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Abstract

Artificial lighting serves as a fundamental necessity to the daily lives of the global
population, and consumes around¥2®f universal energy production. Although significant
progress has been made to the design, fabrication, and synthesis of bluenitghg @liodes
(LEDs) since their first discovery in the 1990s, the efficiency and quality of these light sources has
yetto reach a limit. As an advancement to inorganic LEDs, organic light emitting diodes (OLEDS)
produce thinner and more flexible disptaghnologies. Therefore, increasing attention in both the
synthetic and materials chemistry communities has been dedlitavards theynthesis of new
molecular scaffolds for application in OLED technologies. Bdvased molecules are some of the
most pomising and highlight the importance of heteroatoping in new OLED structureBue
to its inherent electrophilicityhe inclusion of neutral boron moieties into carb@ased materials
entirely perturbs the overall electronics of the system and tramsftire molecules into much
better electron acceptors chapter one, an overview of strategies for developing novel-main

group materials is highlighted, and relevant seminal discoveries are detailed.

The work highlighted in this dissertation spans a-frear effort to further understand and
expand the known chemistry pblock elemenbased polycyclic aromatic hydrocartso Chapter
two of this dissertation focuses on the synthesis and characterization of -fugedeN
heterocyclic germylenes (NHGe). 8e extremely twisted and bent NHGes laid the preliminary
synthetic foundation for our subsequent studies on luminellekaterocyclic boranes featured in
chapter thre€lhe tunability of their fluorescence color designates these fused NHBs as promising

candidates for functional maigroup materials.

While electron deficient borebhased compounds are quite common, nucldicpecies

are exceedingly rare, and the majority are highly reactive. However, with the optimum conditions,



anionic species can be stabilized and their reactivity can be harasgsederful nucleophiles in
synthetic chemistryChapter four of this digstation details the challenging synthesis and
structural characterization of&rbened-borafluorene monoanions. Notably, we prepared six
novel carbeneoordinated borafluorene moanions via two electron chemical reduction of their
corresponding neutraltetracoordinate starting materials. Furthermore, thearBened-
borafluorenes were demonstrated to react as nucleophiles with metal halide substituents.
Alternatively, when the bafluorene anions are introduced to diketones, the carbene ligands are
dispaced and new borebased spirocycles are accessed. In chapter five, the redox chemistry of
the borafluorene monoanions was probed with elemental selenium which resulted in thiefiorma

of new borylsubstituted selenides and diselenides, many of whichlteds from 2,6

diisopropylphenyl migration.

Chapter six of this dissertation focuses on expanding the structural and electronic tuning
of the 9carbened-borafluorene monoanions lgodulation of the catioboron distances. When
encapsulating the potassiurations with chelating ligands, the electron fidss of the boron
center is increased. Therefore, unique optical properties of novel spirocycles can be accessed by
introducing thechargeseparated @arbened-borafluorene monoanions to diketones. Reacti
modelling via density functional theory supports the formation of the spirocycles to proceed via a
singleelectron transformation from the boron atom to the diketone, thus deatowstthe
ambiphilic nature of the-8Barbened-borafluorene monoanionsufhermore, chapter seven details
the activation of carbon dioxide by ac@rbened-borafluorene monoanion which produces the
novel trioxaborinanone. Remarkably, photolysis or théysie of the trioxaboriarone releases

carbon monoxide and a fluorescemesponse is turned on.
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Figure 2.3. Molecular structure 02.3: a) cisslPr coordinated NHGe, b) top view with
CesDe molecule, c) sIPr side view, and d) crystal pagkview with Me& sIPr centroid
interaction. Thermal ellipsoids shown at 50% probability and H atoms were omitted for
clarity. Selected bond lengths (A) and angles (°): iGHt 1.9430(14); Ge&IN2:
1.9489(14);Geli C21: 2.1321(18); N4C21: 1.359(2); NBC21: 1356(2); C2C1-C 2-6

Cl16: -NIsN2-N206: -GelGeéeacw® 16 : 15.

Figure 2.4. UV-vis absorption spectra @f1-2.3 in toluene at room temperature.

Figure 2.5. LUMO (top) and HOMO (bottom) orbital representations2d? and 2.3

depicting the delocalizatioon pyrene.
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Figure 3.1. a) Pyracendused N-heterocyclic borane with redox properties; b) bdirked
tetraazaolefin that oxidizes to the radical cation; ¢) methylated befirsee bis(diazaborole)
d) This work: neutral pyrereand benzenéused N-heterocyclic boranes featuring structural

distortions and luminescent properties.

