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Abstract

The coeordination chemistry and resulting catalytic potential of Group 9 and 11
transition metal centered complexes with thec@imethyt2-oxazoline skeleton are detailed.
Each of the synthesized ligand species were treated with either a CibppeCobalt (I1)
salt to promote cordination, in all cases deprotonation of the ligand occurred. These
complexes have, thereafter, been examined by infrared spectroscopy (IRj}isibM
spectroscopy (UWis), mass spectrometry (MS), cyclic voltammye{CV), combustion
analysis (EA) ad x-ray diffraction and probed for their potential redox properties. In the
case of Cu(ll) chelated complexes, no desirable redox behaviour was observed. Although,
with respect to Co(ll) complexes, one complex displagemurable redox potential. The
redox active species have been shown to effectively catalyze the polymerization of methyl
methacrylate with tosyl chloride as an initiator, through an ATiRP mechanism. Work
within also reflects preliminary eordination to Iridium and Rhodium metal centers.
Successfully synthesized Iridium complexes have been tested with respect to their oxidative
properties. Positive results have been observed in their ability to perform oxidative addition
with both HSnPhand Mel. Bothsmall molecule species have been effectively added to an

Ir(1) complex, formally changing its oxidation state to Ir(lll).
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1.0 Introduction

1.1 Oxazolines

Oxazolines, or 4/8lihydro-2-oxazoles, are firvenembered heterocycles containing a nitrogen
and oxygerbetweenan sp-hybridized carbon atom. They can differ sterically by substitution
appended to any of its five vertic@xpect the oxygen atory isomerically by positioning of the

“-bond Schemel).
4 3
G,
1
N =N NH
SRR
Schemel: 2-, 3-, and 4 oxazolines (left to right)

Oxazolines can be manufactured in a variety of methods including the-Segteger
reaction (metatatalyzed crossoupling)! a ringclosing reaction with thionyl chloridefrom
oxidation of an oxazolinidine or by simply heating a carboxylic acid or aldehyde witheanin®
alcohol Gcheme?2).2 Oxazolines have gained synthetic interest due to not only their relatively
stable and inert nature but also their close relation to acyl derivatigearafno acid$. They are
unreactive with most nucleophiles, radical species, bases and weak acids. Oxazolines were first
used in the field of polymer chemistry as a monomeryéisalting poly(2oxazolines) are like
that of similar to poly(amides) making them strong candidates in biomedical appli€afibes.
aspect of this that is attractive to organic chemists is that the oxazoline protecting group can be

installed during synthesis by using mild conditions and are moderately good precursors for

functional later groupransformatiorf:®’



O

1) socl, O \s
Ao 72 X/OH )LN}\/OH 1) sOCl,
H,N H

2) Et3N
X/OH
—=N N
chlorobenzene
ZnCl,{} temp, 3d

O

H2N>\/OH >/ OH >\o NBS

—— [N <— HN 30mins, rt
)LH DCM, 14hr, rt )) )) 0 '

More recently, oxazolines have been widely studied for theirinop®lymerization and
protecting group chemist&® as well as their ability to be a respectable monodentatedgia
asymmetric and symmetric cataly$is! Over the years, oxazolines have had, and coatto

exhibit, a vast array of applications from polymer chemistry to organic chemistry to coordination

chemistry?'”

Scheme2: Threeknownroutes to 20xazolines.

1.2 Coordination Chemistry

Coordination chemistry entails the formation of covalent/coordination bonds (usually
dative interactions) between, normally, a metal ion and neutral or charged ligands. In the case that
the resulting complex carriescharge, an ion with opposite change is present to balance it to a
neutral state. As previously mentioned, ligands can be either neutral or charged (cationic or

anionic). Neutral ligands includ@&l-heterocyclic carbenes, pyridine, acetonitrile and water

(Schemes).



Examples of
Neutral ligands

Examples of
Mono-anionic ligands

N-heterocyclic carbene 8-hydroxyquinolinolate
~ [\ /N o
N\
acetonitrile || water © 6 o ©
- cr B | F
N// pyridine H™ "H halogen mono-anions

Scheme3: Examples of mno-charged and neutral ligands

Most charged ligands are anionic in nature as transition metal centers are generally cationic.
Charged ligands can be mondi- or tri- anionic such as halogen species,(8F, F, I) and
deprotonated oxygen species (e.ghy8roxyquinolinolate) $cheme 3). Once coordinated,
octahedral ligated metal complexes can exhibit different geometric isamerfgc, cis/trans, as

well as lambda/deltd_(D) rotational isomersSchemed).

NHs NH; " Nm, He
CI,,,,.CIO/CI CI,,,‘_Clo/NH?, HN.,, | /ZN
Co
HeNT | NH;  HeNT | ¢ HNT
NH3 NH3 NH2 H2
cis trans S
cl cl HZHZN/w
H3N,,,.C|O/NH3 H3N,,/_C|0/NH3 N\C|0“\\NH2
cl ] N HaN" | ¢ N” | “NH,
NH3 Cl HyH,N
fac mer 3%

Schemed: Conformational and rotation isomers of cobalt complexes

1.2.1Denticity
The number of donor groups from a specificigattached to a central metal atom denotes
its denticity!? Oxazolines on their own can a monodentate ligandst® or polydentate ligands
when functionalized with other groups, meaning they can be bound to the central atom through

one or more bond<'!® There are multiple examples of oxazolimased ligands with varying



denticity in the literature including mondA)*, bi- (B)?°, and tridentate @)*° architectures

(Schemeb).

S 0
( \g__\Zn\Z%N i?ké/o O/\ﬁ,c'_N/ A
/ ) Qs -
[N\>__ O/ KN‘ ’{l
Ao 0
c

A B

Schemeb: Examples of Mong bi-, and tridentate oxazoline transition metal complexes

The examples given ischeme5 represent transition metal complexes containing chelating
ligands. Strong donating teractions, such as in the case of the nitrogen in the oxazoline ring,
readily form bonds with a formally cationic metal center. If the oxazoline ring is appended with
another anionic functional group, the compound can form a chelate bond with the megal ce

effectively changing its bond mode frdohto k? (or higher).

1.3.k%-N,O Chelating Ligands

There are several types of nitrogeased bidentate chelating ligands such as those with NN,

NS, NP, NC, or N&onor atonfunctionality.N,O chelates haveeen targeted as@ass of ligands

in the fields of catalytic and coordination chemistry due to thairable bonding modes and
binding affinities for cationic metal speci#sAfter being bound to a metalmerthe participating
ligands are employeih applicationsrangingfrom small molecule activation to stoichiometri

bond activation and catalysién an N,O donor ligandthe oxygen atom is often anioniai
character, making it a hard dlis basic) donor to the metal cerfefThe nitrogen is an
intermediate donor, meaning it can exhibit properties of both a hard and soft donor. This gives the
nitrogen atom freedom to bond then release itself from the metal. Overall, this hengjlzdity

makes N,O donor ligands attractive for useatalysis when coordinated to a metal center

4



1.3.1 Classes of N,O Chelating Ligands

A lot of focus in the literature has been put on N,O chelates, such as those derived from
amino acid$€32*More common to the field of inorganic coordination chemistry are theah@
1,4N,O chelates. These functional grougglfeme6), most noticeablyuinolinolate$®?’ and

picolinates’®*° have seen a span of uses catalytically. Sulfonamittatied phosphoramidat&s?

have started to see more use in the field as well.

pyridonates

sulfonamidate

quinolinolates  picolinates )
OH o H o (.3 S
RQ N"r T R Rlsp‘\NH N\JO
?\I%\OH amidates RZ/N"RZ R, | O)\/K©
i hosphoramidate
L JAN amidates ureates phosp JAS )

(1,4—N O ligands N (1.3-N.O Iigand% (Amino acids )
C) o o° o
OK/ i < O“ék— \__NH, aniline
=5\ 5
S el O Y
I S Y Z R \ J

(1,5-N.O ligands )

Scheme6: Typesof N,O-donor prechelates.

1.3.2 Synthesis of Ligands

A target of the Gossage gr oupsNOpradigardar c h
first synthesized by Meye¥sand later popularized by the simple synthesis of the series from Prof,
Tohda in 1984? In his studies of these compounds, Tohda crafted clever, high yielding synthetic
pathways to these compouriis’ He laker went on to continue his investigation of the formation

of abnormal Michael adducts that these particular oxazoline based compounds c&nHadopt.
devised three simplkeynthetic pathwaysScheme7); 2-step acylation and deacylation, a crossed

Claisen condensatiomith AICI3 coordination (for acid chloride compounds wétfprotons to the

carbonyl), and a reaction that utilizes pyridine to syn#eesompounds with more electron

h



withdrawing donor group#\nother, less popular method to make these types of compounds comes

from the use of a dithiketenéd>23°(vide nfra).

KOH/MeOH

o2t

Scheme7: A general look aithreeof Tohda's procedures to make the target oxazoline ligand class

1.3.2.1 Ligandwia Diacylationand Hydrolysis

The first, and most versatile, synthetic pathway developed by Tohda issteveeactio®
The starting oxazoline is acylated at Nwposition first, which then activates the methyl group on
the oxazoline at position IZ¢heme8). This is done an in polar aprotic solvent as the transition
state of the intermediate is very polar. The isolated intermediate material, in high yie@ (82
%), is subjected to a basic mixture of excess potassium hydrdissiglved in methanol (1.5 M
KOH). This cleaves the -G bond at theN-acetlyated position to give the desired compound in
moderate to high yields (895 %). This reaction has been optimized to the point where one can

produce > 30 grams & without sacrifcing yield or material€>

0
?LN NEt3 ACN KOH MeOH ?L{\l OH
+ Cl F
» o retux )L “emAr OJ\A@
D

97 % 93 %

Scheme8: Tohda's diacylation and deaatibn procedwe to make the target compouyril



1.3.2.2 Ligandwia CrossedClaisen Reaction

The second pathway developed by Tohda in 1986 was a way to synthesize these oxazoline
derived compounds if an alkghrbonyl substituent bonded to the heterocycle. The -2,4,4
trimethyk2-oxazoline and triethylamine are added to a solution of aluminum chiSriliéer
which an anhydride species is added over 30 minutes at 0 °C. Once obtained, but not isolated, the
intermediates species is immediately dissolved in a basissgiam hydroxide/methanol solution
to cleave the N bond on the osition of the oxazolineScheme9). The pure products) is
obtained byvia co-distillation with ethylene glycol. Although this method is effeetifor
synthesizing these types of compounds with alkyl chains that have protons directly next to the

carbonyl, yields do not exceed 75%%.

