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Cyclometalation reactions have been studied intensely for the fpastdecades,
especially those containing palladium. The factors that contropribeess of the C-H bond
activation, however, are not yet completely understood. C-H bondser@resent in organic
molecules, but the vast majority of them cannot be exploited forichereactions due to their
inert and stable nature. Early attempts to activate these bemhtts Very complicated mixtures
of products, and therefore not an acceptable means of C-H activagoto gpoor selectivity.
Controlling the selectivity of a reaction is one of the most ingmbiissues surrounding synthetic
chemistry. It is generally recognized that aromatic @ahds are more likely to undergo
activation by platinum complexes. However, recently it has blestrated that there is a

delicate balance between?sgnd sp C-H bond activation in a platinum (Il) complex system.
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In this study, the solvent-controlled switch of selectivity betwsg and sp C-H bond
activation in platinum (Il) complex systems will be discussedgandsL1 throughL 3 were
designed and synthesized to test the selectivity of cycloplatinat a reaction with potassium
tetrachloroplatinate (II) in two different solvents, acetonitdted glacial acetic acid. It was
found that in each of the solvents used, a different isomer was pdoftaoe the complexation
reaction. Reactions df1 throughL3 with potassium tetrachloroplatinate (ll) in acetonitrile
produced the gmubstituted isometlB-3B), while the same reaction performed in glacial acetic
acid formed the Spsubstituted isomerLA-3A). It was determined through mechanistic studies
that the spsubstituted isomer is a kinetically controlled product, while fessbstituted isomer
is a thermodynamically controlled product. Also, it was found thatate of products depends
on time, where as more time goes by the thermodynamic#dlyles product begins to
predominate.

Other issues examined in this study were the side reaction®dbarred during the
complexation of ligand&2 andL 3. These side products were due to C-C bond cleavdge in
and C-N bond cleavage Ini3. These side products were characterized and studied in their own

right.
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CHAPTER 1. BACKGROUND
The design and synthesis of phosphorescent transition metal complexes have gained
much attention in recent years. The interest in these particular typespléxesnstarted from

the [Pt(tpy)CIT (1) complex, which was first synthesized in 1934.

Figure 1: The first platinum complex )

In the 1970’s, there was a renewed interest shown in platinum complexes as DNA
intercalators. However, the early 1990’s was the first time that the excited state and
luminescence properties of Pt(ll) complexes were investigated in, getlding a wealth of
interesting systems with a rich variety of emissive excited stateshwere tuned by adjusting
the structures of the ligandsThe drawback of complexes using this terpyridine is that the angle
of the N-Pt bond is not ideal for second and third row transition metal ions. The twoPRatiral
bond lengths are usually lengthened beyond their ideal values due to the constpaisésliby
the rigidity of the ligand. Due to this bond lengthening, the ligand field is reduced, and the d
excited states that promote thermally activated nonradiative decayaretl in energy).

Complex I, however, is neither an organometallic compound nor a cyclometalated
complex due to a lack of Pt-C bonds. Cyclometalation is an important process used in

organometallic chemistry, which refers to the activation of the C-H bond risjttcan metal



catalysts, a chelation-assistance strate@yjany of the cyclometalated complexes are highly
stable, and can be isolated and characterized. These qualities make theml\extrpartant for
studies relating to the fundamental issues regarding the C-H acti¥ation.

There are typically three classes of cyclometalated platinum cregpleidentate,
tridentate, and tetradentate complexes.

Bidentate Complexes

Bidentate complexes can be further categorized into two types, homalegtic
heteroleptic complexes. These complexes are illustratéidjume 2 below.
Homoleptic Complexes

Homoleptic complexes are composed of two identical ligands like the bis-cyealated
complexcis-Pt(ppy} (ppy = mono anionic 2-phenylpyridine ligarldHowever, these bidentate
complexes are nearly non-emissive at room temperatdmother homoleptic bidentate
platinum complex, Pt(thpy)Xthpy = mono anionic 2-(2-thienyl)pyridine ligand), was studied and
found to be emissive at room temperatimet unstable toward sublimation, making it unsuitable
for the vapor deposition process required for producing highly efficient small ml@ganic
light emitting diode (OLED) devices.
Heteroleptic Complexes

Heteroleptic complexes contain two different coordinating ligands. These-mo
cyclometalated complexes have the generic formula (pp¥)Rthere L is an ancillary ligand
such as acetylacetonate or picolinate. One example of this type of comBl¢pay)(acac), as

illustrated below irFigure 2. Other examples of heteroleptic complexes are: [Pt(NC)(N~N)]



[Pt(NAC)Ch]",** and [Pt(NAC)(CO)SRJ*? These heteroleptic complexes are emissive at 77K

and at room temperature.

58 8 &

cis-Pt(ppy), Pt(thpy), Pt(ppy)(acac)

Figure 2: Prototypes of bidentate platinum complexes

Tridentate Complexes

The rigidity of cyclometalated complexes tends to favor phosphorescence onenthe
radiative paths of decay. Bidentate complexes tend to undergo plane distortbrafiécts
their emissive properties at room temperature. For this reason, tridemtgitexes were
developed to enhance the rigidity of the ligands, which do not distort as much as éidentat
complexes. Much interest has been paid to the tridentate cyclometalated esnspiex as
those derived from tridentate CAN~N (6-phenyl-2,2"-bipyriditfe;”"N~C (2,6-
diphenylpyridine)* and NAC~N (1,3-dipyridylbenzen®)ligands.
Pt(C"N~N) Complex

Much of the published work regarding these complexes has been pioneered by Che and
Lai.*® The complex with this coordination can be prepared by complexing the ligand, 6-Phenyl

2-2'-bipyridine (phbpyH) with KPtCl,. This complex is illustrated iRigure 3. This ligand



contains a phenyl group on one side of the ligand. This complex is emissive atmgueratere

(Amax= 565 nm) with quantum yield of 0.025.

Fl’t/N =

Pt(CANAN)CI

Figure 3: An example of a Pt(C*"N~N) complex

Pt(CA"N~C) Complex
This complex can be prepared using the 2,6-diphenylpyridine ligand. This ligand
contains two phenyl groups on the outer portions of the ligand. The platinum complex that uses

this ligand is emissive at 568nm at room temperature in its solid state, as stegur &d.'’

=

o
Ly 12

3

PPh,
Pt(C*NAC)PPh;

Figure 4: An example of a Pt(C"N"C) complex

Pt(N*C~N) Complex
This complex can be prepared by using the ligand 3-di(2-pyridyl)benzene (dfybH)

this ligand, the phenyl ring occupies the central position in the ligand. Theuptatomplex
4



that is prepared using this ligand, as showhRigure5, is emissive at room temperature with

Amax= 496 nm.

X X

Cl
PtNACAN)CI

Figure5: An example of a Pt(N*C”N) complex

Pt(CA"N*N) Complex

A new class of tridentate complexes that has been developed has shown promising
photophysical properties. These complexes contain a fused five-six-memlatadidaycle
(Figure 6); whereas the previous three tridentate complexes have a fused fiveeinbered
metallacycle. The coordination of this new class of tridentate complexsailmva geometry
that is closer to a square planar geometry, which has shown an improvement imthenqua
yield. The quantum yield of the complexkigure 6 was measured to be 56% while the similar
complex with the five-five-membered metallacycle has only a 4% quantudhagiebom

temperaturé?



Figure 6: (C"N*N)PtCCPh complex

These classes of cyclometalated platinum complexes have been broadlyateesn
the past. In recent years, more interest has been given to the trideciateetglated
complexes, especially those derived from the C*N”~N (6-phenyl-2,2’-bipy)jdiHé&"C (2,6-
diphenylpyridine), and N*C~N (1,3-dipyridylbenzene) ligands discussed aboviust@ted in
Figures 3, 4, and5.%°

Tetradentate Complexes

It has been observed that rigidity favors luminescence, which make®tetizdbis-
cyclometalated complexes a promising class of platinum complexes.cahde represented by
their coordination pattern of the ligand such as (C*N~N~C) Pt corfimexshown itFigure 7.
A novel complex of this coordination has been reported with a high quantum yield. The
complex emits intensely in solution at room temperature with quantum yields on@.Z4.s=
512 nm. This complex is thermally stable and when fabricated for OLED, it echit8%

external quantum efficiency.



Figure 7: Tetradentate platinum complex with C*N*N~C coordination

Square-planar cyclometalated platinum(ll) complexes have received tbermtioa over
the last two decades due to their intrinsic photophysical prop&ttieise introduction of a
strong carbor donor, like a C-Pt bond, into a complex can allow for a considerable influence
on the excited state of the complex. This can be seen when a eatboar induces a switch
from a non-radiative d-d transition to a metal to ligand charge transfer TMIlaGigand
centered (LC) transition, or a mixture of both, depending on the nature of the ligands,hdue to t
large d orbital splitting caused by the strong ligand effect of the carbon donor riaking
unoccupied d%y? orbital inaccessible for electron transitions, as shovifigare 8. Some
things to note about this figur€igure 8) are that the relative energy levels of the d orbitals may
vary depending on the nature of the various ligands, however, #yé drbital always has the
highest energy. The simplified energy diagram also does not take into accountrsotiamte
between the metal and the ligand orbitals. This switch in charge transfierstes the intense
phosphorescent emission when the contribution from the platinum atom is involved in the
excited states (typically a contribution to the HOMO of the complex). Thisdempossible by

the strong spin-orbital coupling induced by platinum, which has a high spin-orbitalrapupli



constant. This effect will promote the intersystem crossing, which is emesgetic
radiationless transition, from the singlet state to the triplet statengnpkiosphorescent emission
possible (se€igure9). On the other hand, fluorescence emission is limited to the radiative
relaxation of the electrons in an organic molecule where the spin is conserved.eiéieg/
states mentioned refer to the pairing of electrons. A singlet statenstbeular orbital state
where the electron spins are paired, whereas a triplet state conteirenedpins that are

unpaired.

dXZ-yZ

* + *

+ dxy j/; dxy
LT,

Ligand-centered state Ligand field-splitting of metal d orbital MLCT state
in square-planar d® metal complex

dxy

Tt

Figure8: Simplified ligand and metal orbital energy diagram for MLCT and LC state



nonradiative decay

\
4

59 intersystem Crossing
= o
5 absorbed
c -
excitin
- Iigh% emitted .
fluorescence triplet
light states
S phosphorescence
0

ground state

Figure 9: Schematic decay pathway of fluorescence and phosphorescence

The strong phosphorescent emission, especially at room temperature, exRibited b
cyclometalated platinum complexes has paved the way for the use of these esmpiewide
range of applications. Some of these applications are optical chemoStpbmtcatalysts,
solar cell$>, biological label®®, and electroluminescent emitters in organic light emitting diodes
(OLEDs)?"%8293031 one of the most recently investigated applications of cyclometalated
platinum complexes has been the photogeneration of hydrogen frontvater.

Even though there has been much progress made in the past two decades, there is still
large demand for new materials with certain photophysical and electroch@noperties that
are stable under the conditions required for their use in various applications.aféhsrany
examples illustrating this fact, especially with the need for gretdbility in photo-oxidation,
which uses platinum complexes as sensitizers, which can be practically pdedasensitized

oxidation reactions with solar energy and air. There have also been many advénees



application of phosphorescent emitters in OLED devices; however, the efficesatability or
both associated with the cyclometalated platinum complexes are st i#gt need to be
improved.