Figure 3.2. Molecular structure 08.2: a) front view, b) side view. Thermal ellipsoids shown at
50% probability and H atoms (exceptH) were omitted for clarity. Selectdmbnd lengths (A)
and angles (°): BIH1: 1.15(3); BIN1: 1.421(7); BIN2: 1.433(7); CeC1iC2@ 1l a: 140 ;

NLiN 2/ N 1 §2:

Figure 3.3 Molecular structure 08.3 a) front view, b) side view. Thermal ellipsoids shown at
50% probability and H atoms were omitted for clarity. Selected bond lengths (&Angte (°):
B1i F1: 1.335(4); BIN1: 1.419(5); BIN2: 1.423(5); CIC2iC i@ 2 o : -N@-N 1-W2 @, C3

C2iClLiC7: 20

Figure 3.4. Molecular structure 08.4: a) front view, b) side view. Thermal ellipsoids shown at
50% probability. H atoms and awystallizd sdvent were omitted for clarity. Selected bond
lengths (A) and angles (°): BC21: 1.573(4); BIN1: 1.453(4); BLN2: 1.448(5); C1C2iC 1i a

C2a: TNEZININMI2 @, CICZICLC7: 28; C22C211 B1i N2: 6Q

Figure 3.5. Molecular structure 0B8.6: a) front view, b)view showing planarity of benzene.
Thermal ellipsoids shown at 50% probability and H atoms except for boron bound H were omitted
for clarity. Selected bond lengths (A): B41: 1.140(17); BIN1: 1.426(2); BLN2: 1.426(2);

N1i C2: 1.4166(18); @i C2:1.395(2);C1i C 3 1.398(2)
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Figure 3.6. Molecular structure 0B.7: a) front view, b) view showing planarity of benzene.
Thermal ellipsoids shown at 50% probability and H atoms were omitted for clarity. Selected bond
lengths (A): BIF1: 1.3906(12); BiF2: 1.3853(12)B1i N1: 1.5690(13), BIN2: 1.5678(13),

C1iN1: 1.3266(1); C1i C2:1.3968(12); @i C 3 ©.5062(12)

Figure 3.7. Molecular structure 08.8: a) front view, b) view showing planarity of benzene.
Thermal ellipsoids shown at 50% probability and H atoms wer#euhfor clarity. Selected bond
lengths (A) and angles (°): BN1: 1.4436(19), BIN2: 1.440(2), BiC12: 1.609(6)C13 C12

B1iN1: 93

Figure 3.8. Molecular structure 08.9. a) front view, b) view showing planarity of benzene.
Thermal ellipsoids shown at $®probability and H atoms were omitted for clarity. Selected bond

lengths (A): BIN1: 1.439(7), BLN2: 1.460(7), BLC12: 1.589(8).

Figure 3.9. a) UV-vis absorption 0.1, 3.23.4; b) emission oR.1, 3.23.4; c) UV-vis absorption
of 5-9; d) emission 06-9. All samples were dissolved in toluene and ran at room temperature.

Compound2.1, 3.223.4 were excited at 380 nm adb-3.9 were excited at 310 nm.

Figure 3.1Q Molecular structure a8.11 a) front view, b) side view. Thermal ellipsoids shown at
50% probability and H atoms were omitted for clarity. Selected bond lengths (A) and angles (°):
B1i C15:1.5669(19)B1i N1:1.4291(18)B1iN2:1.4272(18)CLiCZIC i@ 2 a : TNRiN 1M1

N2 0,,C3C2CLC7:11; C22C21i B1i N2: 49

Figure 3.11.a) UV-vis absorption 08.10and3.11; b) emission 08.10and3.11. Samples were
dissolved in toluene and run at room temperatoenpound3.10was excited at 365 nand3.11

was excited at 380 nm.
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Figure 4.1. a) Reported boryl anions with cation contacts; b) hydrogen atom abstraction under
reducing conditions; c) borafluorene dianion; and d) Lewis -btglized borafluorene

monoanions (this work).

FigurdMokheductsimrears -BFanGAaAMm@&agd.(4bg .,(5¢c) ] a-BE NHC
ani én(®dg.(7ed .(8f )] . Ther mal el lipsoids shown at

omitted for clarity.