(0] 0.5 hr, 0 °C 10 hr, RT 0
E
71 %

?LN O O  NEt,ACl;,ACN O /[LO KOH, MeOH j\NH o}
I A e S~ o

Schemel: Tohda's procedure for synthesfsthe target compound, via AICI 3

1.3.2.3 Ligandwia S,Sdithio-Ketenes

A less popular route used in the synthesis of these oxazapended compounds is the
reaction of é&5S-dithio-ketene with an amino alcohol. The dithio ketene is genematsiduin a
onepot reaction between NaH, rb@n disulphide (C8§ and methyl iodide (Mel) Scheme
10).9383%n this reaction, a sample of a benzyl ketone is irreversibly deprotonated and reacted with
CS and Mel to give the dithio termediate k). The intermediate compound is immediately
dropped into a dispersion of Na and the chosen amino alcohol. After reflux, the targebbsed)
compound is isolated as an -sfhite powder G).*° Drawbacks of this reaction pathway is the

overall technical difficulty of the synthesis and wields obtained of the targets (43 %).



s o
) NaH, 082 «
s
Mel
F

{‘NH (0]
F, dropwise
+ > 0N

HZN\/\OH THF, reflux, 10 hr G
63 %

Na dispersion

SchemelO: Generation of the S;8ithio ketene and synthesis of the target compoGnd,

1.3.2.4 Ligandwia alternative methods pyridine/lithiation

Two last methods are more uncommon as they can make a smaller range of such modified
oxazolire compounds. The first method is by using a mixture of pyridine in acetonitrile with a
strongly electron withdrawing anhydride. In this route, the reaction is kept at a temperature of 0
°C to prevent unwanted kyroducts and is mediated by pyridirgchemell). After completion,
the target compound can be isolated as awbife powder in excellent yields (3B %)®

e 2t

F AN
F 0°C, 6 hr

Schemell: Reaction to make target compouht],with cold pyridine.

The second method s/ usingn-BuLi in anelectrophilic substitution of a ketone species
to obtain the target compoun8dhemel?2). The starting 2oxazoline compound is subjectedto
butyllithium. This lithiates the -position of the oxazoline, forming the suppotido-oxazoline
intermediate. Afterwards the lithioxazolineis reacted with the ester of choice and can be isolated

as an offwhite powder E) after extraction and worldp (85 %)>*



n-BuLi, THF j\ NH O
)\ 18 hr, -84 °C->RT )\/LI )\/U\

-84 °C, 0.5 hr O
E

Schemel?2: Lithiation of the oxazoline and reaction with EtOAc to give the target comp&und,

1.3.3 Tautomers of the Target Ligand Series

This class of compounds display at least three different tautomers (resonance contributors);
the enol, keto and enamine fornscfiemel3). Although, in the solid state of the compound series,
the enamine form is most prominently observédifre 1) and in the solution state a mix of the

enamine and keto form can be obsei??

oy
OJ@//kR

s S URe S WRs S

enol keto enamine

Schemel3: Tautomers of this ligand class, along the€€NC-C-O backbone.

Figure 1: Crystal structure dD, seen in the enamine form.



1.4 Relevant Transition Metal N-€bmplexes

1.4.1 Copper(ll)/Cobalt(ll/11I) Complexes

The area of copper(ll) and cobalt(ll) complexes bearing-thg@or ligands has been
extensively researched with literature searches returning complexes bound to all classes of ligands,
including a wide variety of amino acid functionalzed complex@sh¢mel4, 1).4Y43 Other N,G
donor ligands that are commonly found bound to metals are those of the amidate,
phosphoramidate, quinolinolate and the pyridonate claSs#®ines). Cobalt and copper have
received increasing attention over the years as substitutes for heavier transition metals due to their
cheaper cost and facile syntheé$i&> Tendenborg in 1999 synthesized a small library of ligands
(both N,G and N,Nchelates) and coordinated them to both copper and cobalt metabshksne
14, J).*8 They later tested those complexes in their ability to catalyze the asymmagtdmation
of styrene.They received high yields with modest enantiomeric excesses in short reaction times
(10 minutes). In 2016, preliminary studiesampper(ll) coordination polymers were disclosed by
the Amo-Ochoagroup and their pyridonate N;l@ands showed their exceptional binding utility
by attracting other copper complexes to form a polymeric subst&uterfiel4, K).*” More
recently, in 201 Shakdofaand coworkers presented their work on copperaoflt antitumor
complexes. The tested complexes [NNO, NN, -@®uclear Cu species) and NO ligated
complexes] showed a modest level of activity against the human leukemia, human liver cancer,
and human breast cancer cell lines although not at activeuaiseat antitumor drug, Doxorubicin

(Schemel4, L).*8

10



Schemel4: A few relevantcopper and cobalt complexesL()

1.4.2 Rhodium(l/1)/1ridium(l/111) Complexes

Further down Group 9 lies Iridium and Rhodium. In recent years {f8&ent), there have
been a plethora of studies surrounding thetieresting properties. Rhodium, and Iridium to a
degree, were initially used as hydrogenation catalysts (additiopadrblss &-bondf¥>? as is in
the case of WiSthemertbdV).i6s cat al yst (

Both Rhodium and Iridium have gained significant interest in the research field as they can
efficiently facilitate oxidative addition/reductive eliminatitype reactions (redox). This lead to
their increasingly popularity in the field of catalytioordination chemistry. One of the best
candidates for studying hydrogen transfer, as well as otherajemxédative addition reactions is
Vaskaods compl e tSchemel5QN). These yeacRoRshcan be visualized physically
as well they tend to lose their bright yellow colour and through infrared spectroscopy as they
obsened to have higher stretching frequencies (> 2000 ante oxidative addition occurs at the

Ir center).

11



C"R::h—.'P - Q
oo @78
M N

Schemels: Wilkinson's catalystg]) and VaskM)ds compl ex (

@g% o0 .

Two coordination compounds to note &% andP.3233%Using a simple twestep method
(use of an iridiuriCOD dimer®then coordination of their ligand) then by the addition @faation
nucleophilic species, the Carlton group has been able to synthesise an anfayRotémplexes
(seeSchemel6, O). This reactions series showcases the remnhty of the iridium centered
complex as it oxidizes from an(l) to Ir(Ill). >* In a moe recent example, the Love and Schafer
groups have been able to synthesizeM,3-chelated phosphoramidate complexgshemel6,
P). These complexes have shown to perform a variety of oxidative addition/reductive elimination
reagionswithvar i ous boron substrates. Il n doing so,

types of complexes by achieving a high yielding, seledtiroboration?2335°

R = SnPh,, O,
SiPhs, O P
SCeFs, O,

Schemel®6: Carlton's and Love's chelated iridium coey#s.

1.5 Polymers

Polymers are macromolecular structures or more simply explained as long chains with
repeating units. There are two main different types of polymers, organic (PANi, PVC, PS) and

inorganic  polymers polyphosphazenes polysilanes, poly(feocenylsilanes)). These

12



macromolecules can consist of one singular repeat unit (homopolymer) to many different repeat
units (cepolymer) arranged neatly (block -pmlymer) or unpredictably (random -polymer).
Polymers are characterized the degree of theiformity (Equation 1). This measurement is

known as the polydispersity index (PDY).

Weight-average
M,, < molar mass

PDI =

Mn ~_Number-average
molar mass

Equation 1: Polydispersity Index.

1.5.1 Mechanisms of Polymer Growth

The two generally accepted mechanisms surrounding polymer growth angresteh
(condensationand chain groth (addition) Stepgrowth polymerization occurs by the monomer
units adding to each other in a more unpredictable fashion, having monomers reacting to make
dimers, dimers reacting to form tetramers, or a monomer unit and a dimer reacting to form a trimer.
These seemingly random chain length oligomers react with each other to increase the polymer
chain length. A polymer polymerized with this mechanism generally produces low molecular
weights, high percent conversion but alsn@ebroad PDER?

The other main accepted mechanism is by chain growth. With a chain growth mechanism,
the reactive species, usually a edipecies, initiates and facilitates the lengthening of the polymer
chain. In this case a new monomer is addedotifail or step by step to the polymer chain. High
polymer molecular weights, along with a narrow PDI but low conversion rate are consigient

this mechanism.

13



1.5.2 Metal Catalyzed Atom Transfer Radical Polymerization (ATRP)

Atom transfer radical polymerization (ATRP) was simultaneously discovered by Mitsuo
Sawamotc? Jin-Shan Wang and Krzysztof Matyjaszewakil995%° ATRP starts off with the
initiation of the catalytic species (s&hemel7). Thecatalyst chosen for methhsed ATRP
must be able to have a reasonable affinity for halogens, be able toraodate the extra halogen
in its coordination sphere as well as have an easigssibl@xidation state with typically a one

electron differencé!