In an effort to improve upon some of these issues, the Huo research lab designed a
variety of tetradentate cyclometalated platinum complexes with eliff@oordinations in order
to study their photophysical properti@sHowever, when the ligand was put through a
complexation reactior§cheme 1, and characterized, some surprising results were obtained. It
was found that after allowing the ligand to react witPtCl, in glacial acetic acid, AcOH, the
sp’ C-H bond of the butyl group was activated as opposed to the desit@eHsponds on the
phenyl groups? After establishing that &i€-H bond activation takes place in this type of

reaction, our lab began to study the selectivity of the reaction during atohapion.

cl
B LA Fl’t\N _
O N K,PtCly, O N KoPtCly, O N
O X HOAC O HOAc O N
, 115°C 115°C
Pt\ - — > C
I I

Scheme 1: Complexation of ligand

In transition metal complexes, it is generally recognized that an aromgtioddd is
more reactive toward activation. For this reason, it was assumed the reaSthanme 1 would

have proceeded to complelx However, a study published in 2009 states that a delicate balance

10



between shand sp C-H bond activations exists in the platinum (I) compfexfter searching

to determine what is known about the selectivity of cycloplatination, it was fountthéha
mechanism of cyclometalation is not fully understood. Other papers attenxptdmehe

stability of s§ and sp substituted complexes, as well as the formation of five-membered and six-
membered metallacycles. Zucca'’s paper discusses this topic bynsttigkyistability of rhodium
complexes, one that contains a six-membered ring due fosalsgtitution, while the other has a
five-membered ring due to the substitution oncspbon, as shown fRigure 10.3° However,

there is no explanation given for the selectivity of the reaction.

cl c
L= e
— — N— ' ~ N~ ,
RhCl; + 7\ - . Rh_ R . Rh__ R
3 \ NN / o ‘ Neey, o ‘ Ppp,
R’ a cl
R’ =CH,Ph 1 R’=CH,Ph 4
R’ = CH(Me), 2 R'=CH(Me), 5
R’ = CH,(Me; 3
o)
=z
[e +
__ __ cl z —‘
S =
v ~T —_ 7 — -
W, L= ——N\Rl‘/w L= 0 c
1 1
RhCl, + - o + o
; CH, R s
cl cl
6 7
:
o)
l z Cl-
— — J NS ‘ = N> Me 7 = 7 > e
N\ ]\\] / /N\R ANH ——N- /N H
RhCl; + Me — » P 4 P h
" CF\ R Cﬁ R
(J\’ﬂ Q\)VS
K Me Cl Cl
R=Me 8 R=Me 9
R=H 10

Figure 10: Stability of sp vs. sp and five-membered ring formation vs. six-membered ring

formation
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C-H bonds are ever-present in organic molecules, but the vast majority of them cannot be
exploited for chemical reactions due to their inert and stable nature. Eenhpts to activate
these bonds led to very complicated mixtures of products, and therefore not an acceggiable m
of C-H activatior> Organic molecules that contain carbon chains make up a large portion of the
non-metallic materials frequently used in everyday life, like plastit® difficulty in the
manufacturing of plastics is that they are a product of the chemical sgritflo@sihydrocarbons
found in petroleum. Only a few of the hydrocarbons found in petroleum are rezmbivgh to
undergo traditional chemical reactiotidn order to make the synthesis of non-metallic materials
more efficient, C-H activation was needed to stimulate these inert hybonsato make them
more reactive.

Interest in this area of chemistry began in the 1980’s when there was a diaoraise
in the number of metal salts and complexes that were found to initiate C-H bondactyat
the process of oxidative addition. A drawback to this form of C-H activation wantisa of
these transformations required equal amounts, in moles, of the hydrocarbon anéakthehuodt
would both be consumed during the reaction. This is not acceptable for largehscaieat
applications, as the metals involved as the starting material and intetesetti@a generally more
expensive than the produéfsin recent years there has been an explosion of interest in using
catalysts to promote the oxidative addition needed to activate C-H bonds. In thbgeca
processes, “the oxidative addition product is a transient intermediate thatliately reacts with
other reagents to introduce a new atdfririto the ligand. After performing this addition, the
catalytic metal is released so that it is able to attack another molétwlérocarbon. This

allows for the normally expensive catalyst to be used in very small amounts.
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There has been much debate over the C-H bond cleavage mechanism since Shilov and his
coworkers reported on the activation of alkanes by solutions of platinum (I1) clsldtidteis
still unclear as to which mechanism drives the reaction. There arelsei@mrples summarized
in one journal article by Ryabov that states “sometimes platinum (II) ggsplactrophilic
features, for example, on cyclometalation of azoberZemel N,N-dimethylbenzylamir® but
sometimes it reacts via oxidative addition...mechanistic information on cgtlugtion can be
found in a family of kinetic investigations of mechanisms of reactions by platitiyini‘(as
well.

Cycloplatination vissp® C-H activation is known and has been reported in a few articles.
In an article by Zucc& it is stated that, in general, nitrogen donor ligands tend to form five-
membered rings, but there are a few six-membered rings that have been uhcoherarticle
goes on to say that the majority of the papers published in this field discussfjeHI§ond
activation, and that only a few cyclometallated species that containeritiggnds and G’)-
Pt bonds are known while only two six-membered cyclometallated species wi&sph bond
have been reportéd. Zucca uses the ligands showrFigure 11 to test the selectivity of

platination. Figure 12 shows the location of cycloplatination after reaction witRtCl,.
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CH,CH,
CH(CHs),
CH,C(CH,);

Figure 11: Ligands tested for their selectivity of cycloplatination

12 R=R=H 15
13 R=H, R'=CH;
14 R=R'=CHj

Figure 12: Location of cycloplatination for reported ligands

There has also been some research performed on the selectivity ohsebgttaking
into account theoretical considerations that can unveil underlying strueactvity
relationship$? These studies are important to examine the stability of possible intetesedia
and transition states. In one published work by Marrone*@gabroposed pathway of
cyclometallation of a ligand is shownkingur e 13 while density functional theoretical (DFT)

calculations are used to illustrate the plausibility of this pathw&ygur e 14.
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CHa CHy

H_ CHa
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21 20 19

S =dmso X=

Figure 13: Reaction pathway proposed for cyclometalation of 16
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Figure 14: DFT optimized geometries of complexes 16-21
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In the initial days of this project, when the selectivity of cycloplatimetvas being
studied, it was observed that one of the ligands designed to test whéthresgsubstitution
would predominate, or if ring size was a factor, not only produced one of the desiredgroduct
when reacted with #tCl, in AcOH, but also produced some side products that formed from an
interaction with the solvent. To avoid this issue, another solvent was chosen for tlosreacti
When the product from this reaction was characterized, it was found to be an isoméirstf the
product that was formed in AcCOH. This reaction, along with the side productbevdiscussed
in much more detail in the following sections.

It was found that studies of solvent-manipulated control over the selectivityHdb@d
activation are rarely seen. One of the few exceptions was thabaharpalladation oiN-
thiobenzoylpyrrolidine reported by Yoshida in 1981iyhere the cyclometalation occurred at
either the phenyl ring or the pyrrolidine ring depending on the solvent used foathieme
(Scheme 2); however, no explanation was given for this switch in the selectivity. Neddles
say, this developed a great interest in the solvent-controlled switcleofig&y by platinum (II)

metal, and led to the goals of this research project.

Q CI—

= S—Pd
@s PdCl, ©)HD PdCl,
<22
Pd/ CH4OH HMPA
c ;“
2

23 (94%) 22 24 (89%)

Scheme 2: Switch of selectivity using different solvents
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CHAPTER 2: RESEARCH GOALS
As stated in chapter 1, this research came to fruition from an earliectprojbe
research lab where ligahdvas originally designed to be a tetradentate complex with a
NAN*C"C coordination pattern. However, the platinum atom selectively bound to carbon A.
The question that must be answered is why did the cycloplatination not occur ok aitioer C

or even carbon BHjgure 15)?

Figure 15: Complexl 11 after reactind with K;PtCl, in AcOH

After discovering this product from the reaction, it was deemed importanteiorilet
the selectivity of cycloplatination of certain ligands. Selectivity imabal reactions is a very
important factor when designing and synthesizing compounds. To understand the underlying
factors that are responsible for this selectivity is even more important dedafote a goal for
this research. To do this, several ligands were synthesized and their coimphextht K;PtCl,
was examined.

The tridentate ligands allows for the study of several issues involved in the

cycloplatination through the use of careful ligand design. The ligands shown bédpne(16)



will help to examine the following issues: (1) relative reactivitgfC-H andsp® C-H (L1-L4),

(2) the competition between five and six-membered ring formatiohd 2 andL 3).

2 228

~N ~

Hj N

2\ 2\

~ ~

L1 L2 L3 L4

Figure 16: Ligands designed to test the selectivity of cycloplatination

Cycloplatination ol 1 can determine whether platinum will bind to 82 carbon of the
methyl group or thep’ carbon of the phenyl ring. If it binds to the methyl carbon there will be a
five-membered ring and a six-membered ring if it binds to the phenyl’s carbosligémd has
two variables to tesspf versussp® C-H bond activation as well as five and six membered ring
formation. L2 andL 3 have the potential to determine whether ring size or reactivity of the
carbons, ap’ versus ap’ carbon, influences the selectivity of cycloplatination bettet.will be
used to study only the’ versussp’ reactivity aspect as the ring size will be the same at either
probable location of cycloplatination.

As was mentioned in Chapter 1, this research was also carried out tethetsdyvent
controlled switch of selectivity between?smnd sp C-H bond activation using platinum (l).
Initially, all of the complexation reactions were run using glaciali@eetd, AcOH, as the

solvent. The use of a different solvent came about as the products of the cycloptatinat
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reaction oflL. 3 were isolated and characterized. The major product was one of the expected
isomers, while the other two products came about due to side reactions from the C-N bond
cleavage as well as an interaction with the solvent. In order to circurhesetdide products

from forming, a different solvent was chosen to run the reaction in. The solvent choges fo
reaction was acetonitrile, GBN, and after characterizing the major product from the reaction in
this solvent, it was determined that one of the other possible isomers wagdhproguct.

After running this reaction, it was determined that it was necessarydatrall the complexation
reactions of the other ligands in acetonitrile and to characterize the prodaader to observe

the selectivity of the reactions.

In order to characterize the structure of these complexes after synshegriety of
instruments and techniques were used. Mass spectrometry was used to obtaiadhkamol
weight. Gas chromatography-mass spectrometry (GC-MS) was used foteimediates, while
amass spectrometer, equipped with Q-TOF detector, operated in ESWwasdgsed to obtain the
molecular weight of the complexes. 500 MHz nuclear magnetic resonande) (M4 also
used to obtain high resolution proton spectra to determine the splitting pattern in thiicaroma
region. This can illustrate the disappearance of protons in the complex sphetmeacompared
to the ligand spectra, which is indicative of complexation. The 300 MHz NMR wasaused t
obtain'®C spectra of the ligands and complex&sother tool that was used in characterization
was X-ray crystallography, which elucidates the geometrical coatavmof the complexes,
such as planarity, bond lengths, and angles around the platinum coordination center.aElement

analysis was also of use in determining the composition of the synthesized asnplex
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After characterization, the focus then shifted to the underlying faasp®nsible for this
interesting selectivity in the intramolecular C-H bond activation. For thedes, the
thermodynamic and kinetic controls of the reactions in different solvents warereed. The
last study to be undertaken involved the side reactioh2,df 3 andL 4 which will be discussed

in chapter 5.
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CHAPTER 3: SOLVENT CONTROLLED SWITCH OF SELECTIVITY DURING
CYCLOPLATINATION REACTIONS

The previous chapters have shown some important properties of platinum complexes as
well as some strategies that can be exploited in the design of platinum cesapléxs chapter
deals with the characterization of tridentate platinum complexes thairctime various
substituents that were discussed in the previous chapter as a means to ééstttieysof
cycloplatination when the solvent is switched. Techniques such as NMR, massmspegtand
X-ray crystallography were used for the characterization of thidnaegized complexes. The
ligand and complexation schemes will be shown, as will comparisons of the liganochapidxc
NMR spectra to determine where the selectivity of the reaction took place;i@ydcKystal
structures for some of the complexes. Just the reaction scheme for eaoh regidbie given in
this chapter, the reaction conditions can be found in the experimental chapter.

Complexation of the Methyl Ligand (L1) in AcOH

Synthesis of N-methyl-N-phenyl-2,2'-bipyridin-6-amin®) (

The methyl substituted ligand;l, was synthesized using the procedure shown below in

Scheme 3, where the pure product was isolated with a 79% vyield.

A N\CH3
Pd(dba),, DPPF._ ||
i > _N
NaO'Bu, toluene,
reflux 1h SN
. |
L1

79%

Scheme 3: Synthesis oN-methyl-N-phenyl-2,2'-bipyridin-6-amine



Complexation oL 1 in AcOH

After the ligand was synthesized, it was then complexed with potassium
tetrachloroplatinate (#°tCl;) in AcOH (Scheme 4). Scheme 4 illustrates the two possible
isomers from this reaction. After characterization, it was found thatdje product was that
of 1A with a 73% vyield after purification. The isomer was able to be charaxtdnzcomparing

the NMR spectra of both1 and the purified producfild) from this reactionKigure 17).