Figure 4.3. Solid state structures df5 (a) and4.8 (b) depictng polymeric and cyclohexameric

structures.

Figure 4.4. Plot of HOMO of (a) [NHGBF] and (b) [CAAGBF]. EDA-NOCV deformation

densities (c) o (1) and (d) ofof(2d) &EBdoop at ed

[NHC-BF]. Chargelbw red blue(isosurface = 0.003).

Figure 4.5. Bonding models considered for EDA, a) Singlet fragment dacoeptor model, b)

Triplet fragment electrosharing model.

Figure 4.6. Calculated isotropic ottf-plane NICS(1)z values (ppm) at the B3LY-P3(BJ)/def2

TZVP level of theory.

Fi gdit&CI D pl ot s-BFhhnda) b-BNHGH&]osur face = 0.03)
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Figure 4.8. Molecular structures of reactivity products 8f12 (a-d respectively). Thermal
ellipsoids shown at 50% probability and H atoms were omittedl&oity. Selected bond lengths
[A] and angles [°]:4.9: B1i Aul 2.223(6), PllAul 2.2969(13), BlAuli P1 164.85(16)4.10;
B1li Gel 2.2079(104.11: B1iSel 2.103(6)Sei C35 1.926(5)4.12: B1i Aul 2.184(3), PlAul

2.3361(7), BLAULi P1 175.04(8).

Figure 4.9. Molecular structures o4.13 (a) and4.14 (b). Thermal ellipsoids shown at 50%
probability and H atoms were omitted for clarity. Selected bond lengths [A]:B18O1
1.5103(15); B10O2 1.5156(15); O1C13 1.3796(14); OZC20 1.3801(14); CI1X20 1.3565(f);

14: B1i O1 1.52(3); B1O2 1.57(3); OLC13 1.42(2); ORC14 1.35(2); C18C14 1.30(3).

Figure 4.10. Normalized absorption (solid) and emission (dashed) specttd®fred) and4.14
(blue). Solutions were dissolved in THF and ran at room temperature ddaon¥p13was excited

at 410 nm and compourdl4 was excited at 370 nm.

Figbrae) PheSkh eavalbetbyobyclic galdiybormaawminhr &3¢
di ani onPbwi th 8etivation of el ementails sefl eani girnc

13 metal analogue of CO containing an Al =Se m

Fi g2 e Di gietsalofi mahge s-amps$ Sa)20b & m@ g Roarraen goef) an
53( col O;r I508);s(s5b); (56); (f ( mMbX(dmwamg &8¥(r add) . @eystal s

are magnified by 40x ofnsamoopimagal fmedr oscope

Figur@&MobeB8ul ar S2Z5caetruersepsecdfi vel y) . Ther mal e

probability wi-¢®moHdiana@amesd anadlcvhamti toymi tted fo
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Figur®obedul ar 5S.{fa) dta@@me.s DhHer mal el l i psoids ¢

with H atoms omitted for clarity.

Figur.e Ca.lcul ated r @b, atkiJ) emfofdrre @ hedn @redhice § eofne otf a
sel enitlhm-S&WMP 2/ drezfWd / B DL3Y(PB J )S/VdPe f(2S MD, Tol uene)

theory.

Figur.e PA.ogs of the -HOM®). (5a0e faonrdmaH@ME) deards i(tdi) ¢
of the pairwise orbitsahlariinntgemédiHile resftfi @m tole c
flow for the def &rbrhaitei.omAsdercg iattieas iind erradct i on

! OnlUpatheis shobwm,irseedyES3logfemr at oms omitted

Fi guGlea) Exampl es ofe styakbourryall | § niuonnitsgs ebd) B C
spirocycles -obt Bbmecdff unomem®e monoanion and d

Lewi sstpaabiirl i zed boracyclic radical s.