Initiation

R-Cl + CulCIL,

R + Cu'ClyL,

Equilibrium of Dormant Species

P-Cl + cu'ciL,

P- _ + CulClyL,
M

Schemel7: General mechanism for Guediated ATRP.

Afterwards tke initiated radial specieR() seeks out the olefinic monomer. Once found,
the radical spcies bonds to the olefin, pragaing along the backbone of the molecul@{PThis
step occurs continuously and stops once all of the monomer units have been bonded together. The
polymer is terminated by the halogen species thatosigmally bonded to tk initiator as the
catalyst Aterminateso the initiator and the p
polymerization, meaning that the process can be stopped and restarted. This process is ideal for
co-block polymerizations as one blockndae polmerized, stopped, and a second monomer can be
polymerized onto the first block. This facilitates an effective and controlled synth€sis.

Another type of radical polymerization is nitroxide mediated polymerization (NMP). This
methodis akin to ATRP although makes no use of metal species and is usually initiated and/or

mediated by TEMPQgr other radical nitroxide functional molecules (nitroxide <©ON.
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1.5.2.1 Copper(l/ll) Catalysts in ATRP

ATRP, when it was first discovered, primarily used copper(l) catalysts as they could
accommodate the halogen initiative species in their coordmafphere, lead to minimal side
reactions and its higher oxidation state{¢gan be easily accessed. The first copper complex to
be used in this manner by Matyjaszewski is itheitu generated catalyst, copper(l)bipyridine
chloride® Their catalyst worked efficiently, gi vi
distributions). They noted that without the additive (bpy) the molecular weight and PDI were ill
controlled and gave poor resutfsMatyjaszewskiand ceworkers have been building to expand
this field with the use of their copper catalysts by varying the coordinated figBifterent ligand
scafb| ds t heydve rSeheneeh8) dontain dosreNdonof atans, ,are potentially
tetradentate ligand<Currently, their precatalyst [Cu(TPMAM)Br)][Br] exhibits the highest
katre (= 1), meaning the rate at which ATRP danstarted and the rate at which it can be stopped
are almost equalA good ATRP catalyst has ad¢p value of 1, meaning the ease of which
polymerization and be started and stopped and started again is high, making an effective catalyst

for co-block polymerizations. This means for a true reversible, radical polymeriZ&tion.

NS NS NS

N\ N_— N\ N = I N\ N =
| > = =
/o 7N

TPMA TPMA*3 TPMANMe2

Schemel8: Matyjasewski's varying ligand design forpger ATRP catalysts.
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1.5.2.2 Cobalt(ll/1l) Catalysts in ATRP

Since the discovery of ATRP, chemists have set out to find other metal containing
complexes that can perform ATRP more efficiently that its copper predecessors. Simple systems
such axQ andR (Schemel9) as well as more complexes systems suc8 lasve been recently

explored.

Schemel9: Relevant cobalt(Il) ATRP catalysts
Matyjaszewski and cworkers have also tested a simple cobalt catalg¥tapalogue in the
polymerization of MMA and styren®. This catalyst was specifically tested in the-co
polymerization of two different acrylate species, ultimately terminated by TEMPO. Here they
observed narrow PDIOG6s (< 1.2) at wvery high <co
000 Da)®3 The Zhang group have shown with their cobalt catal@}tliiey can achieve wehigh
mol ecul ar weight with high conversion rates wi
their synthesis is that theyodve usvadnARRPFT age
mechanisn?* More recently, the Yan group have showcased the catalytic ability of the cobalt
enriched polymer. With this macromolecule, they could polymerize a variety of acrylates (PMMA,

40 %conversion, PDI = 1.84) as well as styrene (PS, 42 % conversion. PDI = 1.92) in modest

yields and narrow dispersiti€.
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1.6 Past Work

Previous work in the Gossage group on this project pertains to synthesis of the target ligand

series as well as preliminary coordination work with coff@nd cobalf® Pertaining tdigand

synthesis either Toh &chémes, Scleemed)Mery wesedadossynhesiaec e d u r
T1-4, D, E(Scheme20).

\
OMR 0 NS o ~ > /Cu/\
0,

& ph 5 T4 95 % ag. EtOH N o
Ph-4-OMe T1 6 hr, RT 0N
Ph-4-NO, T2
t-Bu T3 D B
CHa E

Scheme20: A library of ligands leading towardbe formation ok?-N,O-donor complexes

Compound was selected as a candidate to test the coordination abilities of the ligand series. The
compound was ligated to a copper metal center and is obdernethe deprathated enolate

form of the ligand. This work was repeated with a cobalt metal salt to reténde Ul/2, D
(Scheme21).%° The reaction, although low yielding (in the caseCafCu), worked well enough

to isolate single crystatsf each of the synthesize species.

R o)
z
j/\"/
Co(NO3), 6 H,0 o N
NH O > g
oJ\/U\R 95 % aq. EtOH ?LNI/ Yo
6 hr, RT OJ\%R
R=Ph D R =Ph A
Ph-4-OMe T1 Ph-4-OMe V2
Ph-4-NO, T2 Ph-4-NO, V3
t-Bu T3 t-Bu V4
Nap Ul Nap V5
Ph-3,4-dichloro U2 Ph-3,4-dichloro V6

Scheme21: Complexation off 1-4/U1-2/D to a cobalt(ll) metal center
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1.7 Objective of This Thesis

The purpose of this thesis is to synthesize, characterize and expand the already established
library of k2-N,O-bidentate oxazoline ligands. Varying thR substituents as well as the
substituents on the-@osition of the oxazolineR 6 ) influemcé the electronic properties of the
ligandtherefore varying the redox properties of the metal comlee series df?>-N,O-bidentate
ligands will be coordinated to either cobalt, copper or iridium, to obtain novel Group 9 and 11
complexes $cheme22). All organic compounds will have their purity tested by a series of NMR
techngues and melting point. All transition metal complexes will be characterized BYi&/\R,

CV, X-ray diffraction, MS, melting point, and a combination of NMR spectroscopy experiments.
The complex series will be trialed as polymerization catalysts withomers such as methyl
methacrylate. Oxidation of an Iridium(l) centered complex giving two novel Iridium(lll)
complexeswill be explored and characterized by IR, a combination of NMR spectroscopic
experiments and Xay diffraction where applicable. Synthesif Rhodium complexewill also

beattempted.

(16 varieties)

Scheme22: Seleced compounds/complexes synthesized during this thesis.
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2.0 Results and Discussion

2.1 General Considerations

Each of the following reaction§éc. 2.22.4) were canpleted in either the exact method
or an adaption of the methods first used by To#idal,®3° Pittmanand coworkerg or Meyers
and collegue¥ and are referenced appropriately to their article or origie. metal complexation
reactions were modified from a preparation by Gossagéto further optimize their synthesis.
Theligands can be obtained in one to teteps and the metal complexes banobtained in an
additional one to twestep(s).Samples of compound3 and 4i were obtained from J. Adjei

(Ryerson University), synthesid by the same methods as described b&low.

2.2 Synthesis and Characterization of Intermediate CompoG8adsHa-d)

The diacylated intermediate compounda-{) were synthesized using commercially
available 2,4,4rimethyl2-oxazoline (&) and the corresponding acid chloride. In each case, 1
equivalent ofla was heated to refluxwith 2.2 equivalents of the acid chide @ai) and 3
equivalents of NEtin acetonitrile for three hour§¢heme23). After which, the mixture is filtered
to exclude the triethylammonium chloride salt form@amce all volatile components have been
removed, the mixture is subjected to two washes; the first with equal parts chloroform and distilled
water, and the second wash with equal parts chloroform (previous wash) and a 5 % solution of
sodium carbonate in water (P@Dz@ag). The washes extract exsedriethylamine (and
[NEt3][HCI]) as well asoy products such as benzoic acid derivatigdlampurities are assumingly
removed in the washing process. The organic phases were dried {BIgS&SQy), filtered, then
all remaining volatile components wammovedunder vacuumOnce removed, the crude product

was revealed as a yellegrange sludge. The crude mixture is purified by recrystallizing with a
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1:1 tolueneai-hexanes combination, except 8arwhichwasdone with a 1:2 mixture of tolueme/

hexanes. Bpendi ng Rl ns wms ttihteudint , t he pure product
or a pale yellow solid. Yields range&kd @g@grccopdi
itself with seemingly little to no electronic influence of the substits in the variable group. The

obtained yields were moderate to excellent foritbermediate species (4D %)

O
?L O 3equiv. NEtz ACN | R
N +22 equiv.)]\
! )LN
OJ\ Cl R reflux, 3 hr R (0]
la 2 3
O 0T T
92 % 63 % 48 % 45 % 86 %
3i*
68 % 76 % 99 % 89 %

Scheme23: General reaction conditions for the formatiorBefi. Compoundi wassuppliedby J. Adjei.

All compounds are novel, with the exception 3d/c/h/i?°3>®”which are known in the
literature. For all the synthesized intermediate speciesacterizatiomwas carried ouby melting
point (mp), NMR, TLC and in the case of the nosempounds by elemental analysis (EA). For
these intermediate compountise 'H-NMR spectrum generally displays eight to eledéfferent
proton environments for the aryl derivativ&a/i) and fivedifferent proton environments for

the alkyl derivative3h).
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Figure 2: One of the intermediate compounds, labeled for aid in NMR discussion.
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Figure 3: 'H-NMR spectrum oB8e

Resonance signals indicative of tthesiredproduct are those of positiois3, 5 and the
overall 6doubl i ngé Bidure 3).r Thdse protossd B,ebnresenats atgn al s
approximatelydw =1 . 55, 4. 25, 5.00 ROpmrdepe thédareapyhed t b
group at poision 6. Specifically,3e displays resonance signaldt = 1.62, 4.33 and 4.95 ppm
(Figure 3).