N\
| N CHs - kel
_N "AcOH.
reflux, 24h
Z N
|
X 11

73%

Scheme 4: Possible isomers of the complexatiorLdfin AcOH

The peak for the protons of the methyl group for the ligand is found at 3.61 ppm and is a
singlet. The peak for the same protons for the complex has been shifted dowrgiék ppm
and again is a singlet; however, there are two small peaks on either sidsingtbecalled
satellite peaks that occur due to the platinum’s coupling of the hydrogens in the gnetip.
These satellite peaks hav&Ja.;coupling constant of 40.5 HZ&igure 18 showes an expanded
view of this peak showing the satellite peaks. Also, the peak from the ligandd greiinp
protons has completely disappeared. The aromatic region of these speaaealsogood

indication that complexation has occurred as they are distinctly different sieying the
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distribution of the peaks from the aromatic protons. After integration of all the,pewas
found that there are 14 hydrogens in the complex’s spectra, whereas there ahe ligamd’'s
spectra, showing that cycloplatination has occurred (integration was perfoyrdetiriing the

aromatic proton peak at 6.5 ppm as one hydrogen).
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Figure 17: Comparison ot 1's (top) and complexlA’s (bottom) NMR spectra

25



6599°'S
90€S°S
LS6E°S

T { T { T { T { T { T { T { T { T { T { T { T { T { T { T { T { T { T { T
PPM 568 566 564 562 560 558 556 554 552 550 548 546 544 542 540 538 536

Figure 18: Satellite peak from NMR spectrum of compliex

From these NMRs, it was possible to identify the product of the complexatiororeatti
L1in AcOH as being the substituted product, where the C-H bond in the methyl group was
activated by the platinum metal. The crude reaction mixture was also edaiming NMR to
determine the ratio of $po s product formation. It was found that the ratio of &psg from
this reaction was 96:4.

Complexation of the Ethyl Ligand (L2) in AcOH

Synthesis of N-ethyl-N-phenyl-2,2'-bipyridin-6-amib2)

The ethyl substituted ligantd 2, was synthesized using the procedure shown below in

Scheme 5, where the pure product was isolated with an 89% yield.

26



S g
Pd(dba),, DPPF_ |
+ T > N
NaO'Bu, toluene,
HN.__~ reflux 1h NN
<
L2

89%

Scheme 5: Synthesis oN-ethyl-N-phenyl-2,2'-bipyridin-6-amine

Complexation oL2 in AcOH

After the ligand was synthesized, it was then complexed with potassium
tetrachloroplatinate (#°tCl) in AcOH (Scheme 6). Scheme 6 illustrates the three possible
isomers from this reaction. After characterization, it was found that tjug praduct was that
of 2A with a 63% vyield after purification. The isomer was able to be charaxtdnzcomparing

the NMR spectra of both2 and the purified producf) from this reactionKigure 19).

N“ 7 D
K PtCI j

reflux, 2 days

A A I
2A 2B 2C
63%

Scheme 6: Possible isomers of the complexatiorL@in AcOH
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The peak for the protons of the methyl group in the ligand shows up at 1.31 ppm and
splits into a triplet, while the peak for the primary carbons’s protons shovisiufbgopm and
splits to form a quartet. The peak for the protons of the methyl group in the complex have
shifted downfield slightly to 1.40 ppm and has a doublet for its multiplicity. géadk also has
satellite peaks with &p.4 coupling constant of 21.5 Hz. The peak for the protons of the
secondary carbon has been shifted downfield to 5.88 ppm and splits into a quartet. This peak
also has satellite peaks witliJa:.c coupling constant of 48.0 Hz.igeire 20 is an expanded
view of these peaks showing the satellite peaks. Integration was also ustdrntondethat

cycloplatination occurred.
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It is evident that the cycloplatination occurred for this complexation reactioa the
primary carbon lost one of its two hydrogens which made the peak belonging to the protons of
the methyl group to go from a triplet to a doublet. The aromatic regioroiseticeably
different in the distribution of the aromatic protons. When examining the integratiba of
peaks it is evident that cycloplatination has occurred due to the loss of a hydrogen.rd h@&re a
hydrogens in the ligand and only 16 hydrogens in the complex (integration was performed by
defining the aromatic proton peak at 6.3 ppm as one hydrogen). The crude readtioa was
also examined using NMR to determine the ratio dtesg product formation. It was found
that the ratio of shto sg from this reaction was 97:3, it should also be stated that there was no
formation of complex2C.

Complexation of the Isopropyl Ligand (L3) in AcOH
Synthesis of N-isopropyl-N-phenyl-2,2'-bipyridin-6-amin®) (
The isopropyl substituted ligand3, was synthesized using the procedure shown below

in Scheme 7, where the pure product was isolated with a 55% yield.

N N
Pd(dba),, DPPF_ ||
+ T > _N
NaO'Bu, toluene,
HN
Y reflux 1h SN
. |
L3

55%

Scheme 7: Synthesis oN-isopropylN-phenyl-2,2'-bipyridin-6-amine
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Complexation oL3 in AcOH

After the ligand was synthesized, it was then complexed with potassium
tetrachloroplatinate (#°tCl) in AcOH (Scheme 8). Scheme 8 illustrates the three possible
isomers from this reaction. After characterization, it was found that tjug praduct was that
of 3A with a 38% vyield after purification. The isomer was able to be charaxtdnzcomparing

the NMR spectra of both3 and the purified producB8@) from this reactionKigure 21).

|\ N KPIC |\ N |\ N |\ N
oPtCly
/N ACOH /N\ + /N\ + /N\
’ /Pt\ /Pt\ /Pt\
N NaR N © N ©
S |
L3

reflux, 2 days
= =

=
| | |

A A A
3A 3B 3C

38%

Scheme 8: Possible isomers of the complexatiorL&fin AcOH

The peak for the protons of the methyl groups in the ligand shows up at 1.22 ppm and
splits into a doublet, while the peak for the secondary carbons’s protons shows up at 5.42 ppm
and splits to form a septet. The peak for the protons of the methyl groups of thexchays
shifted downfield to 1.48 ppm and has a singlet for its multiplicity. This pealhatssatellite

peaks with &Jp..1; coupling constant of 17.5 HEjgure 22 is another expanded view of this
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peak with its satellite peak. The peak for the proton of the secondary carborapasatied due

to the platinum binding to this location.
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It is evident that the cycloplatination occurred at thcsipbon group for this
complexation reaction due to the disappearance of the secondary proton peak froamdhat |
5.42 ppm. Since this carbon lost its proton from the C-H activation, this peak was not observed
in the complex’s spectra. Also, the peak belonging to the protons of the methyd grasip
doublet in the ligand, but after the cycloplatination, the splitting pattern wensinglet due to
the loss of the adjacent proton. The aromatic region is also noticeably diffetieat
distribution of the aromatic protons. The crude reaction mixture was also examimgp MER
to determine the ratio of $fo sg product formation. It was found that the ratio of &psgF
from this reaction was 100:0; it should also be stated that there was no formation @x@@npl

The low yield from this reaction was due to the formation of two side products, onecbf whi
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resulted from a reaction with the solve&tifeme 9), which will be discussed in chapter 5. As
stated above, the poor yield of this reaction and the side reactions with the solveregribra
use of a different solvent for complexation. The products from these reactions pradivegch

in selectivity, which led to the formation of a different isomer.

AcOH,
reflux, 2 days

Scheme 9: Reaction ot 3 with K,PtCLin AcOH showing side products

Complexation of the Methyl Ligand (L1) in CH3CN
The methyl ligandl. 1, was complexed with potassium tetrachloroplatinat€{&L) in
CH3CN (Scheme 10). Scheme 10 illustrates the two possible isomers from this reaction. After
characterization, it was found that the major product was tHa wfith a 73% yield after
purification. The isomer was able to be characterized by comparing the pidRasof both. 1

and the purified producilB) from this reactionKigure 23).
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Scheme 10: Possible isomers of the complexatiorLdfin CH;CN

The peak for the protons of the methyl group of the ligand shows up at 3.61 ppm and is a
singlet. The peak for the same protons in the complex has been shifted downfield and now
shows up at 3.74 ppm and again is a singlet. The aromatic region of these spectrggnces
indication that complexation has occurred as they are distinctly different witsing the
distribution of the peaks from the aromatic protons, especially the proton that hakitiedrfes
downfield to 9.78 ppm, as well as the peak at 6.59 ppm from the ligand that has been shifted
downfield, by the platinum’s $gC-H bond activation. After integration of the spectra, the loss

of one of the aromatic protons was the main indication tifaE4p bond activation took place.
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From these NMRs, it was possible to identify the product of the complexatioimneaict
L1in CHCN as being the $pubstituted product, where the C-H bond in the phenyl group was
activated by the platinum metal. The crude reaction mixture was also egaming NMR to
determine the ratio of &po sg product formation. It was found that the ratio of &psg from
this reaction was 0:100.

Complexation of the Ethyl Ligand (L2) in CH3CN

The ethyl ligandl 2, was complexed with potassium tetrachloroplatinat®{&L) in
CH3CN (Scheme 11). Scheme 11 illustrates the three possible isomers from this reaction. After
characterization, it was found that the major product was ti2R wfith a 70% yield after
purification. The isomer was able to be characterized by comparing the pidRasof both. 2

and the purified producgB) from this reactionKigure 24).

Scheme 11: Possible isomers of the complexatiorL@in CH;CN

The peak for the protons of the methyl group in the ligand is observed at 1.31 ppm and
splits into a triplet, while the peak for the primary carbons’s protonsmsagek15 ppm and

splits to form a quartet. The peak for the protons of the methyl group of the complex have
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shifted downfield to 1.44 ppm and has a triplet for its multiplicity. The peak fqrttens of

the primary carbon has also been shifted downfield to 4.26 ppm and splits into a quartet.
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Figure 24: Comparison ot 2's (top) and complexXB’s (bottom) NMR spectra
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After examining the NMR spectra, it is evident that thfeGyH bond has been activated.
This can be determined not only from the different distribution of the aromatic protak's, pe
but also the integration of the aromatic protons. It was found that one of the protons in the
aromatic region had disappeared, indicating that the C-H bond on the phenyl group was
activated. Another way to tell that the reaction did not occur on the alkyl group isehat t
splitting patterns of the complex and the ligand are still identical. The aadgan mixture
was also examined using NMR to determine the ratio bfospg product formation. It was
found that the ratio of $go sg from this reaction was 7:93, it should also be stated that there
was no formation of comple2C.

Complexation of the Isopropyl Ligand (L3) in CH3CN

The isopropyligand,L 3, was complexed with potassium tetrachloroplatinat®{gl,)
in CH3CN (Scheme 12). Scheme 12 illustrates the three possible isomers from this reaction.
After characterization, it was found that the major product was tI88 wfith a 36% yield after
purification. The isomer was able to be characterized by comparing the piddRasof both. 3

and the purified produc8B) from this reactionKigure 25).

é;;g'N /Nf /ND /NT

reflux, 2 days

\l A \I

3A 3B 3C
36%

Scheme 12: Possible isomers of the complexatiorL&fin CH;CN
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The peak for the protons of the methyl groups in the ligand are evident at 1.22 ppm and
splits into a doublet, while the peak for the secondary carbons’s protons is seen at 5.48d ppm a
splits to form a septet. The peak for the protons of the methyl groups of the conyalex ha
shifted downfield and shows up at 1.60 ppm and has a doublet for its multiplicity. The peak for
the protons of the secondary carbons’s proton has shifted upfield, showing up at 4.37 ppm and

splits to form a septet.
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After comparing these spectra, it is evident that theCsp bond has been activated. Not
only has the methyl group’s proton peak been shifted downfield, but the secondary proton has
been shifted up field. Both of the alkyl peaks also retained their splittiteyqeathat they had
in the ligand’s NMR spectrum. The comparison of the aromatic regions deatesshe fact
that the platinum has activated thé €pH bond on the phenyl group due to the different
distribution of the aromatic proton’s peaks. When the integration of the aromatscvpee
examined a loss of a proton was observed, which could only occur if the platinum were to
activate the spC-H bond. The crude reaction mixture was also examined using NMR to
determine the ratio of &po sg product formation. It was found that the ratio of &psg from
this reaction was 30:70, it should also be stated that there was no formation of c@@plex

Summary of Data Obtained

The following table;Table 1, summarizes all of the data collected though the synthesis
and characterization process of this project. The most important data to takkecaw#yis
table is the ratio of the isomers from each reaction, which was determinectdny NMR
spectra of the crude product, and the yield, which is the isolated yield of thexgjordsomer

from the reaction.

Table1: The reactions df 1-L 3 with K>PtCl in different solvents

Product In AcOH In MeCN

t (h) Ratid Yield" t (h) Ratid Yield"
1A 1B 24 96:4 73% 72 0:1C0 73%
2A : 2B 48 97:3 63% 48 7:93 70%
3A:3B 48 1000 38% 72 30:70 36%

2 |someric ratio determined by proton NMR spectréhefcrude product8isolated yield of the pure major isomer.
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X-Ray Crystallography

X-ray crystal structure determination was also penéat on both of the isomers of t
isopropyl complexes3A and3B). X-ray crystallography has been one of the most ne
techniques utilized in structudeeterminatio and it is rare to find studies néwly synthesize
inorganic or organometallic compleswithout a crystal structure for its characterizat
purposes.The difficulty in preparing a crystal { X-ray crystallography is thpoor solubility of
these complexes, which makg®wingcrystals of high quality rathelifficult and tediousThe
crystals reported hexgere growrby slow diffusion of hexane fa a solution ¢
dichloromethaner the evaporation technique of growicrystals with hexane ar

dichloromethane.

