:1(v/v(hexanes/EtOAc)(to(obtain(the(product(2.28((1.28(g,(50%)(as(a(colorless(oil.(

Anal.(Calc.(for(C23H32NO2PS2:(C,(61.44;(H,(7.17.(Found:(C,(61.45;(H,(7.13%.(

NMR((δ,(CDCl3)(1H(7.35((d,(3JHH(=(7.5(Hz,(4(H,(aromatic),(6.77((d,(3JHH(=(8.7(Hz,(4(H,(

aromatic),(3.72((s,(6(H,(2×OCH3),(1.68((br(s,(6(H,(2×CH3),(1.62–1.34((m,(6(H,(3×CH2),(

1.10((br(s,(6(H,(2×CH3’);(13C{1H}(159.2((d,(5JCP(=(2.8(Hz,(2×CH3OC),(135.8((d,(JCP(=(4.9(
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Hz),(126.1((d,(JCP(=(20.3(Hz),(114.3((d,(JCP(=(1.1(Hz),(60.2((d,(2JCP(=(9.3(Hz,(NCH2),(58.1(

(d,(2JCP(=(31.8(Hz,(NCH2’),(55.2((s,(2×CH3O),(42.1((br(s,(CCH2),(40.6((broad(s,(CCH2’),(

33.1((d,(3JCP(=(24.2(Hz,(2×CH3),(31.3((br(s,(2×CH3’),(16.9((s,(CH2CH2CH2);(31P{1H}(

133.2((s).(

HRMS(calcd(for(C23H32NNaO2PS2(472.1510,(found(472.1516.(

(
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3.1.$$Aim$of$the$chapter$

As(part(of(our(long>standing(research(interests(in(transition(metal(catalysis,(we(were(

in(search(of(a(tunable(ligand(system(to(be(employed(in(iron(complex(synthesis.(We(

chose(phosphinooxazolines((PHOX)(ligands,(as(their(versatile(structure(allows(for(

fine(tuning(of(their(steric(and(electronic(properties.(

In(order(to(establish(an(easy(access(to(a(variety(of(structurally(modified(PHOX(

ligands,(a(general(synthetic(procedure(was(targeted.((The(investigation(of(the(steric(

and(electronic(properties(of(the(synthesized(series(of(ligands(was(accomplished(in(

two(steps.((First,(analysis(of(the(physical(data(obtained(by(NMR,(and(CV(was(

performed(in(order(to(study(an(influence(of(the(structure(of(the(compounds(on(

electronic(properties.((Then,(the(ligands(were(applied(in(the(synthesis(of(new(iron(

complexes.((The(study(of(the(coordination(compounds(should(allow(for(an(

understanding(in(what(ways(and(how(efficiently(the(electronic(properties(of(the(

ligands(could(be(translated(to(the(electron(density(at(the(iron(center.((Also,(

investigation(of(the(steric(properties(of(the(ligands(could(be(performed(by(analyzing(

relationships(between(the(geometries(of(the(ligands(and(the(structures(of(their(

respective(metal(complexes.(

3.2.$$Introduction$

Phosphinooxazolines((PHOX,(Figure'3.1)(are(a(known(class(of(organic(compounds.1((

Since(they(were(first(successfully(applied(as(ligands(in(metal(complexes(synthesis,2>4(
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phosphinooxazolines(were(effectively(employed(in(a(variety(of(transition(metal(

catalyzed(reactions.2,5>22(

(

Figure'3.1.''Phosphinooxazolines'(PHOX)'

Phosphinooxazolines(serve(as(P>N(bidentate(ligands(and(can(be(tuned(both(sterically(

and(electronically(in(a(nearly(orthogonal(manner.((These(have(been(extremely(useful(

characteristics(in(view(of(the(fact(that(it(is(challenging(to(tune(the(steric(effects(of(

most(phosphine(and/or(nitrogen>donor(ligands(without(effecting(the(electronic(

properties(and(vice(versa.((PHOX(ligands(can(be(electronically(tuned(by(varying(the(

substitution(pattern(on(the(benzene(ring(while(steric(tuning((and(some(electronic(

tuning(at(nitrogen)(can(be(accomplished(by(varying(the(substituents(R3(and(R4(on(

the(oxazoline(ring((Figure'3.1).(

Several(synthetic(approaches(to(oxazolines(can(be(found(in(the(literature.23((

Common(starting(materials(are(carboxylic(acids(and(their(derivatives((acid(halides,(

nitriles(or(imidates)(on(one(side(and(β>aminoalcohols(on(the(other(side.((One(step(

methods(are(known,4,24,25(but(usually(applicable(only(for(synthesis(with(limitations(

concerning(the(starting(materials,(and(the(yields(are(often(moderate.((Two(step(

procedures(usually(give(higher(overall(yields.6,26(

P N

O

R4R3
R1
R2
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3.3.$$Synthesis$of$phosphinooxazolines$

First,(we(needed(to(develop(a(generally(applicable(standard(protocol(for(our(

laboratory(to(be(employed(in(the(synthesis(of(a(variety(of(PHOX(ligands.((The(main(

factors(in(method(development(were(the(availability(of(an(assortment(of(starting(

materials(from(commercial(sources(and(the(overall(yield(of(the(synthesis.((A(general(

protocol(needed(also(to(be(compatible(with(a(variety(of(functional(groups.((After(

comparing(existing(approaches(to(the(PHOX(ligands,(a(modified(literature(procedure(

starting(with(acid(chlorides(and(aminoalcohols(was(chosen.26(

In(order(to(investigate(the(impact(of(steric(and(electronic(tuning,(we(picked(a(

number(of(target(molecules.((Four(PHOX(ligands(with(different(substituents(on(the(

carbon(next(to(the(nitrogen(atom(of(the(oxazoline(ring(were(selected(for(studying(

the(steric(effects((Figure'3.2).(

(

Figure'3.2.''Sterically'tuned'PHOX'ligands'

To(probe(the(electronic(tuning(effects,(we(decided(to(introduce(a(series(of(electron(

withdrawing(and(electron(donating(substituent(on(the(aryl(ring.((Accordingly,(six(

target(molecules(were(selected((Figure'3.3).(

PPh2 N

O

R2
R1

3.1  R1 = H, R2 = H
3.2  R1 = Ph, R2 = H
3.3  R1 = H, R2 = Bn
3.4  R1 = Me, R2 = Me
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Figure'3.3.''Electronically'tuned'PHOX'ligands'

The(corresponding(aminoalcohols(and(most(of(the(substituted(2>fluorobenzoic(acid(

chlorides(required(for(the(synthesis(of(the(target(molecules(were(commercially(

available.((For(these(cases,(a(three>step(method(was(developed((Figure'3.4).(

(

Figure'3.4.''General'methodology'for'PHOX'syntheses'

The(synthesis(started(with(the(preparation(of(the(amides(from(the(aminoalcohols(

3.10F3.13(and(the(acid(chlorides(3.14F3.17((Figure'3.5).((The(reactions(proceeded(

smoothly(and(were(very(“forgiving”.((Due(to(the(significant(difference(in(

nucleophilicity(between(the(oxygen(of(the(hydroxyl(unit(and(the(nitrogen(of(the(

amine(in(the(aminoalcohols,(we(did(not(observe(O>acylated(side(products(under(any(

reaction(conditions.((Nevertheless,(it(was(found(that(for(the(best(reproducibility(and(

in(order(to(prevent(overheating(of(the(reaction(mixture,(the(reaction(should(be(

performed(at(0(°C(and(at(relatively(high(dilution.((Accordingly,(a(solution(of(the(acid(

chloride((3(mL(of(CH2Cl2(per(mmol)(was(slowly(added(to(a(solution(of(the(

aminoalcohol((4(mL(of(CH2Cl2(per(mmol)(at(0(°C(with(intensive(stirring.((After(the(

addition(was(finished,(the(reaction(mixtures(were(allowed(to(reach(room(

temperature(over(a(period(of(one(hour.((At(that(time,(TLC(showed(complete(

PPh2 N

OR1

R3
R2 3.4  R1 = H, R2 = H, R3 = H

3.5  R1 = H, R2 = Br, R3 = H
3.6  R1 = H, R2 = NMe2, R3 = H
3.7  R1 = CF3, R2 = H, R3 = H
3.8  R1 = H, R2 = CF3, R3 = H
3.9  R1 = H, R2 = H, R3 = CF3

Cl

OF

R
H2N OH

R R

Et3N, CH2Cl2,
0 °C→rt, 1 h

H
N

OF

R

OH
R R

CH2Cl2, Et3N,
reflux, 8→36 h

TsCl

F

R

N

O

R R

KPPh2/THF

THF
reflux,1→3 h PPh2

R

N

O

R R
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conversions(of(the(aminoalcohols.((The(hydrochloride(of(Et3N(was(the(only(

byproduct(of(the(synthesis,(which(was(removed(by(aqueous(work(up.((The(obtained(

products(3.18F3.24(did(not(show(any(impurities(by(either(TLC(or(NMR(and(were(

used(without(further(purification(for(the(next(step.((In(order(to(acquire(analytically(

pure(samples(for(characterization,(the(compounds(were(purified(by(column(

chromatography(or(recrystallization.((Seven(amides(3.18F3.24(were(prepared(in(90(

to(95%(yield(as(white,(crystalline(materials((Figure'3.5).(

(

Figure'3.5.''Synthesis'of'the'amides'

In(the(next(step,(intramolecular(cyclization(of(the(amides(3.18F3.24'led(to(the(

construction(of(the(oxazoline(rings(in(the(molecules((Figure'3.6).((This(

transformation(was(performed(by(converting(the(hydroxyl(unit(of(the(amides(to(a(

better(leaving(group(followed(by(a(base(assisted,(intramolecular(nucleophilic(

substitution(at(elevated(temperatures.((Tosylate(was(chosen(as(an(efficient(leaving(

Cl

OF

H2N OH
R1 R2

Et3N, CH2Cl2,
0 °C→rt, 1 h

H
N

OF
OH

R2 R1

X1

X2

X3

X1

X2

X3

3.14  X1 = X2 = X3 = H
3.15  X1 = CF3, X2 = X3 = H
3.16  X1 = X3, X2 = CF3
3.17  X1 = X2 = H, X3 = CF3

3.18  X1 = X2 = X3 = H, R1 = R2 = H, 95%
3.19  X1 = X2 = X3 = H, R1 = H, R2 = Ph, 95%
3.20  X1 = X2 = X3 = H, R1 = Bn, R2 = H, 94%
3.21  X1 = X2 = X3 = H, R1 = R2 = Me, 95%
3.22  X1 = CF3, X2 = X3 = H, R1 = R2 = Me, 90%
3.23  X1 = X3, X2 = CF3, R1 = R2 = Me, 94%
3.24  X1 = X2 = H, X3 = CF3, R1 = R2 = Me, 93%

3.10  R1 = R2 = H
3.11  R1 = H, R2 = Ph
3.12  R1 = Bn, R2 = H
3.13  R1 = R2 = Me
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group(to(accomplish(the(substitution(at(a(relatively(low(temperature(without(the(

need(of(an(additional(strong(base(to(help(complete(the(cyclization.((Thus,(we(were(

able(to(carry(out(the(transformation(in(CH2Cl2(at(reflux(using(Et3N(as(the(base(

(Figure'3.6).((However,(substitution(on(the(carbon(atom(next(to(the(nitrogen(atom(

of(the(amides(had(a(significant(influence(on(the(time(required(for(the(reaction(to(go(

to(completion.((Amide(3.18(that(did(not(have(any(substituents(on(the(carbon(next(to(

the(nitrogen(showed(nearly(complete(conversion(to(the(oxazoline(3.25(after(a(few(

hours(of(reflux(and(the(reaction(went(to(completion(after(around(8(hours.((When(

amides(with(one(substituent((3.19(and(3.20(with(phenyl(and(benzyl(substituents,(

respectively)(were(employed,(the(reaction(time(needed(to(be(increased(to(16(hours.((

Only(then,(no(more(starting(materials(3.19(or(3.20(and(their(corresponding(tosylate(

intermediates(were(observed(in(the(reaction(mixture.((The(cyclization(of(the(amides(

3.21F3.24(containing(two(methyl(groups(next(to(the(nitrogen(atom(was(the(most(

challenging.((For(those(compounds,(it(was(found(that(the(maximum(conversion(to(

the(target(compounds(3.28F3.31(could(be(achieved(after(36(hours(of(reflux.((After(

that(time,(small(amounts(of(uncyclized(materials(were(usually(still(present(but(

further(reflux(lead(to(decomposition(of(the(already(formed(products(3.28F3.31.((An(

attempt(to(change(CH2Cl2(to(a(higher(boiling(solvent(such(as(dichloroethane(did(

result(in(a(shorter(reaction(time(but(also(led(to(significantly(higher(amounts(of(side(

products,(and,(thus,(the(overall(yield(was(not(improved(and(purification(became(

more(difficult.((Despite(the(differences(in(the(reaction(times,(all(cyclizations(

proceeded(similarly.((In(order(to(decompose(the(excess(of(TsCl(at(the(end(of(the(

reaction,(1(mL(of(H2O(was(added(to(the(reaction(mixtures(and(reflux(was(continued(
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for(one(more(hour.((Et3N(and(its(ammonium(salts(were(removed(from(the(reaction(

mixtures(during(work(up(that(consisted(of(washing(the(CH2Cl2(phase(with(H2O,(2(M(

aqueous(NaHSO4(and(saturated(aqueous(NaHCO3.((Purification(of(the(obtained(

brown,(oilish(crude(material(by(column(chromatography(resulted(in(the(desired(

products(3.25F3.31(in(78(to(94(%(yield(as(colorless(oils((Figure'3.6).(

(

Figure'3.6.''Cyclization'of'the'amides'3.18F2.24'to'the'oxazoline'compounds'

3.25F3.31'

At(that(point,(the(compounds(3.25F3.31(were(ready(for(introduction(of(the(

diphenylphosphino(group(through(nucleophilic(substitution(of(the(fluorine(atom(on(

the(aryl(ring.((The(reactions(were(carried(out(by(using(a(commercial(THF(solution(of(

the(potassium(salt(of(diphenylphosphide((KPPh2)(as(nucleophile(that(was(added(to(

the(fluorophenyloxazolines(3.25F3.31(in(THF.((After(3(hours(of(reflux,(the(

H
N

OF
OH

R2 R1
X1

X2

X3

3.18  X1 = X2 = X3 = H, R1 = R2 = H
3.19  X1 = X2 = X3 = H, R1 = H, R2 = Ph
3.20  X1 = X2 = X3 = H, R1 = Bn, R2 = H
3.21  X1 = X2 = X3 = H, R1 = R2 = Me
3.22  X1 = CF3, X2 = X3 = H, R1 = R2 = Me
3.23  X1 = X3, X2 = CF3, R1 = R2 = Me
3.24  X1 = X2 = H, X3 = CF3, R1 = R2 = Me

TsCl,
CH2Cl2, Et3N,
reflux, 8→36 h

F
X1

X2

X3

N

O

R2R1

3.25  X1 = X2 = X3 = H, R1 = R2 = H, 84%
3.26  X1 = X2 = X3 = H, R1 = H, R2 = Ph, 94%
3.27  X1 = X2 = X3 = H, R1 = Bn, R2 = H, 91%
3.28  X1 = X2 = X3 = H, R1 = R2 = Me, 78%
3.29  X1 = CF3, X2 = X3 = H, R1 = R2 = Me, 81%
3.30  X1 = X3, X2 = CF3, R1 = R2 = Me, 82%
3.31  X1 = X2 = H, X3 = CF3, R1 = R2 = Me, 80%
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conversions(were(complete.((As(was(expected,(we(observed(differences(in(the(rate(of(

the(substitution(depending(on(the(structure(of(the(oxazoline(starting(materials.((

Compounds(3.25–3.28(differed(from(each(other(only(by(the(substituents(on(the(

oxazoline(ring,(that(were(far(enough(from(the(reaction(center(in(order(to(not(cause(

any(steric(interactions.((On(the(other(side,(electron(densities(on(the(benzene(rings(

were(nearly(identical,(thus(no(differences(were(found(in(the(reaction(times(required(

for(these(compounds.((After(three(hours(reaction(time,(no(more(starting(materials(

3.25–3.28(were(detected(in(the(reaction(mixtures.((Significant(changes(in(the(

reactivity(were(observed(for(the(oxazolines(3.29–3.31(that(bear(highly(electron(

withdrawing(CF3(groups(on(the(aryl(rings.((For(those(compounds,(formation(of(the(

products(was(seen(immediately(after(addition(of(the(reagent,(as(the(red(color(of(the(

KPPh2(solution(quickly(disappeared.((Upon(an(hour(of(reflux,(the(substitutions(were(

complete.((The(PHOX(ligands(were(purified(by(column(chromatography(and(isolated(

as(colorless(oils,(which(solidified(over(time,(in(70(to(86%(yields((Figure'3.7).((The(

successful(introduction(of(the(PPh2(group(was(best(seen(in(the(31P(NMR(spectra,(

where(signals(between(>4(and(5(ppm(were(observed.(
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Figure'3.7.''Introduction'of'the'PPh2'groups'

At(that(point,(seven(PHOX(ligands(3.1F3.4,(3.7F3.9(were(synthesized(from(

commercially(available(starting(materials.((However,(we(were(interested(in(readily(

accessing(PHOX(ligands(with(other(types(of(substituents,(especially(compounds(with(

electron(donating(or(withdrawing(groups(on(the(aryl(ring(of(the(ligands.((We(sought(

access(to(two(of(our(initial(targets(3.5(and(3.6((PHOX(with(bromine(and(

dimethylamine(substituents,(respectively).((The(most(convenient(starting(material(

that(allows(not(only(the(introduction(of(bromo(and(dimethylamino(groups(but(also(

for(other(possible(functionalization(is(2>fluorobenzoic(acid(3.32((Figure'3.8).((It(is(

relatively(cheap(and(it(can(undergo(electrophilic(aromatic(substitutions(with(a(

variety(of(reagents.((However,(the(presence(of(two(electron(withdrawing(

substituents(on(the(benzene(ring(requires(harsher(conditions(for(the(reaction.((In(

F
X1

X2

X3

N

O

R2R1

3.25  X1 = X2 = X3 = H, R1 = R2 = H
3.26  X1 = X2 = X3 = H, R1 = H, R2 = Ph
3.27  X1 = X2 = X3 = H, R1 = Bn, R2 = H
3.28  X1 = X2 = X3 = H, R1 = R2 = Me
3.29  X1 = CF3, X2 = X3 = H, R1 = R2 = Me
3.30  X1 = X3, X2 = CF3, R1 = R2 = Me
3.31  X1 = X2 = H, X3 = CF3, R1 = R2 = Me

KPPh2/THF,
reflux,1→3 h

PPh2

X1

X2

X3

N

O

R2R1

3.1  X1 = X2 = X3 = H, R1 = R2 = H, 81%
3.2  X1 = X2 = X3 = H, R1 = H, R2 = Ph, 75%
3.3  X1 = X2 = X3 = H, R1 = Bn, R2 = H, 70%
3.4  X1 = X2 = X3 = H, R1 = R2 = Me, 83%
3.7  X1 = CF3, X2 = X3 = H, R1 = R2 = Me, 81%
3.8  X1 = X3, X2 = CF3, R1 = R2 = Me, 86%
3.9  X1 = X2 = H, X3 = CF3, R1 = R2 = Me, 83%
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order(to(apply(our(general(procedure(for(phosphinooxazolines(syntheses(to(obtain(

compound(3.5,(the(acid(chloride(3.33(was(prepared((Figure'3.8).(

(

Figure'3.8.''Synthesis'of'the'starting'material'3.33'for'the'preparation'of'the'

PHOX'ligand'3.5'

Bromination(of(3.32(was(performed(using(the(in#situ(formation(of(a(bromonium(ion(

from(NaBrO3(under(acidic(conditions(at(elevated(temperature.((The(brominated(

product(3.34,(which(precipitated(out(of(the(reaction(mixture,(was(separated(by(

filtration(in(spectroscopically(pure(form(in(88%(yield.((Subsequently,(conversion(of(

the(substituted(acid(3.34(into(the(acid(chlorides(3.33(was(performed(using(oxalyl(

chloride(with(a(catalytic(amount(of(DMF.((Upon(addition(of(the(DMF(catalyst(to(the(

reaction(mixture,(vigorous(gas(formation(was(observed.((When(the(reaction(was(

performed(on(a(large(scale,(control(of(the(temperature(at(the(beginning(of(the(

reaction(was(necessary(to(prevent(uncontrollable(boiling(of(the(mixture.((The(

transformation(was(clean(and(went(to(completion(within(2(hours.((After(removal(of(

the(solvents,(thorough(drying(of(the(crude(materials(under(high(vacuum(in(order(to(

remove(excess(of(the(reagents(and(volatile(side(products(lead(to(the(crude(product(

3.33(that(was(spectroscopically(pure(and,(thus,(was(used(immediately(without(

further(purification.(
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H2SO4 / H2O
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CH2Cl2, DMF,
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At(this(point,(the(starting(material(for(our(standard(methodology(was(obtained.((The(

acid(chloride(3.33(was(converted(to(the(PHOX(ligand(3.5(according(to(the(three>step(

procedure(described(above((Figure'3.4).((However,(a(slight(modification(of(the(

reaction(conditions(was(required(for(the(last(step(of(the(synthesis((Figure'3.9).((

During(the(nucleophilic(substitution(employing(the(diphenylphosphide(anion,(a(

competition(between(the(two(halogens(was(observed(in(the(molecule(3.36(with(

substitution(of(the(fluorine(being(the(major(product(of(the(reaction.((The(fluorine(is(a(

significantly(better(leaving(group(for(the(nucleophilic(aromatic(substitution.((On(the(

other(side,(the(bromine(is(located(in(a(para*(position(to(the(fluorine(where(the(

negatively(charged(intermediate(of(the(substitution(is(highly(stabilized(by(the(

strongly(electron(withdrawing(fluorine.((It(appeared(that(we(were(looking(at(a(case(

of(kinetic(versus(thermodynamic(control(of(the(product(formation.((Adjusting(the(

condition(of(the(reaction(favoring(the(kinetic(product(should(favor(the(desired(

fluoride(substitution(product(3.5.((Low(temperatures(typically(result(in(kinetic(

control.((Accordingly,(lowering(the(temperature(resulted(in(a(significant(increase(of(

the(time(required(for(complete(conversion,(but(did(not(improve(the(ratio(between(

the(desired(compound(3.5(and(the(side(product.((It(was(found(that(optimal(

conditions(for(the(transformation(featured(the(same(temperature(as(the(standard(

method(but(a(shorter(reaction(time.((The(best(yield((61%)(of(the(desired(PHOX(

ligand(3.5(was(achieved(after(one(hour(at(reflux.(
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Figure'3.9.''Synthesis'of'a'PHOX'ligand'with'a'bromine'substituent'

The(last(target(molecule(to(be(synthesized(was(the(PHOX(ligand(3.6(with(an(electron(

donating(dimethylamino(group.((In(order(to(establish(that(functionality(in(the(final(

molecule(employing(our(standard(methodology,(a(seven>step(synthesis(was(

developed((Figure'3.10).(
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Figure'3.10.''Access'to'the'PHOX'ligand'with'a'NMe2'group'

Similarly(to(the(preparation(of(compound(3.5,(the(synthesis(started(with(the(

functionalization(of(2>fluorobenzoic(acid(3.32(in(order(to(synthesize(the(substituted(

acid(chloride(3.38.((First,(nitration(was(carried(out(in(a(solution(of(the(starting(

material(and(NaNO3(in(concentrated(H2SO4.((The(nitrated(compound(cleanly(

precipitated(out(as(a(white(crystalline(material(upon(dilution(of(the(reaction(mixture(

with(an(excess(of(cold(water(to(obtain(the(product(3.37(in(80%(yield.((The(isolated(

crystals(were(spectroscopically(pure(and(did(not(require(any(further(purification.((