Figure 6.2. Plots of the electrostatic potential (ESPpdf (a) and6.3 (b), B3LYP-D3(BJ)/TZ2P
(COSMO, THF), isosurface fron2.5e2 (red) to +8.0€ (blue). Plot of the calculated isotropic
1B nuclear shielding 06.1 with respect to BFK(THF); distance (TPSSh/@seg2 (CPCM,

THF)) (c).
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Figure 6.3. Molecular structures @.1 (a), 6.2 (b), 6.3 (c), and6.4 (d). Hydrogen atoms omitted
for clarity and thermal ellipsoids shown at 50% probability. Selected bond lengtt&JAR1i
C1 1.505(3), BLC23 1.609(2), B1C34 1.598(3), BlK1 3.2363(19)6.2: B1i C1 1.519(7), B1
C23 1.586(8), BIC34 1.617(8), B1--K1 5.911(6);6.3: B1i C1 1.495(2), BLC23 1.601(2), Bl
C34 1.616(2) B:-K1 6.891(2)6.4: B1i C1 1.504(3), BLC23 1.607(3), BLC34 1.600(3), B-

K1 8.095(2).

Figdta) Boron nucl eoxpli fesmr dacty|)viacCap @ 2Ccb g«
Fr usterd Lewis Pairsbycnpompgadli aratdond)iDdi sBOWO I | ¢
synthesis of trioxaborinanone Iy ®&modaé¢l umireat

CO to form the fluorescent di oxaborinanone.

Fi gum2eMol ecul ar ®2t(ray c7tainideg s oy dr ogen at oms omit
t her mal el l i psoids shown at [5Q% B obad7i8( 4y,
O3 1.5318(13)1%. 3GIO(23)1,. 4410223 )1,. 3GAO33)1,. 20:BO43) ,
1.210({@3 ,1.CR401PR).;5429{A3B)L. B74iOQL11) 222BDRLT7), (

1.3113{Q2%)1. 5511i0818) 39€3(16) .

Figdr.8alcul ated relagsi kg) imbdée eholgiwmlet On of
forrhat B3hleYD®B ( BJ )T/ZdvePf/ 2 DB BRI E/VdPe ( SMD, Tol uene)

theory. Al t her mochemi cal atal.ues computed at
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Figur®l dgtdg. of the reacil&dta)f magmdgrbt) . o rPbiott a lod
densgictyc) i ndicating chardgélahdowhkeetbweseni HOEMSs

to the total gfabiktFaRlmoEngsegaabhiuehi ¢és the amount

el ectron density (red: chardesodaplfatciecor, OblOWda
Figur®or mal iozed iawoms (sol i d | ine) and eSwilsustiioonn s
were dissolved in THF and rannmat room temper a
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Chapter One: Introduction and Overview
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1.1 Overview of MainGroup MaterialsChemistry

Situated on the outer edges of the periodic table,-grauap elements have predominantly
been the focus of fundamental resedoetthe past 30 years However in thepast two decades,
there has been a tremendous shift towards expandinggraip chemistry into the horizon of
advanced materials chemistry. The magioup elements comprise tise and p-blocks of the
periodic table (Figure 1.1)Due to th& inherently different electronic properties, magmoup
molecules have been shown to adopt unique structures that have given rise to new or unusual
bonding modes that are not commonly observethibonrbasedcompoundsMany of the early
studies on makgroup chenistry were exclusively aimed at investigating and further
understanding the structure and bonding of such elerhEotsexample, elements below the third
row of the periodic table were once believed to not be able to exhibit multiple bonding. However,
numenpus studes have since shown that heavier nrgrioup elements can demonstrate double and
triple bonding?* Multiple bonding betweemp-block elements is vital for materials applications in
order to achieve the exted e-donjugated networks that are necessary for electron traNsier.
that more is known about the majroup elements, researchers in the field are awaitetile
different structural and bonding environments represent promising targets as functitaré!m

that possess unig@ectronicfeatures thus leading to significantly enhanced properties.
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Figure 1.1.Main-group elements th@omprisethes- andp-blocks of the periodic table.

Furthermore, one foundational goal of maimoup chemisiyr research has been the
development and discovery of new trends within the groups of the periodic table. Specifically,
studies which explore thelifferences in reastity, structural geometries, and electronic
environments of elements within a certain graare of high interest to synthetic majroup
chemigs. As an example of this, carbon can be considered an outlier to group 14 since its valence
orbitalsare very tose in size, and therefohgbridizevery easily. However, silicon, germanium,
tin, and led all have differently sized valence orbitals thus mixing is more diffiEigtre 1.2y
¢ Because of this, the lone pair of divalent Si, Ge, Sn, and Pb hasdfighacter and is essentially
inert while the lme pair of carbon(ll) is highly reactive. Therefore, the engabybital on the

heavy tetryleness more reactive, and can be filled with a donor liga@taptertwo of this
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dissertationfocuseson a more detailed discussion of théferences between -Neterocyclic

carbenes and germylenes.