Crystal Structure of Comple8A

c12 §2
O— b
\ CI1
15 c13 fACH o
C16 s— \ 0\7 &l Ny\\C1 CZ/O
C17/ — 10 ‘ ‘

Figure 26: ORTEP diagram of compl 3A, showing atomic humbering scheme
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Table2: Crystal data and structure refinement for com@kex

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

pbca

C19 H18 CI N3 Pt

518.90

100(2) K

1.54178 A

Orthorhombic

Pbca

a=28.1377(2) A 1= 90°.
b = 16.8436(5) A 1= 90°.
c = 24.7285(6) A 1 =90°.
3389.49(15) A
8

2.034 Mghn

16.965 mrh

1984

0.34 x 0.19 x 0.16 Mm

3.57 to 67.00°.

-9<=h<=9, -19<=k<=17, -28<=[<=29

34181

3015 [R(int) = 0.0405]
99.8 %

Numerical

0.1746 and 0.0682

Full-matrix least-squares én F
3015/0/219

1.153

R1 =0.0323, wR2 = 0.0943

R1 =0.0331, wR2 = 0.0949

1.093 and -1.7163.A
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Table3: Atomic coordinates ( x #) and equivalent isotropic displacement parametef (A
103)for complex3A. U(eq) is defined as one third of the trace of the orthogonaliiietért:tor

X y z U(eq)
Pt(1) 1546(1) 5572(1) 4063(1) 13(1)
CI(2) 2773(2) 4670(1) 3491(1) 27(2)
N(1) 2258(6) 5093(3) 4818(2) 13(1)
N(2) 469(6) 6308(3) 4554(2) 12(1)
N(3) -457(6) 6884(3) 3781(2) 15(1)
C(1) 3265(7) 4482(3) 4921(3) 16(1)
C(2) 3774(8) 4302(4) 5434(3) 20(2)
C(3) 3275(8) 4760(5) 5868(3) 24(2)
C(4) 2174(8) 5377(4) 5771(3) 20(1)
C(5) 1703(7) 5531(4) 5239(3) 17(1)
C(6) 609(7) 6206(3) 5095(2) 11(1)
C(7) -205(7) 6708(4) 5446(2) 17(1)
C(8) -1130(8) 7332(4) 5217(2) 17(1)
C(9) -1228(7) 7431(4) 4669(3) 17(1)
C(10) -431(7) 6895(3) 4324(2) 13(1)
C(11) 698(7) 6309(4) 3478(2) 17(1)
C(12) 2116(8) 6779(4) 3232(3) 23(2)
C(13) -298(9) 5906(4) 3030(3) 25(2)
C(14) -1380(7) 7473(4) 3494(2) 15(1)
C(15) -652(7) 8177(3) 3333(2) 15(1)
C(16) -1547(7) 8740(4) 3042(3) 17(1)
C(17) -3165(8) 8593(4) 2911(2) 19(1)
C(18) -3909(8) 7888(4) 3072(2) 19(1)

C(19) -3019(8) 7336(4) 3361(2) 16(1)
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Table 4: Bond lengths [A] and angles [°] for compla&

Pt(1)-N(2) 1.944(5)
Pt(1)-C(11) 2.026(6)
Pt(1)-N(1) 2.115(5)
Pt(1)-CI(1) 2.3029(15)
N(1)-C(1) 1.339(8)
N(1)-C(5) 1.353(8)
N(2)-C(6) 1.352(7)
N(2)-C(10) 1.356(8)
N(3)-C(10) 1.344(8)
N(3)-C(14) 1.432(8)
N(3)-C(11) 1.543(7)
C(1)-C(2) 1.369(10)
C(1)-H(1) 0.9500
C(2)-C(3) 1.381(10)
C(2)-H(2) 0.9500
C(3)-C(4) 1.393(10)
C(3)-H(3) 0.9500
C(4)-C(5) 1.395(9)
C(4)-H(4) 0.9500
C(5)-C(6) 1.487(8)
C(6)-C(7) 1.383(8)
C(7)-C(8) 1.412(9)
C(7)-H(7) 0.9500
C(8)-C(9) 1.368(9)
C(8)-H(8) 0.9500
C(9)-C(10) 1.401(8)
C(9)-H(9) 0.9500
C(11)-C(12) 1.526(9)
C(11)-C(13) 1.532(8)
C(12)-H(12A) 0.9800
C(12)-H(12B) 0.9800
C(12)-H(12C) 0.9800
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C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-C(15)
C(14)-C(19)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-H(19)

N(2)-Pt(1)-C(11)
N(2)-Pt(1)-N(1)
C(11)-Pt(1)-N(1)
N(2)-Pt(1)-CI(1)
C(11)-Pt(1)-CI(1)
N(1)-Pt(1)-CI(1)
C(1)-N(1)-C(5)
C(1)-N(1)-Pt(1)
C(5)-N(1)-Pt(1)
C(6)-N(2)-C(10)
C(6)-N(2)-Pt(1)
C(10)-N(2)-Pt(1)
C(10)-N(3)-C(14)
C(10)-N(3)-C(11)
C(14)-N(3)-C(11)
N(1)-C(1)-C(2)
N(1)-C(1)-H(1)
C(2)-C(1)-H(1)
C(1)-C(2)-C(3)

0.9800
0.9800
0.9800
1.384(9)
1.393(9)
1.395(9)
0.9500
1.378(9)
0.9500
1.391(10)
0.9500
1.379(9)
0.9500
0.9500

84.4(2)
79.32(19)
163.1(2)
178.26(14)
96.53(17)
99.88(13)
118.4(5)
128.9(4)
112.3(4)
123.6(5)
119.9(4)
116.5(4)
119.6(5)
118.9(5)
121.0(5)
122.2(6)
118.9
118.9
120.4(6)
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C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
N(1)-C(5)-C(4)
N(1)-C(5)-C(6)
C(4)-C(5)-C(6)
N(2)-C(6)-C(7)
N(2)-C(6)-C(5)
C(7)-C(6)-C(5)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)
N(3)-C(10)-N(2)
N(3)-C(10)-C(9)
N(2)-C(10)-C(9)

C(12)-C(11)-C(13)
C(12)-C(11)-N(3)
C(13)-C(11)-N(3)
C(12)-C(11)-Pt(1)
C(13)-C(11)-Pt(1)

N(3)-C(11)-Pt(1)

C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)

119.8
119.8
118.2(6)
120.9
120.9
118.5(6)
120.8
120.8
122.2(6)
115.6(6)
122.2(6)
120.2(5)
112.6(5)
127.2(5)
117.3(5)
121.3
121.3
121.3(6)
119.4
119.4
119.8(6)
120.1
120.1
114.7(5)
127.5(5)
117.7(5)
110.0(5)
109.1(5)
107.8(5)
110.2(4)
115.2(4)
104.3(4)
109.5
109.5
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H(12A)-C(12)-H(12B)
C(11)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
C(11)-C(13)-H(13A)
C(11)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(11)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
C(15)-C(14)-C(19)
C(15)-C(14)-N(3)
C(19)-C(14)-N(3)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(14)
C(18)-C(19)-H(19)
C(14)-C(19)-H(19)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.0(6)
120.8(5)
120.2(6)
120.4(6)
119.8
119.8
119.9(6)
120.1
120.1
120.1(6)
119.9
119.9
119.7(6)
120.2
120.2
120.9(6)
119.6
119.6

52



Crystal Structure of Comple38

C
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Figure 27: ORTEP diagram of compl 3B, showing atomic humbering schel
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Table5: Crystal data and structure refinement for comgBigx

Identification code plbar

Empirical formula C19 H18 CI N3 Pt

Formula weight 518.90

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=7.6378(2) A 1= 88.2820(10)°.
b = 14.7260(3) A (1= 84.6860(10)°.
c = 15.0539(3) A 1 =81.3120(10)°.

Volume 1666.33(6) R

Z 4

Density (calculated) 2.068 Mghn

Absorption coefficient 17.254 nh

F(000) 992

Crystal size 0.35 x 0.28 x 0.14 Mm

Theta range for data collection 2.9510 67.00°.

Index ranges -8<=h<=9, -17<=k<=17, -17<=I<=17

Reflections collected 28251

Independent reflections 5766 [R(int) = 0.0378]

Completeness to theta = 67.00° 97.1 %

Absorption correction Numerical

Max. and min. transmission 0.1993 and 0.0656

Refinement method Full-matrix least-squares én F

Data / restraints / parameters 5766 /0/ 436

Goodness-of-fit on & 1.144

Final R indices [I>2sigma(l)] R1 =0.0325, wR2 = 0.0844

R indices (all data) R1 =0.0329, wR2 = 0.0846

Largest diff. peak and hole 0.895 and -3.5072.A
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Table 6: Atomic coordinates ( x ) and equivalent isotropic displacement parametefs (A
103) for complex3B. U(eq) is defined as one third of the trace of the orthogonaliiietért:sor

X y z U(eq)
Pt(1) 4449(1) 6617(1) 6083(1) 9(1)
Pt(2) 1192(1) 8664(1) 1049(1) 10(1)
CI(1) 5359(2) 8045(1) 5946(1) 14(1)
Cl(2) 998(2) 7114(1) 941(1) 16(1)
N(1) 3160(5) 6795(3) 4910(3) 11(2)
N(2) 3462(5) 5433(3) 6103(3) 10(1)
N(3) 4028(5) 5030(3) 7599(3) 11(1)
N(4) 2646(6) 8699(3) -190(3) 14(1)
N(5) 1549(6) 9981(3) 1016(3) 13(1)
N(6) 572(6) 10284(3) 2540(3) 12(1)
C(1) 3060(6) 7517(3) 4347(3) 13(1)
C(2) 2467(7) 7489(4) 3512(4) 15(1)
C(3) 1990(7) 6680(4) 3226(3) 16(1)
C(4) 2103(6) 5925(4) 3814(3) 13(1)
C(5) 2678(6) 6003(3) 4652(3) 12(1)
C(6) 2768(6) 5258(3) 5328(3) 11(1)
C(7) 2119(6) 4449(3) 5215(3) 13(1)
C(8) 2145(7) 3809(3) 5912(3) 13(1)
C(9) 2740(7) 4012(4) 6707(4) 14(1)
C(10) 3435(6) 4833(3) 6802(3) 11(1)
C(11) 3113(7) 4641(4) 8419(3) 15(1)
C(12) 2766(7) 5353(4) 9165(3) 20(1)
C(13) 3970(7) 3696(4) 8761(4) 20(2)
C(14) 5563(7) 5468(3) 7654(3) 11(1)
C(15) 5937(7) 6187(3) 7080(3) 13(1)
C(16) 7566(7) 6506(3) 7132(3) 14(1)
C(17) 8754(7) 6155(4) 7744(4) 16(1)
C(18) 8307(7) 5466(4) 8341(3) 16(1)

C(19) 6739(7) 5129(4) 8291(3) 14(1)
55



C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)

3104(7)
3853(8)
4132(7)
3678(7)
2908(6)
2336(7)
2612(7)
2089(7)
1385(7)
1144(7)
1195(7)
-122(8)
1954(7)
-567(6)

-1845(7)
-3049(7)
-3004(7)
-1745(7)

-465(6)

7998(4)
8131(4)
9007(4)
9726(4)
9552(4)
10271(4)
11164(4)
11796(4)
11497(4)
10572(4)
10748(3)
11523(4)
10036(4)
9599(3)
9732(4)
9121(4)
8378(4)
8249(4)
8838(3)

-765(4)

-1623(4)
-1898(4)
-1310(4)

-455(4)
213(3)
71(4)
747(4)
1552(4)
1707(4)
3300(3)
3745(4)
3968(3)
2712(3)
3435(4)
3639(4)
3085(4)
2370(4)
2162(3)

19(1)
24(1)
21(1)
16(1)
15(1)
14(1)
17(1)
16(1)
15(1)
14(1)
12(1)
22(1)
17(1)
12(1)
15(1)
17(1)
17(1)
15(1)
11(1)