Conversion(of(the(acid(3.37(into(the(acid(chloride(3.38(was(performed(according(to(

the(procedure(described(above(for(synthesis(of(compound(3.33(employing(oxalyl(

chloride.((The(resulting(acid(chloride(3.38(was(converted(to(the(substituted(

oxazoline(3.40(in(two(steps(according(to(the(standard(procedure(in(Figure'3.4.((
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Even(though(the(strong(electron(withdrawing(nitro(group(would(have(facilitated(

nucleophilic(substitution(of(the(fluorine(in(the(phosphorylation(step,(we(decided(to(

convert(it(first(to(the(dimethylamino(functionality(in(order(to(prevent(a(competition(

between(the(phosphorus(atom(and(the(amino(group(during(the(alkylation(of(the(NH2(

group.((First,(the(nitro(group(in(compound(3.40(was(reduced(to(NH2(employing(H2(at(

atmospheric(pressure(and(10%(Pd(on(carbon(as(a(heterogeneous(catalyst.((The(

reaction(was(complete(after(16(hours(and(after(filtration(of(the(reaction(mixture(

through(a(pad(of(Celite®,(the(spectroscopically(pure(amine(3.41(was(obtained(in(

97%(yield(as(a(slightly(brown(oil.((Next,(the(amino(group(needed(to(be(alkylated.((

That(step(became(slightly(more(challenging(than(was(expected.((The(choice(of(

alkylation(methods(was(significantly(narrowed(down(due(to(the(presence(of(the(

oxazoline(ring(in(the(molecule(that(is(sensitive(to(either(acidic(or(basic(conditions.((

Reductive(amination(reactions(employing(NaBH4(and(NaBH(OAc)3(with(a(series(of(

different(aldehydes(resulted(in(poor(conversions,(and(significant(amounts(of(

decomposition(products(were(observed.((Attempts(to(employ(various(combinations(

of(alkyl(halides(and(mild(bases(were(not(successful(either.((In(some(cases(

monoalkylated(products(were(detected,(but(efforts(to(push(those(reactions(to(

completion(resulted(in(very(low(yields(of(the(dialkyl(derivatives.((Finally,(we(were(

able(to(introduce(two(methyl(groups(to(the(nitrogen(atom(using(dimethyl(sulfate(as(

the(alkylating(agent(and(K2CO3(as(a(heterogeneous(base(in(MeCN.((That(method(

produced(compound(3.42(in(50%(yield(as(a(colorless(oil.((For(the(last(step(of(the(

synthesis,(our(standard(conditions(for(the(fluorine(substitution(were(employed.((

While(presence(of(the(electron(donating(NMe2(group(rendered(the(starting(material(
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less(reactive(towards(nucleophilic(substitution,(only(the(reaction(time(was(adjusted(

in(order(to(achieve(complete(conversion.((It(was(found(that(after(3(hours(all(the(

starting(material(was(consumed(and(the(desired(PHOX(ligand(3.6(was(formed.((

Following(aqueous(work(up(and(purification(of(the(crude(product(by(column(

chromatography(resulted(in(compound(3.6(in(78%(yield(as(white(solid.((The(overall(

yield(of(the(ligand(3.6(in(the(seven(steps(synthesis(starting(from(the(2>fluorobenzoic(

acid(3.32(was(23%.((At(this(point,(nine(new(as(well(as(known(PHOX(ligands(were(

synthesized(and(we(proceeded(to(investigate(their(properties.(

3.4.$$Analysis$of$the$ligands’$properties$

To(study(the(steric(and(electronic(properties(of(the(synthesized(PHOX(ligands,(the(

following(techniques(were(employed:((1)(X>ray(structure(analysis(of(their(iron(

complexes(to(determine(bond(distances(and(angels,((2)(cyclic(voltammetry(to(

determine(the(oxidation(potentials,((3)(IR(spectroscopy(to(determine(the(νCO(

stretching(frequencies(after(conversion(to(iron(carbonyl(complexes,(and((4)(NMR(

spectroscopy(to(determine(31P>77Se(coupling(constants(of(their(selenides.((The(

investigation(included(direct(approaches(based(on(studying(the(free(ligands(and(

indirect(methods(analyzing(the(physical(data(of(metal(complexes(bearing(the(ligands(

studied.((The(series(of(the(available(PHOX(ligands(was(intensively(applied(in(our(

laboratory(for(the(syntheses(of(a(variety(of(metal(complexes.27,28((A(new(class(of(

coordination(compounds(with(iron(metal(centers(was(studied(in(order(to(obtain(

additional(information(about(steric(and(electronic(properties(of(the(PHOX(ligands.(
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3.4.1.$$New$iron$phosphinooxazoline$complexes27,28$

The(initial(application(of(the(synthesized(compounds(3.1F3.9(in(synthesis(of(the(new(

iron(complexes(was(based(on(an(exchange(of(the(iodide(and(one(of(the(carbonyl(

ligands(in(the(starting(material([FeCpI(CO)2]((3.43)(with(the(new(PHOX(ligands(

(Figure'3.11).28(

(

Figure'3.11.''Synthesis'of'new'iron'PHOX'complexes'

The(complex(3.43(had(been(used(in(the(literature(for(preparation(of(half>sandwich(

cationic(iron(complexes(by(reaction(with(monodentate29,30(and(bidentate31>33(

ligands.((It(was(expected(that(our(PHOX(ligands(would(react(similarly(to(form(a(new(

class(of(iron(complexes.((A(general(method(applied(for(the(synthesis(featured(reflux(

of(a(PhMe(solution(of(the(precursor(3.43(and(a(PHOX(ligand(for(2(hours.((At(that(
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point,(the(crude(product(precipitated(out(and(upon(recrystallization(from(

CH2Cl2/Et2O,(the(desired(complexes(were(obtained.((Unpredicted(chemical(behavior(

was(observed(for(compound(3.7.((Under(the(standard(condition,(the(red(precipitate(

expected(for(product(3.50(did(not(form;(a(very(dark(colored(solution(was(obtained(

instead.((Analysis(of(the(mixture(by(mass(spectrometry,(IR(and(31P(NMR(showed(

presence(of(the(desired(complex(3.50(along(with(large(amounts(of(side(products.((

Any(further(attempts(to(isolate(the(iron(complex(resulted(in(decomposition.((One(of(

the(major(signals(seen(in(the(crude(31P(NMR(was(a(peak(at(−57.3(ppm.((The(

resonance(could(indicate(ligand(decomposition(during(the(reaction(with(

displacement(of(the(PPh2(group.((The(decomposition(pathway(could(be(facilitated(

due(to(activation(of(the(phenyl(ring(in(compound(3.7(by(the(CF3(substituent(towards(

nucleophilic(substitution(of(the(PPh2(unit(with(the(iodide(counterion.((This(unusual(

reactivity(of(ligand(3.7(stimulated(interest(in(investigation(of(coordination(

chemistry(of(two(other(molecules(3.8(and(3.9(with(CF3(groups.((In(a(follow(up(study(

performed(by(Matt(Lenze,(the(PHOX(ligands(3.8(and(3.9(were(applied(in(the(

synthesis(of(related(iron(complexes(bearing(an(indenyl(ligand((Figure'3.12).27((Out(

of(the(three(PHOX(molecules(with(CF3(substituents,(compound(3.8(with(the(CF3(

group(being(the(furthest(away(from(the(phosphorus(atom(was(the(only(ligand(that(

gave(a(corresponding(iron(complex(3.54.((Ligand(3.7(did(not(show(either(conversion(

or(decomposition(and(PHOX(3.9(reacted(slowly(and(did(not(result(in(an(isolable(iron(

complex.(
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(

Figure'3.12.''New'iron'indenyl'complexes27'

A(trend(for(the(reactivity(of(the(PHOX(ligands(3.7F3.9(containing(strongly(electron(

withdrawing(CF3(groups(was(observed(during(their(application(in(the(iron(complex(

syntheses.((Compound(3.7(with(CF3(group(in(the(ortho*(position(to(the(phosphorus(

atom(was(shown(to(be(the(least(capable(of(forming(coordination(bonds(to(the(iron(

center,(but(was(very(susceptible(to(decomposition(through(a(nucleophilic(attack(on(

the(phenyl(ring(by(the(iodide(counterion.((The(PHOX(molecule(3.8(featuring(a(CF3(

group(in(para*(position(to(the(PPh2(was(successfully(applied(in(the(synthesis(of(the(

iron(complex(3.54.((The(presence(of(the(CF3(group(in(the(meta*(position(in(

compound(3.9(resulted(in(average(reactivity(towards(formation(of(the(coordination(

bonds(to(the(iron(compared(to(the(ligands(3.7(and(3.8,(not(resulting(in(isolable(

material.((This(trend(can(be(linked(to(the(influence(of(the(CF3(groups(on(the(electron(
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density(at(the(phosphorus(atoms(of(the(ligands(3.7F3.9(by(inductive(electron(

withdrawing,(which(is(a(distance(dependent(effect.((Therefore,(with(an(increasing(

number(of(bonds(separating(the(CF3(groups(from(the(coordinating(atom(the(electron(

density(at(the(phosphorus(should(increase(and(consequently(increase(the(ability(of(

the(ligands(to(form(a(metal(phosphorus(bond.((Accordingly,(the(preliminary(data(for(

the(compounds(3.7F3.9(indicated(that(molecule(3.7(was(the(least(electron(donating(

one(followed(by(compound(3.9(and(the(ligand(3.8(was(the(most(basic(out(of(the(

three(PHOX(molecules.((This(trend(was(subsequently(investigated(further.(

3.4.2.$$Electronic$properties$of$the$ligands$

Investigation(of(the(electronic(properties(of(the(free(PHOX(ligands(was(performed(by(

NMR.((Selenium(derivatives(of(all(PHOX(molecules(were(prepared(according(to(the(

procedure(described(in(the(previous(chapter.((The(values(of(the(31P>77Se(coupling(

constants(are(shown(in(Table'3.1.((Values(for(Ph3P,34((PhO)3P35(and((MeO)3P36(are(

included(for(comparison.(

Table'3.1.''31PF77Se'coupling'constants'for'the'PHOX'ligand'derivatives'

Compound( 1J(31P>77Se),(Hz' Compound' 1J(31P>77Se),(Hz'

3.1' 742' 3.7' 785'

3.2' 745' 3.8' 757'

3.3' 745' 3.9' 769(

3.4' 747' Ph3P' 73534(

3.5' 752' (PhO)3P' 102535(

3.6' 729' (MeO)3P' 95436(



Sedinkin,(Sergey,(2011,(UMSL,(p.(

(

68(

68(

As(explained(in(Chapter'II,(these(values(can(be(used(to(judge(the(relative(electron(

donating(properties((or(basicity)(of(phosphorus(atoms.34,36>42((Analysis(of(the((data(

supported(our(initial(hypothesis(about(the(influence(of(the(substituents(on(the(

electron(density(at(the(phosphorus(atoms.((In(the(series(of(electronically(tuned(

ligands(3.4F3.9,(we(observed(an(increase(of(the(1J(31P>77Se)(coupling(constants(with(

increasing(electron>withdrawing(abilities(of(the(substituents.((Accordingly,(

compound(3.6(with(strong(electron(donating(NMe2(group(was(the(most(basic(

(1J(31P>77Se)(=(729(Hz)(and(the(compound(3.7(with(CF3(substituent(right(next(to(the(

phosphorus(atom(was(found(to(be(the(least(basic(ligand((1J(31P>77Se)(=(785(Hz).((The(

other(ligands(fell(in(between(these(two(extreme(values.((As(expected,(ligands(3.1F

3.4,(featuring(different(substituents(on(the(oxazoline(ring(rather(than(the(phenyl(

ring,(have(very(similar(electronic(properties(at(the(phosphorus.((The(minor(

differences(in(the(1J(31P>77Se)(coupling(constants(of(their(selenium(derivatives(could(

be(due(to(slight(variations(of(the(compounds’(geometry.((This(effect(is(known(in(

literature.34((Overall,(the(PHOX(ligands(were(found(to(be(less(basic(than(Ph3P,(except(

compound(3.6(bearing(a(NMe2(group,(but(significantly(more(basic(than(either(

(PhO)3P(or((MeO)3P,(which(were(reported(to(give(1J(31P>77Se)(coupling(constants(of(

1025(and(954(Hz,(respectively.(

Analysis(of(the(physical(data(of(the(new(iron(complexes(in(Figure'3.1128(and(Figure'

3.1227(can(give(additional(insight(in(the(electronic(properties(of(the(ligands.((

Therefore,(spectroscopic(data(were(collected(and(analyzed(to(identify(the(influence(

of(different(ligands(on(carbonyl(stretching(frequencies(and(the(oxidation(potentials(

of(the(complexes.(
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It(is(known(from(the(literature(that(in(a(series(of(structurally(similar(complexes(

containing(CO(ligands,(trends(for(νCO(stretching(frequencies(and(CO(bond(distances(

can(be(correlated(to(the(electron(donating(properties(of(phosphine(type(ligands.43((It(

was(shown(that(more(basic(ligands(increase(electron(density(at(a(metal(center,(

which(transfers(some(of(the(electron(density(to(the(π*(orbital(of(a(CO(ligand(through(

back(bonding(interactions,(effectively(increasing(the(CO(bond(distance(and(at(the(

same(time(decreasing(the(νCO(stretching(frequency.((The(data(for(the(CO(ligands(in(

the(iron(PHOX(complexes(3.44F3.49((Figure'3.11)(were(collected(by(means(of(IR(

spectroscopy(and(X>ray(structure(analysis(and(are(presented(in(Table'3.2.28(

Table'3.2.''Carbonyl'stretching'frequencies'and'bond'distances'

Complex( 3.44' 3.45' 3.47' 3.48' 3.49'

νCO,(cm>1( 1971( 1967( 1944( 1947( 1951(

C≡O(bond(
distance,(Å(

1.138(3)( 1.142(3)( 1.150(3)( 1.159(13)( 1.16(2)(

(

The(νCO(stretching(frequencies(did(not(show(the(anticipated(dependency(on(the(

electron(donating(abilities(of(the(PHOX(ligands.((Compound(3.44,(which(does(not(

bear(any(substituents(on(either(the(aryl(or(the(oxazoline(ring(of(the(ligand,(showed(

the(highest(IR(stretching(frequency((1971(cm>1),(followed(by(compound(3.45(that(

had(a(phenyl(substituent(on(the(oxazoline(ring((1967(cm>1).((The(PHOX(ligand(3.6(

with(NMe2(group(was(found(to(be(the(most(electron>donating(as(judged(by(the(31P>

77Se(coupling(constant,(but(in(the(metal(complex(3.49(it(did(not(show(the(expected(

influence(on(the(νCO(stretching(frequency,(which(is(higher(than(for(complex(3.47(

without(a(NMe2(group.((Generally,(the(data(demonstrated(greater(impacts(caused(by(



Sedinkin,(Sergey,(2011,(UMSL,(p.(

(

70(

70(

sterically(tuned(ligands(3.1F3.4(rather(than(the(electronically(tuned(ligands(3.4F3.6.((

That(conclusion(can(be(rationalized(by(two(main(differences(between(the(iron(

complexes(3.44F3.49(and(literature(model(systems.((First,(the(PHOX(ligands(are(P>N(

bidentate,(and(all(ligands(previously(analyzed(towards(their(νCO(stretches(in(the(IR(

were(monodentate(phosphorus(compounds.((While(electronic(properties(of(the(

phosphorus(atoms(in(the(PHOX(molecules(could(follow(the(expected(trends,(the(

nitrogen(atom(of(the(oxazoline(ring(simultaneously(plays(a(dual(role(as(a(σ>donor(

and(a(π>acceptor.((Hence,(the(nitrogen(could(disturb(changes(in(electron(density(on(

the(metal(center(caused(by(the(phosphorus(atom.((The(second(explanation(is(based(

on(the(dependency(of(the(complexes’(structures(on(the(ligands.((X>ray(structural(

analysis(confirmed(that(all(our(complexes(have(slightly(different(geometries.28((

However,(comparative(studies(of(νCO(stretching(frequencies(in(the(literature(are(

base(on(systems(with(almost(identical(geometries.43>45((Therefore,(our(results(could(

exhibit(deviations(from(the(previously(published(trends(as(the(complexes(3.44F3.49(

showed(structural(differences.(

Finally,(cyclic(voltammetry(was(employed(to(determine(the(oxidation(potentials(of(

the(ligands(and(the(iron(complexes.((The(linear(dependency(of(the(νCO(stretching(

frequency(on(the(reduction(potential(of(related(iron(carbonyl(complexes(has(been(

investigated(in(the(literature(as(a(probe(to(analyze(the(electron(donating(properties(

of(monodentate(phosphorus(ligands.43((The(linear(increase(of(the(oxidation(

potentials(of(structurally(related(iron(carbonyl(complexes(was(shown(to(result(in(a(

decrease(of(the(νCO(stretching(frequencies(in(a(similarly(linear(manner(that(was(

connected(to(a(decline(of(the(electron(donating(abilities(of(their(respective(ligands.((
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The(cyclic(voltammetry(data(for(PHOX(ligands(3.1F3.6(and(the(new(iron(complexes(

3.44F3.49(are(shown(in(Table'3.3.(

Table'3.3.''Electrochemical'data'for'the'PHOX'ligands'and'the'iron'complexes(

Complex( Ligand( ΔEred/ox,(V( Epa,(V( Epa,(V,(ligand(

3.44' 3.1' 0.43( 1.21( 0.92(

3.45' 3.2' 0.35( 1.18( 0.82(

F' 3.3' >( >( 1.09(

3.47' 3.4' 0.36( 1.46( 0.86(

3.48' 3.5' 0.24( 1.32( 1.13(

3.49' 3.6' 0.33( 1.18( 0.87(

(

In(the(cyclic(voltammograms(of(the(ligands,(a(varying(number(of(oxidation(waves(

were(seen(and(no(reduction(waves(on(the(reverse(scans(were(observed.((Increasing(

scan(rates(did(not(result(in(better(reversibility,(suggesting(that(complex(and(

irreversible(reactions(were(taking(place(upon(oxidation(of(the(ligands.46((The(first(

oxidation(potential(of(the(PHOX(molecules(ranged(from(1.13(to(0.82(V(and(little(

dependency(on(the(anticipated(electronic(properties(was(observed.((Still,(the(

presence(of(an(electron>withdrawing(bromine(functionality(in(the(ligand(3.5(made(it(

the(most(difficult(to(oxidize((Epa(=(1.13(V).(

The(electrochemical(data(for(the(metal(complexes(showed(much(better(reversibility(

of(the(first(oxidation(wave(with(peak(current(ratios(ic/ia≥0.9,(while(a(very(large(

separation(between(oxidation(and(reduction(peaks((ΔE(=(0.24(to(0.43(V)(suggested(

sluggish(electron(transfer.((The(E1/2(values(of(the(first(oxidation(potentials(for(our(
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complexes(were(recorded(between(1.28(and(1.00(V.((The(reversibility(of(the(

oxidations(for(the(metal(complexes(but(not(for(the(ligands(indicated(a(one>electron(

oxidation/reduction(process(with(the(electron(coming(from(the(HOMO(of(the(

complexes.((However,(the(similarity(of(the(oxidation(potentials(of(the(free(ligands(

and(the(iron(complexes(suggested(that(the(HOMO(is(ligand>centered.((This(could(

explain(why(we(did(not(observe(the(trends(described(in(literature(for(the(oxidation(

potentials(of(monodentate(iron(phosphine(complexes(where(the(HOMO(might(be(

metal(centered.43(

3.4.3.$$Steric$properties$of$the$ligands$

Evaluation(of(steric(tuning(of(the(PHOX(ligands(was(performed(by(X>ray(structure(

analysis.((Crystal(structures(of(the(five(complexes(3.44,(3.45,(3.47F3.49(were(

obtained(and(their(geometries(were(analyzed.28((According(to(our(assumptions,(

steric(tuning(of(the(ligand(should(be(taking(place(at(the(position(α(to(the(

coordinating(nitrogen(atom(of(the(oxazoline(ring.((Thus,(complexes(3.44,(3.45(and(

3.47(were(of(high(interest(due(to(implementation(of(the(hypothetically(sterically(

tuned(ligand(3.1,(3.2(and(3.4,(respectively.(

The(ideal(geometry(for(the(new(iron(PHOX(complexes(should(be(octahedral,(but(the(

actual(structural(data(showed(distortion(from(the(theoretical(as(seen(by(comparing(

the(bond(angles(around(the(iron(center(described(below.((Therefore,(analysis(of(

magnitudes(of(the(complexes’(structural(deviations(form(the(ideal(octahedral(

coordination(geometry(was(employed(to(study(the(steric(tuning(of(the(ligands.((

Relevant(structural(data(for(the(analysis(of(the(complexes(3.44,(3.45,(3.47F3.49(are(

compiled(in(the(Table'3.4.(
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Table'3.4.''Selected'structural'data'for'the'complexes'3.44,'3.45,'3.47F3.49'

Complex( 3.44' 3.45' 3.47' 3.48' 3.49'
Bo
nd
(a
ng
le
s,(
°(

O≡C>Fe>N( 92.62(12)( 91.57(14)( 100.00(8)( 99.4(4)( 99.2(6)(

N>Fe>P( 85.23(7)( 86.92(9)( 83.38(5)( 84.2(3)( 83.2(3)(

O≡C>Fe>P( 92.32(9)( 92.90(11)( 93.58(7)( 96.2(4)( 96.5(5)(

O≡C>Fe( 176.6(3)( 176.2(3)( 174.64(19)( 173.6(10)( 170.7(16)(

(

The(concept(of(bite(angles47(was(applied(first(to(characterize(the(steric(properties(of(

the(ligands.((The(values(obtained(for(N>Fe>P(angles(were(all(very(similar(and(ranged(

from(83.2°(to(86.92°.((Unexpectedly,(regardless(of(a(diminished(steric(repulsion,(the(

smallest(bite(angle(was(not(found(for(the(ligand(3.1(with(no(substituents(on(either(

the(oxazoline(or(the(phenyl(rings.((However,(the(largest(bite(angle(was(found(for(the(

ligand(3.2(with(a(large(phenyl(substituent(in(the(α(position(to(the(nitrogen(atom(on(

the(oxazoline(ring.(

Another(indicative(set(of(parameters(to(assess(the(steric(properties(of(the(ligands(is(

the(bond(angles(around(the(iron(center.((The(values(ranged(form(83.2°(for(the(N>Fe>

P(to(100.00°(for(the(O≡C>Fe>P(angles.((The(O≡C>Fe>P(angles(for(the(complexes(3.47F

3.49(bearing(two(methyl(substituents(on(the(oxazoline(ring((99.2°(to(100.0°)(

showed(the(largest(deviations(from(the(ideal(90°(values.((The(same(three(complexes(

featured(a(significant(loss(of(linearity(of(the(O≡C>Fe(bond(angles.((The(angles(O>C>Fe(

were(observed(in(the(range(from(170.7°(to(174.64°.(
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Overall,(the(presence(of(substituents(in(the(α(position(to(the(nitrogen(atom(of(the(

oxazoline(ring(in(the(PHOX(ligands(was(found(to(influence(the(geometry(of(the(

corresponding(metal(complexes.((Therefore,(steric(tuning(can(be(achieved(by(

varying(the(size(of(these(substituents.(

3.5.$$Conclusion$

An(investigation(of(the(intended(steric(and(electronic(tuning(of(PHOX(ligands(was(

performed.((For(that(purpose,(nine(ligands(3.1F3.9(were(synthesized.((The(

compounds(3.5F3.9(were(prepared(for(the(first(time.((The(electronic(properties(of(

the(ligands(were(examined(employing(a(variety(of(techniques.((Direct(studies(of(the(