For this compound3g), there are six distinct aromatic signals which resonate between 7.0
8.0 ppm. Of these signalsyo displaydoublet character due to théour-bond coupling4J) with

either the protons on the neighboorthoogr tam®d® n
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proton. The other four signals show a characteristic doublet of doublets splitting piiern.
splitting pattern is indicative of a proton interacting with an immediate neighboring pfdjon (

and with second order effects from a further prof&u)(

4-03-66

int6 g 3 R REINGAACARRS g e 8 258
Dcheom 2 $® 3220320385858 g e g 888
e iy | i
R 23 788 REGR"S . 2 =
z 28 233 S88RRE 8 8
‘ | |
L I LU_.U_L__ e
e 1
206 04 202 200
14 ‘)a|m 130 125  (ppm)

0 200 190 180 170 160 150 140 130 120 10 108 90 S0 Yo 60 S0 4 W 220 w0 0o
"t (ppmi

Figure 4: 3C-NMR spectrum foBe

In the carbon NMR*C-NMR) spectra, there are generally fifteen to twethtgedifferent carbon
environments for the aryl specie€da{g) and eleverdifferent carbon environments for the alkyl
species3h). The frequency of which the carbons at positibng and5 (Figure 2) resonate are

the first sign of the successful synthesis of the target intermediate species. In general, these
positions resonate at approximatdty=25, 80 and 100 ppm fdr, 5, and3 respectively. Like the
protonNMRspectrum t hese signals vaRy grewap |l ayt tdepleed itr
carbonyl. For this compoun@g the carbons, 5 and 3 resonate atlc =22.8, 79.8, 85.4 ppm

respectively Figure 4). By obseving the coupling constants and a variety of tdionensional
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NMR experiment{COSY H-'H, HSQC!H-*C, HMBC *H-13C) assignments have been made to
each of the compounds.

The second variety of diacylated compoureisd) were made in a similanannemwhere
the only startingoxazolinediffered to 2methyl2-oxazoline {b). In each of the four cases, 1
equivalent oflb was refluxed with 2.2 equivalents of the corresponding acid chloride and 3
equivalents of NEtin tetrahydrofuran for 3 hoursS¢heme24). This process differs from the
synthesis of8a-3g as described by Pittman and coworkers as the reaction leads tecpemed

chlorinated intermediat®, as displayed.

N\'/ O .
N 2.2 equiv. 3 equiv. NEt3, THF N x
C CI)LR - MY

+
© reflux, 3 hr o R
1b 2 5

N < ?\‘ N
ICHOGO SIS
5a 5b 5c 5d

92 % 63 % 48 % 48 %

Scheme24: General procedure on how to synthesize diacylated comp&ardis

After completion of the reaction, the salt is filtered from the solution where then the volatile
components can be remex, The sludge is afterwards subjected to two washes, once with equal
part chloroform and water and the second wash with equal parts chloroform and a 5 % solution of
NaCOsaq) All resulting impurities were removed during the washing process. The opleazes
were dried (MgS®@or NaSQy), filtered, then all remaining volatile components were removed.
Once removed, the crude product was revealed as a yaetiovge sludge. The crude mixture was

attempted purification by recrystallizing with a 1:1 mixturke tolueneh-hexansg, as in the
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methylated oxazoline compoun@®. All attempts in this matter lead to the mixture of compounds

oiling out of solution together instead of solidifying and recrystallizing separdtigiyré 5).

Figure 5: A- Prior to workup, before filtering the salt ([NEfHCI]), B- After work-up and attempted

recrystallization %a).

Thus, he intermediate specieSad) were attempted to be purified by column chromatolgya
although all attempts were met with failure as there were vaingusritiesmixed together with
similar retention factori the case oBd. It is known as revealeoly Pittman and cavorkers, that
2-methyt2-oxazoline undergoes a ring opening mechanism when reacted under the same
conditionsas described above This, most likely, gave the intermediate species as a ring open
oxazoline b) instead of the target ring closed oxazoline spe@gsA{though by careful column
chromatography sampleof 5d was obtained. Compourid reaystallized from 45% EtOAc
hexnaes andias obtained as a fully effhite powder. This sample was characterized onBHsy

NMR spectroscopyln the'H-NMR spectrumsignals corresponding to the proposed compound,

5d, have been observeHBigure 6).
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Figure 7: Zoom in on the aromatic region in the-NMR spectrunof 5d. Coupling constants are displayed.
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When looking at the couplingonstants othe aromatic region, there are foesonance signals
which coupling to other one other aromatic resonance signal. Their correspéadialyies
correlate to one other signal, which is indicative paea substituted phenyl ring={gure 7).

The use of these intermediate compounds will be detail&adtion 2.3compoundBa-

i) andSection 2.4compound$a-d).

2.3 Synthesis and Characterization of a Ligand Serieshaiftda-i and4j-I)

2.3.1 Synthsis and Characterization of ligandigi
Once the intermediate compounds have baatained they are subjected to a 1.5 M

methanolic potassium hydroxide solution (KOH dissolved in MeOH).

0
o R KOH(1.5 M)/MeOH
. | NH O
N
R 0 6 hr, RT 5 )VLR
3 4a-i
(SRR e ¢
Cl o~ Cl
4a 4b 4c ad 4e
74 % 84 % 69 % 72 % 69 %
T Y = C
®
4f 4qg 4h 4i*
49 % 23 % 99 % 49 %

Scheme25: Formation of the ligand seriggth reacted initially withla. Compoundti was made by J. Adjei.

Thes basic conditions cleave theNCbonded acyl grouplypically, the reagents are stirreat
room temperature for six hours. Once the reaction time elapsed, all volatiles are remmvbe: fr
flask and are subjected to two washes with distilled water. During the second distilled water wash,

sometimes a scoopula tip of brine iglad to help separate the layeFbe organic phase is dried

26



(MgSQy), filtered and again volatile components aemoved. The resulting pale yellow or light
orange sludge is recrystallized with a 1:4 mixture of toluehekanes. This reveals the target
ligand as either pale yellow needldsl{) or white needlesd@-c) in moderate to high yields (23
99 %).

All compounds are novel, with the exceptiortafc/h?>*>which are known in the literature
and 4b/g/i®” which have been previously synthesized by our gPé&pr all thesynthesized jand
species, characterization was cadriout using theimelting point (mp), NMR spectroscopy (a
combination of various 1D/2D experiments), TLC and in the case of the novel compounds by
elemental analysis (EA). The ligand series exhilwkgaracteristic resonances in both the proton
and carborNMR spectra. Such ahe case ofle series Figure 8), the proton NMRspectrum
displays all the characteristic resonance signals for the target ligand series.

Resonance signals for the tweethyl groups (~1.43 ppm) and the ££H4.15 ppm) on the
heterocycleas well as the enolic resonance (~5.50 ppm) support the formation of the ligand. For
more evidence the aromatic region can be examined. In this case in the aromatic region there are
three signals being split to observe a doupt&.23 ppm), a doublet of doublets (~7.62 ppm), and

a singlet with distinguishabf® coupling to another proton environment to give a doublet (~7.82

ppm).
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Figure 8: 'H-NMR spectrunof 4e, boxed in regiondepict characterit signals for4 (red= alkyl, green=
aromatic).

Positions3, 10 and 11 have been assigned by a variety of @BMR experimentfCOSY,
HSQC and HMBC). Using COSY and HSQC NMpPectraall positions except for those &t10-
11 have been assigned, makingdsier to focus on the three aromatic carbons without protons.
An HMBC NMR spectrum(Figure 9) revealed all the positions in question which have
neighboring carbons that have protons associated with tRe@iH, an interaction with the
adjacent carbons proton). Specifically, in the aromatic region it disclosed the strong interaction of
proton9 to carbons with chemical shifts d¢ = 134.3 and 138.5 ppm. Similarly, another strong
interaction of protori3to carbonswith the chemical shift ofic =138.5 ppm. Lastly the proton at
position12 exhibited communication to carboas chemical shifts ofic =134.3 and 139.3 ppm.
For one last piece of evidence, the interactions between the carbonyl and the rest of the aromatic

ring can be considered. The carbonyl grogpg shown to be interacting with both protons at the
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9 and 13 positions. Meaning those carbons interacting with positibmust be situated opposite
to the oxazoline. With this information one can deducetineect assignments of positiofsl0
and1l. Position8 lies next to the carbonyl as it interacts with protérgd13, positionllis the
chlorinated carbon in theara-position (this is supported by its very downfield shift), and position

10 (the onlyremaining assignment) is the metlt@rbonmetato the carbonyl.

v — v v——

i 0
D//

x

s

Figure 9: HMBC-NMR spectrunof 4e (blue= aromatic interactiongjreen= carbonyl interactions)

2.3.2 Synthesis and Characterization of ligadjels

To make shder alkyl variants of the target ligands series different reaction pathways were
explored. The first is the reaction @& with either trichloroacetyl chloride (TCAC) or with
trifluoroacetic anhydride (TFAA). Once activated by the pyridine, théaibgemted species
become very reactive and thus the reaction mixture is keptToisl synthetic methodology has
been described bjohdaet al® The reaction was done by cow all reagents down in separate
flasks then by adding the oxazoline and pyridine together in ACN. Once tltadgenated species
was cooled it was added dropwise to the stirring solutidteqiy. The reaction was stirred at O
°C for 6 hours. After theeaction was completed the volatile components were remowestuo

The resulting sludge was dissolved in distilled water and washed with DCM twice. The organic
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phased was dried (MgSPfiltered and again the volatile components were removed. Theesludg
was dissolved in hat-hexanes and left to recrystallize. This revealed the product4patid4k)

as white powder. This reaction is done in a 1:2.2:2 ratl@dfCAC/TFAA:py (Scheme26).

o O 2 equiv.
F F N
Z
j\){\l\+ 2.2 equiv. F or F B —— NH- O
o ACN X
© o Ac, 6%hr~ R
cl cl 4j-k
Cl
Cl
S F Wl
e 1<0|
F Cl
4i 4Kk
64 % 25%

Scheme26: General reaction of ttialogenated species witlato give the target alkyl ligands.