56



Table 7: Bond lengths [A] and angles [°] for compla®

Pt(1)-N(2)
Pt(1)-C(15)
Pt(1)-N(1)
Pt(1)-CI(1)
Pt(2)-N(5)
Pt(2)-C(38)
Pt(2)-N(4)
Pt(2)-CI(2)
N(1)-C(1)
N(1)-C(5)
N(2)-C(10)
N(2)-C(6)
N(3)-C(10)
N(3)-C(14)
N(3)-C(11)
N(4)-C(24)
N(4)-C(20)
N(5)-C(29)
N(5)-C(25)
N(6)-C(29)
N(6)-C(33)
N(6)-C(30)
C(1)-C(2)
C(1)-H()
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H@)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(6)-C(7)

2.000(4)
1.997(5)
2.091(4)
2.3100(11)
1.997(4)
2.002(5)
2.085(4)
2.3214(12)
1.338(7)
1.352(7)
1.354(7)
1.371(7)
1.375(7)
1.431(6)
1.503(6)
1.345(7)
1.351(7)
1.360(7)
1.384(7)
1.365(7)
1.432(6)
1.500(6)
1.379(8)
0.9500
1.388(8)
0.9500
1.398(7)
0.9500
1.388(7)
0.9500
1.471(7)
1.379(7)
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C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(11)-C(12)
C(11)-C(13)
C(11)-H(11)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-C(15)
C(14)-C(19)
C(15)-C(16)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(22)-H(22)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)

1.389(7)
0.9500
1.376(8)
0.9500
1.408(7)
0.9500
1.538(8)
1.541(7)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.393(7)
1.404(7)
1.404(7)
1.386(7)
0.9500
1.396(8)
0.9500
1.373(8)
0.9500
0.9500
1.384(8)
0.9500
1.385(9)
0.9500
1.383(8)
0.9500
1.397(8)
0.9500
1.473(8)
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C(25)-C(26)
C(26)-C(27)
C(26)-H(26)
C(27)-C(28)
C(27)-H(27)
C(28)-C(29)
C(28)-H(28)
C(30)-C(32)
C(30)-C(31)
C(30)-H(30)
C(31)-H(31A)
C(31)-H(31B)
C(31)-H(31C)
C(32)-H(32A)
C(32)-H(32B)
C(32)-H(32C)
C(33)-C(34)
C(33)-C(38)
C(34)-C(35)
C(34)-H(34)
C(35)-C(36)
C(35)-H(35)
C(36)-C(37)
C(36)-H(36)
C(37)-C(38)
C(37)-H(37)

N(2)-Pt(1)-C(15)
N(2)-Pt(1)-N(1)
C(15)-Pt(1)-N(1)
N(2)-Pt(1)-CI(1)
C(15)-Pt(1)-CI(1)
N(1)-Pt(1)-CI(1)
N(5)-Pt(2)-C(38)

1.370(8)
1.390(8)
0.9500
1.367(8)
0.9500
1.411(7)
0.9500
1.519(7)
1.529(7)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.390(8)
1.402(7)
1.390(8)
0.9500
1.389(8)
0.9500
1.374(8)
0.9500
1.410(7)
0.9500

91.67(19)
80.70(17)
167.32(18)
173.54(12)
94.73(15)
93.13(12)
92.12(19)
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N(5)-Pt(2)-N(4)
C(38)-Pt(2)-N(4)
N(5)-Pt(2)-CI(2)
C(38)-Pt(2)-CI(2)
N(4)-Pt(2)-CI(2)
C(1)-N(1)-C(5)
C(1)-N(1)-Pt(1)
C(5)-N(1)-Pt(1)
C(10)-N(2)-C(6)
C(10)-N(2)-Pt(1)
C(6)-N(2)-Pt(1)
C(10)-N(3)-C(14)
C(10)-N(3)-C(11)
C(14)-N(3)-C(11)
C(24)-N(4)-C(20)
C(24)-N(4)-Pt(2)
C(20)-N(4)-Pt(2)
C(29)-N(5)-C(25)
C(29)-N(5)-Pt(2)
C(25)-N(5)-Pt(2)
C(29)-N(6)-C(33)
C(29)-N(6)-C(30)
C(33)-N(6)-C(30)
N(1)-C(1)-C(2)
N(1)-C(1)-H(1)
C(2)-C(1)-H(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H@)
C(4)-C(3)-H@)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)

80.83(18)
169.67(18)
173.43(13)

94.45(14)

92.66(13)
119.2(4)
127.8(3)
111.9(3)
120.6(4)
125.3(3)
114.2(3)
123.0(4)
115.6(4)
120.9(4)
119.5(5)
113.1(3)
126.8(4)
119.9(5)
125.7(4)
114.5(4)
124.3(4)
115.5(4)
120.1(4)
122.4(5)
118.8
118.8
119.6(5)
120.2
120.2
117.9(5)
121.0
121.0
119.7(5)
120.1
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C(3)-C(4)-H(4)
N(1)-C(5)-C(4)
N(1)-C(5)-C(6)
C(4)-C(5)-C(6)
C(7)-C(6)-N(2)
C(7)-C(6)-C(5)
N(2)-C(6)-C(5)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8)
C(9)-C(8)-H(8)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)
N(2)-C(10)-N(3)
N(2)-C(10)-C(9)
N(3)-C(10)-C(9)
N(3)-C(11)-C(12)
N(3)-C(11)-C(13)
C(12)-C(11)-C(13)
N(3)-C(11)-H(11)
C(12)-C(11)-H(11)
C(13)-C(11)-H(11)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(11)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
C(11)-C(13)-H(13A)
C(11)-C(13)-H(13B)
H(13A)-C(13)-H(13B)

120.1
121.2(5)
115.2(4)
123.5(5)
121.5(5)
122.5(5)
115.9(4)
118.7(5)
120.6
120.6
119.5(5)
120.3
120.3
120.7(5)
119.6
119.6
120.9(4)
118.8(5)
120.3(4)
110.3(4)
116.9(4)
111.6(4)
105.8
105.8
105.8
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

61



C(11)-C(13)-H(13C)

H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)

C(15)-C(14)-C(19)
C(15)-C(14)-N(3)

C(19)-C(14)-N(3)

C(16)-C(15)-C(14)
C(16)-C(15)-Pt(1)

C(14)-C(15)-Pt(1)

C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(16)-C(17)-H(17)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(14)
C(18)-C(19)-H(19)
C(14)-C(19)-H(19)
N(4)-C(20)-C(21)

N(4)-C(20)-H(20)

C(21)-C(20)-H(20)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
N(4)-C(24)-C(23)

109.5
109.5
109.5
120.1(5)
122.0(4)
117.8(4)
117.3(5)
119.9(4)
122.0(4)
122.7(5)
118.7
118.7
118.9(5)
120.6
120.6
119.6(5)
120.2
120.2
121.4(5)
119.3
119.3
121.7(5)
119.1
119.1
118.9(5)
120.5
120.5
119.5(5)
120.2
120.2
118.9(5)
120.5
120.5
121.3(5)
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N(4)-C(24)-C(25)
C(23)-C(24)-C(25)
C(26)-C(25)-N(5)
C(26)-C(25)-C(24)
N(5)-C(25)-C(24)
C(25)-C(26)-C(27)
C(25)-C(26)-H(26)
C(27)-C(26)-H(26)
C(28)-C(27)-C(26)
C(28)-C(27)-H(27)
C(26)-C(27)-H(27)
C(27)-C(28)-C(29)
C(27)-C(28)-H(28)
C(29)-C(28)-H(28)
N(6)-C(29)-N(5)
N(6)-C(29)-C(28)
N(5)-C(29)-C(28)
N(6)-C(30)-C(32)
N(6)-C(30)-C(31)
C(32)-C(30)-C(31)
N(6)-C(30)-H(30)
C(32)-C(30)-H(30)
C(31)-C(30)-H(30)
C(30)-C(31)-H(31A)
C(30)-C(31)-H(31B)
H(31A)-C(31)-H(31B)
C(30)-C(31)-H(31C)
H(31A)-C(31)-H(31C)
H(31B)-C(31)-H(31C)
C(30)-C(32)-H(32A)
C(30)-C(32)-H(32B)
H(32A)-C(32)-H(32B)
C(30)-C(32)-H(32C)
H(32A)-C(32)-H(32C)

115.4(5)
123.2(5)
121.6(5)
122.8(5)
115.5(5)
119.4(5)
120.3
120.3
118.7(5)
120.6
120.6
121.9(5)
119.0
119.0
121.6(5)
120.1(5)
118.2(5)
110.2(4)
116.5(4)
112.5(4)
105.5
105.5
105.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(32B)-C(32)-H(32C) 109.5

C(34)-C(33)-C(38) 120.4(5)
C(34)-C(33)-N(6) 117.3(5)
C(38)-C(33)-N(6) 122.2(5)
C(33)-C(34)-C(35) 121.6(5)
C(33)-C(34)-H(34) 119.2
C(35)-C(34)-H(34) 119.2
C(36)-C(35)-C(34) 118.7(5)
C(36)-C(35)-H(35) 120.6
C(34)-C(35)-H(35) 120.6
C(37)-C(36)-C(35) 119.5(5)
C(37)-C(36)-H(36) 120.2
C(35)-C(36)-H(36) 120.2
C(36)-C(37)-C(38) 123.2(5)
C(36)-C(37)-H(37) 118.4
C(38)-C(37)-H(37) 118.4
C(33)-C(38)-C(37) 116.5(5)
C(33)-C(38)-Pt(2) 122.5(4)
C(37)-C(38)-Pt(2) 120.6(4)

The complex3A displays a planar coordination geometry. The Naghgroup is
nearly perpendicular to the coordination plane,clihis to minimize the steric interaction
with the isopropyl and bipyridyl groups. The com8B has a N*N*C coordination
geometry featuring a fused five-six-membered mataitle, where N*C denotes a six-
membered and N*N denotes a five-membered chel&titme platinum. In contrast 8A,
the tridentate chelating ligand 8B is not planar and the N-phenyl group is signifitan
bent with respect to the rest of the coordinatienrgetry. This geometric distortion from

desired square planar structure of Pt(Il) complagdikely the result of the steric hindrance
64



caused by the isopropyl group, since in a simile-six-membered platinacycle where all
three N-substituents are either phenyl or pyridings, the coordination geometry is closer

to a square plan@.
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CHAPTER 4. MECHANISTIC STUDIES

After the characterization of the complexes, the focus of the research mmnesedling
the underlying factors responsible for the interesting selectivity imiolecular C-H bond
activation. It was reasoned that the reactions in AcOH might be thermoidgfigroontrolled
while the reaction in acetonitrile might be kinetically controlled. There&meeral mechanistic
studies were performed on the complexes in order to determine the validity faboning.
The general notion of preference of §pH bond activation has been accepted; however, the
complex formed through 8€-H bond activation may be more stable than that through the sp
C-H activation because of the formation of a five-membered chelate. Ewdened metal
chelation is generally more stable than the chelation of other sizes innatimndicomplexe®
Another major contributing factor is steric interaction of the pendenk§-gtoup with the
tridentate chelating ligand. For compleXdds3A, the pendent N-phenyl group is able to adopt a
perpendicular orientation relative to the rest of the complex in order to mirtineizteric
interaction.

The studies performed for this portion of the research include isomerizatitiomeaf
complexeslA and1B, as well as a reaction and isomerizations in deuterated acetic aCiD)YAc

| somerization Reactions

Isomerization ofiB to 1A

To confirm the hypothesis of thermodynamic control of the reaction in acetjqace
complex1B was refluxed in acetic aci®¢heme 13). The Isomerization tbA proceeded
slowly but to near completion after three daiA:(LB = 96:4 from the NMR of the crude

reaction mixture).



AcOH
reflux, 3 days

1B

Scheme 13: Isomerization ofiB to 1A in AcOH

The Isomerization of this complex is likely taking place via an agdt&sl cleavage of
the Pt-C (sp) bond from1B, followed by the C-H bond activation of the methyl groug)(by
the platinum center, to give the other isonid,

Isomerization oflA to 1B

It was fairly certain that an isomerization1# to 1B would not occur; however, the
reaction was carried out to support our claim that tAsspstituted complex was the
thermodynamic controlled product. Similar to the previous isomerization, cotbplexas
refluxed in acetonitrile for three dayScheme 14), and when the crude reaction mixture was

examined using NMR, it was determined that no isomerizati@B twok place.
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CH,;CN
reflux, 3 days

1B

Scheme 14: Isomerization ofLA to 1B in acetonitrile

To try to force the isomerization to occur, a 1:1 molar ratio of HCI to coniplexas
again refluxed in acetonitrile in an attempt to allow the acid-assistedagleaf the Pt-C (Sp
bond from1A. HCI was chosen due to the fact that HCl is a strong acid that could hydrolyze the
C-Pt bond to allow the isomerization to take place. However, after examining thespidRa
of the crude reaction mixture, no isomerization was evident.