PHOX(ligands(were(performed(utilizing(NMR(spectroscopy(and(cyclic(voltammetry.((

In(an(indirect(approach,(analysis(of(physical(data(obtained(by(NMR,(IR(and(CV(for(

new(iron(complexes(bearing(the(PHOX(ligands(synthesized(in(our(laboratory(was(

performed.((Overall,(it(was(found(that(the(electronic(tuning(of(the(PHOX(ligands(is(

possible(by(varying(the(substituents(on(the(phenyl(ring.((However,(the(tuning(was(

observed(to(have(unexpected(and(often(only(a(minor(influence(on(the(electronic(

properties(of(their(respective(metal(complexes(due(to(their(P,N(chelating(nature.(

The(possibility(of(steric(tuning(was(investigated(by(evaluation(of(the(data(from(X>ray(

structure(analysis(of(the(new(iron(PHOX(complexes.((It(was(shown(that(the(presence(

of(substituents(in(the(position(α(to(the(nitrogen(atom(of(the(oxazoline(ring(

influenced(the(geometries(of(the(corresponding(metal(complexes.((The(

phosphinooxazolines(3.4F3.6(having(tertiary(carbon(atoms((two(methyl(
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substituents)(in(those(positions(afforded(the(greatest(deviations(form(the(ideal(

octahedral(geometries(of(the(iron(complexes(3.47F3.49.(
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General'methods'

Chemicals(were(treated(as(follows:(THF,(toluene,(diethyl(ether,(distilled(from(

Na/benzophenone;(CH2Cl2,(distilled(from(CaH2.((2KFluorobenzoic(acid((Aldrich),(

Ethanolamine(3.10((Aldrich),((R)K2KaminoK2Kphenylethanol(3.11((Aldrich),((S)K2K

aminoK3KphenylpropanK1Kol(3.12((Aldrich),(2KAminoK2KmethylK1Kpropanol(3.13(

(Aldrich),(NaBrO3((Flinn(Scientific(Inc.),((COCl)2((Acros),(TsCl((Aldrich),(DMAP(

(Aldrich),(KPPh2((Aldrich,(0.5(M(in(THF),(Potassium(carbonate((Fisher(Scientific),(

dimethyl(sulfate(((CH3)2SO4,(Aldrich),(Pd/C((5%,(Lancaster),(Celite®(512(medium(

(Fluka),(Silica(gel,(200K400(mesh,(60(Å((SigmaKAldrich),(used(as(received.(

NMR(spectra(were(obtained(at(300(K(on(a(Bruker(Avance(300(MHz(or(a(Varian(Unity(

Plus(300(MHz(instrument(and(referenced(to(the(signal(of(TMS;(all(assignments(are(

tentative.((Exact(masses(were(obtained(on(JEOL(MStation((JMSK700)(Mass(

spectrometer.((Melting(points(are(uncorrected(and(were(taken(on(an(Electrothermal(

9100(instrument.(Elemental(analyses(were(performed(by(Atlantic(Microlab(Inc.,(

Norcross,(GA,(USA.(

Syntheses'

2&Fluoro&N&(2&hydroxyethyl)benzamide:(3.18).((To(a(stirred(solution(of(the(

ethanolamine(3.10((0.57(g,(0.56(mL,(9.3(mmol)(in(CH2Cl2((30(mL),(Et3N((1.7(g,(2.4(

mL,(17(mmol)(was(added.((The(resulting(solution(was(cooled(to(0(°C((ice(bath)(and(a(

solution(of(the(acid(chloride(3.14:(1.0(mL,(1.3(g,(8.4(mmol)(in(CH2Cl2((25(mL)(was(

added(dropwisely.((The(reaction(mixture(was(stirred(at(25(°C(for(2(hours(and(then(
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diluted(with(CH2Cl2((50(mL).((The(organic(layer(was(washed(with(H2O((50(mL),(0.2(M(

solution(of(aqueous(NaHSO4,(H2O,(a(saturated(aqueous(solution(of(NaHCO3(and(H2O.((

The(combined(organic(layers(were(dried(over(MgSO4(and(concentrated(in%vacuo.((

The(crude(product(was(purified(by(flash(column(chromatography(on(SiO2((2(×(20(cm(

column;(eluted(with(1:0(v/v(toluene/EtOAc(→(7:3(v/v(toluene/EtOAc)(to(obtain(the(

product(3.18:(1.47(g,(8.01(mmol,(95%)(as(a(colorless(oil.(

NMR((δ,(CDCl3)(1H(8.05–7.89((m,(1(H,(aromatic),(7.45–7.31((m,(1(H,(aromatic),(7.24–

7.10((m,(2(H,(Ph,(NH),(7.07–6.98((m,(1(H,(aromatic),(3.78–3.72((m,(2(H,(CH2O),(3.61–

3.53((m,(2(H,(CH2N),(2.95((s,(1(H,(OH);(13C{1H}(164.4((d,(3JCF(=(3.3(Hz,(C=O),(160.6((d,(

1JCF(=(248.1(Hz,(CF),(133.4((d,(JCF(=(9.3(Hz,(aromatic),(131.9((d,(JCF(=(2.2(Hz,(aromatic),(

124.7((d,(JCF(=(3.3(Hz,(aromatic),(120.8((d,(JCF(=(12.1(Hz,(aromatic),(116.0((d,(JCF(=(24.7(

Hz,(aromatic),(62.0((s,(CH2O),(42.8((s,(CH2N);(19F{1H}(–(113.9((s).(

2&Fluoro&N&[(1R)&2&hydroxy&1&phenylethyl]benzamide:(3.19).((Acid(chloride(

3.14:(2.67(g,(2.00(mL,(16.9(mmol)(was(converted(to(3.19:(4.15(g,(16.0(mmol,(95%,(

white(powder)(as(described(above(for(3.18.(

NMR((δ,(CDCl3)(1H(8.04–7.91((m,(1(H,(aromatic),(7.49–7.11((m,(8(H,(Ph+NH),(7.10–

6.98((m,(1(H,(aromatic),(5.31–5.17((m,(1(H,(CHN),(3.88((br(s,(2(H,(CH2),(2.63((br(s,(1(H,(

OH);(13C{1H}(163.5((d,(JCF(=(3.3(Hz,(C=O),(160.7((d,(JCF(=(247.5(Hz,(CF),(138.9((s,(

aromatic),(133.5((d,(JCF(=(9.3(Hz,(aromatic),(132.0((d,(JCF(=(2.2(Hz,(aromatic),(128.9((s,(

aromatic),(127.9((s,(aromatic),(126.7((s,(aromatic),(124.8((d,(JCF(=(3.3(Hz,(aromatic),(

116.0((d,(JCF(=(24.7(Hz,(aromatic),(66.5((s,(CH2),(56.2((s,(CHN).(
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N&[(1S)&1&benzyl&2&hydroxyethyl]&2&fluorobenzamide:(3.20).((Acid(chloride(

3.14:(1.70(g,(1.27(mL(10.7(mmol)(was(converted(to(3.20:(2.75(g,(10.1(mmol,(94%,(

colorless(oil)(as(described(above(for(3.18.(

NMR((δ,(CDCl3)(1H(8.06–7.91((m,(1(H,(aromatic),(7.46–7.32(m,(1(H,(aromatic),(7.31–

7.10((m,(6(H,(aromatic),(7.07–6.97((m,(1(H,(aromatic),(6.94((br(s,(1(H,(NH),(4.45–4.27(

(m,(1(H,(CHN),(3.81–3.56((m,(2(H,(CH2O),(2.92((dd,(J(=(7.2,(J(=(0.9(Hz,(2(H,(PhCH2),(2.67(

(br(s,(1(H,(OH);(13C{1H}(161.3((d,(JCF(=(3.1(Hz,(C=O),(137.4((s,(aromatic),(133.5–133.3(

(m,(aromatic),(132.0((d,(JCF(=(2.2(Hz,(aromatic),(129.3((s,(aromatic),(128.7((s,(

aromatic),(126.7((s,(aromatic),(124.8((d,(JCF(=(3.3(Hz,(aromatic),(116.0((d,(JCF(=(24.7(

Hz,(aromatic),(64.2((s,(CH2O),(53.5((s,(CHN),(37.1((s,(PhCH2);(19F{1H}(–(113.6((s).(

2&Fluoro&N&(2&hydroxy&1,1&dimethylethyl)benzamide:(3.21).((Acid(chloride(

3.14:(2.67(g,(2.00(mL,(16.9(mmol)(was(converted(to(3.21:(3.40(g,(16.1(mmol,(95%,(

colorless(oil)(as(described(above(for(3.18.(

NMR((δ,(CDCl3)(1H(7.91((td,(4JHF(=(7.9,(4JHH(=(1.9(Hz,(1(H,(HK6(aromatic),(7.41–7.33((m,(

J(=(8.3,(7.3,(5.3,(2.0(Hz,(1(H,(aromatic),(7.15((td,(J(=(7.5,(J(=(1.1(Hz,(1(H,(aromatic),(7.01(

(ddd,(J(=(12.1,(J(=(8.2,(J(=(0.9(Hz,(1(H,(aromatic),(6.82((d,(5JHF(=(13.2(Hz,(1(H,(NH),(4.72(

(br(s,(1(H,(OH),(3.58((br(s,(2(H,(CH2O),(1.33((s,(6(H,(2CH3);(13C{1H}(163.7((d,(JCF(=(3.3(

Hz,(C=O),(160.2((d,(JCF(=(247.0(Hz,(CF),(133.2((d,(JCF(=(9.3(Hz,(aromatic),(131.6((d,(JCF(=(

1.7(Hz,(aromatic),(124.7((d,(JCF(=(3.3(Hz,(aromatic),(121.5((d,(JCF(=(11.5(Hz,(aromatic),(

115.9((d,(JCF(=(24.7(Hz,(aromatic),(56.4((s,(CH2),(24.4((s,(2CH3);(19F{1H}(–(113.7((s).(

2&Fluoro&N&(2&hydroxy&1,1&dimethylethyl)&3&(trifluoromethyl)benzamide:

(3.22).::Acid(chloride(3.15:(3.59(g,(2.40(mL,(15.8(mmol)(was(converted(to(3.22:

(4.00(g,(14.3(mmol,(90%,(of(colorless(oil)(as(described(above(for(3.18.(
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NMR((δ,(CDCl3)(1H{19F}(7.98((dd,(3JHH(=(7.8,(4JHH(=(1.7(Hz,(1(H,(HK6(aromatic),(7.58(

(dd,(3JHH(=(7.7,(4JHH(=(1.9Hz,(1(H,(HK4(aromatic),(7.21((t,(3JHH(=(7.7Hz,(1(H,(HK5(

aromatic),(6.92((br(s,(1(H,(NH),(4.64((br(s,(1(H,(OH),(3.53((d,(3JHH(=(4.6Hz,(2(H,(CH2),(

1.31((s,(6(H,(2CH3);(13C{1H}(162.6((d,(3JCF(=(2.7(Hz,(C=O),(157.4((dq,(1JCF(=(256.9,(3JCF(=(

2.2(Hz,(CK2(aromatic),(135.5((quin,(4JCF(=(1.7(Hz,(CK5(aromatic),(130.0((m,(3JCF(=(4.4,(

3JCF(=(2.2(Hz,(CK4(aromatic),(124.6((d,(3JCF(=(4.4(Hz,(CK6(aromatic),(124.0((d,(2JCF(=(12.1(

Hz,(CK1(aromatic),(122.3((q,(1JCF(=(272.6(Hz,(CF3),(119.8–118.1((m,(CK3(aromatic),(

69.9((s,(CH2),(56.6((s,(C(CH3)2),(24.0((s,(2CH3);(19F{1H}(–(61.8((d,(4JFF(=(13.4(Hz,(CF3),(–(

117.2((q,(4JFF(=(13.4(Hz,(PhF).(

2&Fluoro&N&(2&hydroxy&1,1&dimethylethyl)&5&(trifluoromethyl)benzamide:

(3.23).((Acid(chloride(3.16:(1.05(mL,(1.57(g,(6.93(mmol)(was(converted(to(3.23:

(1.81(g,(6.48(mmol,(94%)(as(described(above(for(3.18.(

NMR((δ,(CDCl3)(1H(8.15((m,(1(H,(aromatic),(7.53((m,(1(H,(aromatic),(7.39((m,(1(H,(

aromatic),(6.86((d,(5JHF(=(3.3(Hz,(1(H,(NH),(4.25((t,(3JHH(=(5.7,(1(H,(OH),(3.70((d,(3JHH(=(

5.7(Hz,(2(H,(CH2),(1.43((s,(6(H,(2CH3);(13C{1H}(162.3((d,(3JCF(=(3.3(Hz,(C=O),(159.8((d,(

1JCF(=(249.2(Hz,(CF),(135.5–134.8((m),(132.9((d,(JCF(=(2.2(Hz),(125.0((d,(JCF(=(11.0(Hz),(

121.9–121.4((m,(JCF%=(3.7,(JCF(=(3.7,(JCF(=(3.6,(JCF(=(3.3(Hz,(aromatic),(122.7((qd,(JCF(=(

272.3(Hz,(JCF(=(2.7(Hz,(CF3),(114.2–113.4((m,(aromatic),(70.1((s,(CH2O),(56.8((s,(

C(CH3)2),(24.5((s, 2CH3);(19F{1H}(–(63.6((s,(3(F,(CF3),(–(111.9((s,(1(F,(PhF).(

MS((EI,(m/z):(248(([(3.23)(–(OH]+,(20%),(191(([(2.23)(–(NHC(CH3)2OH]+,(100%),(163(

(C6H4F(CF3),(20%).(
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2&Fluoro&N&(1&hydroxy&2&methylpropan&2&yl)&6&(trifluoromethyl)benzamide:

(3.24).((Acid(chloride(3.17:(0.50(mL,(0.78(g,(3.47(mmol)(was(converted(to(3.24:

(0.87(g,(3.24(mmol,(93%)(as(described(above(for(3.18.(

NMR((δ,(CDCl3)(1H(7.57((m,(1(H,(aromatic),(7.40((m,(1(H,(aromatic),(7.34((m,(1(H,(

aromatic),(6.91((d,(5JHF(=(3.0(Hz,(1(H,(NH),(4.23((t,(3JHH(=(5.5,(1(H,(OH),(3.65((d,(3JHH(=(

5.5(Hz,(2(H,(CH2),(1.45((s,(6(H,(2CH3);(13C{1H}(163.0((d,(3JCF(=(3.2(Hz,(C=O),(160.0((d,(

1JCF(=(250.0(Hz,(CF),(136.0–135.7((m),(131.9((d,(JCF(=(2.1(Hz),(125.3((d,(JCF(=(10.0(Hz),(

123.0–122.8((m,(aromatic),(120.7((qd,(JCF(=(272.5(Hz,(JCF(=(3.7(Hz,(CF3),(114.2–113.4(

(m,(aromatic),(71.1((s,(CH2O),(56.3((s,(C(CH3)2),(23.5((s, 2CH3);(19F{1H}(–(62.7((s,(3(F,(

CF3),(–(112.3((s,(1(F,(PhF).(

2&(2&Fluorophenyl)&4,5&dihydro&1,3&oxazole:(3.25).((To(a(stirred(solution(of(3.18:

(1.54(g,(8.43(mmol)(in(CH2Cl2((85(mL),(Et3N((2.56(g,(3.55(mL,(25.3(mmol),(TsCl((3.21(

g,(16.9(mmol)(and(DMAP((0.103(g,(0.843(mmol)(were(added.((The(resulting(solution(

was(stirred(at(reflux(for(16(hours.((H2O((0.5(mL)(was(added(to(the(reaction(mixture(

and(it(was(refluxed(for(one(more(hour.((After(the(reaction(mixture(cooled(down(to(

25(°C,(it(was(diluted(with(CH2Cl2((30(mL)(and(washed(with(H2O,(a(0.2(M(solution(of(

aqueous(NaHSO4,(H2O,(a(saturated(solution(of(NaHCO3(and(H2O.((The(combined(

organic(layers(were(dried(over(MgSO4(and(concentrated(in%vacuo.((The(crude(

product(was(purified(by(flash(column(chromatography(on(SiO2((2(×(20(cm(column;(

eluted(with(9:1(v/v(toluene/EtOAc)(to(obtain(the(product(3.25:(1.17(g,(7.07(mmol,(

84%)(as(a(colorless(oil.(

NMR((δ,(CDCl3)(1H(7.85–7.71((m,(1(H,(aromatic),(7.41–7.27((m,(1(H,(aromatic),(7.15–

6.94((m,(2(H,(aromatic),(4.39–4.21((m,(2(H,(CH2O),(4.00((t,(J(=(9.3(Hz,(2(H,(CH2N);(
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13C{1H}(161.1((d,(JCF(=(5.5(Hz,(C=N),(161.0((d,(JCF(=(258.0(Hz,(CF),(132.6((d,(JCF(=(8.8(

Hz,(aromatic),(130.8((d,(JCF(=(1.7(Hz,(aromatic),(123.8((d,(JCF(=(3.8(Hz,(aromatic),(

116.5((d,(JCF(=(22.5(Hz,(aromatic),(115.8((d,(JCF(=(9.9(Hz,(aromatic),(66.9((s,(CH2O),(

55.0((s,(CH2N);(19F{1H}(–(110.1((s).(

(4R)&2&(2&fluorophenyl)&4&phenyl&4,5&dihydro&1,3&oxazole:(3.26).((Benzamide(

3.19:(1.50(g,(5.79(mmol)(was(converted(to(3.26:(1.31(g,(5.44(mmol,(94%,(colorless(

oil)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(7.94–7.78((m,(1(H,(aromatic),(7.40–6.90((m,(8(H,(aromatic),(5.27(

(t,(J(=(9.1(Hz,(1(H,(aromatic),(4.71–4.52((m,(2(H,(CH2),(4.09((t,(J(=(8.3(Hz,(1(H,(CHN);(

13C{1H}(161.5((d,(JCF(=(5.5(Hz,(C=N),(161.2((d,(JCF(=(258.5(Hz,(CF),(142.2((s,(aromatic),(

133.1((d,(JCF(=(8.8(Hz,(aromatic),(131.3((d,(JCF(=(1.7(Hz,(aromatic),(128.7((s,(aromatic),(

127.6((s,(aromatic),(126.7((s,(aromatic),(124.0((d,(JCF(=(3.8(Hz,(aromatic),(116.7((d,(JCF(

=(22.0(Hz,(aromatic),(115.9((d,(JCF(=(10.4(Hz,(aromatic),(74.5((s,(CH2),(70.1((s,(CHN).(

(4S)&4&benzyl&2&(2&fluorophenyl)&4,5&dihydro&1,3&oxazole:(3.27).((Benzamide(

3.20:(2.65(g,(9.70(mmol)(was(converted(to(3.27:(2.26(g,(8.85(mmol,(91%,(colorless(

oil)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(7.77–7.66((m,(1(H,(aromatic),(7.28–6.89((m,(8(H,(aromatic),(4.52–

4.38((m,(1(H),(4.11((t,(J(=(9.0(Hz,(1(H),(3.99–3.90((m,(1(H),(3.10((dd,(J(=(13.7,(J(=(5.0(

Hz,(1(H,(PhCHH’),(2.59((dd,(J(=(13.7,(J(=(8.8(Hz,(1(H,(PhCHH’);(13C{1H}(161.1((d,(JCF(=(

258.0(Hz,(CF),(137.8((s,(aromatic),(132.8((d,(JCF(=(8.8(Hz,(aromatic),(131.1((d,(JCF(=(2.2(

Hz,(aromatic),(129.3((s,(aromatic),(128.5((s,(aromatic),(128.6((d,(JCF(=(60.4(Hz,(

aromatic),(126.5((s,(aromatic),(123.8((d,(JCF(=(3.8(Hz,(aromatic),(116.6((d,(JCF(=(22.0(

Hz,(aromatic),(71.3((s,(CH2O),(68.0((s,(CHN),(41.6((s,(PhCH2);(19F{1H}(–(109.5((s).(
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2&(2&Fluorophenyl)&4,4&dimethyl&4,5&dihydro&1,3&oxazole:(3.28).((Benzamide(

3.21:(1.55(g,(7.34(mmol)(was(converted(to(3.28:(1.10(g,(5.69(mmol,(78%,(white(

foam)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(7.95–7.81((m,(1(H,(aromatic),(7.50–7.34((m,(1(H,(aromatic),(7.23–

7.03((m,(2(H,(aromatic),(4.09((s,(2(H,(CH2),(1.40((s,(6(H,(2CH3);(13C{1H}(160.9((d,(JCF(=(

256.3(Hz,(CF),(158.7((d,(JCF(=(4.4(Hz,(C=N),(132.6((d,(JCF(=(8.8(Hz,(aromatic),(131.0((d,(

JCF(=(1.7(Hz,(aromatic),(123.7((d,(JCF(=(2.2(Hz,(aromatic),(116.4((d,(JCF(=(22.0(Hz,(

aromatic),(78.6((s,(CH2),(67.6((s,(C(CH3)2),(28.2((s,(2CH3);(19F{1H}(–(110.0((s).(

2&[2&Fluoro&3&(trifluoromethyl)phenyl]&4,4&dimethyl&4,5&dihydro&1,3&oxazole:

(3.29).::Benzamide(3.22:(3.98(g,(14.2(mmol)(was(converted(to(3.29:(3.00(g,(11.5(

mmol,(81%,(colorless(oil)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(7.97((m,(1(H,(HK6(aromatic),(7.60((m,(1(H,(HK4(aromatic),(7.18((m,(

1(H,(HK5(aromatic),(4.03((s,(2(H,(CH2),(1.31((s,(6(H,(2CH3);(13C{1H}(157.9((d,(3JCF(=(4.9(

Hz,(C=N),(158.5((dq,(1JCF(=(267.9,(3JCF(=(2.2(Hz,(CK2(aromatic),(135.1((dq,(4JCF(=(2.2,(3JCF(

=(1.1(Hz,(CK5(aromatic),(129.9–129.4((m,(CK4(aromatic),(123.9((d,(3JCF(=(4.9(Hz,(CK6(

aromatic),(122.5((q,(1JCF(=(272.4(Hz,(CF3),(118.8–120.5((m,(CK3(aromatic),(118.2((d,(

2JCF(=(10.4(Hz,(CK1(aromatic),(79.1((s,(CH2),(68.2((s,(C(CH3)2),(28.3((s,(2CH3);(19F{1H}(–(

62.1((d,(4JFF(=(13.4(Hz,(CF3),(–(111.8((q,(4JFF(=(13.4(Hz,(PhF).(

2&[2&Fluoro&5&(trifluoromethyl)phenyl]&4,4&dimethyl&4,5&dihydro&1,3&oxazole:

(3.30).::Benzamide(3.23:(0.940(g,(3.37(mmol)(was(converted(to(3.30:(0.723(g,(2.77(

mmol,(82%)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(8.02((m,(1(H,(aromatic),(7.50–7.35((m,(2(H,(aromatic),(4.14((s,(2(H,(

CH2),(1.42((s,(6(H,(2CH3);(13C{1H}(162.8((d,(1JCF(=(264.6(Hz,(CF),(157.7((d,(3JCF(=(5.5(Hz,(
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C=N),(129.9–129.6((m),(129.0((quin,(JCF(=(3.6(Hz),(127.1–126.5((m,(aromatic),(123.4(

(q,(1JCF(=(272.2(Hz,(CF3),(117.5((d,(JCF(=(23.6(Hz),(117.3((d,(JCF(=(11.5(Hz,(aromatic),(

79.1((s,(CH2O),(68.2((s,(C(CH3)2),(28.3((s,(2CH3);(19F{1H}(–(63.9((s,(3(F,(CF3),(–(107.3((s,(

1(F,(PhF).(

MS((EI,(m/z):(261(([3.30]+,(5%),(246(([(3.30)(–(CH3]+,(70%),(191(([(3.30)(–(

NC(CH3)2CH2]+,(100%).(

2&(2&fluoro&6&(trifluoromethyl)phenyl)&4,4&dimethyl&4,5&dihydrooxazole:

(3.31).::Benzamide(3.24:(1.034(g,(3.71(mmol)(was(converted(to(3.31:(0.776(g,(2.97(

mmol,(80%)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(7.53–7.35((m,(3(H,(aromatic),(4.17((s,(2(H,(CH2),(1.39((s,(6(H,(

2CH3);(13C{1H}(161.0((d,(1JCF(=(263.2(Hz,(CF),(157.8((d,(3JCF(=(5.4(Hz,(C=N),(130.0–

129.5((m),(128.1((quin,(JCF(=(3.7(Hz),(127.4–126.7((m,(aromatic),(123.3((q,(1JCF(=(

270.2(Hz,(CF3),(118.5((d,(JCF(=(26.3(Hz),(117.8((d,(JCF(=(12.5(Hz,(aromatic),(78.8((s,(

CH2O),(68.0((s,(C(CH3)2),(28.2((s,(2CH3);(19F{1H}(–(63.3((s,(3(F,(CF3),(–(109.1((s,(1(F,(

PhF).(

2&[2&(Diphenylphosphino)phenyl]&4,5&dihydro&1,3&oxazole:(3.1).((A(Schlenk(

flask(was(charged(with(the(aryl(fluoride(3.25:(1.17(g,(7.07(mmol)(and(THF((15(mL).((

KPPh2((0.5(M(in(THF,(14.9(mL,(7.43(mmol)(was(added(dropwise(with(stirring.((The(

resulting(reddish(solution(was(refluxed(for(2(hours.((The(reaction(mixture(was(

diluted(with(CH2Cl2((200(mL)(and(poured(into(a(saturated(aqueous(solution(of(

NaHCO3((150(mL).(The(organic(layer(was(separated,(washed(with(H2O(and(dried(

over(MgSO4.((The(solution(was(concentrated(in%vacuo%and(the(crude(product(purified(

by(flash(column(chromatography(on(SiO2((2(×(35(cm(column;(eluted(with(1:0(v/v(
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toluene/EtOAc(→(9:1(v/v(toluene/EtOAc)(to(obtain(3.1:(1.90(g,(5.73(mmol,(81%)(as(

a(white(solid.(

NMR((δ,(CDCl3)(1H(7.71–7.59((m,(1(H,(aromatic),(7.21–6.95((m,(12(H,(aromatic),(

6.77–6.64((m,(1(H,(aromatic),(3.87–3.72((m,(2(H,(CH2O),(3.59–3.45((m,(2(H,(CH2N);(

13C{1H}(164.1((d,(JCP(=(2.7(Hz,(C=N),(138.8((d,(JCP(=(25.3(Hz,(aromatic),(137.8((d,(JCP(=(

11.5(Hz,(aromatic),(134.0((s,(aromatic),(133.7((s,(aromatic),(133.5((d,(JCP(=(2.2(Hz,(

aromatic),(131.7((d,(JCP(=(19.2(Hz,(aromatic),(130.2((s,(aromatic),(129.6((d,(JCP(=(3.3(

Hz,(aromatic),(128.4((s,(aromatic),(128.3((s,(aromatic),(128.2((s,(aromatic),(127.8((s,(

aromatic),(66.9((s,(CH2O),(54.7((s,(CH2N);(31P{1H}(–(4.6((s).(

(4R)&2&[2&(diphenylphosphino)phenyl]&4&phenyl&4,5&dihydro&1,3&oxazole:

(3.2).((Compound(3.26:(1.00(g,(4.14(mmol)(was(converted(to(3.2:(1.27(g,(3.11(mmol,(

75%,(white(solid)(as(described(above(for(3.1.(

NMR((δ,(CDCl3)(1H(8.19–8.07((m,(1(H,(aromatic),(7.53–7.21((m,(16(H,(aromatic),(

7.11–6.97((m,(2(H,(aromatic),(5.3((t,(J(=(9.6(Hz,(1(H),(4.6((dd,(J(=(10.1,(J(=(8.2(Hz,(1(H),(

4.04((dd,(J(=(9.0,(J(=(8.3(Hz,(1(H);(13C{1H};(164.4((d,(JCP(=(2.7(Hz,(C=N),(141.8((s,(

aromatic),(139.2((s,(aromatic),(137.9((d,(JCP(=(12.6(Hz,(aromatic),(137.7((d,(JCP(=(9.9(

Hz,(aromatic),(134.3((s,(aromatic),(134.0((s,(aromatic),(133.8((s,(aromatic),(133.7((s,(

aromatic),(133.6((s,(aromatic),(131.3((d,(JCP(=(19.2(Hz,(aromatic),(130.5((s,(aromatic),(

130.1((d,(JCP(=(2.7(Hz,(aromatic),(128.8((d,(aromatic),(128.5((s,(aromatic),(128.4((s,(

aromatic),(128.3((d,(JCP(=(2.2(Hz,(aromatic),(128.2((d,(aromatic),(128.0((s,(aromatic),(

127.9((s,(aromatic),(126.9((s,(aromatic),(126.4((s,(aromatic),(125.1((s,(aromatic),(74.1(

(s,(CH2),(69.9((s,(CHN);(31P{1H}(–(4.8.(



Sedinkin,(Sergey,(2011,(UMSL,(p.(

(

88(

88(

(4S)&4&benzyl&2&[2&(diphenylphosphino)phenyl]&4,5&dihydro&1,3&oxazole:

(3.3).((Compound(3.27:(1.99(g,(7.81(mmol)(was(converted(to(3.3:(2.30(g,(5.46(mmol,(

70%,(white(foam)(as(described(above(for(3.1.(

NMR((δ,(CDCl3)(1H(7.70((dd,(J(=(7.1,(J(=(3.1(Hz,(1(H,(aromatic),(7.26–6.80((m,(17(H,(

aromatic),(6.73((dd,(J(=(7.5,(J(=(4.1(Hz,(1(H,(aromatic),(4.27–4.06((m,(1(H),(3.80((t,(J(=(

8.9(Hz,(1(H),(3.56((t,(J(=(7.9(Hz,(1(H),(2.72((dd,(J(=(13.9,(J(=(5.2(Hz,(1(H,(PhCHH’),(1.96(

(dd,(J(=(13.9,(J(=(9.0(Hz,(1(H,(PhCHH’);(13C{1H}(163.4((d,(JCP(=(3.3(Hz,(C=N),(138.8((d,(

JCP(=(25.8(Hz,(aromatic),(137.9–138.0((m,(aromatic),(137.8((d,(JCP(=(2.2(Hz,(aromatic),(

134.3((s,(aromatic),(134.0((s,(aromatic),(133.8((s,(aromatic),(133.5((s,(aromatic),(

133.4((d,(JCP(=(2.2(Hz,(aromatic),(131.4((d,(JCP(=(18.7(Hz,(aromatic),(130.3((s,(

aromatic),(129.7((d,(JCP(=(2.7(Hz,(aromatic),(128.9((s,(aromatic),(128.8((s,(aromatic),(

128.5((s,(aromatic),(128.3((s,(aromatic),(128.24((d,(JCP(=(1.7(Hz,(aromatic),(128.20((s,(

aromatic),(128.16((s,(aromatic),(128.0((s,(aromatic),(127.7((s,(aromatic),(126.1((s,(

aromatic),(71.2((s,(CH2),(67.8((s,(CHN),(40.9((s,(PhCH2);(31P{1H}(–(4.2((s).(

2&[2&(Diphenylphosphino)phenyl]&4,4&dimethyl&4,5&dihydro&1,3&oxazole:(3.4).(

Compound(3.28:(0.510(g,(2.64(mmol)(was(converted(to(3.4:(0.790(g,(2.20(mmol,(

83%,(white(solid)(as(described(above(for(3.1.(

NMR((δ,(CDCl3)(1H(8.01–7.93((m,(1(H,(aromatic),(7.49–7.15((m,(12(H,(aromatic),(

6.99–6.90((m,(1(H,(aromatic),(3.80((s,(2(H,(CH2),(1.14((s,(6(H,(2CH3);(13C{1H}(161.7((d,(

JCP(=(2.2(Hz,(C=N),(138.3((d,(JCP(=(25.2(Hz,(aromatic),(137.6((d,(JCP(=(11.5(Hz,(

aromatic),(133.7((d,(JCP(=(20.9(Hz,(aromatic),(133.4((d,(JCP(=(17.0(Hz,(aromatic),(131.5(

(d,(JCP(=(18.1(Hz,(aromatic),(129.9((s,(aromatic),(129.5((d,(JCP(=(2.7(Hz,(aromatic),(
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128.2((s,(aromatic),(128.0((d,(JCP(=(7.7(Hz,(aromatic),(127.4((s,(aromatic),(78.2((s,(

CH2),(67.2((s,(C(CH3)2),(27.5((s,(2CH3);(31P{1H}(–(4.0((s).(

2&[2&(diphenylphosphino)&3&(trifluoromethyl)phenyl]&4,4&dimethyl&4,5&

dihydro&1,3&oxazole:(3.7).((Aryl(fluoride(3.29((1.562(g,(5.98(mmol)(was(converted(

and(worked(up(as(described(above(for(3.1(to(obtain(3.7((2.07g,(4.84mmol,(81%)(as(

slightly(yellowish(crystals.((Anal.(Calc.(for(C24H21F3NOP:(C,(67.44;(H,(4.95.((Found:(C,(

67.42;(H,(5.02%.(

NMR((δ,(CDCl3)(1H(7.85–7.98((m,(2(H,(HK4,(HK6(aromatic),(7.57((t,(3JHH(=(7.8(Hz,(1(H,(

HK5(aromatic),(7.24–7.39((m,(10(H,(P(C6H5)2),(3.46((s,(2(H,(CH2O),(1.01((s,(6(H,(2CH3);(

13C{1H}(163.1((d,(3JCP(=(2.2(Hz,(C=N),(137.6((d,(J(=(8.8(Hz,(aromatic),(137.6–136.1((m,(

CK3(aromatic),(135.6((s,(aromatic),(135.3((dd,(J(=(13.5,(J(=(1.4(Hz,(aromatic),(135.2((d,(

J(=(41.7(Hz,(aromatic),(132.6((d,(J(=(20.3(Hz,(aromatic),(129.5((s,(CK6(aromatic),(

129.4–129.0((m,(aromatic),(128.04((d,(J(=(6.6(Hz,(aromatic),(128.03((s,(aromatic),(

123.8((q,(1JCF(=(275.5(Hz,(CF3),(78.3((s,(CH2O),(67.1((s,(C(CH3)2),(27.8((s,(C(CH3)2);(

31P{1H}(0.6((q,(4JPF(=(46.4(Hz);(19F{1H}(– 55.7((d,(4JFP(=(46.4(Hz,(CF3).(

MS((FAB,(3KNBA,(m/z)(466(([3.7+O+Na]+,(100%),(450(([3.7+Na]+,(19%);(IR((cm–1,(

neat)(νC=N(1644((s).(

2&[5&Trifluoromethyl&2&(diphenylphosphino)phenyl]&4,4&dimethyl&4,5&

dihydro&1,3&oxazole:(3.8).((Aryl(fluoride(3.30((0.467(g,(1.79(mmol)(was(converted(

and(worked(up(as(described(above(for(3.1(to(obtain(3.8:(0.659(g,(1.54(mmol,(86%)(

as(a(white(solid.(

NMR((δ,(CDCl3)(1H(8.19–8.09((m,(1(H,(aromatic),(7.49((d,(3JHH(=(7.9(Hz,(1(H,(aromatic),(

7.41–7.25((m,(10(H,(aromatic),(6.95((dd,(3JHH(=(8.0,(JPH(=(3.7(Hz,(1(H,(aromatic),(3.75(
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(s,(2(H,(CH2),(1.05((s,(6(H,(2CH3);(13C{1H}(161.1((d,(3JCP(=(3.3(Hz,(C=N),(144.2((d,(J%=(

30.2(Hz,(aromatic),(136.9((d,(J%=(11.0(Hz,(aromatic),(134.2((d,(J%=(22.0(Hz,(aromatic),(

133.8((d,(J%=(3.8(Hz,(aromatic),(132.3((d,(J%=(17.0(Hz,(aromatic),(130.0((d,(J%=(32.4(Hz,(

aromatic),(129.1((s,(aromatic),(128.7((d,(J%=(7.7(Hz,(aromatic),(126.9–126.4((m,(

aromatic),(123.8((q,(1JCF(=(272.2(Hz,(CF3),(79.0((s,(CH2O),(67.9((s,(C(CH3)2),(27.9((s,(

CH3);(19F{1H}(–(63.5((d,(6JFP(=(2.1(Hz,(CF3);(31P{1H}(–(3.1((s).(

HRMS(calcd(for(C24H22F3NOP(428.1391,(found(428.1375;(IR((cm–1,(neat(solid)(νC=N(

1655((m).(

2&(2&(diphenylphosphino)&6&(trifluoromethyl)phenyl)&4,4&dimethyl&4,5&

dihydrooxazole:(3.9).((Aryl(fluoride(3.31((0.560(g,(2.15(mmol)(was(converted(and(

worked(up(as(described(above(for(3.1(to(obtain(3.9:(0.763(g,(1.78(mmol,(83%)(as(a(

white(solid.(

NMR((δ,(CDCl3)(1H(7.51((d,(3JHH(=(7.5(Hz,(1(H,(aromatic),(7.44–7.26((m,(11(H,(

aromatic),(6.96((dd,(3JHH(=(8.1,(JPH(=(3.6(Hz,(1(H,(aromatic),(3.77((s,(2(H,(CH2),(1.00((s,(

6(H,(2CH3);(13C{1H}(162.1((d,(3JCP(=(3.3(Hz,(C=N),(144.3((d,(J%=(30.0(Hz,(aromatic),(

137.2((d,(J%=(11.6(Hz,(aromatic),(135.1((d,(J%=(21.8(Hz,(aromatic),(131.7((d,(J%=(3.5(Hz,(

aromatic),(130.6((d,(J%=(16.2(Hz,(aromatic),(129.4((d,(J%=(31.3(Hz,(aromatic),(129.1((s,(

aromatic),(128.3((d,(J%=(7.5(Hz,(aromatic),(126.8–126.5((m,(aromatic),(124.4((q,(1JCF(=(

270.5(Hz,(CF3),(79.2((s,(CH2O),(67.5((s,(C(CH3)2),(28.2((s,(CH3);(19F{1H}(–(64.6((d,(6JFP(=(

2.1(Hz,(CF3);(31P{1H}(–(2.5((s).(

5&Bromo&2&fluorobenzoic:acid:(3.34).((To(a(stirred(solution(of(2Kfluorobenzoic(

acid(3.32((2.00(g,(14.3(mmol)(and(NaBrO3((2.15(g,(14.3(mmol)(in(H2O((10(mL),(

concentrated(H2SO4((3.7(mL)(was(added(dropwise(at(90(°C.((The(reaction(mixture(
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was(stirred(at(90(°C(for(1(hour,(cooled(down(to(25(°C(and(diluted(with(H2O((100(mL).((

A(precipitate(formed(which(was(separated(by(filtration(and(dried(to(obtain(3.34:

(1.10(g,(4.42(mmol,(88%)(as(white(powder.(

NMR((δ,(CDCl3)(1H(10.01((br(s,(1(H,(COOH),(8.11((dd,(4JHF(=(6.4,(4JHH(=(2.6(Hz,(1(H,(HK6(

aromatic),(7.73–7.61((m,(1(H,(HK4(aromatic),(7.09((dd,(3JHF(=(10.2,(3JHH(=(8.9(Hz,(1(H,(

HK3(aromatic);(13C{1H}(164.1((d,(3JCF(=(3.8(Hz,(C=O),(160.8((d,(1JCF(=(261.3(Hz,(CF),(

137.0((d,(3JCF(=(8.8(Hz,(CK4(aromatic),(134.6((d,(3JCF(=(1.1(Hz,(CK6(aromatic),(120.0((d,(

JCF(=(11.0(Hz,(aromatic),(118.5((d,(JCF(=(24.2(Hz,(aromatic),(115.9((d,(JCF(=(3.8(Hz,(

aromatic);(19F{1H}(–(106.7((s).(

Typical%procedure%for%preparation%of%acid%chloride%(3.33).::To(a(stirred(suspension(of(

the(carboxylic(acid(3.34:in(CH2Cl2,(a(catalytic(amount(of(DMF((0.05(eq)(was(added.((

The(reaction(mixture(was(cooled(to(0(°C((ice(bath)(and((COCl)2((1.5(eq)(was(added(

dropwisely.((The(resulting(solution(was(stirred(at(0(°C(for(30(min(and(for(2(hours(at(

25(°C.((The(solvent(was(removed(from(the(reaction(mixture.((The(residue(was(dried(

in(high(vacuum(and(was(dissolved(in(CH2Cl2((3(mL/mmol)(and(used(for(preparation(

of(the(benzamide(without(further(purification.(

5&Bromo&2&fluoro&N&(2&hydroxy&1,1&dimethylethyl)benzamide:(3.35).::Acid(

3.34:(1.19(g,(5.43(mmol)(was(converted(to(3.35:(1.35(g,(4.65(mmol,(86%(for(two(

steps,(colorless(oil)(as(described(above(for(3.18.(

NMR((δ,(CDCl3)(1H(7.87((dd,(4JHF(=(6.8,(4JHH(=(2.6(Hz,(1(H,(HK6(aromatic),(7.39((ddd,(

3JHH(=(8.8,(4JHF(=(4.4,(4JHH(=(2.8(Hz,(1(H,(HK4(aromatic),(7.10–6.97((m,(1(H,(NH),(6.88(

(dd,(3JHF(=(10.9,(3JHH(=(8.9(Hz,(1(H,(HK3(aromatic),(4.85((br(s,(1(H,(OH),(3.54((d,(3JHH(=(

4.3(Hz,(2(H,(CH2),(1.33((s,(6(H,(2CH3);(13C{1H}(162.0((d,(3JCF(=(3.3(Hz,(C=O),(158.7((d,(
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1JCF(=(248.1(Hz,(CF),(135.3((d,(3JCF(=(9.3(Hz,(CK4(aromatic),(133.5((d,(3JCF(=(2.2(Hz,(CK6(

aromatic),(123.5((d,(2JCF(=(13.7(Hz,(CK1(aromatic),(117.6((d,(2JCF(=(26.4(Hz,(CK3(

aromatic),(116.9((d,(4JCF(=(2.7(Hz,(CK5(aromatic),(69.3((s,(CH2),(55.9((s,(C(CH3)2),(23.6(

(s,(2CH3);(19F{1H}(–(115.9((s).(

2&(5&Bromo&2&fluorophenyl)&4,4&dimethyl&4,5&dihydro&1,3&oxazole:(3.36).::

Benzamide(3.35:(0.935(g,(3.22(mmol)(was(converted(to(3.36:(0.715(g,(2.63(mmol,(

82%,(colorless(oil)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(7.89((dd,(4JHF(=(6.4,(4JHH(=(2.6(Hz,(1(H,(HK6(aromatic),(7.39((ddd,(

3JHH(=(8.7,(4JHF(=(4.2,(4JHH(=(2.7(Hz,(1(H,(HK4(aromatic),(6.90((dd,(3JHF(=(10.1,(3JHH(=(9.0(

Hz,(1(H,(HK3(aromatic),(3.98((s,(2(H,(CH2),(1.27((s,(6(H,(2CH3);(13C{1H}(159.9((d,(1JHF(=(

258.5(Hz,(CF),(157.5((d,(3JCF(=(5.5(Hz,(C=N),(135.2((d,(3JCF(=(8.8(Hz,(CK4(aromatic),(

133.5((d,(3JCF(=(2.2(Hz,(CK6(aromatic),(118.3((d,(2JCF(=(23.6(Hz,(CK3(aromatic),(116.2((d,(

4JCF(=(3.8(Hz,(CBr),(78.8((s,(CH2),(67.7((s,(C(CH3)2),(28.1((s,(2CH3);(19F{1H}(–(111.7((s).(

2&[5&bromo&2&(diphenylphosphino)phenyl]&4,4&dimethyl&4,5&dihydro&1,3&

oxazole:(3.5).((A(Schlenk(flask(was(charged(with(the(aryl(fluoride(3.36((0.552(g,(

2.029(mmol)(and(KPPh2((0.5(M(in(THF,(4.5(mL,(2.3(mmol)(was(added(dropwisely(

with(stirring.((The(resulting(reddish(solution(was(refluxed(for(1(h.((The(reaction(

mixture(was(diluted(with(CH2Cl2((50(mL)(and(poured(into(a(saturated(aqueous(

solution(of(NaHCO3((25(mL).((The(organic(layer(was(separated,(washed(with(H2O(and(

dried(over(MgSO4.((The(solution(was(concentrated(in%vacuo(and(the(crude(product(

purified(by(flash(column(chromatography(on(SiO2((1(×(15(cm(column;(eluted(with(

1:0(v/v(toluene/EtOAc(→(7:3(v/v(toluene/EtOAc)(to(obtain(the(product((0.540(g,(

1.23(mmol,(61%)(as(an(oil(which(solidified(over(the(course(of(several(weeks(to(give(a(
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white(solid.((Anal.(Calc.(for(C23H21BrNOP:(C,(63.03;(H,(4.83.((Found:(C,(62.75;(H,(

4.86%.(

NMR((δ,(CDCl3)(1H(8.02((t,(4JHH(=(2.6(Hz,(1(H,(HK6(aromatic),(7.38((dd,(3JHH(=(8.4,(4JHH(=(

2.2(Hz,(1(H,(HK4(aromatic),(7.29–7.34((m,(10(H,(P(C6H5)2),(6.67((dd,(3JHH(=(8.3,(3JHP(=(

4.0(Hz,(1(H,(HK3(aromatic),(3.74((s,(2(H,(CH2O),(1.04((s,(6(H,(2CH3);(13C{1H}(161.1((d,(

3JCP(=(2.7(Hz,(C=N),(138.0((d,(JCP(=(26.(9(Hz,(aromatic),(137.2((d,(JCP(=(11.0(Hz,(

aromatic),(134.9((d,(JCP(=(2.7(Hz,(aromatic),(134.1((d,(JCP(=(21.4(Hz,(aromatic),(133.4(

(d,(JCP(=(18.1(Hz,(aromatic),(133.3((s,(aromatic),(132.8((d,(JCP(=(2.2(Hz,(aromatic),(

128.9((s,(aromatic),(128.6((d,(JCP(=(7.7(Hz,(aromatic),(122.3((d,(JCP(=(1.1(Hz,(aromatic),(

78.9((s,(CH2O),(67.7((s,(C(CH3)2),(27.9((s,(2CH3);(31P{1H}(–(4.7((s).(

MS((FAB,(3KNBA,(m/z)(476(([3.5+O+Na]+,(100%),(454(([3.5+O]+,(7%);(IR((cm–1,(

neat)(νC=N(1643((s).(

2&Fluoro&N&(2&hydroxy&1,1&dimethylethyl)&5&nitrobenzamide:(3.39).::

Compound(3.37:(1.00(g,(5.40(mmol)(was(converted(to(nitrobenzamide(3.39((1.28(g,(

5.01(mmol,(93%(for(two(steps,(slightly(yellowish(oil)(as(described(above(for(3.18:

and(3.33.(

NMR((δ,(CDCl3)(1H(8.65((dd,(4JHF(=(6.2,(4JHH(=(2.8(Hz,(1(H,(HK6(aromatic),(8.33–8.23(

(m,(1(H,(HK4(aromatic),(7.33((t,(3JHF(=(3JHH(=(9.6(Hz,(1(H,(HK3(aromatic),(7.19((d,(5JHF(=(

9.6(Hz,(1(H,(NH),(4.72((br(s,(1(H,(OH),(3.63((s,(2(H,(CH2),(1.41((s,(6(H,(2CH3);(13C{1H}(