The alkyl ligands4j/k, were analyzed by boft- and**C-NMR spectroscopyvhere all
characteristic resonance signals were observed as in the lgérmt@ddition, ompound4j gave

one resonance in tH&-NMR spectrumat dr- = -79.8 ppmas expecte@Figure 10).2
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Figure 10: *3C- and**F-NMR spectrunof 4j.
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The second reaction pathwkyown to produce alkyl derivative dfis thelithiation of 1a

followed bynucleoplilic substitution of ethyl acetate to for (Scheme27).34

o)
N n-BuLi, THF )J\o/\
J\ ! N NH O
o 18 hr, -84 ACRT o)\/ Ll _gaic, 05 hr o

4l
l (minor)

1a?
(major)

Scheme27: The synthetic route ¢fl.

This reaction was carried out by first chillihgin ACN to- 84 °C, this is done by creating
a cold bath by freezing ethyl acetate with liquid nitrogen. Once chiit8aiLi is added dropwise
with rapid stirring of the oxazoline solution. This would lithiate the methyl on the 2 position of the
oxazoline(Scheme27). This then was stirred, initially at84 °C but was left to gradually warm
to room temperater;, overnight. Once completed, the lithio oxazoline species was cooled back
down to- 84 °C where cold, dried EtOA&A sieves and MgS©Ofor 3d, - 26 °C) was added
dropwise. This solution was left to stir for 2 hours, where the solution was warmed to room
temperature, to let it fully react. Upon completion, distilled degassed water was added slowly to
the solution to quench excessBuLi. The mixture was washed with diethyl ether twice, the
organic phased dried (MgQp filtered and had all the volatile compents removed. This left
behind a white sludge which was attempted to be recrystallized by washing withleitanes.

The isolated material was analyzed'sly and**C-NMR spectroscopy
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Figure 11: Crude'H- and**C-NMR specta of the mixture of4l and1&2.

When analyzed by NMRpectroscopya mess of resonance signals sprouted in the alkyl region of
the proton NMRspectrumand in the spC/alkyl regions of the carbon NMBpectrum(Figure

11). Thisimpurity, previouslyreportedoy Meyers and coworkers, saidto bea dimer(Scheme
27).2* This oxazoline dimerla2, is most likely syrttesized in the lithiation step; presumatflg
lithio-oxazoline species finds another moleculd@abefore it finds its target (EtOA@nd hence

a dimer is formedCompoundLa? was not isolated from this reaction but was instead treeitad
warm distilled water (60 °C) for four hours while stirritfgThe solution is washed againith
diethyl ether twice. The organic phase is dried (MgS@ltered and had all the volatile
components removed. Thisocessleaves the oxazolidine moiety and givsWhenpure4l is
analyzed byH- and'*C-NMR spectroscopyhoth the enamine and the keto form of the ligand are

observed in a 10:1 ratio (E:K noted by Meyerst al (Figure 12).34
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Figure 12: 'H- and**C-NMR spectréor 41. The enamine and keforms are present in a 10:1 ratio.

2.4 Synthesis and Characterization of a LiganteSeavith 2methyt2-oxazoline 6a-d)

All these compoundéScheme28) are known in the literature expédstt. Compound$c/d
are known but have been synthesized by reacting a dithio ketene (made by reachlaii@sth
acetophenoe [Sec 1.3.2.3 with 2-amino2-methyt1-propanol. This way the target compounds
are made in moderate yields {89 %)/ In this studyPittman andcavor ker s 6°was oced u
more closky followed for the synthesis dda, whereasTohdadés procedure was

attempted to synthesifb-d.®

o RO
R\( ( y
O KOH(1.5 M)/MeOH (‘NH 0
N ES >
g ﬂ 18 hr, RT o/\/u\R
5 6a-d
cl
0L OO
cl o” NO,
6a 6b 6C 6d
33% 83 % 64 % 0%

Scheme28: Formation of the ligand series with reacted initially wiith

Just like prior routes to malde-i, 6a-d were synthesized by dissolvitige crude mixture

of 5, previously noted isection 2.4 in a 1.5 M solution of potassium hydroxide (KOH) dissolved
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in methanol (MeOH)$%cheme28). This basic mixture facilitates the cleavage of th® @nd then

the GN acyl group as well aseformingthe heterocyclicring. Once the 1&our reaction period

is over, the solution is filtered so that any precipitated salts can be excluded. A 1.0 M solution of
sulphuric acid in water (3$Quaq) is added dropwise witstirring to MeOHsolution to obtain a

pH neutralstate. Once neutral, the solution is washed with distilled water twice. The organic

phased is dried (MgSfD filtered and all volatile components are removed.

Figure 13: A- 6a after attempted regstallization,B- before workup of5ato 6a

The resulting dark red/brown sludge was attempted to be recrystallized with varying ratios of
toluene-hex anes although each time the |igand 6o
(Figure 13). Column chromatography eluting with 30 % acetoreéxanes as in the Pittman
procedurewas then employed for purificatiomhe target6a/c (33-64 %), were isolated as pale

pink powders wheredh was isolated as a pajellow powder (83 %). Unfortunately, all

attempts to synthesize compowgdiresulted in failure. Regardless of puritysof when subjected

to the basic KOH/MeOH mixture the compound was not able to be isolated. The reaction was tried
several ways, includingarying reaction time, KOH concentration, and purifying the intermediate

species.
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NH O
Q)L 18 hr, RT NO

6d 2

Scheme29: Attempted synthesis @&fd.

Once the reaction was completed and volatiles removed, the sludge was washed twice with water,
although eachvash became progressively harder and harder to separate. The addition of several
milliliters of brine (and eventually replacing water with brine) aided in separation. Regardless of
good separation of the phases, when it came to preforming the columng(elith a 30 %
acetonai-hexanes gradually raised to 100 % acetone in some ctmes)ell separated fractions

did not contain the desired produEidure 14). Due to time constraints, further attempts to yield

6d were abandoned

KM-03-101
Ligand-11
1Hin COCl3

|
|
TR N N - R B e .-_|14JIJ.___ _— S l/ " Y M"- — _.-II'.

S
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Figure 14: An example of one of the repeated attempts to synthédibg Tohda's methodH-NMR spectrun)
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These compound®$a-c) were analyzed by their characteristic resonance signals in their
H- and**C-NMR spectra. In ta*H-NMR spectrumthe two methylene groups (both of those on
the heterocyclg 1,2]) resonate in the alkyl region at approximatdly= 3.86 and 4.54 ppm for
positionsl and?2, respectively. The absolute assignment of these two protons can be affirmed by
their coupling constants. Where the signadiat3.86 ppm has &) = 8.54 Hz and then =4.54
ppm signal has also® = 8.54 Hz. Since these two values are the same (as well as taking their
splitting patterns into consideration) it can be assumed thaatbhendeed coupling to one another,
making them neighbours asdggestingheir assignmentarecorrect.

For this compoundgb, another characteristic feature of isolation lies within the
aromatic region. In this region, there Hreeeresonance gnals with splitting patterns of a doublet,
a doublet of doublets, and a doul{die to longrange splitting with a close protp(Figure 15).
As before, these signals can be assigned by calculating their coupling constartdsuihey
constants of those iFigure 15labeled a$, 12and1lareJ=1.99 HzJ=8.54,1.99 Hz) = 8.54
Hz. Using the same path of thinking as before the protons can be properly assigned. Displaying a
smallercoupling constant is indicative of coupling with a proton neighbor more than 3 bonds away.
Here, proton$ and12 are interacting and because of this give'heoupling constant of 1.99 Hz.
The same can be said for profioh as it only interacts withrpton12. Thus, giving théJ coupling
constant of 8.54 Hz. With the calculated coupling constants as well as analyzing their splitting
pattern protons$, 12 and11 can be and have been correctly assigned. This method was taken into

consideration when aggiing the protons and carbons (abdvec. 2.3.1for both6aand6c.
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Figure 15: The'H-NMR spectrunfor 6b

2.5 Synthesis and Spectrochemical Investigation of Transition Metal Complexes

Using the fifteenderivatives produced ofhé 2acylmethy-2-oxazoline scaffold, the
synthesis of several copper azabalt complexewere undertakermhese complexes were initially
madeusingthe preparation described by Gossagel but was later altered tmirther optimize
reaction condition&® Two equivalents o# or 6 are dissolved in EtOH and 2.3 equivalents of NEt
are added. Separately, 1 equivalent of a metal nitrateCsg@iQs)2-6 H-O or Cu(NO3)2-2.5 HO)
is dissolved in EtOH. The metallation is syringed into the ligand solution while stirring. A

noticeable colour change occurs and, in most cases, immediate formation of a coloured precipitate

is noted(Scheme30).
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95 % EtOH 5q) RoAN-0
S R,
2 equiv. 2LNH 0 ——— R MR
o)\/U\R 1-16 hours, rt (LNI (6]
R = alkyl, aryl OJ\Vl\R

Ry =H, Me M = Cu (57 - 95 %)
Co (39 - 99 %)

Scheme30: A general metal complexation reactiordadr 6 to eitherCu or Co.