Reaction, | somerization and H/D Exchangein AcOD

When the reaction df1 with K,PtCl, was carried out in AcOD, a high degree of
deuterium incorporation was found at tr¢ho positions of the N-phenyl ring and the
methylene group, along with partial H/D exchangeedied on the pyridine ring as shown in
Scheme 15. The H/D exchange at tlwetho-position of the N-phenyl ring and the methylene
group may be interpreted by reversible bipyridimected cycloplatination reaction. The
H/D exchange on the pyridine ring is likely attainedough the bidentate cyclometalation of
the bipyridine ligand? When the isomerisation 4B was carried out in AcOD, a similar

level of H/D exchange at thartho position of the N-phenyl ring and the methyleneugr in
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the productlD was detected. There was no H/D exchange obsetwdeé position of the
bipyridine ring Gcheme 15).

A high degree of multiple D incorporation at thr¢ho positions of the N-phenyl ring and
the methylene group would suggest that equilibrium might be readily ssedbbetween the sp
and sp C-H bond activation. However, whdm was refluxed in AcOD, interestingly, no H/D
exchange was detected at trého position of the phenyl ring whereas a 90% D incorporation
into the methylene group was observ8chéme 15, 1E). These observations suggest that the
barrier for the cleavage of the-Bt bond oflA by AcOD may be too high for the reversed
process leading to the formationi to occur. The kinetic barrier for the’sp-H bond
activation must be very small so that a rapid equilibrium betwédesand1B can be established
and high degree of D scrambling at trého position of the phenyl ring in the reactionLdE
and isomerization afB in AcOD could be achieved. The H/D at the methylene group may

proceed through a dual agostic interaction, which is illustratEeir e 28.%
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L1

1B

1A

K,PtCl,

AcOD

reflux, 24 h

AcOD

reflux, 24 h

AcOD

reflux, 24 h

; D = 89%

- 90%

D D = 91%

N
| N CD, = 89%

_N_

e
Z N
]

1D

N
| N CD, = 90%
N
g ;Pt\Cl
Z >N

“~ I

1E

Scheme 15: Reaction, isomerization, and H-D exchange results
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Figure 28: Crude illustration of an energy diagram showingkinetic and thermodynam

controlledproducts for each positic

To illustrate these energyrriers leading to spand sp substituted products, a cru

energy diagram can be drawn. The bipyridineplatimomplex, intermediate ligarl-L 1,
where the platinum salt has chelated to the nititege the bipyridine itFigure 28 is considered
the starting material for this diagr. When acetonitrile is used @ solvent in th
complexation reaction, the kinetically controllg® product,1B, is formed. Aetonitrileis a
solvent with a very strongplvent coordinating abili.*® This characteristic of acetonitr may
deactivate the platinum center toward the moreadilif sg> C-H bond activation, which give
only the kinetically controlled product exclusive However, with the increase in the bulk of
N-alkyl group (methyl to ethyl to isopropyl), the steric demand foe tieorganization of th
ligand for a spC-H bond activation is increas, the difference in the activation barrier betw

sp and sp C-H activation is decreased, so the formatio3A becomes competitivéT able 1).
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Solvent Effects

To further explore the solvent effect on the cycloplatination reaction, fouraesgtere
performed usind. 1 with K,PtCl, in a mixture of acetonitrile and acetic acid. The results are
summarized imable 8. In the reaction with 50% (v/v) of AcOH and acetonitrile as the solvent,
the reaction at 98C for 48 hours gave exclusively theé €p-H bond activation product 4B, as
determined by the proton NMR spectra of the crude reaction mixture. As the avhaoatic
acid is increased, the reactions under the same conditioRS,(88h) produced a mixture b
to 1B with a decreasing ratio dB to 1A. The reaction was also tested to determine if time was
a factor in converting the kinetic controlled product to the thermodynamic produet80P6
acetic acid in acetonitrile experiment was chosen for this study. Thi®rea@as allowed to
reflux and was monitored at different time intervals (10, 20, 40, 80 h) by NMR. lowad f
that the product ration dB to 1A from 10 to 80 hours was decreased from 69:31 to 3:8b1¢

9).

Table 8: The product ratio for the reactionslof with K,PtCl, in mixed solvents at RC

AcOH-MeCN (48 h
C ‘ve .

(viv)

50:5( 100:C
70:3( 70:3(
80:2( 45:5¢F
90:1( 26:7¢
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Table9: The product ratio for the reactionlof at refluxwith K,PtCl, at varying times

AcOH:MeCN
(v/v, 80:20
time (h 1B 1A
10 69:31
20 58:4z
40 25:7¢
80 5:9t
16€ 2:9¢

Results from M echanistic Studies

All of the results reported in this chapter show that the formation of cor\levas

kinetically controlled and that the solvent played a crucial role in controllingnésical

kinetics that are involved in this reaction.
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CHAPTER 5: SIDE REACTIONS

When performing the various complexation reactions of the three ligands discusse
above, there were some side products that resulted from C-C bond cleavage as \Neb@sdC
cleavage. The ligands that experienced these interesting side reactieniserethyl ligand
(L2) and the isopropyl ligand_@). Thetert-butyl ligand (4) that was shown ifigure 16, but
never discussed, also underwent C-N bond cleavage; however, there wereatbptedincts
obtained from either of the possible isomers, only the two side products.

C-C Bond Cleavage

After the reaction ok 2 with K,PtClLin AcOH, the formation of a small amount A
(7:93 when compared ®A), suggests that the C-C bond of the ethyl group was cleaved
(Scheme 16). This cleavage is interesting to find due to the fact that the activatam of

unstrained C-C single bond is believed to be even more difficult than the C-H bond@ctivati

P 9 ¢
i

;Pt . P

N, © A~ ©
g

2A 1A

KyPtCly
AcOH,

reflux, 2 days

Scheme 16: Reaction oL 2 with K,PtClin AcOH to illustrate the side product A



C-N Bond Cleavage
When the isopropyl! ligand_@) was reacted with #tCl,in AcOH, an unexpected
mixture of products was observed. The major component was one of the predicted (3Ainers
while the other two products were neither of the other two possible isomers.ct€haireg
these side products was very difficult as they had very poor solubility. Wheerithetyl
ligand (4) was reacted with #tCLin AcOH, none of the desired isomers were produced, only
the same two side products from the isopropyl lig&théme 17). For this reactior3D was

the major product whil8E was the minor.

T
N K2PtC|4 » /N + /N

AcOH,

NN reflux, 2 days Z N _— N |/ cl

\l \l 2

L3 3A 3D 3E

/

AcOH,
reflux

A A |
L4 3D 3E

O
H H
| N N\}/ | N | N
_N KoPtCly _N_ + _N_
Pt. Pt.
A~ C / Cl
Scheme 17: Reactions of. 3 andL 4 with K,PtClin AcOH showing their products
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In order to characterize the product, several steps had to be taken. Thegfiveasto
obtain the NMR spectra of the side products. The NMR spectrum showed a signalrfaeldo
at 13.93 ppm for the major project, comp8&, which would later help in characterizing the
structure. After confirming that neither product was a desired isomérweSrun to obtain the
molecular weight of the compoundd§ m/z518(M") for 3D and MSm/z476(M’) for 3E). After
running the MS experiments, and using this data with the NMR data, the struct8ilearaf3E
were proposed. X-ray crystal structure determination was the finahstepfirming the
structure of the comple3D. As was stated earlier, these compounds are highly insoluble, and in
order to grow a crystal, the compound had to be made more soluble. Substituting tde chlori
atom for a phenylacetylene group was able to accomplishSthisrhe 18). After performing
this substitution, a crystal was grown and sent off for X-ray crystaitateidetermination, the
result of which provided some very interesting findinggre 29). It was found that the peak
at 13.9 ppm was actually due to nitrogen’s proton that had a very strong hydrogen bond with a
carbonyl group from the AcOH that had attached itself to the phenyl anging the peak to
show up very far downfield. The bond length from the oxygen to the hydrogen was very small

only 1.8 A.

triethylamine
Cul

CH,CI,

rt, 21 h

3F

Scheme 18: Reaction of substituting a phenylacetylene for the chloride atom
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Whether this hydrogen bonding exiin the process of acylation and plays a rol

directing the regioselectivity needs to be furtbeplored.
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Figure 29: ORTEPdiagram of comple 3F, showing atomic numbering scheme
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Table 10: Crystal data and structure refinement for comBigx

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.98°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

c2onc

C26 H19 N3 O Pt, C0.50 H ClI

627.00

100(2) K

1.54178 A

Monoclinic

C2/c

a = 31.5338(6) A a= 90°.
b = 8.0506(2) A
c =19.1014(4) A g = 90°.
4487.39(17) A
8

1.856 Mg#n

12.989 mrh

2424

0.34 x 0.33 x 0.21 Mm

4.77 to 66.98°.

-37<=h<=36, -9<=k<=9, -22<=|<=22

23539
3980 [R(int) = 0.0457]
99.3 %

Numerical

0.1694 and 0.0969
Full-matrix least-squares én F

3980/0/ 295

1.098

R1 =0.0274, wR2 = 0.0728
R1 =0.0278, wR2 = 0.0730
1.868 and -1.321-3.A
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Table 11: Atomic coordinates ( x #) and equivalent isotropic displacement parametefs (A
103) for complex3D U(eq) is defined as one third of the trace of the orthogonaliHetéMsor

X y z U(eq)
Pt(1) 2110(1) 5956(1) 4133(1) 14(1)
0(1) 3982(1) 6862(4) 4476(2) 30(2)
N(1) 1772(1) 4746(4) 4737(2) 19(1)
N(2) 2654(1) 5066(4) 5018(2) 14(1)
N(3) 3222(1) 6152(4) 4629(2) 19(1)
C(1) 1317(1) 4678(5) 4556(3) 23(1)
C(2) 1126(2) 3829(6) 4995(3) 29(1)
C(3) 1411(2) 3011(6) 5634(3) 29(1)
C(4) 1881(2) 3076(5) 5827(3) 24(1)
C(5) 2054(2) 3973(5) 5372(3) 20(2)
C(6) 2549(2) 4136(5) 5542(2) 18(1)
C(7) 2878(2) 3460(5) 6164(2) 21(2)
C(8) 3340(2) 3715(6) 6280(3) 23(2)
C(9) 3448(1) 4645(5) 5777(2) 21(2)
C(10) 3097(1) 5301(5) 5135(2) 17(1)
C(11) 2979(1) 7014(5) 3967(2) 17(1)
C(12) 3254(1) 7809(5) 3613(2) 20(1)
C(13) 3037(2) 8772(5) 2970(2) 21(2)
C(14) 2569(2) 8953(5) 2679(2) 22(1)
C(15) 2305(1) 8125(5) 3010(2) 18(1)
C(16) 2495(1) 7117(5) 3656(2) 18(1)
C(17) 3761(2) 7667(6) 3904(2) 24(1)
C(18) 4023(2) 8535(7) 3502(3) 33(1)
C(19) 1540(1) 6633(5) 3311(2) 18(1)
C(20) 1181(1) 6980(5) 2827(2) 21(2)
C(21) 770(2) 7470(5) 2192(2) 20(2)
C(22) 364(2) 6571(6) 2000(3) 29(1)
C(23) -20(2) 7007(7) 1382(3) 36(1)

C(24) -9(2) 8341(7) 930(3) 35(1)
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C(25) 387(2) 9254(7) 1103(3) 32(1)
C(26) 775(2) 8819(6) 1739(3) 24(1)
Cl(1) 406(1) 2198(2) 3193(1) 49(1)
C(27) 0 954(8) 2500 31(2)
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Table 12: Bond lengths [A] and angles [°] f8D

Pt(1)-C(19)
Pt(1)-C(16)
Pt(1)-N(2)
Pt(1)-N(1)
O(1)-C(17)
N(1)-C(1)
N(1)-C(5)
N(2)-C(10)
N(2)-C(6)
N(3)-C(10)
N(3)-C(11)
N(3)-H(3N)
C(1)-C(2)
C(1)-H()
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H@)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(11)-C(16)
C(11)-C(12)
C(12)-C(13)
C(12)-C(17)

1.961(4)
2.006(4)
2.029(3)
2.084(3)
1.234(6)
1.343(5)
1.353(6)
1.341(5)
1.388(5)
1.360(5)
1.391(5)
0.8800

1.383(7)
0.9500

1.378(7)
0.9500

1.386(6)
0.9500

1.391(6)
0.9500

1.474(6)
1.360(6)
1.402(6)
0.9500

1.362(6)
0.9500

1.407(6)
0.9500

1.412(6)
1.437(6)
1.393(6)
1.486(6)
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C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(17)-C(18)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)
C(19)-C(20)
C(20)-C(21)
C(21)-C(26)
C(21)-C(22)
C(22)-C(23)
C(22)-H(22)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-H(24)
C(25)-C(26)
C(25)-H(25)
C(26)-H(26)
CI(1)-C(27)