163.2((d,(1JCF(=(252.5(Hz,(CF),(161.5((d,(3JCF(=(3.3(Hz,(C=O),(144.4((d,(4JCF(=(2.7(Hz,(CK5(

aromatic),(128.2((d,(3JCF(=(11.0(Hz,(CK4(aromatic),(127.3((d,(3JCF(=(4.4(Hz,(CK6(

aromatic),(123.9((d,(2JCF(=(15.4(Hz,(CK1(aromatic),(117.8((d,(2JCF(=(27.4(Hz,(CK3(

aromatic),(69.5((s,(CH2),(56.6((s,(C(CH3)2),(23.8((s,(2CH3);(19F{1H}(–(103.9((s).(
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2&(2&Fluoro&5&nitrophenyl)&4,4&dimethyl&4,5&dihydro&1,3&oxazole:(3.40).((

Nitrobenzamide(3.39((1.95(g,(7.61(mmol)(was(converted(to(3.40:(1.50(g,(6.30(mmol,(

81%,(slightly(yellowish(crystals)(as(described(above(for(3.25.(

NMR((δ,(CDCl3)(1H(8.70((dd,(4JHF(=(6.1,(4JHH(=(2.9(Hz,(1(H,(HK6(aromatic),(8.25((ddd,(

3JHH(=(9.1,(4JHF(=(4.0,(4JHH(=(2.9Hz,(1(H,(HK4(aromatic),(7.24((t,(3JHF(=(3JHH(=(9.3Hz,(1(H,(

HK3(aromatic),(4.07((s,(2(H,(CH2),(1.34((s,(6(H,(2CH3);(13C{1H}(164.0((d,(1JCF(=(269.5(Hz,(

CF),(156.6((d,(3JCF(=(6.0(Hz,(C=N),(143.6((d,(4JCF(=(3.3(Hz,(CNO2),(127.7((d,(3JCF(=(10.4(

Hz,(CK4(aromatic),(127.0((d,(3JCF(=(3.8(Hz,(CK6(aromatic),(117.8((d,(2JCF(=(24.7(Hz,(CK3(

aromatic),(117.6((d,(2JCF(=(12.6(Hz,(CK1(aromatic),(78.9((s,(CH2),(68.2((s,(C(CH3)2),(28.1(

(s,(2CH3);(19F{1H}(–(98.6((s).(

3&(4,4&Dimethyl&4,5&dihydro&1,3&oxazol&2&yl)&4&fluoroaniline:(3.41).((To(a(

stirred(solution(of(3.40:(0.647(g,(2.72(mmol)(in(EtOAc((20(mL),(Pd/C((0.200(g,(5%(

Pd)(was(added.((The(reaction(mixture(was(stirred(overnight(under(an(atmosphere(of(

H2.((The(reaction(mixture(was(filtered(through(Celite®,(and(the(filtrate(concentrated(

in%vacuo%and(dried(in(high(vacuum(to(obtain(the(product(3.41((0.550(g,(2.64(mmol,(

97%)(as(a(slightly(brownish(oil.(

NMR((δ,(CDCl3)(1H(7.01((dd,(4JHF(=(5.8,(4JHH(=(3.0(Hz,(1(H,(HK2(aromatic),(6.75((dd,(3JHF(

=(10.5,(3JHH(=(8.8(Hz,(1(H,(HK5(aromatic),(6.55((ddd,(3JHH(=(8.7,(4JHF(=(3.9,(4JHH(=(3.0(Hz,(

1(H,(HK6(aromatic),(3.93((s,(2(H,(CH2),(3.74((br(s,(2(H,(NH2),(1.23((s,(6(H,(2CH3);(

13C{1H}(158.6((d,(3JCF(=(4.9(Hz,(C=N),(153.5((d,(1JCF(=(246.5(Hz,(CF),(142.3((d,(4JCF(=(2.2(

Hz,(CNH2),(118.3((d,(3JCF(=(7.7(Hz,(CK6(aromatic),(116.3((d,(2JCF(=(23.1(Hz,(CK5(

aromatic),(115.5((d,(3JCF(=(1.7(Hz,(CK2(aromatic),(115.4((d,(2JCF(=(11.5(Hz,(CK3(

aromatic),(78.0((s,(CH2),(66.9((s,(C(CH3)2),(27.6((s,(2CH3);(19F{1H}(–(124.6((s).(
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3&(4,4&Dimethyl&4,5&dihydro&1,3&oxazol&2&yl)&4&fluoro&N,N&dimethylaniline:

(3.42).((To(a(stirred(solution(of(3.41:(0.64(g,(3.1(mmol)(in(CH3CN((6(mL),(potassium(

carbonate((1.3(g,(9.2(mmol)(and((CH3)2SO4((0.42(g,(0.32(mL,(3.4(mmol)(were(added.((

The(reaction(mixture(was(stirred(overnight.((It(was(then(diluted(with(CH2Cl2((40(mL)(

and(washed(with(saturated(aqueous(NaHCO3(and(H2O.((The(organic(layer(was(dried(

over(MgSO4(and(concentrated(in%vacuo.((The(crude(product(was(purified(by(flash(

column(chromatography(on(SiO2((1(×(10(cm(column;(eluted(with(1:0(v/v(

toluene/EtOAc(→(7:3(v/v(toluene/EtOAc)(to(obtain(the(product(3.42((0.36(g,(1.5(

mmol,(50%)(as(colorless(oil.(

NMR((δ,(CDCl3)(1H(7.14((dd,(4JHF(=(5.8,(4JHH(=(3.3(Hz,(1(H,(HK2(aromatic),(7.00((dd,(3JHF(

=(10.3,(3JHH(=(9.1(Hz,(1(H,(HK5(aromatic),(6.76((dt,(4JHF(=(3JHH(=(9.1,(4JHH(=(3.6(Hz,(1(H,(

HK6(aromatic),(4.08((s,(2(H,(CH2),(2.92((s,(6(H,(N(CH3)2),(1.39((s,(6(H,(C(CH3)2);(13C{1H}(

159.6((d,(3JCF(=(4.9(Hz,(C=N),(153.7((d,(1JCF(=(247.0(Hz,(CF),(147.0((d,(4JCF(=(2.2(Hz,(

CN(CH3)2),(116.9((d,(2JCF(=(11.5(Hz,(CK5(aromatic),(116.7((d,(3JCF(=(3.8(Hz,(CK6(

aromatic),(116.0((d,(2JCF(=(11.5(Hz,(CK3(aromatic),(113.9((d,(3JCF(=(1.1(Hz,(CK2(

aromatic),(78.7((s,(CH2),(67.7((s,(C(CH3)2),(41.1((s,(N(CH3)2),(28.4((s,(C(CH3)2);(19F{1H}(

–(126.5((s).(

3&(4,4&dimethyl&4,5&dihydro&1,3&oxazol&2&yl)&4&(diphenylphosphino)&N,N&

dimethylaniline:(3.6).((Aryl(fluoride(3.42((0.122(g,(0.515(mmol)(was(converted(as(

described(above(for(3.1(to(obtain(3.6((0.162(g,(0.403(mmol,(78%)(as(white(powder.((

Anal.(Calc.(for(C25H27N2OP:(C,(74.61;(H,(6.76.((Found:(C,(74.56;(H,(6.75%.(

NMR((δ,(CDCl3)(1H(7.24–7.38((m,(10(H,(P(C6H5)2),(7.18((t,(4JHH(=(2.9(Hz,(1(H,(HK2(

aromatic),(6.69((dd,(3JHH(=(8.7,(3JHP(=(4.3(Hz,(1(H,(HK5(aromatic),(6.59((dd,(3JHH(=(8.7,(
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4JHH(=(2.8(Hz,(1(H,(HK6(aromatic),(3.78((s,(2(H,(CH2O),(2.93((s,(6(H,(N(CH3)2),(1.11((s,(6(

H,(2CH3);(13C{1H}(163.2((d,(3JCP(=(1.7(Hz,(C=N),(149.9((s,(aromatic),(139.0((d,(JCP(=(12.1(

Hz,(aromatic),(134.7((d,(JCP(=(1.7(Hz,(aromatic),(133.8((d,(JCP(=(20.3(Hz,(aromatic),(

133.4((d,(JCP(=(22.0(Hz,(aromatic),(128.2((d,(JCP(=(5.4(Hz,(aromatic),(128.1((s,(

aromatic),(122.6((d,(JCP(=(18.1(Hz,(aromatic),(114.0((s,(aromatic),(113.5((d,(JCP(=(4.4(

Hz,(aromatic),(78.7((s,(CH2O),(67.5((s,(C(CH3)2),(40.1((s,(N(CH3)2),(28.0((s,(C(CH3)2);(

31P{1H}(–(6.8((s).(

MS((FAB,(3KNBA,(m/z)(425(([3.6+Na]+,(68%),(441(([3.6+O+Na]+,(48%);(IR((cm–1,(

neat)(νC=N(1598((s).(

(



Chapter(IV!
Investigation+of+New+Non/Heme+Complexes+for+Iron+Catalyzed+Oxidation+
Reactions+
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4.1.$$Aim$of$the$chapter$

A(series(of(new(non;heme(type(multidentate(ligands(containing(an(oxygen(donor(

became(a(target(of(interest.((The(presence(of(a(labile(coordinating(atom(in(a(

chelating(ligand(could(lead(to(an(easier(access(to(an(open(coordination(site(at(the(

metal(center(that(is(usually(required(for(catalysis.((Therefore,(a(series(of(

multidentate(ligands(with(a(different(number(of(coordinating(atoms(with(different(

arrangements(is(targeted.((Investigation(of(their(structures(and(catalytic(activities(is(

part(of(a(large(project(studying(iron;catalyzed(transformations(in(our(laboratory.((At(

the(same(time,(we(could(be(able(to(introduce(new(potential(catalytic(systems(for(

practical(applications(in(oxidation(reactions.(

4.2.$$Introduction$

Research(on(iron(catalyzed(reactions(has(gained(a(lot(of(interest(in(recent(years.1((It(

was(motivated(by(several(reasons.((Most(importantly,(iron(is(the(second(most(

abundant(metal(in(the(Earth’s(crust(and(the(most(produced(metal(overall,2(which(

makes(it(cheap(and(readily(accessible.((Iron(based(catalysts(are(considered(relatively(

non;toxic(due(to(its(higher(residual(concentration((20(ppm)(allowed(in(

pharmaceutical(products(compared(to(other(commonly(employed(metals(such(as(

ruthenium(or(chromium((5(ppm).3(

Iron(catalyzed(oxidation(reactions(are(seen(as(great(candidates(for(substitution(of(

current(industrial(processes(for(“greener”(alternatives.((However,(an(iron(complex(

suitable(for(industrial(catalytic(oxidations(utilizing(peroxide(oxidants(has(yet(to(be(
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discovered.((An(approach(to(the(investigation(of(the(new(iron(catalysts(is(based(on(

mimicking(enzymes(found(in(nature.((Two(main(types(of(iron(containing(enzymes(

are(heme(and(non;heme(oxygenases.4((Heme(proteins(such(as(cytochrome(P450(

feature(an(iron;porphyrin(complex(as(their(cofactor(and(are(known(to(catalyze(

various(oxidation(reactions.5,6((However,(non;heme(architectures(of(ligands(can(

provide(broader(structural(diversity(and(the(possibility(for(steric(and(electronic(

adjustments.7((Preliminary(research(already(performed(in(our(laboratory(included(

the(study(of(bidentate(N,N(donating(ligands((I,(Figure(4.1)8,9.(

(

Figure(4.1.((Non/heme(iron(complexes(currently(investigated(in(our(

laboratory8,9(

In(this(chapter,(iron(complexes(mimicking(a(non;heme(enzyme(known(as(Rieske(

dioxygenase((II,(Figure(4.1)(were(targeted.((The(catalytically(active(iron(center(in(

that(enzyme(is(coordinated(by(two(nitrogen(atoms(from(histidine(amino(acid(

residues(and(two(aspartate(anion(oxygen(atoms.10(
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4.3.$$Synthesis$of$the$ligands$

Our(study(of(the(catalytic(activity(of(the(iron(chelate(complexes(mimicking(motifs(

found(in(nature(started(with(the(design(of(appropriate(ligands.((To(mimic(non;heme(

type(structures(utilizing(artificial(iron(complexes,(the(ligand(should(contain(

coordinating(nitrogen(atoms.((A(combination(of(pyridyl(and(amino(functionalities(

were(selected(as(a(source(for(coordinating(nitrogen(atoms.((On(the(other(hand,(we(

intended(to(probe(the(influence(of(oxygen(as(one(of(the(coordinating(atoms(on(the(

catalytic(activity(of(the(respective(iron(complexes.((It(forms(weaker(coordinating(

bonds(with(iron(and(the(presence(of(a(loosely(bonded(coordinating(atom(in(a(

complex(could(lead(to(open(coordination(sites(required(in(catalytic(cycles.11((

Consequently,(the(final(choice(included(five(target(ligands(4.1/4.5((Figure(4.2).((

Three(of(the(structures((4.1,(4.2,(4.5)(can(potentially(be(tridentate(ligands,(and(the(

molecule(4.3(can(be(tetradentate,(while(target(4.4(can(occupy(up(to(five(

coordination(sites(at(the(iron(center.(
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Figure(4.2.((Structures(of(the(target(ligands(4.1/4.5(

An(advantage(of(the(selected(ligands(is(that(they(can(be(easily(synthesized(from(

commercially(available(starting(materials.((The(core(structures(of(the(ligands(are(

aminoalcohols(formally(protected(both(at(nitrogen(and(oxygen.((Three(target(

structures(4.1/4.3(are(derivatives(of(the(same(aminoalcohol((4.6,(Figure(4.3).((The(

compound(4.1(bears(a(picolyl(group(on(the(oxygen(and(a(benzyl(unit(on(the(nitrogen(

atom,(while(the(ligand(4.2(exhibits(an(opposite(substitution(array.((The(tetradentate(

ligand(4.3(contains(picolyl(groups(both(at(nitrogen(and(oxygen.(

(

Figure(4.3.((First(step(in(the(synthesis(of(the(tridentate(ligands(4.1(and(4.2(
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The(synthesis(of(ligands(4.1(and(4.2(is(based(on(a(sequence(of(selective(alkylations(

of(the(amino(and(hydroxy(functionalities(in(4.6.((The(two(molecules(differ(in(the(

placement(of(the(picolyl(and(benzyl(groups.((The(presence(of(two(nucleophilic(sites(

in(the(aminoalcohol(4.6(required(reaction(conditions(that(can(differentiate(them.((

Two(different(approaches(were(investigated(in(order(to(achieve(that(goal.(

It(is(known(that(nucleophilicity(of(an(anion(is(much(higher(than(that(of(a(neutral(

atom.12((Hence,(in(the(presence(of(a(strong(base,(the(hydroxyl(group(would(be(

selectively(deprotonated(and(produce(a(more(reactive(alkoxide(anion(that(could(be(

selectively(alkylated.((To(implement(that(methodology,(the(animoalcohol(4.6(was(

subjected(to(literature(known(O;alkylation(conditions(employing(NaH(as(the(base.13((

For(the(synthesis(of(ligand(4.1,(the(oxygen(was(first(protected(with(a(benzyl(group(

to(obtain(4.7(in(88%(yield(as(colorless(oil((Figure(4.3).((The(reaction(was(performed(

in(THF(solution(at(room(temperature.((Upon(addition(of(NaH(to(the(solution(of(the(

starting(material,(a(vigorous(formation(of(hydrogen(gas(was(observed(and(the(color(

of(the(mixture(gradually(changed(from(transparent(to(intensely(yellow(over(a(period(

of(30(minutes,(which(suggested(formation(of(the(anion.((At(that(point,(benzyl(

bromide(was(added(and(the(color(disappeared(within(a(few(minutes.((To(ensure(

complete(conversion,(the(reaction(mixture(was(allowed(to(stir(at(room(temperature(

for(30(more(minutes.((Aqueous(work(up(resulted(in(the(crude(product(that(exhibited(

high(purity,(but(still(contained(small(amounts(of(the(mineral(oil(from(the(NaH(

emulsion(as(assessed(by(1H(NMR,(which(exhibited(peaks(between(1.8(and(0.9(ppm(in(

the(aliphatic(region.((A(sample(for(a(final(characterization(was(obtained(by(

purification(employing(column(chromatography(on(silica.((The(yield(calculated(for(



Sedinkin,(Sergey,(2011,(UMSL,(p.(

(

102(

102(

the(crude(product(4.7(was(93%,(which(dropped(after(the(chromatography(to(88%.((

A(similar(procedure(was(applied(for(synthesis(of(4.8.((The(required(alkylating(

reagent(4.9(is(available(from(commercial(sources(as(hydrobromide(salt((4.10,(

Figure(4.4).((Therefore,(the(compound(4.10(was(neutralized(before(usage((Figure(

4.4),(which(was(performed(in(a(quick(biphasic(H2O/CH2Cl2(reaction.((The(aqueous(

layer(contained(K2CO3(and(the(salt(4.10,(releasing(the(free(amine(4.9(upon(

abstraction(of(HBr(by(the(base.((Being(more(soluble(in(organic(solvents,(compound(

4.9(accumulated(in(the(CH2Cl2(phase.((Separation(of(the(organic(phase(and(removal(

of(the(solvent(afforded(the(“ready(for(use”(picolyl(bromide(4.9.((As(a(free(amine,(this(

compound(is(not(very(stable,(so(it(was(employed(in(syntheses(immediately(after(

preparation.((According(to(the(procedure(described(above(for(compound(4.7,(the(

alkoxide(of(the(aminoalcohol(4.6(was(prepared(and(treated(with(a(THF(solution(of(

freshly(purified(4.9.((Similar(observation(of(the(color(change(was(observed,(and(the(

alkylation(of(4.6(with(the(bromide(4.9(was(performed(the(same(way(as(the(synthesis(

of(4.7.((Only(one(minor(modification(was(performed(compared(to(the(initial(

procedure.((The(crude(material(4.8(contained(a(significantly(larger(amount(of(side(

products(than(crude(4.7,(and(thus(the(optional(purification(by(column(

chromatography(was(mandatory(for(the(compound(4.8,(which(was(isolated(in(80%(

yield(as(an(oil.(
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(

Figure(4.4.((Neutralization(of(the(salt(4.10(for(the(formation(of(the(alkylating(

agent(4.9(

Despite(of(the(relatively(high(isolated(yields(obtained(for(compounds(4.7(and(4.8(by(

alkylation(in(the(presence(of(NaH,(we(were(interested(in(employing(an(alternative(

base.((Application(of(DMSO(solutions(of(NaOH(or(KOH(for(that(purpose(is(less(

common(due(to(the(limits(these(bases(place(on(the(starting(materials(to(be(

employed,(which(have(to(be(able(to(withstand(the(presence(of(basic(and(nucleophilic(

hydroxide(anions.14((In(cases(where(hydroxide(use(is(conceivable,(the(reactions(

usually(are(easier(to(perform,(cleaner(and(higher(yielding.15((The(structure(of(the(

aminoalcohol(4.6(does(not(contain(any(functionalities(sensitive(to(NaOH,(thus(it(was(

employed(in(an(alternative(synthetic(pathway(to(the(compounds(4.7(and(4.8(

(Figure(4.5).(
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Figure(4.5.((Alternative(pathways(for(O/alkylation(of(the(aminoalcohol(4.6(

The(syntheses(started(with(the(preparation(of(the(anion(of(the(compound(4.6.((For(

this(purpose,(finely(powered(NaOH(was(mixed(with(DMSO(and(vigorously(stirred(for(

20(minutes.((Then,(a(solution(of(the(aminoalcohol(4.6(in(DMSO(was(added(to(the(

highly(basic(mixture.((Stirring(was(continued(for(20(more(minutes(until(the(reaction(

gained(a(colorless,(gelatinous(appearance.((Usually,(this(indicates(formation(of(an(

anion,(as(was(observed(in(the(previous(synthesis(of(4.7(and(4.8.((At(that(time,(the(

reaction(mixture(was(ready(for(the(addition(of(the(alkylation(agents.((In(order(to(

prevent(overheating,(the(reaction(was(cooled(down(with(an(ice(bath.((The(alkyl(

bromides(were(added(dropwise(as(DMSO(solutions.((Benzyl(chloride(was(employed(

to(perform(the(synthesis(of(compound(4.7,(resulting(in(the(introduction(of(a(benzyl(

group(on(the(oxygen,(while(the(picolyl(group(in(the(molecule(4.8(was(placed(by(

using(the(salt(4.11.((After(the(addition(of(the(reagents,(the(reactions(were(allowed(to(

warm(up(to(room(temperature(over(30(minutes.((Work(up(of(the(reaction(mixtures(
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containing(solvents(like(DMSO(of(DMF(usually(can(be(very(troublesome(due(to(their(

solubility(in(H2O(and(their(high(boiling(points.((But(for(our(syntheses,(a(convenient(

procedure(to(remove(the(solvent(was(found.((Despite(the(miscibility(of(DMSO(with(

many(organic(solvents,(its(solubility(in(non;polar(solvents(is(very(low.((Therefore,(

we(implemented(a(two(phase(separation(of(the(reaction(mixtures(utilizing(toluene(

and(H2O(as(immiscible(solvents.((We(did(not(detect(any(residual(amounts(of(DMSO(in(

the(organic(layer(after(four(washes(with(H2O.((In(both(cases,(the(work(up(led(to(the(

crude(products(4.7(or(4.8,(which(contained(only(trace(quantities(of(benzyl(and(

picolyl(alcohols(resulting(from(hydrolysis(of(excess(amounts(of(the(alkylating(agents(

employed(during(synthesis.((The(impurities(were(removed(by(column(

chromatography(and(the(pure(compounds(4.7(and(4.8(were(obtained(as(oils(in(94%(

and(87%(yields,(respectively.(

The(methodology(using(NaOH(is(very(similar(to(the(NaH(procedure.((However,(the(

former(was(found(to(have(substantial(advantages(over(the(latter.((The(overall(

process(was(significantly(less(sensitive(to(the(quality(of(the(solvents(and(reagents(

and(the(reactions(did(not(require(special(precautions(to(exclude(moisture.((The(

yields(were(either(comparable(to(that(employing(NaH(or(better.((Most(significantly,(

the(commercial(picolyl(chloride(salt(4.11(could(be(employed(in(synthesis(without(

prior(neutralization(according(to(Figure(4.4,(making(the(procedure(“one(pot”.(

Finally,(another(approach(for(the(synthesis(of(4.1(and(4.2(was(investigated.((This(

method(for(the(selective(alkylation(was(based(on(different(nucleophilicities(of(amine(

and(hydroxyl(groups(under(neutral(or(just(slightly(basic(conditions.((In(absence(of(a(

strong(base,(the(nitrogen(atom(of(the(aminoalcohol(4.6(is(generally(more(
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nucleophilic.12((Therefore,(it(should(be(alkylated(at(a(much(higher(rate(than(the(

oxygen(of(the(hydroxyl(group.((Accordingly,(syntheses(of(compounds(4.1(and(4.2(

were(performed(by(treatment(of(the(aminoalcohol(4.6(with(benzyl(bromide(or(

freshly(prepared(picolyl(bromide(4.9,(respectively((Figure(4.4).((The(reactions(were(

performed(in(CH2Cl2(solutions(at(room(temperature(in(presence(of(Et3N.((Alkylation(

of(the(amino(functionality(was(observed(in(both(cases(by(TLC(and(NMR(but(the(

transformations(proceeded(very(slowly(and(formation(of(side(products(was(seen(

with(increasing(reaction(time.((Attempts(to(increase(rate(of(the(reactions(and(their(

selectivity(by(employing(heat,(a(variety(of(solvents(and(implementing(Bu4NI(as(an(

ion(exchange(catalyst(did(not(result(in(a(more(practical(procedure.((At(this(point(it(

was(apparent(that(the(method(was(not(going(to(have(any(advantages(over(the(other(

approaches.((Thus,(its(investigation(was(not(pursued(further.(

(

Figure(4.6.((Attempted(selective(N/alkylation(of(the(aminoalcohol(4.6(

To(complete(the(conversion(of(the(compounds(4.7(and(4.8(to(the(tridentate(ligands(