R
c:
N-Heterocyclic Carbene N-Heterocyclic Tetrylene R
(NHC) (NHE)
. , . highly reactive R*s--
donation into p orbital empty p orbital R’ I
‘Q R, -
,Ge Increasing
‘!’b R R R Stability
RD (\2 R,
2 . g R R
sp* hybridized
high s character R,
relatively inert R.Pb ¥

Figure 1.2. Differences in the orbitals and stability of divalent carbon vs heavier group 14

elements.

1.2 Motivationand Strategie$or Incorporating MairGroup Elements into Aromatic Systems

Due to theaforementionedirastic differences in electronics and structural properties that
can be observedith main-group elements, researchers have been interested in incorporating them
into carborbased aromatic systei&The e pl acement or fdopingodo of
differentp-block element has been showrmtamatically alter the electronic properties of aromatic
systems and result in unusual photophysical propdeigsphosphorescence, thermally activated
delayed luorescenceaggregation induced emissiofMherefore, tis strategy op-block element
fidopingd has beereavly used in synthetic chemistry as a means to access novel molecules for
materials applicationsFor example, Rivarét. al haveshown that incorporation of bismuth into
a carborbasedheterocycle results in duamission via fluorescence and phosphorescence
promoted by the enhanced sirbit coupling available within the excited states of bisniuth.

While this just represents one example of the photophysical pegpérat can be achieved with
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main-group elements, many other studies ewisich featurep-block elements within polycyclic
aromatic hydrocarbon (PAH) systeMsDue tothe distincly different commercially available
reagents pdongo PAH g-bleck eements ean de kxtremely challenging and creative

synthetic routes are necessary.

There are three common routes to synthesiasgr oup el ement fidoped?o
A) FaganNugent reaction (metallacycle transfer), B) & exchange, and C) salt elimination
via lithiation (Figure 1.3) While other strategies exist for isolating such nrgroup species, these
are the most comam within the field. Route A consists of the formation of a zirconium heterocycle
bearing cyclopetadienyl (Cp) substituents, and subsequent additioa ofairgroup halide
electrophile (EX; E =p-block element, X = halide) to yield the new heterocy&fé.Route B is
commonly used in boron chemistry for tfmmation of new bronbased heterocycles, and
involves the synthesis of a tin or silicarorganic ring. The addition of a boron trihalide to the
Sn/Si heterocycle then generates the desired Hmeed system via elimination ob¥RX, (Y =
Si or Sn)**%5 In Route C, an initial lithiation takes place at the desired positions for the main
group elemenplacementandsequentiaaddition of an EXreagent eliminates LiX and yields the
new heterocycleAlthough thereare specific benefits to using certgirblock elements for
particular materiakbased applications, this thesis only focuses on the chemistries of germanium

and boron.
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Route A: Fagan-Nugent Reaction (Metallacycle Transfer)i

Cp Cp
i 4
RO \R ex RELR
\ /, ——= 5 N\ J/
- CpoZrX,
R R R R

E = p-block element

* Route B: Sn/Si-B Exchange

R R
Y s
Re/'N\~R 58X, R R
R R R R

Y =Snor Si

Route C: Salt Elimination via Lithiation

Figure 1.3.Three different routes to synthesizing ngewlock element contalng heterocycles.

1.3Common Ligands used in Ma@roup Chemistry

In maingroup chemistrythere ardawo differentcarbonbasedigandsthat arecommonly

used for stabilizing new moleculds:heterocyclic carbenes (NHE}° and cyclic(allyl)(amino)

carbenes (CAACY 22 are both popular strongzdonor ligands that have been shown to stabilize a

plethora of both makgroup and transition metal compleX&sgure 1.4) Due to tle presence of a

guaternary carbon in CAAC ligands instead of the second nitrogen atotawest unoccuped

molecular orbital{LUMOS) o f

t hese

car benes

a r -acceptiognigands.