C(27)-Cl(1)#1

C(27)-H(27A)
C(27)-H(27B)

C(19)-Pt(1)-C(16)
C(19)-Pt(1)-N(2)
C(16)-Pt(1)-N(2)
C(19)-Pt(1)-N(1)
C(16)-Pt(1)-N(1)
N(2)-Pt(1)-N(1)

1.375(7)
0.9500
1.390(6)
0.9500
1.408(6)
0.9500
1.497(6)
0.9800
0.9800
0.9800
1.192(6)
1.455(6)
1.392(6)
1.395(6)
1.379(7)
0.9500
1.387(8)
0.9500
1.378(7)
0.9500
1.402(7)
0.9500
0.9500
1.764(4)
1.764(4)
0.9900
0.9900

92.08(16)
173.38(15)
94.32(14)
93.89(15)
173.76(14)
79.77(13)
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C(1)-N(1)-C(5)
C(1)-N(1)-Pt(1)
C(5)-N(1)-Pt(1)
C(10)-N(2)-C(6)
C(10)-N(2)-Pt(1)
C(6)-N(2)-Pt(1)

C(10)-N(3)-C(11)
C(10)-N(3)-H(3N)
C(11)-N(3)-H(3N)

N(1)-C(1)-C(2)
N(1)-C(1)-H(1)
C(2)-C(1)-H(1)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
N(1)-C(5)-C(4)
N(1)-C(5)-C(6)
C(4)-C(5)-C(6)
C(7)-C(6)-N(2)
C(7)-C(6)-C(5)
N(2)-C(6)-C(5)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(8)-C(9)-C(10)

119.1(4)
126.6(3)
114.3(3)
118.3(3)
126.0(3)
115.7(3)
133.6(4)
113.2
113.2
122.1(4)
118.9
118.9
119.1(4)
120.4
120.4
119.3(4)
120.4
120.4
119.1(4)
120.4
120.4
121.3(4)
115.9(4)
122.8(4)
122.2(4)
123.5(4)
114.3(4)
118.9(4)
120.6
120.6
119.5(4)
120.2
120.2
119.7(4)
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C(8)-C(9)-H(9)
C(10)-C(9)-H(9)
N(2)-C(10)-N(3)
N(2)-C(10)-C(9)
N(3)-C(10)-C(9)
N(3)-C(11)-C(16)
N(3)-C(11)-C(12)
C(16)-C(11)-C(12)
C(13)-C(12)-C(11)
C(13)-C(12)-C(17)
C(11)-C(12)-C(17)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(15)-C(16)-C(11)
C(15)-C(16)-Pt(1)
C(11)-C(16)-Pt(1)
O(1)-C(17)-C(12)
O(1)-C(17)-C(18)
C(12)-C(17)-C(18)
C(17)-C(18)-H(18A)
C(17)-C(18)-H(18B)

H(18A)-C(18)-H(18B)

C(17)-C(18)-H(18C)

H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)

C(20)-C(19)-Pt(1)
C(19)-C(20)-C(21)

120.1
120.1
121.1(3)
121.3(4)
117.6(4)
123.1(4)
115.3(4)
121.6(4)
118.7(4)
118.1(4)
123.1(4)
120.6(4)
119.7
119.7
120.0(4)
120.0
120.0
123.1(4)
118.4
118.4
115.8(4)
122.5(3)
121.7(3)
122.5(4)
117.6(4)
119.8(4)
109.5
109.5
109.5
109.5
109.5
109.5
176.3(4)
174.1(4)
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C(26)-C(21)-C(22)
C(26)-C(21)-C(20)
C(22)-C(21)-C(20)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
C(24)-C(25)-C(26)
C(24)-C(25)-H(25)
C(26)-C(25)-H(25)
C(21)-C(26)-C(25)
C(21)-C(26)-H(26)
C(25)-C(26)-H(26)
CI(1)-C(27)-CI(1)#1
CI(1)-C(27)-H(27A)

CI(L)#1-C(27)-H(27A)

CI(1)-C(27)-H(27B)

CI(1)#1-C(27)-H(27B)
H(27A)-C(27)-H(27B)

117.8(4)
120.9(4)
121.2(4)
120.9(5)
119.5
119.5
120.6(4)
119.7
119.7
119.9(4)
120.1
120.1
119.3(5)
120.4
120.4
121.5(4)
119.3
119.3
110.8(4)
109.5
109.5
109.5
109.5
108.1
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CHAPTER 6: CONCLUSIONS

Through this research, it has been demonstrated that selective formation of
cyclometalated platinum complexes through either th@sthe sp C-H bond activation can be
readily achieved by simply switching the solvent in which the reactionfigrpexd. This
remarkable solvent-controlled switch of selectivity not only offers anllextenethod to control
the product formation but also provides an interesting system for probing some ihporta
mechanistic issues associated with the transition metal-assisted C-Hcheatioms. It was
determined that the products formed from a complexation reaction in acetoméré
kinetically controlled while those formed from a complexation reaction wiajlacetic acid
were thermodynamically controlled. Based on the solvent studies, it was foutitethatio of
products also depends on time, where as more time goes by the thermodynataicls|y
product begins to predominate. Beyond this, several side reactions due to C-C and C-N bond
cleavage were also uncovered and the products characterized, which will open tbheutooe t

mechanistic studies related to the cycloplatination.



CHAPTER 7: EXPERIMENTAL
Synthesis
General:

All manipulations were conducted under a dry nitrogen atmosphere and @unhydr
conditions. Tetrahydrofuran (THF) was distilled from sodium and bennopke All other
anhydrous solvents used were purchased from Sigma-Aldrich withS&ate All catalysts and
reagents were purchased from Sigma-Aldrich, with the exceptioiK,BtCl, which was
purchased from Strem Chemicals. Commercial reagent gradentsolued chemicals were used
as obtained unless otherwise noted. 6-Bromo-2,2’-bipyridine was prefalteding the
literature procedur& Preparative chromatography was performed on silica gel 60 (0.063-0.200
mm) purchased from EMD chemicals. Thin layer chromatograplsypsgormed with silica gel
60 Fs4 plates, purchased from EMD chemical®H and**C NMR spectra were recorded on
Varian 500 MHz and 300 MHz spectrometers at 298K. Chemical sfefts reported relative to
TMS (0.0 ppm for*H), dichloromethane-d53.8 ppm for>C), chloroform-d (77.0 ppm fdr'C),
DMSO-d; (39.5 ppm for*3C) and coupling constants are in Hertz. Elemental analyses wer

performed in Analytical Microlabs, Norcross, GA.



Preparation of theLigandsL1,L2,and L3

N-Methyl-N-phenyl-2,2’-bipyridin-6-aminelL(1)

General Procedure A: To a 50 mL dry, three necked flask were added N-methylaniline
(0.16 mL, 1.5 mmol), 6-bromo-2,2'-bipyridine (235 mg, 1.0 mmol), Pd{dz® mg, 0.04
mmol), DPPF (22 mg, 0.04 mmol), sodiusrt-butoxide (115 mg, 1.2 mmol), and toluene (15
mL). The reaction mixture was refluxed under nitrogen for 1 houfter Aooling to room
temperature, the reaction mixture was quenched with water araattext with ethyl acetate (3 x
50 mL). The combined organic phases were washed with water (5(rimg,(50 mL), dried
over MgSQ, filtered, and evaporated. @The crude product was purified by column
chromatography on silica gel with dichloromethane and ethyaiecév/v: 40:1 to 20:1) to give a
white colored solid, 206 mg, 79%H NMR (500 MHz, CDC}) § 8.65 (d,J = 4.5 Hz, 1H), 8.43
(d,J=9.0 Hz, 1H), 7.79-7.76 (m, 2H), 7.47-7.39 (m, 3H), 7.32-7.30 (m, 2H), 7.27-7.20 (m, 2H),
6.59 (d,J = 9.0 Hz, 1H), 3.60 (s, 3H)"*C NMR (75 MHz, CDC}) 5 158.2, 156.9, 153.8, 148.9,
146.9, 137.5, 136.6, 129.6 (2C), 126.3 (2C), 125.3, 123.2, 120.9, 110.4, 109.4A138.2XCalcd

for C17H1sNs: C, 78.13; H, 5.79; N, 16.08. Found: C, 77.93; H, 5.70; N, 15.95.
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N-Ethyl-N-phenyl-2,2’-bipyridin-6-aminelL(2)

L2

This compound was prepared according toGkeeral Procedure A. The crude product
was purified by column chromatography on silica gel with dichletiane and ethyl acetate
(v/v: 3:1) then hexane and ethyl acetate (v/v: 5:1) to give aygldaw colored solid, yield 89%.
'H NMR (500 MHz, CDC}) & 8.65 (d,J = 4.5 Hz, 1H), 8.42 (d] = 8.5 Hz, 1H), 7.80 (dt] =
7.8, 2.0Hz, 1H), 7.74 (d) = 7.0 Hz, 1H), 7.44-7.40 (m, 3H), 7.30-7.24 (m, 4H), 6.42 8.5
Hz, 1H), 4.15 (gJ = 7.0 Hz, 2H), 1.31 () = 7.0 Hz, 3H).**C NMR (75 MHz, CDC}) § 157.9,
157.2, 153.8, 149.0, 145.7, 137.7, 136.9, 129.9 (2C), 127.9 (2C), 126.0, 123.4, 121.1, 110.3,
109.8, 45.3, 13.3. Anal. Calcd fordEl17/N3: C, 78.52; H, 6.22; N, 15.26. Found: C, 78.24; H,
6.18; N, 15.31.

N-Isopropyl-N-phenyl-2,2’-bipyridin-6-amine.@)
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This compound was prepared according toGkeeral Procedure A. The crude product
was purified by column chromatography on silica gel with atuné of dichloromethane and
hexane (v/v: 1:1) to give a white solid, yield 55%1 NMR (500 MHz, CDC}) & 8.65 (d,J =
4.5 Hz, 1H), 8.44 (d) = 9.5 Hz, 1H), 7.81 (dt) = 8.0, 2.0 Hz, 1H), 7.69 (d,= 7.5 Hz, 1H),
7.46 (t,J = 7.5 Hz, 2H), 7.38-7.33 (m, 2H), 7.28-7.25 (m, 1H), 7.21-7.19 (m, 2H), 6.Q0<(d,
8.0 Hz, 1H), 5.47-5.39 (m, 1H), 1.22 @z 7 Hz, 6H). *C NMR (75 MHz, CDC}) 5 158.4,
157.1, 153.2, 148.7, 141.5, 137.4, 136.8, 131.5 (2C), 129.6 (2C), 127.2, 123.1, 120.9, 109.7,
109.4, 46.4, 21.1 (2C). Anal. Calcd forsB19N3: C, 78.86; H, 6.62; N, 14.52. Found: C, 78.59;
H, 6.55; N, 14.42.

Reaction of L1, L2, and L3 with K,PtCl4

ComplexiB

To a dry 50 mL three necked flask were addéd(118 mg, 0.45 mmol), ¥tCl, (187
mg, 0.45 mmol), and acetonitrile (20 mL). The reaction mixture wthisxed for 3 days then
cooled to room temperature. The solvent was removed by a rotavapdheaciide product
was purified by column chromatography on silica gel with atuné of dichloromethane and
ethyl acetate (v/v: 50:1, 25:1) to give an orange sdkl, (161 mg, 73%.'"H NMR (500 MHz,

CDCl) § 9.78 (d,J = 5.0 Hz, 1H), 8.44 (dd] = 7.5, 1.5 Hz3Jpuy= 27.3 Hz, 1H), 8.04-8.00 (m,
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2H), 7.95 (tJ = 8.5 Hz, 1H), 7.60 (dt] = 6.0, 2.5 Hz, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.22-7.18
(m, 1H), 7.14-7.11 (m, 1H), 7.08 (@~ 8.0 Hz, 1H), 6.98 (t) = 7.0 Hz, 1H), 3.74 (s, 3H)**C

NMR (75 MHz, CDCl,) 6 156.5, 155.1, 151.6, 148.5, 141.0, 139.5, 138.5, 136.5, 126.2, 124.4,
122.3, 122.0, 119.0, 116.9, 115.5, 114%.¢ = 14.6 Hz), 42.3. Anal. Calcd for;#1,CIN3Pt:

C, 41.60; H, 2.87; N, 8.56. Found: C, 41.70; H, 2.78; N, 8.63.