4.1(and(4.2,(the(amino(groups(of(those(molecules(were(converted(to(the(

corresponding(picolyl(and(benzyl(compounds.((The(method(investigated(above(for(

selective(N;alkylation((Figure(4.6)(was(chosen(to(accomplish(that(transformation.((

Though(it(was(not(found(to(be(practical(for(aminoalcohols(previously,(on(this(stage(

of(the(synthesis(both(starting(materials(4.7(and(4.8(contained(only(one(nucleophilic(

site,(thus(selectivity(was(not(a(concern.((Accordingly,(solutions(of(the(compounds(4.7(
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and(4.8(in(CH2Cl2(were(treated(with(picolyl(bromide(4.9(or(benzyl(bromide,(

respectively((Figure(4.7).((The(base(Et3N(was(employed(to(assist(the(departure(of(

the(proton(from(the(nitrogen(atoms,(leading(to(formation(of(the(products(4.1(and(

4.2.((As(expected(based(on(the(previous(results(of(this(approach,(the(conversions(

were(progressing(rather(slowly.((However,(formation(of(only(one(new(compound(

was(observed(in(both(reactions.((After(24(hours,(the(presence(of(starting(materials(

was(not(detected(by(TLC.((The(reaction(mixtures(were(diluted(with(CH2Cl2(and(

subjected(to(work(up.((Consecutive(washing(of(the(organic(layer(with(H2O(and(

saturated(aqueous(NaHCO3(removed(excess(of(Et3N(and(salt(byproducts.((Removal(of(

the(solvent(resulted(in(crude(4.1(and(4.2.((Following(purification(by(column(

chromatography(yielded(the(pure(ligands(4.1(and(4.2(in(74%(and(82%(yield,(

respectively.(

(

Figure(4.7.((Synthesis(of(ligands(4.1(and(4.2(
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In(order(to(convert(aminoalcohol(4.6(to(the(tetradentate(ligand(4.3,(both(the(amine(

and(the(hydroxyl(were(alkylated(with(the(picolyl(group.((A(step;by;step(

functionalization((pathway(A,(Figure(4.8)(and(a(one(pot(method((pathway(B,(Figure(

4.8)(was(employed(for(the(synthesis.(

(

Figure(4.8.((Synthesis(of(the(tetradentate(ligand(4.3(

The(pathway(A((Figure(4.8)(to(the(target(molecule(4.3(is(similar(to(the(approaches(

investigated(above(to(obtain(the(tridentate(ligands(4.1(and(4.2.((It(shared(the(first(

step(with(the(synthesis(of(the(compound(4.1((Figure(4.3(and(Figure(4.5),(while(the(

following(N;alkylation(was(related(to(that(employed(in(the(preparation(of(the(
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molecule(4.2((Figure(4.7).((Therefore,(this(procedure(was(investigated(first.((The(

compound(4.8(was(already(synthesized(before(in(87%(yield((Figure(4.5),(hence(

only(introduction(of(the(picolyl(group(on(the(nitrogen(atom(was(required(to(obtain(

the(desired(product(4.3.((The(synthesis(was(performed(according(to(the(procedure(

described(above(for(the(transformation(of(4.7(into(4.2((Figure(4.7).((The(alkylation(

proceeded(as(expected(and(resulted(in(ligand(4.3(in(68%(yield.((The(overall(yield(of(

4.3(starting(from(aminoalcohol(4.6(was(calculated(to(be(59%.(

The(two(step(preparation(of(4.3(has(the(advantage(of(sharing(the(intermediate(4.8(

with(the(synthesis(of(ligand(4.1.((The(divergent(approach(made(the(synthesis(

convenient,(but(we(were(still(interested(in(improving(the(overall(yield(of(the(ligand(

4.3.((Therefore,(a(one(step(procedure(was(investigated((pathway(B,(Figure(4.8).((The(

synthesis(required(the(use(of(a(strong(base(due(to(the(need(for(deprotonation(of(the(

hydroxyl(group.((Similar(to(the(preparation(of(tridentate(ligands(4.1(and(4.2,(

methods(based(on(employing(NaH((conditions(1)(and(NaOH((conditions(2)(were(

examined.((To(probe(the(employment(of(NaH,(a(solution(of(the(aminoalcohol(4.6(in(

THF(was(treated(with(a(fourfold(molar(excess(of(NaH.((The(amount(of(the(base(was(

required(to(both(completely(deprotonate(the(alcohol(and(to(assist(the(departure(of(

the(proton(from(the(nitrogen.((Addition(of(a(50%(excess(of(freshly(prepared(picolyl(

bromide(4.9(resulted(in(a(very(dark(colored(reaction(mixture.((The(crude(product(

was(separated(from(the(reaction(mixture(by(an(aqueous(work(up(as(a(dark(brown(

oil.((Purification(was(performed(by(column(chromatography(and(resulted(in(the(still(

slightly(colored(but(spectroscopically(pure(ligand(4.3(in(70%(yield.((Application(of(

the(alternative(base(NaOH((conditions(2,(Figure(4.8)(by(means(of(the(procedure(
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described(above((Figure(4.5)(improved(the(yield(of(the(compound(4.3(to(87%.((As(

mentioned(before,(if(applicable(the(employment(of(NaOH(usually(gives(better(yields.((

While(during(synthesis(of(the(compounds(4.7(and(4.8(both(conditions(performed(

well((Figure(4.3(and(Figure(4.5),(a(noticeable(difference(was(observed(during(the(

preparation(of(ligand(4.3((Figure(4.8).((In(addition(to(improved(yields(the(overall(

reaction(proceeded(cleaner(for(Pathway(B,(conditions(2.((The(crude(material(

obtained(after(a(work(up(was(nearly(colorless(and,(according(to(NMR(data,(

contained(only(the(expected(product(4.3(with(small(amounts(of(picolyl(alcohol,(

which(was(easily(removed(by(column(chromatography.((A(minor(drawback(of(the(

method(was(the(relatively(high(amount(of(NaOH(and(the(reagent(4.11(employed.((It(

was(found(that(an(eightfold(excess(of(NaOH(and(two(equivalents(of(the(alkylating(

agent(4.11(gave(the(highest(yields.((However,(both(NaOH(and(the(compound(4.11(

are(much(cheaper(and(easier(to(handle(than(NaH(and(reagent(4.9.(

The(studies(of(the(different(approaches(to(alkylate(the(aminoalcohols(helped(to(

select(the(potentially(most(suitable(method(for(synthesis(of(the(last(two(target(

ligands(4.4(and(4.5((Figure(4.9).((Both(molecules(are(derivatives(of(the(

commercially(available(aminoalcohols(4.12(and(4.13,(respectively.((These(starting(

materials(required(introduction(of(multiple(alkyl(groups(at(both(the(amine(and(

hydroxyl(functionalities.((It(was(already(shown(that(the(best(result(for(this(type(of(

transformation(could(be(expected(from(employing(the(NaOH/DMSO(methodology(

for(the(alkylations(described(above((Figure(4.5).((Accordingly,(the(synthesis(of(both(

ligands(started(with(the(preparation(of(a(NaOH(solution(in(DMSO.((As(mentioned(

before,(the(best(results(were(achieved(with(a(fourfold(excess(of(NaOH.((Hence,(
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synthesis(of(the(ligand(4.4(required(12(times(the(amount(of(the(base(over(the(

ethanolamine(4.12,(while(the(starting(material(4.13(in(the(second(reaction(required(

16(moles(of(NaOH.((Use(of(such(large(amounts(of(the(base(required(extra(time(for(the(

solutions(to(become(mainly(homogenous.((Thus,(they(were(vigorously(stirred(for(

one(hour(before(the(addition(of(the(aminoalcohols.((Complete(benzylation(of(the(

compound(4.13(with(benzyl(chloride(resulted(in(the(ligand(4.5(in(93%(yield,(while(

introduction(of(three(picolyl(groups(on(the(ethanolamine(4.12(employing(the(picolyl(

chloride(salt(4.11(afforded(the(expected(product(4.4(in(85%(yield.(

(

Figure(4.9.((Synthesis(of(the(ligands(4.4(and(4.5(

4.4.$$Application$of$the$new$ligands$in$catalysis$

There(is(a(couple(of(principal(ways(how(ligands(are(applied(in(catalysis.((In(one(of(

the(approaches,(a(ligand(is(employed(in(preparation(of(a(well(defined(metal(complex.((

The(resulting(complex(is(isolated,(purified,(characterized(and(then(applied(in(
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synthesis(as(a(catalyst.((This(method(is(common(for(various(organic(transformations.((

For(example,(olefin(metatheses(can(be(performed(utilizing(commercially(available(

ruthenium(complexes,16(and(various(hydrogenation(methods(employ(preformed(

coordination(compounds.17((Knowledge(of(the(structure(of(a(complex(can(help(

investigating(the(mechanism(of(a(catalytic(cycle(and(facilitate(rational(ligand(

design.18((Another(practical(approach(involves(in%situ(formation(of(the(catalytically(

active(complex.((A(general(procedure(consists(of(setting(up(a(catalytic(reaction(by(

combining(a(metal(source(and(a(ligand(in(solution.((The(active(coordination(

compound(forms(in%situ(and(then(starts,(after(addition(of(the(reactants,(a(catalytic(

cycle.((This(method(found(wide(application(in(cross;coupling(carbon;carbon(and(

carbon;heteroatom(bond(forming(reactions.19((Numerous(catalytic(oxidation(

reactions(also(employ(a(similar(methodology.20,21((Many(iron(catalyzed(conversions(

implement(an(in%situ(formation(of(the(catalytically(active(compound(due(to(

difficulties(in(isolation(and(characterization(of(the(corresponding(iron(complexes.(

Our(goals(for(this(part(of(the(research(were(to(investigate(the(influence(of(

arrangement,(number(and(type(of(the(coordinating(atoms(in(preformed(

coordination(compounds(on(the(catalytic(activity(and(to(introduce(a(potential(new(

catalytic(system(based(on(these(ligands.(

4.4.1.$$Preparation$of$the$iron$based$catalytic$systems$

The(previously(synthesized(ligands(described(above(were(employed(in(preparation(

of(iron(metal(complexes.((First,(we(needed(to(choose(an(iron(source.((During(

previous(research(in(our(laboratory,(Fe(OTf)2(and(FeCl2(were(successfully(employed(

for(this(purpose.22,23((FeCl2(is(nearly(insoluble(in(most(organic(solvents(to(be(applied(
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in(the(syntheses(of(the(complexes.((In(addition,(the(solubility(of(the(coordination(

compounds(obtained(from(FeCl2(often(is(very(limited(and(hampers(their(application(

in(homogeneous(catalysis.((On(the(other(side,(triflate(anions((OTf(=(CF3SO3–)(afford(

significantly(better(solubility(of(both(the(initial(iron(salt(and(the(resulting(metal(

complexes.((As(mentioned(in(Chapter(I,(employment(of(weakly(coordinating(

counterions((like(OTf)(assists(in(the(formation(of(open(coordination(sites(at(the(

metal(center,(which(are(required(for(support(of(catalytic(cycles.((Therefore,(Fe(OTf)2(

was(selected(as(an(iron(source(for(the(synthesis(of(the(complexes.((A(general(

procedure(consisted(of(a(reaction(between(Fe(OTf)2(and(a(ligand(in(MeCN(at(room(

temperature(under(an(inert(atmosphere(of(nitrogen.8,9(

First,(the(three(tridentate(ligands(4.1,(4.2(and(4.5(were(employed(in(the(synthesis(of(

their(respective(iron(complexes((Figure(4.10).((The(most(common(coordination(

number(of(iron((II)(is(six.((Therefore,(two(equivalents(of(the(ligands(were(used(for(

the(synthesis.((The(observations(made(during(the(preparation(of(complexes(4.14(

and(4.15(were(very(similar.((The(solution(of(Fe(OTf)2(in(MeCN(underwent(a(

transition(from(colorless(to(a(dark(brown(upon(dropwise(addition(of(a(MeCN(

solution(of(the(ligand.((No(visual(changes(were(noticed(for(the(reaction(mixture(after(

the(ligand(solutions(were(completely(added.((After(one(hour(of(stirring(at(room(

temperature,(the(reaction(mixtures(were(layered(with(Et2O(to(precipitate(the(

products(from(the(solutions.((Unfortunately,(the(expected(compounds(4.14(and(4.15(

did(not(precipitate.((The(mixtures(of(solvents(were(evaporated(from(the(reaction(

mixtures(and(dark(brown(foams(were(obtained.((A(quick(washing(of(the(solid(

materials(with(Et2O(followed(by(drying(under(high(vacuum(yielded(brown(
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powdered(materials(that(was(suitable(for(the(catalytic(experiments.((The(identity(of(

the(new(complexes(will(be(established(below.((A(completely(different(outcome(was(

observed(when(the(tridentate(ligand(4.5(was(employed(in(synthesis.((Formation(of(a(

precipitate(was(observed(immediately(after(addition(of(a(solution(of(4.5(in(MeCN.((

Upon(completion(of(the(addition,(the(reaction(mixture(was(entirely(heterogeneous.((

One(phase(consisted(of(a(colorless(liquid(and(the(solid(phase(was(composed(of(a(

dark(brown(flaky(material.((The(solid(phase(was(allowed(to(settle(and(the(liquid(

phase(was(decanted(to(a(separate(flask.((Evaporation(of(the(solvent(did(not(result(in(

a(solid(residue.((Therefore,(the(ligand(4.5(fully(consumed(Fe(OTf)2(during(the(

reaction(to(form(the(tan(precipitate(4.16.((Unfortunately,(the(resulting(complex(4.16(

did(not(show(notable(solubility(in(any(common(organic(solvent.((Thus,(the(

compound(is(not(practical(for(catalytic(applications.(

(

Figure(4.10.((Application(of(the(tridentate(ligands(4.1,(4.2,(4.5(in(the(synthesis(

of(iron(complexes(

Next(we(moved(on(to(our(tetradentate(and(pentadentate(ligands((4.3(and(4.4,(

respectively,(Figure(4.11).((They(were(reacted(with(Fe(OTf)2(according(to(the(

procedure(described(above(for(the(tridentate(ligands((Figure(4.10).((However,(only(

one(equivalent(of(the(ligands(was(required(in(the(synthesis(of(the(corresponding(six(

MeCN

rt, 1h

4.1

4.2

4.5

[Fe(4.1)2](OTf)2

[Fe(4.2)2](OTf)2

unidentifiable
product

4.14

4.15

4.16

[Fe(OTf)2(MeCN)2]

90%

94%
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coordinate(iron(complexes(4.17(and(4.18((Figure(4.11).((The(reactions(proceeded(

without(unexpected(deviations(from(the(original(procedure(and(resulted(in(tan(

solutions(after(an(hour(stirring(at(room(temperature.((Layering(the(reaction(

mixtures(with(Et2O(did(not(result(in(precipitation(of(the(desired(complexes(4.17(and(

4.18.((Then,(after(evacuation(of(the(solvents,(washing(with(5(mL(of(Et2O(and(drying,(

the(compound(4.17(bearing(the(tetradentate(ligand(4.3(and(the(complex(4.18(

carrying(the(pentadentate(ligand(4.4(were(obtained(as(tan(powders(in(92%(and(

91%(yield,(respectively.(

(

Figure(4.11.((Synthesis(of(new(catalysts(based(on(the(tetradentate(and(

pentadentate(ligands(4.3(and(4.4(

Overall,(four(compounds(4.14,(4.15,(4.17,(and(4.18(suitable(for(catalytic(studies(

were(obtained.(

4.4.1.1.$$Characterization$of$the$new$iron$complexes$

Before(the(investigation(of(catalytic(activities(of(the(synthesized(iron(complexes,(we(

characterized(them(and(investigated(the(arrangement(of(the(ligands(about(the(iron(

center.((As(was(mentioned(above,(no(crystals(were(obtained(for(any(of(the(new(

complexes(upon(layering(the(reaction(mixtures(with(Et2O.((Several(additional(

attempts(were(undertaken(to(obtain(X;Ray(quality(single(crystals.((They(were(based(

on(slow(evaporation(of(the(solvent(form(a(solution(of(the(complexes.((Also,(multiple(

MeCN, rt
1h

4.3 4.4

[Fe(4.3)(OTf)2] [Fe(4.4)(OTf)](OTf)
4.17 4.18

[Fe(OTf)2(MeCN)2]

92% 91%
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binary(solvent(systems(were(probed(for(slow(diffusion.((Neither(experiment(

produced(crystalline(material(suitable(for(X;Ray(structural(analysis.((Therefore,(the(

determination(of(the(exact(structures(by(X;ray(in(the(solid(state(was(not(possible.((

Thus,(for(the(analysis(of(the(structures,(other(physical(methods(were(employed.((

They(included(NMR,(MS(and(elemental(analysis.(

At(first,(1H(and(13C(NMR(spectroscopy(was(applied(for(characterization.((It(is(usually(

problematic(to(acquire(NMR(data(of(iron(complexes,(as(they(often(are(

paramagnetic.24;26((Accordingly,(no(NMR(data(could(be(obtained(for(complexes(4.14(

and(4.16/4.18.((We(were(only(able(to(obtain(a(suitable(spectrum(for(complex(4.15(

that(was(anticipated(to(contain(two(tridentate(ligands(4.2.((Analysis(of(the(data(

confirmed(the(coordination(of(the(ligand(4.2(to(the(iron(center.((Upon(complexation,(

the(chemical(shifts(of(the(aliphatic(protons(changed.((The(changes(did(not(follow(a(

common(pattern.((The(CH2(groups(of(the(picolyl(and(benzyl(functions(were(shifted(

slightly(upfield(from(4.3(ppm(and(3.9(ppm(to(4.5(ppm(and(4.1(ppm,(respectively.((

The(protons(of(the(OCHCH2N(unit(also(had(a(higher(frequency(shift(from(4.57(ppm(to(

4.77(ppm(for(the(CH(group(and(from(2.8(ppm(to(3.3(ppm(for(the(CH2(protons.((

Overall(the(number(of(the(peaks(and(their(multiplicity(matched(those(of(the(free(

ligand.((This(fact(suggested(the(presence(of(either(one(ligand(in(the(structure(or(a(

completely(symmetrical(arrangement(of(two(ligands.((It(was(shown(before,(that(the(

chemical(shift(of(fluorine(in(triflate(depends(on(its(position(in(a(complex.((A(free(

triflate(counteranion(was(reported(to(resonate(around(;70(ppm,(while(a(coordinated(

triflate(usually(gives(downfield(shifts(around(65(ppm.7((This(observation(was(

applied(to(investigate(the(complex(4.15.((Triflate(is(a(weakly(coordinating(ligand.((
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Hence,(in(order(to(prevent(its(possible(dissociation(and(to(obtain(a(reliable(fluorine(

chemical(shift,(the(compound(4.15(was(dissolved(in(a(relatively(noncoordinating(

solvent((CDCl3)(and(a(19F;NMR(spectrum(was(recorded.((The(observed(chemical(shift(

at(;75.9(ppm(was(in(the(range(consistent(with(a(free(triflate.((This(evidence(

supported(the(presence(of(two(ligands(4.2(at(the(iron(center(and(two(non;

coordinating(triflate(counterions.((However,(additional(information(from(mass(

spectroscopy(and(elemental(analysis(was(obtained(in(order(to(assign(a(final(

structure(for(the(compound(4.15.(

Mass(spectrometry(provided(data(for(molecular(ions(and(their(fragmentation(

patterns(for(all(iron(complexes(except(the(insoluble(compound(4.16.((The(cations(of(

the(compounds(4.14(and(4.15(bearing(two(tridentate(ligands((4.1(and(4.2,(

respectively)(at(the(iron(center(are(twofold(positively(charged.((Two(triflate(

counterions(were(expected(to(serve(as(counterions.((Therefore,(in(the(MS(data(for(

these(compounds,(we(expected(to(see(peaks(corresponding(to(half(of(the(molecular(

mass(of(the(complex(cations([(4.1)2Fe]2+(and([(4.2)2Fe]2+,(due(to(z(=(2(in(the(m/z(

ratio.((However,(those(peaks(were(not(present(in(the(spectra.((The(most(intense(

signals(for(both(compounds(matched(the(molecular(weights(of(corresponding(

ligands(4.1(and(4.2,(and(less(intense(peaks(according(to(the(fragments(with(one(

ligand(and(one(triflate(anion(([(4.1)Fe(OTf)]+(and([(4.2)Fe(OTf)]+).((At(the(same(

time(we(analyzed(the(MS(data(for(the(complexes(4.17(and(4.18(bearing(the(

tetradentate(ligand(4.3(and(the(pentadentate(ligand(4.4,(respectively.((Both(

compounds(exhibited(intense(molecular(ion(peaks(consistent(with(the(fragments(

[(4.3)Fe(OTf)]+(and([(4.4)Fe(OTf)]+(formed(by(loss(of(a(triflate(inion.((The(observed(
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peaks(supported(the(proposed(formulation([(4.3)Fe(OTf)2](and([(4.4)Fe(OTf)](OTf)(

for(the(complexes(4.17(and(4.18((Figure(4.11).(

Elemental(analysis(provided(final(proof(for(the(formulation(of(the(complexes(4.15,(

4.17(and(4.18.((The(obtained(results(exhibited(only(slight(deviations(from(the(

calculated(C,(H(values((<0.5%).((The(noticeable(deviation(towards(lower(values(of(

carbon(content(was(ascribed(to(the(evident(hydroscopic(properties(of(the(

synthesized(compounds,(which(were(observed(visually(and(confirmed(by(IR(

spectroscopy.((Overall,(the(elemental(analyses(supported(the(general(formulations(

for(4.15,(4.17(and(4.18.((Combination(of(the(NMR(and(MS(findings(with(the(results(

of(the(elemental(analysis(allowed(establishing(the(formulations([Fe(4.1)2](OTf)2,(

[Fe(4.2)2](OTf)2,([(4.3)Fe(OTf)2](and([(4.4)Fe(OTf)](OTf)(for(the(synthesized(

complexes.((The(iron(complex(4.15(was(confirmed(to(form(only(one(isomer(in(

solution(by(1H(NMR.((However,(there(are(two(possible(structures(to(be(assigned(to(

this(isomer((Figure(4.12),(and(the(physical(data(are(not(sufficient(to(establish(the(

exact(structure.(

(

Figure(4.12.((The(two(possible(structures(of(the(iron(complex(4.15(
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4.4.2.$$Studies$of$the$activities$of$the$catalysts$

The(relative(catalytic(activity(of(the(complexes(was(tested(in(oxidation(reactions(

utilizing(peroxides(as(the(oxidants.((Two(types(of(substrates(were(employed(in(

preliminary(studies.((The(iron(catalyzed(transformation(of(activated(methylene(

groups(to(ketones(has(been(reported(in(the(literature7,27(and(has(already(been(

studied(in(our(laboratory.22,23((Accordingly,(the(first(series(of(test(substrates(

contained(activated(methylene(groups.((Several(compounds(representing(different(

structural(features(were(chosen((Figure(4.13).(

(

Figure(4.13.((Test(substrates(for(the(oxidation(of(activated(methylene(groups(

Another(important(class(of(compounds(for(oxidation(studies(is(alcohols.((There(are(

plenty(of(different(methods(for(the(transformation(of(alcohols(into(ketones(or(

aldehydes(on(small(scales(reported(in(the(literature,28(but(only(a(few(of(them(are(

applicable(for(large(scale(industrial(syntheses.29((Catalytic(systems,(especially(those(

based(on(cheap(metals(like(iron,(are(an(attractive(topic(of(research.1((Several(

alcohols(exhibiting(different(levels(of(activation(were(selected(for(the(study((Figure(

4.14).(

4.19 4.20 4.21 4.22
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(

Figure(4.14.((Alcohols(investigated(in(catalytic(oxidation(reactions(

4.4.2.1.$$Comparison$of$catalytic$activities$of$the$complexes$

Comparing(the(activity(of(the(different(iron(catalysts(was(the(first(goal(of(our(study.((