Another explored route was thsthownin Scheme31. This involvesin situ generation of the

ligand whee it immediately coordinatde themetal. Potassium hydroxide is dissolved in MeOH

to make a 1.5 molar solution. Once dissolved the intermediate species is added, at room
temperature, to the basic mixture. After fully dissolvie metal salt is added to the stirring
solution as a solid. #éer approximately 10 minutea colour change can be observed from the
starting dark red colour to a lighter orange (cobalt) or dark green (copper) with a notable amount
of precipitate. Once the reaction is done, all volatile components were removeblagkish

sludge is diluted with DCM and washed with a 1.0 M solution of NaCl in water. In the cobalt
complexation reaction, 3 layers are obtained in the separatory funnel; the clear agueous layer, the
bright red organic layer, and a third black layer @tierved in the copper complexation reaction).
This black layelikely contained som€o(OH), insoluble in most organic solvents (and water to

an extent). The organic phased is dried (MgSfitered and all volatile components are removed.

In the case foboth reaction pathwaythe precipitates are recrystallized by slow evaporation of a

solution of 1:1 DCM/MeOHThis method is effective for all ligands tested as detailed below.
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KOH/MeOH
0 | R 1 equiv. MX,, R
2 equiv. )\\ 1 M

N" O 1-16 hours, rt

Ry
< ' (4
R = alkyl, aryl J\/k

Ry =H, Me M= Cu (0 - 61 %)
Co (0- 70 %)

Scheme31: An alternate route t&€uw/Co complexedrom 3 or 5.

2.5.1 Copper Complexesgl)

One alkyland eightaryl derivatives of the copper complexes were made in moderate to
excellent yields $cheme32) and synthesized in one of two methods previously desitiThe
colour of the reaction solutions was initially clear or pale yellow (depending on the colour of the
pure ligand) and turned a dark grdmown when the skplue metal salt was addedll copper
complexes were characterized by cyclic voltammethy)(€lemental analysis (EA), their melting
point (mp), IR spectroscopy, Ultravioleisible spectroscopy (UWis), and in some cases, single

crystal xray diffraction.

95 % EtOH R [e)
(aq) z
j\ 1 equiv. Cu(X,), \O(\Il\ll/

NH O 2.5 equiv NEt3 \ s

2 equiv. )\/U\ e —— Cu

NS /7 N\

© R 116 hours, rt %NI @)

OJ\/\R

OO OLCY O O
cl o~ cl
C d
81 % 57 % 95 % 91 % 32% 76 %
L e L
O ’;\|< NO,

79 7i

91 % 50 % 90 %

Scheme32: Towards copper complexes with the ligand seties
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Since these complexes hasepresumednetal electron configuration of %l they are
paramagnetic in nature, meaning they have one unpaired electron. This unpaired electron makes
analyzing by NMR spectroscopgss conclusiveln the'H-NMR spectrumthe cbser a proton is
to the paramagnetic center the broader the resonance signal will be for tha(piguos 16).8
Due to this behaviour, other methods of characterization hhad tesed such as IR,-pay, and
UV-Vis.

Infrared spectroscopy shows the interaction of the ligand with the metdid®yvinga
shift in the absorbance frequency when comparing tdréedigand. The stretching frequency
assigned to eithghe C=C or C=Nbond(s) resonateithin a range of 1514548 cm!, which is
far lower than the reported values of the bare liggi#d51635 cm').>> The Cu center is

presumablydrawing electron density away from the bound ligand.

Comglaxes - Test NMR 0 -
2

Cufexme)2 ~ gesy SER £ h
test NMR (sw: 400pem, 0 Sming) T T T S o v 19
i
N
o 0
O N
WG 4
Cu
SN\

................................................

Figure 16: *H-NMR spectrunof 7a (paramagnetic).
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UV-Vis trace of Te in DCM (2.83x10° mM)

Figure 17: An example of a UWis spectrum otopper complexes6).

The UV-Vis spectra borassignedl-d transitions in the visible region and metaligand charge
transfer (MLCT) bands in the ultraviolet regidfidure 17). Thelower energy absorptions; ithe

ranges of 423157 nm, are representative ofdad transition. These transitions aeen due to the

dark greerorangecolour of the copper complexéa solution).This higher energy absorptioims

the range of 24276 n m, have been -a%s si gadocealzedtabausitherethe
aromatic ring (C=C) or the imine (C=N) within the oxazoline ring. This is likely the case as MLCT
transition bands are primarily observed in low oxidation state metals whereas hM@$ are

more often observed in higher oxidation state transition metal complexes. The spectroscopic data
obtained had confirmed the electronic properties of the complexes, such as aiding in differing the
electron withdrawing complexegb, from the eleacbn donating complexe3d. The complexes

bearing electron withdrawing ligand&y/e-f, experience a red shift (to lower frequencies).
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To elucidate the exact structure of the copper compleesturned to singlerystal xray
diffraction (xray crystallgraphy). The structures were collected by Dr. Alan J. Lough at the
University of Toronto at 15K. Single crystals were obtained after slow evaporation of a 1:1
solution of DCM/MeOHThe crystals were washed with cold MeOH and dried over vactiis.
reveded the crystals as dagteenbrownneedles foi7a/c-i, as well as a mixture of green plates
and brown needles f@b. X-ray crystallography was only performed farh to help confirm the
relative structure of the other derivatives. Structure&aa@ind7i have already been solved by our

group?%%8Figure 18 shows the ORTEP drawings B§ and7h obtainvia x-ray crystallography.

x
o,
| >’\ @
SN/ N

/ o

2o | Gz

\\".!

Figure 18 ORTEP drawings dahe unit cell of7gand 7h (x-ray crystallographic representation)

Of these two compoundgg exhibits a square planar geomesmpund the metal center
while 7h (along with othelCu complexes analyzed by our group) exhibit a distostpehe planar
geometry. The geometry can Ipeoperly determined by calculating thé value (geometry
index)5%79When the calculated geometry indisx0 the complex is said to be square planar,
whereas then the index is calculatedoe 1 the complex holds a tetrahedral geometry. Pictured
below inEquation 2 are the calculations for thdif values. Whereg is the ideal bond angle for a
tetrahedral compoun@09.5 °) and wherea andb are tle two largest angles amongst the
coordination centeil he calculated values f@gand7h as well as other similar copper complexes
by our group are in agreeance with those in the literatur@ @spger complexes normally adopt
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a more square planar geonyetA reason as to whyg adopts the perfect square planar geometry,
where7h does not, may be due to the steric effects of the ligand. The ligghatien bonded to

the copper center presumably imposes an axis of chirality, there the napthyl ringg fredib
rotation about the&u center. The methyl groups on the oxazoline as well as the napthyl group
appended on the opposite end of the ligand make it so that it can lock the orientation of the
complex, making it unable to twist in such a way #Hahas This phenomenon has been observed
previously by our group where the oxazoline has been modified to a bulky chiral derivative. The
chiral ligand locks the rotation of itself, against the other ligand, pinning it in fl4tAs per

their unit cell parameters, both compoundgstallized in the triclinic crystal system and both
adopt the PL space group. Relevant bond lengths and angles are displayed in

Table 1 and Table 2. The angles are used talculate tha* values which give the
corresponding value concluding their distorted square planar geomitnyiving at*value of
0.49 confirms the distorted geometry, adopting a more seesaw geometry abOutcieter,
whereas’g adopts a perfedguare planar geometry. The average length for-® bond is 1.982
A and for aCu-N bond is 2.036\. The experimental bond lengths and anglegépand7h are

consistent with other N @onor ligand complexes in the literatdfé’

Equation 2: Calculating the geometry index & and7h.

4 _ 360°—(a+p) 4 _ 360° - (a+p)
8| "= Sgv—g il = Sgprg

4 — 360°— (180+180) 4 _ 360°— (144,37+146.69)
360 ° =2(109.5) 360 ° -2(109.5)

" = 0.00 7 = 0.489

T

Table 1: Relevant bond angles (°) and bond lengths (Aypr

Bond LengthsA) Bond Angles (°)

Cu(1}O(1)#1| 1.9122(10)| O(1)#-Cu(1)}O(1) 180
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Cu(1}O(1) | 1.9122(10)| O(L)#LCu(1yN(1) |88.54(5)
Cu(1)N(1) | 2.0007(11)| O(L)}Cu(lyN(1) |91.46(5)
Cu(1yN(L)#1| 2.0007(11) | O(L)#:Cu(LyN(1)#1 | 91.46(5)
O(L)#:Cu(1yN(L)#1 | 88.54(5)
N(1)iCu(1lyN(L)#1 | 180

Table 2: Select bond angles (°) and bond lengths (Ayfar

Bond LengthsA) Bond Angles (°)

Cu(1B)yO(1B) | 1.923(2) | O(1B)-Cu(1B}O(3B) | 144.32(9)
Cu(1ByO(3B) | 1.928(2) | O(1B)Cu(1B)YN(2B) | 97.60(10)
Cu(1ByN(2B) | 1.933(2) | O(3B)}Cu(1B}N(2B) | 92.58(9)
Cu(1ByN(1B) | 1.942(2) | O(1B)Cu(1BYN(1B) | 92.50(9)
O(3B)-Cu(1ByN(1B) | 98.69(9)
N(2B)-Cu(1B)YN(1B) | 144.6§10)

For compound’b, two different forms of crystals were obtained. From a reaction where
theCumetal salt was CuBthe crystals took the form of brown needles. Whereas when the metal
salt was Cu(N@2 (.5 H0, the crystals took the form of greemtgls Figure 19). This strange
type of behaviour was first noted when the metal salt was first added to the stirring ligand solution
where the copper(ll)bromide solution was notably dark brown in colour, andgper¢d)nitrate
solution was a lighter browgreen colour. Once the precipitates were collected the colour
difference was more noticeable, where the nitrate derived complex appeared as a dark green
powder and the bromine derived complex appeared as &aavk powder. Upon crystallization
and analysis by IR spectroscopy, an obvious variance between them was revealed. The brown
needles gave the C=N/C=C bond stretch at 1455 erhereas the green plates gave, presumably,

the same IR bond stretch at the maagher value of 1531 cth
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Vicoyy = 1455 em! Vicwyy = 4531 cm'!