ComplexdA

1A

To a dry 50 mL three necked flask were addéd(117 mg, 0.45 mmol), ¥tCl, (186
mg, 0.45 mmol), and glacial acetic acid (20 mL). The reactionunexwas refluxed for 24h
then cooled to room temperature. The solvent was removed by a rotarapdahe crude
product was purified by column chromatography on silica gel withxéunei of dichloromethane
and ethyl acetate (v/v: 10:1) to give an orange solid thatiosrganall amount ofa. The solid
was dissolved in dichloromethane and pllvevas precipitated by addition of methanol, 160 mg,
73%. 'H NMR (500 MHz, CDCl,) § 9.10 (ddJ = 5.5, 1.0 Hz, 1H), 8.10 (df,= 8.0, 1.5 Hz,
1H), 7.99 (d,J = 8.0 Hz, 1H), 7.68-7.65 (m, 1H), 7.60 Jt= 8.3 Hz, 1H), 7.49-7.45 (m, 2H),
7.40-7.38 (m, 2H), 7.33 (8 = 7.5 Hz, 1H), 7.13 (dJ = 8.0 Hz, 1H) 6.51 (d) = 9.0 Hz, 1H),

5.42 (s,2Jpen = 40.5 Hz, 2H)C NMR (75 MHz, CDCl,) § 159.8, 157.3, 151.5, 147.9, 144.1,
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138.5, 135.9, 130.2 (20C), 127.2, 127.1, 125.5 (2C), 122.2, 111.1, 110.0J36.4 416.2 Hz).
Anal. Calcd for G;H14CINsPt: C, 41.60; H, 2.87; N, 8.56. Found: C, 41.35; H, 2.79; N, 8.47.

Complex2B

2B

To a dry 50 mL three necked flask were add@dq137 mg, 0.5 mmol), ¥tCl, (208 mg,
0.5 mmol), and acetonitrile (20 mL). The reaction mixture wdexed for 2 days then cooled
to room temperature. The solvent was removed by rotavapor anditteeproduct was purified
by column chromatography on silica gel with a mixture of dichl@thiaine and ethyl acetate
(v/iv=100:1) to give an orange solid, 174 mg. Further purification was dgrdissolving the
solid in dichloromethane followed by the addition of methanol, The prat@pitvere collected
and dried in air, 164 mg, 709%H NMR (500 MHz, CDC}) & 9.79 (d,J = 4.5 Hz, 1H), 8.43 (d,
J = 8.0 Hz,2Jpwry = 27.3 Hz, 1H), 8.05-8.00 (m, 2H), 7.93J& 8.0 Hz, 1H), 7.62-7.59 (m, 1H),
7.51 (d,d = 7.5 Hz, 1H), 7.30 (d] = 9.0 Hz, 1H), 7.15-7.08 (m, 2H), 6.98 Jt= 8.0 Hz, 1H),
4.25 (q,d = 7.0 Hz, 2H), 1.44 (t) = 6.5 Hz, 3H). *C NMR (75 MHz, DMSO-@) § 155.7,
154.1, 150.5, 147.2, 139.3, 139.1, 138.9, 137.0, 126.4, 123.7, 122.9, 120.9, 119.9, 118.4, 116.4,
115.7, 47.5, 14.1. Anal. Calcd fordB16CINsPt: C, 42.82; H, 3.19; N, 8.32. Found: C, 42.33;

H, 2.97; N, 8.17.
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Complex2A

2A

To a dry 50 mL three necked flask were add@d180.0 mg, 0.65 mmol), #tCl, (270
mg, 0.6 mmol), and glacial acetic acid (20 mL). The reactionumaxwas refluxed for 2 days
then cooled to room temperature. It was then quenched by wateexratted with
dichloromethane (3 x 75 mL). The combined organic phases were waghedater (100 mL),
brine (100 mL), dried over MgSQand filtered. The solvents were removed by rotavapor and
the crude product was purified by column chromatography on silicavife a mixture of
dichloromethane and ethyl acetate (v/v: 25:1) to give an orange shlih was further purified
by recrystallization from CkCl,-methanol, 224 mg, 63%H NMR (500 MHz, CDC}) & 9.19
(d, J = 6.0 Hz, 1H), 8.05 (dt] = 8.0, 1.5 Hz, 1H), 7.93 (d,= 8.0 Hz, 1H), 7.62-7.60 (m, 1H),
7.54-7.47 (m, 3H), 7.38-7.35 (m, 1H), 7.30-7.28 (m, 2H), 7.06 &8.0 Hz, 1H), 6.29 (d] =
9.0 Hz, 1H), 5.88 (o) = 7.0 Hz,2Jpi.c = 48.0 Hz, 1H), 1.40 (d] = 7.0 Hz,3Jpwy 21.5 Hz, 3H).
¥c NMR (75 MHz, CDClp) 6 160.2, 157.2, 151.2, 148.3, 140.8, 138.5, 135.9, 134.3, 130.2,
127.9, 127.7, 126.9, 125.5, 122.1, 110.3, 109.7, 453 € 436.9 Hz), 23.8. Anal. Calcd for

Ci1sH16CIN3Pte0.5 CHCl,: C, 41.17; H, 3.27; N, 7.58. Found: C, 40.76; H, 3.11; N, 7.68.
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Complex3B

To a dry 50 mL three necked flask were adtd&d(145 mg, 0.50 mmol), ¥tClL, (214
mg, 0.51 mmol) and acetonitrile (20 mL). The reaction mixture netisxed for 4 days then
cooled to room temperature. The solvent was removed by rotavapor arddbeproduct was
purified by column chromatography on silica gel with a mixtur@liohloromethane and ethyl
acetate (v/v=50:1) to give an orange solid that contains 3a#nd3b. Further purification by
recrystallization from dichloromethane and hexane to give 97 mg3aues orange crystals,
36% vyield. *H NMR (500 MHz, CDC}) & 9.64 (1H, dJ = 5.0 Hz), 8.20 (dJ = 7.5 Hz,2Jpen
25.3 Hz, 1H ), 8.06-8.02 (m, 2H), 7.95-7.92 (m, 1H), 7.63-7.56 (m, 2H), 7.46<B.0 Hz,
1H), 7.27 (d,J = 8.0 Hz, 1H), 7.05-7.02 (m, 1H), 6.90 (ttz 1.5, 7.3 Hz, 1H), 4.43-4.34 (m,
1H), 1.61 (dJ = 6.5 Hz, 6H).*C NMR (75 MHz, CDQCl,) § 156.8, 155.4, 153.9, 148.3, 140.4,
139.3, 138.5, 136.3, 126.2, 123.9, 122.8, 122.1, 119.8, 119.2, 115.7, 114.6, 58.8, 23.7 (2C).

Anal. Calcd for GgH15CIN3Pt: C, 43.98; H, 3.50; N, 8.10. Found: C, 43.93; H, 3.43; N, 8.22.
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Complex3dA

3A

To a dry 50 mL three necked flask were adtd&d(145 mg, 0.50 mmol), ¥tCl, (210
mg, 0.51 mmol) and acetonitrile (20 mL). The reaction mixture netisxed for 2 days then
cooled to room temperature. The solvent was removed by rotavapor arrddbeproduct was
purified by column chromatography on silica gel with a mixtur@liohloromethane and ethyl
acetate (v/v=15:1) to give an orange solid, 99 mg, 38% yi#tiNMR (500 MHz, CDC}) &
9.09 (d,J = 5.5 Hz, 1H), 8.06 (td] = 1.5, 8.0 Hz, 1H), 7.95 (d,= 7.0 Hz, 1H), 7.62-7.60 (m,
1H), 7.53-7.46 (m, 4H), 7.22-7.20 (m, 2H), 7.08J¢& 7.0 Hz, 1H), 5.91 (d] = 8.5, 1H), 1.49
(s, 3Jpen = 17.5 Hz, 6H). ®*C NMR (75 MHz, CDCl,) & 160.8, 157.1, 150.7, 148.5, 138.5,
137.0, 135.9, 131.2 (2C), 130.2 (2C), 128.5, 126.8, 122.1, 110.0, 109.2)&5.3 458.7 Hz),
(2C) 31.6. Anal. Calcd for {gH1sCINsPt: C, 43.98; H, 3.50; N, 8.10. Found: C, 44.07; H, 3.34;

N, 8.10.
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Reaction of L1 with KoPtCl,in AcOD

D ; D= 89%

N.
| N CD, = 90%

N

A /Pt\CI

To a dry 50 mL three necked flask were addéd(131 mg, 0.50 mmol), ¥tCl (208
mg, 0.50 mmol), and deuterated glacial acetic acid (20 mL). Thkeaeanixture was refluxed
for 24 h then cooled to room temperature. The solvent was removedodbgvapor, and the
crude product analyzed by NMR to determine the level of H/haxge. *H NMR of 1c (500
MHz, CDCk) & 9.20 (dJ = 4.0 Hz, 1H), 8.08 (] = 7.8 Hz, 1H), 7.95 (d] = 8.0 Hz, 1H), 7.67-
7.64 (m, 1H), 7.58-7.55 (m, this proton is partially deuterated with ~50% dgatgy 7.47-7.45
(m, 2H), 7.33 (tJ = 7.0 Hz, 1H), 7.07 (d] = 7.0 Hz, 1H), 6.51 (d] = 9.0 Hz, 1H).

Isomerization of 1A in AcOD

D ; D=~91%

\N
| N CD, = ~89%
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To a dry 50 mL flask were added 11.2 mglafand deuterated glacial acetic acid (4.0
mL). The reaction was refluxed for 3 days then cooled to room tataper The solvent was
removed by rotavapor and the crude product analyzed by NMR to detetime level of H/D
exchange.*H NMR of 1d (500 MHz, CDC}) & (ppm): 9.21 (dJ = 5.3 Hz, 1H), 8.07 () = 8.0
Hz, 1H), 7.94 (dJ = 8.5 Hz, 1H), 7.67-7.64 (m, 1H), 7.58-7.54 (m, 1A%5 (d,J = 7.0 Hz,
2H), 7.32 (tJ = 7.0 Hz, 1H), 7.06 (d] = 7.0 Hz, 1H), 6.50 (d] = 9.0 Hz, 1H).

Reaction of L1 with K,PtCl,in Mixed Solvents
AcOH-MeCN (v/v 50:50)

To a dry 25 mL three necked flask were adddd(32.0 mg, 0.12 mmol), #tCl, (51
mg, 0.12 mmol), glacial acetic acid (4.0 mL), and acetonitrile (4.0 nThe reaction mixture
was heated to 9% for 48 h then cooled to room temperature. Aqueous workup performed by
diluting the mixture with dichloromethane and washing with distilledew (3 x 20 mL). The
organic phase was dried over MgS@ltered, and the solvent removed by rotavapor. The crude
product was then examined by NMR and the ratibadb 1b was determined to be 100:0.
AcOH-MeCN (v/v 70:30)

The reaction was carried out using the same procedure describex] extmaypt for the
solvents (AcOH-MeCN, v/v 70:30; R for 48 h). The crude product was then examined by
NMR and the ratio otato 1b was determined to be 70:30.

AcOH-MeCN (v/v 80:20)

The reaction was carried out using the same procedure describex] extmaypt for the

solvents (AcOH-MeCN, v/v 80:20; 9 for 48 h). This reaction was performed again with the

same ratio of solvent but heated to reflux and the reaction mixture was taken péyigtii; 20,
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40, 80, and 160 h) for NMR analysis and the ratibado 1b was determined to be 69:31, 58:42,
25:75, 5:95, and 2:98, respectively.
AcOH-MeCN (v/v 90:10)

The reaction was carried out using the same procedure describex] extmaypt for the
solvents (AcOH-MeCN, v/v 90:10; 9, 48 h). The crude product was then examined by NMR
and the ratio olato 1b was determined to be 16:84.

X-Ray Crystallography:

Crystals were grown by solvent diffusion method, by diffusing hexane into #osoddit
dichloromethane. A red plate crystal was selected and mounted on a glaséliber
measurements were made using graphite-monochromated Cu Ka radiation ornraABiSike
three-circle diffractometer, equipped with a SMART Apex Il CCD detedtotial space group
determination was based on a matrix consisting of 120 frames. The data was reithgced us
SAINT+°, and empirical absorption correction applied using SADABStructures were
solved using direct methods. Least-squares refinement for all structiwesmiad out of>.

The non-hydrogen atoms were refined anisotropically. Hydrogen atoms weeel jrh

calculated positions and allowed to refine isotropically as riding modeisct@e solution,
refinement and the calculation of derived results were performed using thex$Hphckage

of computer program¥. Details of the X-ray experiments and crystal data are summarized in

tables in chapter 3 section 3. Selected bond lengths and bond angles are given iblésese ta
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