In(order(to(approach(the(problem,(we(needed(to(create(an(experiment(that(would(

provide(reliable(data.((Furthermore,(the(conditions(of(all(trials(needed(to(be(strictly(

identical(and(reproducible(for(all(test(reactions.((The(general(protocol(employed(for(

the(studies(is(shown(in(Figure(4.15.(

(

Figure(4.15.((General(method(for(comparative(catalytic(experiments(

A(similar(approach(has(already(been(applied(in(our(group(before.8,9((The(method(is(

based(on(generating(a(0.14(M((substrate(in(pypidine)(reaction(mixture(with(constant(

concentrations(of(the(starting(materials,(the(oxidant(and(the(metal(complex(in(

different(experiments.((It(was(found(that(pyridine(gives(the(best(results(in(the(
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oxidation(reactions(as(has(previously(been(investigated.8((Therefore,(it(was(

employed(as(the(solvent(in(all(experiments.((The(standard(catalyst(load(was(3(mol(

percent,(while(the(oxidizing(peroxide(agent(was(employed(in(a(fourfold(excess(over(

the(starting(material.((First,(the(substrate(and(the(catalyst(were(combined(and(

subsequently(the(solvent(was(added.((Then,(t;BuOOH(was(added(the(time(count(was(

started.((Usually,(after(four(hours(the(conversions(of(the(oxidations(were(reaching(

medium(to(high(percentages(and(flattened.((Therefore,(the(time(of(the(reactions(was(

set(to(4(hours(as(a(common,(convenient(point(for(obtaining(the(relative(

transformations.((The(samples(for(determining(yields(were(prepared(by(filtering(0.3(

mL(of(the(reaction(mixtures(through(a(short(pad(of(silica(gel(in(order(to(separate(any(

particles(and(iron(residues.((The(silica(gel(was(rinsed(with(4(mL(of(CH2Cl2,(and(the(

combined(filtrates(were(analyzed(by(GC;MS.((With(that(protocol,(batches(of(4(

experiments(at(a(time(were(performed(employing(the(same(starting(material((4.19/

4.31),(but(different(catalysts((4.14,(4.15,(4.17,(4.18).((The(values(for(relative(

conversions(of(the(substrates(to(the(oxidized(products(are(compiled(in(the(Table(

4.1.(
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Table(4.1.((Data(for(GC/MS(yields(in(the(comparative(catalytic(experiments(

Substrates(
Employed(catalysts,(%(GC(conversions(to(ketones(or(aldehydes(

4.14( 4.15( 4.17( 4.18(

4.19( 85( 88( 89( 84(

4.20( 69( 71( 72( 63(

4.21( 58( 63( 60( 67(

4.22( 50( 53( 47( 43(

4.23( 2( 10( 4( 0(

4.24( 10( 7( 8( 4(

4.25( 5( 15( 3( 20(

4.26( 83( 88( 80( 75(

4.27( 70( 74( 80( 79(

4.28( 55( 73( 68( 58(

4.29( 88( 89( 98( 92(

4.30( 92( 88( 95( 85(

4.31( 50( 63( 70( 55(

(

A(few(unexpected(results(were(obtained(after(completion(of(the(experiments.((First,(

a(large(difference(in(the(catalytic(activity(of(the(synthesized(iron(complexes(was(not(

observed.((We(were(not(able(to(establish(a(trend(describing(the(minor(changes(in(

conversions(observed(for(different(substrates(and(the(catalysts.((The(slight(

differences(in(yields(observed(for(the(different(catalysts(are(most(likely(within(

experimental(error(of(the(GC;MS(method.((The(second(unexpected(finding(concerned(
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the(oxidation(of(the(primary(alcohols(4.23/4.25.((These(alcohols(employed(in(the(

catalytic(experiments(gave(almost(no(conversions(with(only(trace(amounts(of(the(

corresponding(aldehydes(along(with(carboxylic(acids(and(esters,(which(were(

observed(slightly(above(baseline(levels.((The(alcohols(4.23(and(4.25(also(contained(

benzylic(CH2(groups(that(were(shown(to(be(oxidized(to(the(ketones(in(non;alcoholic(

substrates(such(as(4.21.((However,(the(compounds(4.23(and(4.25(did(not(show(

oxidation(of(either(the(hydroxyl(or(the(methylene(groups.((Therefore,(we(assume(

that(primary(alcohols(are(not(compatible(with(our(new(catalytic(systems(due(to(

possible(decomposition(of(the(metal(complexes.(

4.4.2.2.$$Mechanistic$considerations$of$the$oxidation$reactions$

Investigations(of(mechanisms(for(iron(catalyzed(oxidation(reactions(have(been(

intensively(publishing(in(the(literature.27,30;35((It(was(shown(that(both(the(

mechanism(and(the(participating(intermediates(depend(on(a(variety(of(conditions(

including(solvent,(and(ratios(of(the(reagents(and(the(oxidizing(agent.36((However,(

determination(of(the(exact(mechanism(for(a(specific(iron(catalyzed(reaction(is(a(

difficult(and(tedious(process.((There(are(two(main(pathways(suggested(for(iron;

catalyzed(oxidation(reactions(employing(peroxide(oxidants.((The(first(was(referred(

to(in(the(literature(as(“Oxygenated(Fenton(Chemistry”31(and(the(alternative(one(is(

known(as(“Gif(chemistry”.34,37((Usually,(analysis(of(iron(catalyzed(oxidation(reactions(

allows(assignment(of(their(mechanisms(to(one(of(those(general(pathways.38;40((

Regardless(of(some(contradicting(publications,38,39((“Gif(chemistry”(is(commonly(

considered(to(be(a(non;radical(process.34,37,40((Therefore,(involvement(of(radical(

intermediates(in(“Oxygenated(Fenton(Chemistry”(is(the(most(significant(difference(
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between(the(two(routes.31((It(was(shown(that(iron(catalyzed(oxidation(reactions(

employing(peroxides(as(oxidizing(agent(often(follow(the(radical(mechanism.36((

During(the(oxidation(of(the(benzylic(methylene(groups(in(substrates(4.19/4.22(

utilizing(the(complexes(4.14,(4.15,(4.17,(and(4.18,(corresponding(alcohols(were(

never(observed(in(the(GC(chromatograms(of(the(reaction(mixtures.((However,(

formation(of(trace(amounts(of(dimerized(starting(materials(and(pyridyl(derivatives(

of(the(hydrocarbons(4.19/4.22(were(detected(along(with(the(expected(ketones.((

Those(byproducts(could(be(produced(only(by(participation(of(radical(intermediates(

in(the(catalytic(cycle.((This(finding(suggested(Fenton(type(chemistry(for(the(

mechanism(of(the(catalysis.((However,(a(detailed(mechanistic(investigation(would(be(

needed(in(order(to(get(more(conclusive(information(about(the(catalytic(cycles(for(the(

new(iron(complexes(and(possible(active(species(involved.(

4.4.2.3.$$Determination$of$isolated$yields$

With(the(results(for(the(relative(activities(of(the(complexes(established(in(Table(4.1(

we(moved(to(the(next(part(of(the(investigation.((The(determination(of(isolated(yields(

is(important(in(order(to(establish(the(new(catalysts(for(potential(practical(

applications.((As(all(the(synthesized(iron(complexes(showed(very(similar(activity,(

and(the(most(readily(accessible(complex(4.17(was(selected(to(determine(isolated(

yields.((All(four(substrates(with(activated(methylene(groups(4.19/4.22(were(

employed(for(that(purpose.((Preliminary(experiments(showed(that(the(primary(

alcohols(4.23/4.25(did(not(give(significant(conversions(to(the(corresponding(

aldehydes(or(carboxylic(acids.((Therefore,(four(secondary(alcohols(4.27,(4.28,(4.30,(
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4.31(representing(different(structural(features(were(selected,(which(gave(promising(

results(in(preliminary(screening((Table(4.1).(

(

Figure(4.16.((General(procedure(for(obtaining(isolated(yields(

The(general(procedure(for(the(catalytic(experiments(was(based(on(the(conditions(

established(in(the(comparative(experiments(described(above((Figure(4.15(and(

Table(4.1)(with(slight(modifications(with(respect(to(the(time(of(the(reactions(

(Figure(4.16).((In(the(test(transformations,(where(we(were(looking(for(differences(in(

conversions(after(a(relatively(short(period(of(time((4(hours)(to(investigate(catalytic(

activity.((To(obtain(isolated(yields(we(were(interested(in(the(reactions(going(to(

completion.((Hence,(to(achieve(full(conversion(of(the(starting(materials,(the(

oxidations(were(performed(over(a(period(of(16(hours.((At(this(time,(the(reaction(

mixtures(were(filtered(through(a(short(pad(of(silica(gel(that(was(rinsed(with(an(

excess(of(CH2Cl2.((The(solvents(were(removed(from(the(combined(filtrates(and(the(

desired(products(were(purified(by(column(chromatography(on(silica.((The(obtained(

isolated(yields(are(compiled(in(Table(4.2.(

3 mol% cat 4.17
4 eq t-BuOOH

1 mL pyridine, rt, 16hR R1

X

R R1

O

4.19  Fluorene
4.20  X = H, R = R1 = Ph
4.21  Tetrohydronaphtalene
4.22  X = H, R = Me, R1 = Ph
4.27  X = OH, R = Me, R1 = PhCH2CH2
4.28  X = OH, R = Me, R1 = C9H19
4.30  2-Methylcyclohexanol
4.31  X = OH, R = Me, R1 = C14H29

4.32  Fluorenone
4.33  R = R1 = Ph
4.34  3,4-dihydronaphthalen-1(2H)-one
4.35  R = Me, R1 = Ph
4.36  R = Me, R1 = PhCH2CH2
4.37  R = Me, R1 = C9H19
4.38  2-Methylcyclohexanone
4.39  R = Me, R1 = C14H29
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Table(4.2.((Isolated(yields(for(the(catalytic(oxidation(reactions(

Substrates( 4.19( 4.20( 4.21( 4.22( 4.27( 4.28( 4.30( 4.31(

Desired(
products(

4.32( 4.33( 4.34( 4.35( 4.36( 4.37( 4.38( 4.39(

Isolated(
yields,(%(

89( 78( 63( 74( 60( 83( 57( 70(

(

Overall,(the(catalytic(reactions(produced(good(results(with(isolated(yields(ranged(

from(57(to(89%.((The(oxidations(of(the(activated(CH2(groups(in(4.19/4.22(proceeded(

smoothly(and(the(resulting(ketones(4.32/4.35(were(easily(isolated(by(column(

chromatography(in(high(yields((63;89%).((However,(compound(4.21(containing(two(

benzylic(CH2(groups(gave(some(amount(of(the(overoxidized(quinone(type(product.((

Therefore,(the(monoketone(4.34(was(obtained(with(the(lowest(yield((63%)(among(

the(four(reactions.((Transformation(of(the(alcohols(4.27,(4.28,(4.30,(4.31(to(the(

corresponding(ketones(gave(more(diverse(results(with(yields(ranging(from(57(to(

83%.((Several(factors(played(a(role(in(the(outcome(of(these(catalytic(reactions.((The(

best(result((83%(yield)(was(obtained(for(the(oxidation(of(the(medium(sized,(non;

functionalized(secondary(alcohol(4.28.((Elongation(of(the(alkyl(chain(by(several(

carbon(atoms(caused(a(decrease(in(the(yield,(as(was(observed(for(oxidation(of(the(

compound(4.31(to(the(ketone(4.39((70%(yield),(which(is(possibly(due(a(higher(

probability(of(CH2(group(oxidation.(

The(second(problem(concerned(the(possibility(of(concurrent(oxidation(reactions(of(

different(oxidizable(groups(in(the(substrate.((It(was(responsible(for(the(low(yield(of(

the(ketone(4.36.((The(starting(alcohol(4.27(contained(two(reactive(sites:(the(

secondary(OH(group(and(the(benzylic(CH2.((Hence,(oxidation(of(both(functionalities(
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was(observed(during(the(reaction,(with(the(desired(product(4.36(being(the(major(

compound(in(the(mixture,(which(was(isolated(in(60%(yield.((The(finding(suggested(

that(the(oxidation(of(alcohols(proceeds(at(higher(rate(than(that(of(the(activated(CH2(

groups.(

Lastly,(isolation(of(the(relatively(low(molecular(weight(ketones,(like(the(compound(

4.38,(could(be(complicated(by(their(high(volatility.((Thus,(the(oxidation(of(the(cyclic(

alcohol(4.30(proceeded(with(very(high(conversion(and(selectivity,(but(the(ketone(

4.38(was(isolated(in(only(57%(yield.(

4.5.$$Conclusion$

Several(approaches(to(a(series(of(new(multidentate(N,(O(coordinating(ligands(were(

investigated.((Overall,(five(non;heme(type(ligands(were(synthesized(and(

characterized.((Their(coordination(chemistry(was(investigated(by(preparation(of(

new(iron(complexes.((While(the(general(formulation([Fe(L)2](OTf)2,([Fe(L)(OTf)2](or(

[Fe(L)(OTf)](OTf)(was(established(for(the(new(complexes,(the(formation(of(only(one(

isomer(was(established(only(for(one(of(the(complexes(by(1H(NMR.((The(catalytic(

activity(of(the(new(compounds(was(studied(in(oxidation(of(activated(methylene(

groups(and(alcohols(utilizing(t;BuOOH(as(the(oxidant.((Although(no(substantial(

difference(in(activity(was(found,(the(results(were(promising(and(will(be(investigated(

further(in(our(laboratory.((Consideration(of(possible(mechanisms(of(the(catalysis(

was(presented.(Fenton(type(chemistry(was(proposed(as(a(mechanism(for(the(

catalytic(activity(for(the(new(iron(complexes.((However,(gathering(of(more(data(is(

required(for(a(thorough(investigation(of(the(mechanism.((The(most(readily(
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accessible(iron(complex(was(probed(for(practical(catalytic(oxidations(under(

optimized(conditions(including(work(up.((The(corresponding(ketone(products(were(

isolated(in(57(to(89%(yield.(

Combination(of(these(findings(and(the(previously(obtained(evidence(for(different(

iron(based(catalytic(systems(will(boost(mechanistic(studies(and(hopefully(lead(to(

better(understanding(of(ways(to(improve(the(outcome(of(the(catalytic(

transformations(described(in(the(chapter.(
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General'Methods'

Chemicals(were(treated(as(follows:(THF,(toluene,(diethyl(ether,(distilled(from(

Na/benzophenone;(CH2Cl2,(distilled(from(CaH2.((All(reactions(were(carried(out(under(

an(atmosphere(of(nitrogen(applying(Schlenk(techniques(if(not(stated(otherwise.((

Ethanolamine(4.12,((S)O2O(benzylamino)O1Ophenylethanol(4.6,(2O((2O

aminoethyl)amino)ethanol(4.13,(2O(chloromethyl)pyridinO1Oium(chloride(4.11,(NaH(

60%(suspension(in(mineral(oil,(2O(bromomethyl)pyridinO1Oium(bromide(4.10,(NaOH(

(all(Aldrich),(Silica(gel,(200O400(mesh,(60(Å((SigmaOAldrich),(used(as(received.((

[Fe(OTf)2(MeCN)2](was(synthesized(following(a(literature(procedure.
1(

NMR(spectra(were(obtained(at(room(temperature(on(a(Bruker(Avance(300(MHz(or(a(

Varian(Unity(Plus(300(MHz(instrument((1H:(300.13(MHz;(13C:(75.5(MHz)(and(

referenced(to(a(residual(solvent(signal;(all(assignments(are(tentatively.((GC/MS(

spectra(were(recorded(on(a(Hewlett(Packard(GC/MS(System(Model(5988A.((Exact(

masses(were(obtained(on(a(JEOL(MStation([JMSO700](Mass(Spectrometer.((Elemental(

analyses(were(performed(by(Atlantic(Microlab,(GA,(USA.(

Syntheses'

(S)*N,N*dibenzyl*2*phenyl*2*(pyridin*2*ylmethoxy)ethanamine,<(4.1).<<To(a(

stirred(solution(of(4.8<(0.610(g,(1.92(mmol)(in(CH2Cl2((10(mL),(Et3N((0.387(g,(0.535(

mL,(2.30(mmol)(was(added.((The(resulting(solution(was(cooled(to(0(°C((ice/H2O(

bath)(and(BnBr((0.393(g,(0.270(mL,(2.30(mmol)(was(added(dropwise.((The(reaction(

mixture(was(stirred(at(room(temperature(for(24(hours.((At(that(time,(it(was(diluted(
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with(CH2Cl2((100(mL)(and(washed(with(H2O,(saturated(aqueous(solution(of(NaHCO3(

and(H2O.((The(combined(organic(layers(were(dried(over(MgSO4(and(concentrated(in$

vacuo.((The(crude(product(was(purified(by(flash(column(chromatography(on(SiO2(

(1.5(×(15(cm(column;(eluted(with(9:1(v/v(toluene/acetone(→(4:1(v/v(

toluene/acetone)(to(obtain(the(product(4.1<(0.580(g,(1.42(mmol,(74%)(as(a(slightly(

brown(oil.(

NMR((δ,(CDCl3)(1H(8.49(–(8.46((m,(1(H),(7.60((td,(J(=(7.7,(1.9(Hz,(1(H),(7.50(–(7.46((m,(

1(H),(7.31(–(7.12((m,(15(H),(7.09((ddd,(J(=(7.6,(4.9,(1.3(Hz,(1(H),(4.57((dd,(J(=(6.9,(5.4(

Hz,(1(H),(4.55((d,(J(=(13.8(Hz,(1(H),(4.46((d,(J(=(13.4(Hz,(1(H),(3.75((d,(J(=(13.8(Hz,(2(H),(

3.60((d,(J(=(13.8(Hz,(2(H),(2.97((dd,(J(=(13.6,(7.1(Hz,(1(H),(2.77((dd,(J(=(13.8,(5.4(Hz,(1(

H);(13C{1H}(158.8,(148.8,(140.7,(139.5,(136.4,(128.6,(128.2,(128.1,(128.0,(127.5,(126.9,(

126.6,(122.0,(121.2,(81.2,(71.5,(60.2,(59.1.(

MS((FAB,(3ONBA,(m/z)(409(([4.1+H]+,(100%),(300(([4.1(–(PicO]+,(19%),(210(([4.1(–(

PicO(–(PhCH2]+,(3%).(

(S)*N*benzyl*2*(benzyloxy)*2*phenyl*N*(pyridin*2*ylmethyl)ethanamine,<

(4.2).((The(compound(4.7((0.700(g,(2.21(mmol)(was(reacted(with(picolyl(bromide(

4.9((0.570(g,(3.31(mmol)(to(yield(4.2<(0.740(g,(1.81(mmol,(82%)(as(described(above(

for(4.1.(

NMR((δ,(CDCl3)(1H(8.45((d,(J$=$4.1(Hz,(1(H),(7.48((td,(J$=$7.6,(1.4(Hz,(1(H),(7.39(–(7.13(

(m,(16(H),(7.09(–(7.01((m,(1(H),(4.57((dd,(J$=$6.9,(5.4(Hz,(1(H),(4.45((d,(J(=(11.7(Hz,(1(

H),(4.27((d,(J$=$11.7(Hz,(1(H),(3.92((d,(J$=$14.9(Hz,(1(H),(3.80((d,(J$=$14.9(Hz,(1(H),(3.79(

(d,(J$=$13.9(Hz,(1(H),(3.68((d,(J$=$13.8(Hz,(1(H),(2.98((dd,(J$=$13.8,(7.2(Hz,(1(H),(2.76((dd,(

J$=$13.7,(5.0(Hz,(1(H);(13C{1H}(160.2,(148.6,(141.0,(139.3,(138.5,(136.2,(128.7,(128.3,(
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128.2,(128.1,(127.6,(127.6,(127.4,(127.0,(126.8,(122.7,(121.7,(80.2,(70.5,(60.8,(60.7,(

59.3.(

MS((FAB,(3ONBA,(m/z)(409(([4.2+H]+,(100%),(318(([4.2(–(PhCH2]+,(4%),(211(([4.2(–(

PhCH2O(–(PhCH2]+,(7%).(

(S)*N*benzyl*2*phenyl*2*(pyridin*2*ylmethoxy)*N*(pyridin*2*

ylmethyl)ethanamine,<(4.3).((Pathway$A.((The(compound(4.8((0.800(g,(2.51(mmol)(

was(reacted(with(picolyl(bromide(4.9((0.650(g,(3.77(mmol)(to(yield(4.3<(0.700(g,(

1.71(mmol,(68%)(as(described(above(for(4.1.(

Pathway$B,$conditions$1.((To(a(stirred(solution(of(4.6<(0.500(g,(2.10(mmol)(in(THF((20(

mL),(NaH((0.211(g,(8.80(mmol,(60%(emulsion(in(mineral(oil)(was(added(in(small(

portions.((The(resulting(solution(was(stirred(at(room(temperature(for(30(minutes(to(

yield(a(bright(yellow(solution.((At(that(time,(picolyl(bromide(4.9((1.14(g,(6.60(mmol)(

in(THF((5(mL)(was(added(dropwise.((The(reaction(mixture(was(stirred(at(room(

temperature(for(additional(3(hours(and(then(diluted(with(CH2Cl2((100(mL)(and(

washed(with(H2O,(a(saturated(aqueous(solution(of(NaHCO3(and(H2O.((The(combined(

organic(layers(were(dried(over(MgSO4(and(concentrated(in$vacuo.((The(crude(

product(was(purified(by(flash(column(chromatography(on(SiO2((1.5(×(15(cm(column;(

eluted(with(9:1(v/v(toluene/acetone(→(3:2(v/v(toluene/acetone)(to(obtain(the(

product(4.3<(0.630(g,(1.54(mmol,(70%)(as(a(slightly(brown(oil.(

Pathway$B,$conditions$2.((To(a(flask(containing(DMSO((20(mL)(finely(powdered(NaOH(

(1.41(g,(35.2(mmol)(was(added(and(the(mixture(was(stirred(at(room(temperature(for(

30(minutes.((A(solution(of(4.6((1.00(g,(4.40(mmol)(in(DMSO((2(mL)(was(added(and(

the(white(slurry(was(stirred(at(room(temperature(for(additional(30(minutes,(upon(
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which(the(color(changed(to(yellow.((At(that(time,(the(reaction(flask(was(placed(into(

an(ice/water(bath(and(a(solution(of(picolyl(chloride(hydrochloride(4.11((2.90(g,(17.6(

mmol)(in(DMSO((5(mL)(was(added(dropwise.((After(warming(up(to(room(

temperature(over(30(minutes,(the(slurry(was(diluted(with(PhMe((200(mL).((The(

organic(layer(was(washed(three(times(with(H2O((150(mL),(with(a(saturated(aqueous(

solution(of(NaHCO3(and(H2O.((The(combined(organic(layers(were(dried(over(MgSO4(

and(concentrated(in$vacuo.((The(crude(product(was(purified(by(flash(column(

chromatography(on(SiO2((2(×(20(cm(column;(eluted(with(9:1(v/v(toluene/acetone(→(

3:2(v/v(toluene/acetone)(to(obtain(the(product(4.3<(1.57(g,(3.83(mmol,(87%)(as(a(

colorless(oil.(

NMR((δ,(CDCl3)(1H(8.49((ddd,(J$=$4.9,(1.7,(0.9(Hz,(1(H),(8.46((ddd,(J$=$4.9,(1.7,(0.9(Hz,(1(

H),(7.64((td,(J$=$7.7,(1.7(Hz,(1(H),(7.51((td,(J$=$7.5,(1.9(Hz,(1(H),(7.35(–(7.19((m,(12(H),(

7.13((ddd,(J$=$7.3,(4.9,(1.1(Hz,(1(H),(7.07((ddd,(J$=$7.4,(4.9,(1.2(Hz,(1(H),(4.62((dd,(J$=$

7.1,(5.2(Hz,(1(H),(4.55((d,(J$=$13.4(Hz,(1(H),(4.46((d,(J$=$13.4(Hz,(1(H),(3.94((d,(J$=$14.9(