Figure 19: Possible polymorphic behaviour Ta/b.

When sent for crystallographic analysis the green plates were determined to be the same material
that was previously published by Gossati@l?® The brown needles have yet to be analyzed by
x-ray crystallography but are assumed to be a polymorpfa,ogberhapsdiffering by packing

within the unit cell. This behaviour has been assumed for coniplas italso displayed similar
characteristicszb precipitates out of solution as a brown or green powder (copper(ll)bromine and

copper(l)nitrate respectively) but when crystallized, both take the same crystaFigure(20).

Figure 20: Both brown and green powders crystalline formsrtmr

45



To work catalyticallymanyCuandCo systems function bgeversible redox evestaking

place within the metal c¢ o mgnloreedyctiomdreotiihiegan i t 6 s

be explained by cyclic voltammetry (CV). Thus, CV was performed by taking a blank sample of
only the electrolyte, dissolving ~193 mg of [NBu)s'][PFs] in sparged DCM (0.1 M) then
dissolving ~20 mg o¥. After blank andsample analysis, ferrocene (0.1 mg) was added to the
solution to serve as an internal standard. All scans, unless otherwise stated, started with the
oxidative sweep then switched to the reductive sweep at the indicated potential. The scan rate was
held costant at 100mV/s for all scans unless otherwise statéthen tested for their redox

capabilities none of the synthesizétl complexes displayed favourabledoxreversibility.

Volusrumograen of Th i DOM Voltarmmogram of 71 in DCM

Figure 21: Voltammogram of7h/i displaying irrevesibility and ligand reduction.

Instead, they either exhibited irreversible oxidatmesumablyfrom Cu(ll) to Cu(lll),
poor reversibility {h) or in the case ofi, likely reduction of thg-NO2 group within the ligand.
This was the case regardless ofshan rate used, step in potential or direction of initial potential
(starting with the reductive sweep instead of an oxidative swhkepach case (alkyl and aryl)

these undesirable properties were obsertggli(e 21). In the interest of making new catalysts,

these copper complexes would likely not be active in redox mediated chemistry and therefore we

have halted their study in this area at this time.
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2.5.2 Other Copper ComplexeZa{c)

One aryl derivative wa successfully synthesiz€8a, 70 % yield) and two other aryl
derivatives were attempte@i{ and 8c). Their synthetic scheme followeshe of two methods
previously described(Scheme 33). All copper complexes wereharacterized by cyclic
voltammetry (CV), their meltig point (mp), IR spectroscopyltiaviolet-visible spectroscopy

(UV-Vis), and mass spectrometry (MS).

R
95 % EtOHaq) Y or°
N

1 equiv. Cu(Xy), fe)
_ NH O  25equivNEt, N7
2 equiv. ~ -

Cu
N/ \O
S R 1-16 hours, rt (\
) |

N . #
0T QO
8a 8b 8c

70 % impure 0%

Scheme33: Synthesis ofCu complexes witl6.

As in the preceding sectipthese complexes haaeformal metal baseelectron configuration of
d® meaningthey are paramagnetic in natufEhis coupled with their limited solubility in any
organic solvent made them very difficult to characterize. Unfortunately, due to thidigolsfiie
(insoluble even in DMSO and DMF), the compounds were unable to be recrystallizedafor x
crystallography purposes.

Unfortunately8adid not give a molecular ion (M+) when analyzed by mass spectrometry.
Due to the poor results of M8a and8b were sent for elemental analysis (EA) [done by Atlantic
Microlabs]. The analysis foBa came back positive, giving elemental percentages within

experimental error. In contragp negative results came back, stating that correct compound was
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not presenor highly contaminatedacould be dissolved enough to preform W6 spectroscopy
(as a suspension in solution). Using the EA data, the molar extinction coeff@}iaass(estimated
(Figure 22). 8a exhibited a ®snilar UV-vis profile to those copper complexes known in the

literature where there are three distinct absorption maxima present in the ultraviolet region (~324,

~285, ~240 nm) [MLCTJ!In the IR spectrsBashowcases similar profiles to compleXes with

two main strong signals at frequencids 540 and 750 crh

UV.Vis trace for 8a in DCM
{(1.36x10 mM)

Figure 22 UV-Vis profiles for8a showing three main absorption maxima.

The attempted synthesis of compo@udvas carried out by adding Cu(NRto a 1.5 M
methanolic potassium hydroxide solution afidihad dissolved. The reaction was stirred at room
temperature for 22 hours in open air. After the reaction was completed, the volatile components
were removed and the sludge was diluted with DCM. The organic phase was washed twice, once

with a 1.0 M solutiorof NaCl and a second time with a 0.1 M solution op@@s. The organic
phased was dried (MgS}filtered and volatile components were removed. The resulting brown

sludge was attempted to be recrystallized by two methods; the first was a layering tfra ofix
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1:1 DCM/MeOH and the second being a vapor diffusion of diethyl ether into a solution of DCM

and the complex. Unfortunately, none of these two pathways yielded any pure materials.

2.5.3 Cobalt Complexe9&l)

Four alkyl and eigharyl derivatives of thecobaltcomplexes wergynthesized moderate
to excellent yield$50-99 %)in one of two methods previously descril§&dheme34). The colour
of the reaction solutions was initially clear or pale yella@®pending on the colour of the pure
ligand) and turned a dark oranged when the magentaloured metal salt was addédl cobalt
complexes were characterized by cyclic voltammetry (CV), elemental analysis (EA), their melting
point (mp), IR specbscopy,ultravioletvisible spectroscopy (UWis), and in some cases, single

crystal xray diffraction.

O
KOH/MeOH
0 [ 1 equiv. Co(X5),
R o]
2 equiv. R)\\N O 1-16 hours, rt w
%_‘ O, N
N/
3 Co
95 % EtOH(aq) N/ \O
1 equiv. Co(X5), 1
) NH O 2.5 equiv NEt3 OJ\%R
2 equiv.

0 R 1.16 hours, rt

OO T TR T
9a 9b 9c 9d 9

{

e of 9g 9i
81 % 56 % 99 % 71% 70 % 76 % 91 % 90 %
}‘5 ?‘: N, F ~ C|
CH S S
\|< 3 1<F Km
F cl
9h 9j ok 9l
50% 66 % 93 % 95 %

Scheme34: Towardscobaltcomplexes with the ligand seriés

This series of cobalt complexes adopt the presunfedlettron configration, making the

paramagnetic analogous to the aformentioned copper complexes. This nature makes characterizing
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by NMR spectroscopy difficult as most resonance signals appear as broad skitpets Z3).

The sgnals that are more deeply broadened are closer todhbenter whereas the shaper signals

are further away. Using this, we can approximate the structure although this approximation would

be a rough guess, at best. Similarly to e complexes, as th€o complexes display this

paramagnetic behaviour they were analyzed by IRMiB/ EA, their mp, MS, and in most cases

by x-ray crystallography.
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Figure 23: *H-NMR spectrum oBa (paramagnetic).

Infrared spectroscopshowedthe irteraction of the ligand with the metal Hisplayinga

shift in the absorbance frequency wltemparedo the ligand. The stretching frequency assigned

to either C=C or C=N stretching resonated within a ranget®881525cnm?, which is far lower

than thereported values of the bare ligands within the range of -1685 cm.3® The GO

stretching frequencies weseen at frequencies of 7ZF87 cm, indicative of a change from the
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free ligand®® Due to the drastic shift stretching frequencies in the IR spectra, we hypothesize
that theCo center isdrawing electron density away from the bound ligand.

The UV-Vis spectradisplayed weald-d transitions in the visible region and metal
ligand charge transfer (MLCT) bands the ultraviolet region(Figure 24). Lower energy
absorptions, in the ranges of 5380 nm, are representative dfd transitiors. These transitions
areobserved due tdark red/pinkcolour of the solution This higher energy absorptions the
range of296321nm,have been as's*i gtnredbocaizen toévhee the aromatic
ring (C=C) or the imingroup(C=N). As is the case for the copper compleMECT transition
bands are primarily observed in low oxidation state mesalsh asCo?*. Complexes baring
electron withdrawing ligand®b/e-f, as well as conjugation extending functional groubsOp

etc.)will experience dathochromic shiffto a highemwavelength.

UV-Vis trace ofdein DCM (6.80x10° mM)

Cl
Q\K/YO

O\ /N
Co
N

N O

OJl\/)\@
Ci

Figure 24: UV-Vis trace of6e
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Figure 25: ORTEP representations @j-I.

X-ray crystallography was employed tetermine the exact structure for severahefCo
complexes. These were sent to the University of Toronto, where Dr. A. J Lough analyzed and
solved each of their structuresni@ three structures and their respective data sets were collected
(9j-), Figure 25, as our group has previously structurally characterized compbexeand9g-

i.86 X-ray quality crystals are grown with slow evaporation oflasblution of DCM and MeOH.
Compound®af/i crystallized as orange needl&g crystallizes as dark red cubic shapes, and
complexe®h/j-I crystallize as pink rectangular plates.