Hz,(1(H),(3.82((d,(J$=$14.9(Hz,(1(H),(3.82((d,(J$=$13.9(Hz,(1(H),(3.71((d,(J$=$13.9(Hz,(1(H),(

3.04((dd,(J$=$13.8,(7.2(Hz,(1(H),(2.81((dd,(J$=$13.7,(5.2(Hz,(1(H);(13C{1H}(160.2,(158.8,(

148.9,(148.7,(140.7,(139.3,(136.4,(136.2,(128.7,(128.3,(128.1,(127.7,(127.0,(126.8,(

122.7,(122.1,(121.7,(121.2,(81.1,(71.6,(61.0,(60.7,(59.5.(

MS((FAB,(3ONBA,(m/z)(410(([4.3+H]+,(100%),(301(([4.3(–(PicO]+,(50%),(211(([4.2(–(

PicO(–(PhCH]+,(28%).(

2*(pyridin*2*ylmethoxy)*N,N*bis(pyridin*2*ylmethyl)ethanamine,<(4.4).((

Ethanolamine(4.12((0.500(g,(8.19(mmol)(was(reacted(with(picolyl(chloride(
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hydrochloride(4.11((6.04(g,(36.8(mmol)(to(yield(4.4<(2.33(g,(6.97(mmol,(85%)(as(

described(above(for(4.3,<pathway$B,$conditions$2.(

NMR((δ,(CDCl3)(1H(8.56(–(8.49((m,(3(H),(7.69(–(7.55((m,(5(H),(7.42((d,(J$=$7.9(Hz,(1(H),(

7.19(–(7.10((m,(3(H),(4.61((s,(2(H),(3.95((s,(4(H),(3.74((t,(J$=$5.8(Hz,(2(H),(2.93((t,(J$=$5.8(

Hz,(2(H);(13C{1H}(159.8,(158.6,(148.9,(136.5,(136.3,(122.8,(122.2,(121.9,(121.1,(73.9,(

69.4,(60.9,(53.7.(

MS((FAB,(3ONBA,(m/z)(335(([4.4+H]+,(100%),(244(([4.4(–(Pic(+(H]+,(60%).(

N1,N1,N2*tribenzyl*N2*(2*(benzyloxy)ethyl)ethane*1,2*diamine,<(4.5).((The(

compound(4.13((1.00(g,(0.970(mL,(9.60(mmol)(was(reacted(with(BnCl((7.29(g,(6.65(

mL,(57.6(mmol)(to(yield(4.5<(4.15(g,(8.93(mmol,(93%)(as(described(above(for(4.3,<

pathway$B,$conditions$2.(

NMR((δ,(CDCl3)(1H(;(13C{1H}(139.7,(139.6,(138.4,(129.0,(128.8,(128.7,(128.3,(128.2,(

128.1,(128.0,(127.5,(127.4,(126.7,(126.7,(73.0,(68.9,(59.4,(58.7,(53.6,(52.3,(51.3.(

MS((FAB,(3ONBA,(m/z)(465(([4.5+H]+,(100%),(373(([4.5(–(PhCH2]+,(5%),(268(([4.5(–(

PhCH2O(–PhCH2]+,(20%).(

(S)*N*benzyl*2*(benzyloxy)*2*phenylethanamine,<(4.7).((Method$1.((To(a(stirred(

solution(of(4.6<(1.00(g,(4.40(mmol)(in(THF((40(mL),(NaH((0.211(g,(8.80(mmol,(60%(

emulsion(in(mineral(oil)(was(added(in(small(portions.((The(resulting(solution(was(

stirred(at(room(temperature(for(30(minutes(to(yield(a(bright(yellow(solution.((At(that(

time(BnBr((0.752(g,(0.523(mL,(4.40(mmol)(was(added(dropwise.((The(reaction(

mixture(was(stirred(at(room(temperature(for(additional(30(minutes(and(then(it(was(

diluted(with(CH2Cl2((150(mL)(and(washed(with(H2O,(a(saturated(aqueous(solution(of(

NaHCO3(and(H2O.((The(combined(organic(layers(were(dried(over(MgSO4(and(
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concentrated(in$vacuo.((The(crude(product(was(purified(by(flash(column(

chromatography(on(SiO2((2(×(20(cm(column;(eluted(with(9:1(v/v(toluene/acetone(→(

3:2(v/v(toluene/acetone)(to(obtain(the(product(4.7<(1.23(g,(3.87(mmol,(88%)(as(a(

colorless(oil(that(crystallized(over(a(period(of(time.(

Method$2.((To(a(flask(containing(DMSO((10(mL)(finely(powdered(NaOH((0.352(g,(8.80(

mmol)(was(added(and(the(mixture(was(stirred(at(room(temperature(for(20(minutes.((

A(solution(of(4.6((0.500(g,(2.20(mmol)(in(DMSO((1(mL)(was(added(and(the(white(

slurry(was(stirred(at(room(temperature(for(30(minutes,(upon(which(the(color(

changed(to(yellow.((At(that(time,(the(reaction(flask(was(placed(into(an(ice/water(bath(

and(a(solution(of(BnCl((0.292(g,(0.265(mL,(2.31(mmol)(in(DMSO((1(mL)(was(added(

dropwise.((After(warming(up(to(room(temperature(in(over(30(minutes,(the(slurry(

was(diluted(with(PhMe((100(mL(each).((The(organic(layer(was(washed(three(times(

with(H2O((100(mL),(with(a(saturated(aqueous(solution(of(NaHCO3(and(H2O.((The(

combined(organic(layers(were(dried(over(MgSO4(and(concentrated(in$vacuo.((The(

crude(product(was(purified(by(flash(column(chromatography(on(SiO2((2(×(10(cm(

column;(eluted(with(9:1(v/v(toluene/acetone(→(3:2(v/v(toluene/acetone)(to(obtain(

the(product(4.7<(0.655(g,(2.06(mmol,(94%)(as(a(colorless(oil(that(crystallized(over(a(

course(of(several(weeks.(

NMR((δ,(CDCl3)(1H(7.38(–(7.33((m,(4(H),(7.33(–(7.25((m,(11(H),(4.59((dd,(J$=$9.0,(3.8(

Hz,(1(H),(4.48((d,(J$=$11.5(Hz,(1(H),(4.29((d,(J$=$11.5(Hz,(1(H),(3.77((s,(2(H),(2.98((dd,(J$=$

12.4,(9.0(Hz,(1(H),(2.75((dd,(J$=$12.3,(3.9(Hz,(1(H),(1.94((br(s,(1(H);(13C{1H}(140.5,(

140.2,(138.2,(128.5,(128.3,(128.3,(128.0,(127.8,(127.8,(127.6,(126.8,(126.8,(80.7,(70.6,(

56.2,(53.6.(
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(S)*N*benzyl*2*phenyl*2*(pyridin*2*ylmethoxy)ethanamine,<(4.8).((Method$1.((

The(aminoalcohol(4.6((0.630(g,(2.77(mmol)(was(reacted(with(picolyl(bromide(4.9(

(0.5(g,(2.91(mmol)(to(yield(4.8<(0.710(g,(2.23(mmol,(80%)(as(described(above(for(4.7,(

method$1.(

Method$2.((The(aminoalcohol(4.6((0.500(g,(2.20(mmol)(was(reacted(with(picolyl(

chloride(hydrochloride(4.11((0.379(g,(2.31(mmol)(to(yield(4.8<(0.610(g,(1.92(mmol,(

87%)(as(described(above(for(4.7,(method$2.(

NMR((δ,(CDCl3)(1H(8.46((ddd,(J(=(4.8,(1.6,(0.8(Hz,(1(H),(7.58((td,(J(=7.7,(1.7(Hz,(1(H),(

7.44(–(7.15((m,(12(H),(7.07((ddd,(J$=$7.5,(4.9,(0.9(Hz,(1(H),(4.65((dd,(J$=$8.9,(3.9(Hz,(1(

H),(4.58((d,(J$=$13.2(Hz,(1(H),(4.51(–(4.44((m,(J$=$13.2(Hz,(1(H),(3.79((s,(2(H),(3.03((dd,(J$

=$12.4,(8.9(Hz,(1(H),(2.80((dd,(J$=$12.4,(4.0(Hz,(1(H);(13C{1H}(158.0,(148.7,(139.7,(139.6,(

136.2,(128.2,(128.0,(127.8,(127.6,(126.6,(126.4,(121.9,(121.2,(81.1,(71.2,(55.6,(53.2.(

2*(bromomethyl)pyridine,<(4.9).((To(a(100(mL(beaker(containing(H2O((25(mL)(and(

CH2Cl2((25(mL)(compound(4.10((1.00(g,(3.95(mmol)(and(K2CO3((2.73(g,(19.8(mmol)(

were(added.((The(resulting(biphasic(mixture(was(vigorously(stirred(at(room(

temperature(for(30(minutes.((At(that(time(the(organic(layer(was(separated,(dried(

over(MgSO4,(and(concentrated(in$vacuo.((The(product(4.9<(0.620(g,(3.60(mmol,(91%)(

was(obtained(as(a(slightly(pink(solid(and(was(immediately(employed(in(further(

syntheses.(

NMR((δ,(CDCl3)(1H(8.56((d,(J$=$4.3(Hz,(1(H),(7.71((td,(J$=$7.7,(1.4(Hz,(1(H),(7.46((d,(J$=$

7.7(Hz,(1(H),(7.23((dd,(J$=$7.1,(5.2(Hz,(1(H),(4.67((s,(2(H);(13C{1H}(149.2,(137.0,(122.9,(

122.7,(36.8((CH2).(
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[Fe(4.1)2](OTf)2,<(4.14).((A(Schlenk(flask(was(charged(with([Fe(OTf)2(MeCN)2](

(0.072(g,(0.165(mmol)(and(MeCN((4(mL).((A(solution(of(the(ligand(4.1((0.135(g,(0.330(

mmol)(in(MeCN((1(mL)(was(added(dropwise(with(stirring.((The(resulting(tan(

solution(was(stirred(at(room(temperature(for(1(hour.((At(that(time,(the(solvent(was(

removed(by(high(vacuum(and(the(residue(was(washed(with(Et2O((3(mL).((The(

solvent(was(decanted,(and(the(tan(residue(dried(under(vacuum(to(obtain(the(

complex(4.14((0.175(g,(0.149(mmol,(90%).(

NMR((δ,(CDCl3)(1H(8.64((br(s,(2(H),(8.01((br(s,(2(H),(7.92(–(7.20((m,(34(H),(7.05((br(s,(2(

H),(4.90(–(4.42((m,(8(H),(4.22((br(s,(6(H),(3.72(–(3.30((m,(2(H);(13C{1H}(155.2,(146.2,(

139.9,(135.2,(131.2,(129.9,(129.0,(128.9,(128.8,(128.7,(126.2,(123.9,(123.0,(68.1,(59.1,(

57.2.(

MS((FAB,(3ONBA,(m/z)(613(([4.15(–(4.2(–(OTf]+,(1%).(

[Fe<(4.2)2](OTf)2,<(4.15).((The(ligand(4.2((0.230(g,(0.562(mmol)(was(reacted(with(

[Fe(OTf)2(MeCN)2]((0.123(g,(0.282(mmol)(to(yield(complex(4.15<(0.310(g,(0.265(

mmol,(94%)(as(described(above(for(4.14.((Anal.(calcd(for(C58H56F6FeN4O8S2:(C,(59.49;(

H,(4.82.(Found:(C,(58.67;(H,(5.07.(

NMR((δ,(AcetonitrileOd3)(1H(8.35((d,(J$=$2.6(Hz,(2(H),(7.74((t,(J$=$7.3(Hz,(2(H),(7.12(–(

7.39((m,(34(H),(4.72((dd,(J$=$9.1,(2.7(Hz,(2(H),(4.40((d,(J$=$15.6(Hz,(2(H),(4.32((d,(J$=$

15.8(Hz,(2(H),(4.23((d,(J$=$10.7(Hz,(4(H),(4.12((d,(J$=$11.5(Hz,(4(H),(3.29((dd,(J$=$13.2,(

2.4(Hz,(2(H),(3.20((dd,(J$=$13.5,(9.8(Hz,(2(H).(

NMR((δ,(CDCl3)(1H(8.47((d,(J$=$2.5(Hz,(2(H),(7.67((t,(J$=$6.1(Hz,(2(H),(7.43(–(7.17((m,(34(

H),(4.77((dd,(J$=$9.5,(2.7(Hz,(2(H),(4.57((d,(J$=$15.4(Hz,(2(H),(4.45((d,(J$=$15.0(Hz,(2(H),(

4.42((d,(J$=$10.9(Hz,(2(H),(4.30((br(s,(4(H),(4.20((d,(J$=$10.9(Hz,(2(H),(3.50((dd,(J$=$13.5,(
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2.7(Hz,(2(H),(3.26((dd,(J$=$13.5,(9.5(Hz,(2(H);(13C{1H}(148.0,(138.1,(136.9,(136.8,(129.7,(

129.1,(128.9,(128.7,(128.7,(128.2,(127.9,(127.8,(126.7,(123.6,(123.3,(76.1,(70.3,(59.1,(

58.8,(57.4;(19F{1H}(–(75.9.(

MS((FAB,(3ONBA,(m/z)(613(([4.15(–(4.2(–(OTf]+,(18%).(

[Fe<(4.5)2](OTf)2,<(4.16).((The(ligand(4.5((0.640(g,(1.38(mmol)(was(reacted(with(

[Fe(OTf)2(MeCN)2]((0.300(g,(0.688(mmol)(to(yield(complex(4.16<(0.860(g,(0.670(

mmol,(97%)(as(described(above(for(4.14.(

MS((FAB,(3ONBA,(m/z)(555(([4.16<–(4.5(–(2OTf(+(Cl]+,(0.7%).(

[Fe(OTf)2(4.3)],<(4.17).((The(ligand(4.3((0.290(g,(0.711(mmol)(was(reacted(with(

[Fe(OTf)2(MeCN)2]((0.310(g,(0.711(mmol)(to(yield(complex(4.17<(0.500(g,(0.655(

mmol,(92%)(as(described(above(for(4.14.((Anal.(calcd(for(C29H27F6FeN3O7S2:(C,(45.62;(

H,(3.56.(Found:(C,(45.05;(H,(3.98.(

NMR((δ,(AcetonitrileOd3)(1H(9.72((br(s),(9.17((br(s),(8.53(–(8.32((m),(8.23((br(s),(7.92(

(br(s),(7.83(–(7.65((m),(7.50(–(7.04((m),(6.64((br(s),(5.67((br(s),(5.53((br(s),(4.82((br(s),(

4.67((d,(J$=$8.5(Hz),(4.53((t,(J$=$14.8(Hz),(4.46(–(4.22((m),(3.36(–(3.21((m),(3.20(–(3.03(

(m);(19F{1H}(–(66.8.(

HRMS(calcd(for(C28H27F356FeN3O4S(614.1024,(found(614.1030.(

[Fe(OTf)(4.4)](OTf),<(4.18).((The(ligand(4.4((0.298(g,(0.890(mmol)(was(reacted(

with([Fe(OTf)2(MeCN)2]((0.315(g,(0.890(mmol)(to(yield(complex(4.18<(0.560(g,(0.813(

mmol,(91%)(as(described(above(for(4.14.((Anal.(calcd(for(C22H22F6FeN4O7S2:(C,(38.38;(

H,(3.22.(Found:(C,(38.19;(H,(3.45.(

NMR((δ,(CDCl3)(1H(10.09((br(s,(1(H),(8.81((d,(J$=$2.8(Hz,(1(H),(8.55((br(s,(3(H),(8.43((d,(J$

=$3.2(Hz,(1(H),(8.01(–(7.94((m,(1(H),(7.89((t,(J$=$7.3(Hz,(1(H),(7.81(–(7.64((m,(4(H),(7.58(
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–(7.37((m,(4(H),(7.37(–(7.16((m,(6(H),(4.76((br(s,(1(H),(4.62((s,(2(H),(4.45((br(s,(4(H),(

4.05((br(s,(1(H),(3.86((br(s,(1(H),(3.52(–(3.35((m,(3(H).(

HRMS(calcd(for(C21H22F356FeN4O4S(539.0658,(found(539.0657.(

Catalytic'experiments'

General'procedure'for'comparative'catalytic'oxidation'reaction'in'Table'4.1.'

The(substrates(4.19*4.31((140(µmol)(were(placed(in(7(mL(screwOcapped(vials.((

Pyridine((1.00(mL)(was(added(to(the(vials.((To(the(solutions,(the(iron(complexes(

4.14*4.18((4.20(µmol)(were(added(followed(by(tOBuOOH((560(µmol,(70%(in(H2O).((

The(sealed(vials(were(shaken(for(4(h(at(room(temperature.((At(that(time,(samples(

(0.3(mL)(of(the(reaction(mixtures(was(taken(out(and(filtered(through(short(pads(of(

silica(gel.((The(silica(pads(were(washed(with(CH2Cl2((4(mL)(and(the(filtrates(were(

analyzed(by(GCOMS.(

Determination'of'isolated'yields'

9H*fluoren*9*one,<(4.32).((9HOfluorene(4.19((200(mg,(1.20(mmol)(was(placed(in(a(7(

mL(screwOcapped(vial.((Pyridine((2.00(mL)(was(added(to(the(vial.((Upon(dissolving(of(

the(substrate,(the(iron(complex(4.17((27.6(mg,(36.1(µmol)(was(added(followed(by(tO

BuOOH((688(µL,(620mg,(4.81(mmol,(70%(in(H2O).((The(sealed(vial(was(shaken(for(16(

h(at(room(temperature.((At(that(time,(the(reaction(mixture(was(filtered(trough(a(

short(pad(of(silica(gel.((The(vial(and(filter(was(washed(with(CH2Cl2.((The(combined(

filtrates(were(dried(over(MgSO4(and(concentrated(in$vacuo.((The(crude(product(was(

purified(by(flash(column(chromatography(on(SiO2((1(×(15(cm(column;(eluted(with(
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9:0(v/v(toluene/EtOAc(→(19:1(v/v(toluene/EtOAc)(to(obtain(the(product(4.32<(193(

mg,(1.07(mmol,(89%)(as(white(solid.(

NMR((δ,(CDCl3)(1H(7.66((d,(3JHH(=(7.7(Hz,(2(H,(HO4(+(HO5),(7.64((d,(3JHH(=(7.6(Hz,(2(H,(HO

1(+(HO8),(7.55((t,(3JHH(=(7.6(Hz,(2(H,(HO3(+(HO6),(7.34((t,(3JHH(=(7.6(Hz,(2(H,(HO2(+(HO7);(

13C{1H}(193.6((C=O),(143.8((CO11(+(CO12),(134.8((CO3(+(CO6),(133.8((CO10(+(CO13),(

129.2((CO2(+(CO7),(124.1((CO1(+(CO8),(120.5((CO4(+(CO5).(

Benzophenone,<(4.33).((The(compound(4.20((200(mg,(1.19(mmol)(was(oxidized(to(

4.33<(170(mg,(0.933(mmol,(78%)(as(described(above(for(4.19.(

NMR((δ,(CDCl3)(1H(7.74((d,(3JHH(=(7.7(Hz,(4(H,(2×HO2(+(2×HO6),(7.50((t,(3JHH(=(7.7(Hz,(2(

H,(2×HO4),(7.40((t,(3JHH(=(7.6(Hz,(4(H,(2×HO3(+(2×HO5);(13C{1H}(196.1((C=O),(137.7(

(2×CO1),(132.3((2×CO4),(130.1((2×CO2(+(2×CO6),(128.2((2×CO3(+(2×CO5).(

3,4*Dihydronaphthalen*1(2H)*one,<(4.34).((The(compound(4.21((200(mg,(1.51(

mmol)(was(oxidized(to(4.34<(140(mg,(0.958(mmol,(63%)(as(described(above(for(

4.19.(

NMR((δ,(CDCl3)(1H(7.96((d,(3JHH(=(7.7(Hz,(1(H,(HO8),(7.45((t,(3JHH(=(7.5(Hz,(1(H,(HO6),(

7.25((m,(2(H,(HO5(+(HO7),(2.9((m,(2(H,(CH2),(2.6((m,(2(H,(CH2),(2.1((m,(2(H,(CH2);(

13C{1H}(198.0((C=O),(144.4,(133.2,(132.6,(128.7,(127.0,(126.4,(39.0((CH2),(29.6((CH2),(

23.2((CH2).(

Acetophenone,<(4.35).((The(compound(4.22((200(mg,(1.88(mmol)(was(oxidized(to(

4.35<(168(mg,(1.40(mmol,(74%)(as(described(above(for(4.19.(

NMR((δ,(CDCl3)(1H(7.90((d,(3JHH(=(7.8(Hz,(2(H,(2×HO2),(7.50((t,(3JHH(=(7.7(Hz,(1(H,(HO4),(

7.41((t,(3JHH(=(7.7(Hz,(2(H,(HO3(+(HO5),(2.54((s,(3(H,(CH3);(13C{1H}(197.4((C=O),(137.1(

(CO1),(132.7((CO4),(128.5,(128.4,(26.0((CH3).(
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4*Phenylbutan*2*one,<(4.36).((The(compound(4.27((200(mg,(1.33(mmol)(was(

oxidized(to(4.36<(118(mg,(0.796(mmol,(60%)(as(described(above(for(4.19.(

NMR((δ,(CDCl3)(1H(7.20((m,(5(H,(Ph),(2.89((t,(3JHH(=(7.0(Hz,(2(H,(PhCH2),(2.73((t,(3JHH(=(

7.0(Hz,(2(H,(CH2C=O),(2.00((s,(3(H,(CH3);(13C{1H}(208.1((C=O),(141.1((CO1),(128.5,(

128.3,(126.1((CO4),(45.1((CH2C=O),(30.0,(29.8.(

Undecan*2*one,<(4.37).((The(compound(4.28((200(mg,(1.16(mmol)(was(oxidized(to(

4.37<(165(mg,(0.969(mmol,(83%)(as(described(above(for(4.19.(

NMR((δ,(CDCl3)(1H(2.39((t,(3JHH(=(15.0(Hz,(2(H,(CH2C=O),(2.11((s,(3(H,(CH3C=O),(1.32–

1.21((m,(14(H,(7×CH2),(0.87((t,(3JHH(=(2.7(Hz,(3(H,(CH3);(13C{1H}(208.9((C=O),(43.7,(

31.0,(29.6,(29.4,(29.3,(29.2,(23.8,(22.7,(14.1((CH3).(

2*Methylcyclohexanone,<(4.38).((The(compound(4.30((200(mg,(1.75(mmol)(was(

oxidized(to(4.38<(112(mg,(0.998(mmol,(57%)(as(described(above(for(4.19.(

NMR((δ,(CDCl3)(1H(2.32((m,(2(H,(CH2C=O),(2.10((m,(1(H,(CHC=O),(1.98–1.85((m,(4(H,(

2×CH2),(1.68((m,(2(H,(CH2),(1.03((d,(3JHH(=(1.5(Hz,(3(H,(CH3);(13C{1H}(212.8((C=O),(45.2,(

41.7,(36.1,(27.4,(25.0,(14.7((CH3).(

Hexadecan*2*one,<(4.39).((The(compound(4.31((200(mg,(0.825(mmol)(was(

oxidized(to(4.39<(139(mg,(0.578(mmol,(70%)(as(described(above(for(4.19.(

NMR((δ,(CDCl3)(1H(2.38((t,(3JHH(=(17.0(Hz,(2(H,(CH2C=O),(2.10((s,(3(H,(CH3C=O),(1.33–

1.20((m,(26(H,(13×CH2),(0.87((t,(3JHH(=(3.2(Hz,(3(H,(CH3);(13C{1H}(209.9((C=O),(43.9,(

32.0,(29.7,(29.60,(29.58,(29.53,(29.5,(29.4,(29.3,(23.9,(22.7,(14.3((CH3).(
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