The calculated* values for these compounds are displaye@ahle 3 and suggest the
complexes adopt a more tetrahedral geometry. This approximation is supported by the relevant

bond angles in

Table 4, Table 5, andTable 6. Based on the unit cell parameters all three complexes
crystallized in the orthorhombic crystal system with space groups,FRia@, and Pna2for 9j-|
respectively. It is expected for the@-Gl bond to be longethan the CeO bond as the formes a
coordination bond, meaning it is not a true bond but a mutual sharing of electrons between the two

atoms.The average length for @o-O bond is 1.932 and for aCo-N bond is 2.035. The
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experimatal bond lengths and anglder 9j-I are consistent with other N;@onor ligand
complexes in the literatuf&.’?
Table 3: Calculated “values for allCo complexes

Complex

Complex ‘ t4

9i w/ DCM 0.82 J 9bw/ DCM 0.82

9a 0.83 J 99 0.82

9h 081 ‘ 9j 0.84

9i w/ CHCl3 0.82 ‘ ok 0.83

9c 0.78 ‘ 9l 0.80
Table 4: Selected bond lengths (A) and angles (°)%or

Bond LengthsA&) Bond Angles (°) ‘
Co(1)0(3) 1.935(3) O(3)-Co(1}O(1) | 118.64(13)
Co(1)0(1) 1.944(3) O(3)Co(1)}N(2) 95.42(13)
Co(1)N(2) 1.957(3) O(1}Co(1}N(2) | 112.90(11)
Co(1)N(1) 1.958(3) O3)Co(1}N(1) | 113.84(12)

O(1)}Co(1)}N(1) 95.03(13)
N(2)-Co(1)}N(1) 122.89(16)
Table 5: Selected bond lengtl{d) and angleg°®) for 9k.

Bond LengthsA&) ‘ Bond Angles (°)
Co(1)O(3) | 1.9315(19)| O(1)}Co(1}O(3) |116.69(8)
Co(1)}0(1) 1.9449(19) O(1)Co(1)yN(1) 94.87(9)
Co(1)N(2) 1.964(2) O3)Co(1}XN(1) | 113.29(9)
Co(1)N(1) 1.964(2) O(1XCo(1}N(2) |112.19(9)

O(3)-Co(1}N(2) 94.78(9)
N(1)-Co(1}N(2) |126.71(9)
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Table 6: Selected bond lengttfd) and angle$°) for 9l.

Bond LengthsA) ‘ Bond Angles (°) ‘
Co(1)O(3) | 1.936(3) | O(3)Co(1}O(1) |117.13(15)
Co(1yO(1) | 1.949(3) | O()Co(1yN@2) | 111.12(15)
Co(1)N() | 1.963(4) | O(1)Co(1yN(2) | 94.21(14)
Co(1)N(1) | 1.968(4) | O(3)yCo(1yN(1) | 94.42(15)
O(1yCo(1)N(1) | 111.09(15)
N(2)-Co(1)N(1) | 130.67(17)

As was for the copper complexes, cyclic voltammetas employed to probe the redox
properties of the cobalt complexes. All scans started with an oxidative sweep following by the
reductive sweg with a forward scan rate of 100V/s. TheCo complexes were prepared in the
same manner as theu complexes byifst running a blank scan of a 0.1 M solution of fiN(
Bu)s*][PFs] followed by the sample (~20 mg). Ferrocene (0.1 mg) was added afterwards to serve
as an internal standard. All derivativ@s;|, were analyzed in this way. All complexes excluding
9h, showed irreversible oxidation. Previous students in the Gossage group attempted
polymerization by ATRP witf®a and other derivatives but obtained no polymer material at the
terminus of their reactioff. Complex9h was the only complex that displayed quesiersible
oxidation from Cd*to Cc** at approximately +1.75 eV, making it a potential target for catalytic

studies Yide nfra).
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Volummogram of $¢ s DCM

Volunmogram of 9h in DCM

Figure 26: Voltammograms foBeand9hin DCM.

2.5.3.1 Attempted Oxidation @fCo** Complex

Upon observing promisg redox behaviour in the CV, we decided to attempt various

reactions to purposely oxidize tl@ center to a permanefto(lll) resting state. This type of

reaction was tried four different ways wila and once wit®h (Table 7).

Table 7: Attempted oxidation of &£0°* center.

Complex ’ X, | Time (hr)‘ 9:X, Notes

1 9a Br 0.5 1:1 light *CoBr,

2 9a Br 0.25 2:1 dark *CoBr,

3 9a | 1 11 - 9a

4 9a I 1 1:1 9a

5 | oh |Br| 1 1:14 | with ACN Agree:og\:g::a"ge

In trial 1,9awas dissolved in toluene and brominezjBvas added dropwise in a 1:1 molar

ratio. During addition of By, it was noted that the solution had statteghase separate leaving a

dark red top layer and a blue oil on the bottom of the flask. The reaction was done uncovered in

open air for 0.5 hours. Upon removal of the excess toluene and bromine, a fraggecielusolid.

The solids were insoluble in reborganic solvents (CDg;ICsDs, toluene, CHG) but was soluble

in acetone, MeOH and water. An NMiRectrumwastakenin acetoneds and unfortunately from
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this there were no distinct signals in either the proton or carbon spectra. A qualitative test was
performed by adding both DCM and water to the flask and rapidly stirring for approximately 10
minutes. This resulted in the loss of the original green colour and appearance of a pink aqueous
layer and cloudy organic laydFfifure 27, B-C). After NMR analysis, the sample was poured into

a beaker where it was diluted further with acetone. Commercial grade Wadissolved in both
acetone and MeOH in two other beakers and the three compagade(27, A). It seemed likely

that CoBp was indeed the formed product and hence decompositifa isflikely the result of

the above treatments.

Figure 27: A qualitative test of Trial 19a+ Bry)

For the gcond trial, the reaction was carried out in a similar fashion, this time stirring in
the dark. After the reaction was done and excess components remggaedoa blue powder was
left behind. The blue powder was recrystallized with a 1:1 mixture of DG@MN as was the case
for 7 and9. Upon accidental contact with water the blue powder was instantly dissolved. There
was a notable colour change from light blue to a piplisple colour. Commercial grade CaeBr
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was likewise dissolved in EtOH and revealed Embehaviour. After more research, the blue
powder was concluded to be anhydrous GoBr
Trials 3 and 4 gave the same result of recovery of starting material. The iodine, in both
polar aprotic and nonpolar solvents, remained unreacted in each casead tater confirmed by
NMR spectroscopy where the same broad signals associategailyure 23) were observed.
O %—(/_( jv

\ N\K /Br

£ o RT, 1 hr LN

N ’\; O \\
o Z 0‘&&*
9h-1

Scheme35: Attempted bromination ddh.

Trial 5 was done witl®h, thecatalytic candidateScheme35). 9h was initially dissolved
in ACN where the solution instantly changed from a light pink to a dark purple. This colour change
is assumed to be coordination of either one of two A@ecules to the cobalt center, although
this has yet to be confirmed. This complex would still be paramagnetic and therefore would not be
observable by NMR spectroscopy. Continuing with the reaction once fully dissolved, bromine was
added dropwise and tiselution took a noticeable colour change to a dark green. Once all volatile
components were removed a green resin was left behind. This resin was soluble ra@HCI
acetone although did not turn the bright{elaie colour once dissolved in acetone,gildly being
the target complex.

Performing NMR spectroscopy on the green resin in G@le a paramagnetiike
spectrum with broad signals spanning many ppm uRitgite 28). The green oil was dissolved
in MeOH, where the solution was a bright pink colour. Once the MeOH is removed, the compound

becomes a resin, again green in colour. We hypothesize this may be signaling the release and re
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coordination of a ligand (Bor ACN) giving baclkoh. These mixtures didat yield a pure oxidized

product ofoh. More studies in this area needs to be conducted for an exact conclusion to be drawn.

M-03-137
CoXLi 2)2AONB) b R 2385 RS 28R
iM In CDO3 - ~ o b A Lokl rrrvoo

Figure 28: 'H-NMR spectrum of proposezh-1.

2.5.4 Cobalt Complexed4@ad and 11a/11%

Cobalt complexe with ligand sries6 were aso synthesized. In this series, theegl derivatives

were successfully synthesizé€sicheme36).

R
95 % EtOHaq) Yo ©
1 equiv. CO(NO3)2 6 H20 O, N\)
2 equiv (NH ©) 2.5 equiv NEtg \Co/
. /N
O)VLR (\NI (0]
6 1-16 hours, rt OJ\%R
10a-d
O CL o, . C
10a 10b 10c 10d
53 % 79 % 85 % 0%

Scheme36: Synthesis of complexeéad.
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The synthesis wasarried out in a method like those described above where to a stirring solution
of the ligand with 2.5 equivalents of Nissolved in EtOH, 1 equivalent of a metal salt is added
(also dissolved in EtOH). Upon addition of tBe metal salt to the ligandolution, an evident

colour change from dark red/clear to a pastel orange is obsé&igedg 29, B).

Figure 29: A- 10aand10cas a powdeB- RIGHT: 10c(orange)uring synthesis.

After which, the orange/tan precipitates are collegiad/acuum filtration and are recrystallized
with a layering of 1:1 DCM/MeOHHKigure 29, A). These compounds, where applicable, were
characterized by IR, UWis, their mp, EA and in some cases,ay crystallographyCo complex
10dwas unable to be synthesized regardless of the route taken.

Infrared spectroscopgf 10a-c indicatedan interactionbetween thdigand andthe metal
by displayinga shift in the absorbae frequency whenontrasted against the bdigand. The
stretching frequency assigned to either C=C or C=N stretching resonated within a ra5gé of
1531cmt. The GO stretching frequencies were seen at frequencies ef 78em’, indicative of
a change from the free ligand which bears n@Dbond but a carbonyl stretéfi®3°Due to the
drastic shift in stretching frequencies in the IR spectra we conclude thab ttenter is drawing

electron density away from the bound ligan
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