The absencef one nitrogen atom decreases theeteon donation into the empprorbital of the

carbene carbon and therefore destabilizes the LUMGome instances, CAACs have been

capable of stabilizing low oxidation statein-group species that NHCs have been unabté&o.

and

These ligands are also highly tunataled the Rgroups can be optimized based on the steric bulk

necessary to stabilize the desired lealent species Although thesecarbene ligandare less
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common in mairgroup materials chemistry, thhevere essentidbr isolating reduced borafluorene

spedes and will be further discussed in chapfers andfive of this dissertation.

R R
/
N N
£
R
R R
NHC CAAC
o-donor stronger o-donor

r-acceptor  stronger z-acceptor
Figure 1.4.Structuref electron donating carbemased ligands. Meterocyclic carbene (left)

and cyclic(alkyl)(anmo) carbene (right).

1.4 GermaniumBased Materials

This subsection describes the importaand motivation for designing novgermanium
materials andservesas abrief introduction to chaptetwo of this dissertationDue to its
semiconducting propeds, elemental germanium has beesed in a variety of electronic
applications including fibeoptic systems, photovoltaics, and light emitting diotf&sermanium
has also beewidely used as maingroup catalysfor the formation of organic polymet52°
Given the minimal difference in electronegativity between germanium (2.01) and silicon (1.90),
in comparison to carbon (2.55) studies on germanium have been [#hifadrefore the high
natural abundance and low cost have allowed siliodreused more extensivefgr commercial
applications. However, there has been an ongoing demand for regulating the elgotiparties
of organic materials for their specific applicatiptiausit is important to consider a wide range of
elements for tuning the electronic states of functionaéreds.Given the lower ionization energy

of germanium (7.900 eV) than silicon (B168 eV) and higher bond dissociation energy ofia Ge
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C bond (298 kJ md) than a SiC bond (290 kJ md), germaniurrcontaining organic

heterocycles should be sufficiensitable for materials applicatiohs.

Within the last two decadesumerous novel germaniubase heterocycles have been
prepared and have had drastically different photophysical properties than their carbon or silicon
analogues33 Rivardet al.reported a teaithienylgermole that displayed enhanced emission via
the formation of aggregates in mixed solvefitsloreover,dithienogermoles have proven to be
promising targets for photoluminescent materikle to their higher stability. In 2016shita and
coworkers synthesized a timethylsilyl-substituted cyclogermoxane which was highly
photoluminescenn solution andas asolid with quantum yields up to 80%. Additionally, it also
acts as a nitroaromatic sensor due to its decreased luminescence intensity upon exposure to the

aromdic vapors:®

While NHCs have been used for a wide range of applicatibes heavier analogues,-N
heterocyclic germylenes (NH&edhave gainedttention in catalysis and supramolecular chemistry
due t o t heaccepting abilitee$13§>LIm order to access different degrees of electron
accepting abilities, several types of NHGes have been meiBigure 1.5 NHGes of typeA*°
andB**2have one germanium atomavhilh e f or binding and most <cl o
NHC ligand®!’ Bidentate NHGes of typ&*® have been shown to be able to bind transition metal
chelate complexe#\s a means to buildxtended -conjugated networks, Halet al prepared a
rigid ditopic NHGe D).** Most recently, Yang and coworkers prepared a triphemybesed
tritopic germylene with three divalent germanium atof&s*f Notably, this system could be used

to prepare supramolecular materials. While allaf@ementioned NHGewvith the excepion of
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type C are planar, structurally flexible NHGes are rare. Ourkvwam highly twisted pyrenéused

N-heterogclic germylenes is described in chapt&o of this dissertation.

Selected Examples of N-Heterocyclic Germylenes:

R R

EN\ N\

| Ge: @: Ge: Ge G
NI NI 0
R R
A B (o

. /7
SN
W adaWw
O R
'.GeI\N G

\
R

Figure 1.5.Reported examples of monali-, and trinuclear Nheterocyclic germylenes.

1.5 PyreneBased Materials

This subsectiorhighlights the PAHpyrene, its use in organic electicsy and lays the
foundation for our interest in novel pyrehased maigroup materialsin photochemistrypyrene
is the epitome ofchromophores for photochemical research due taunigue luminesag
properties. Under ambient light, pyrene exists aagellow crystalline solid, however when

irradiated with UV light, pyrendluoresces blugFigure 16 i right). The modernization of the

distillation process of coal tar and the hydrogenation of hard coal has produced large amounts of

pyrene, making it redily accessible and inexpensive for commercial “‘4s@. addition, the

functionalization of pyrene dt10 positions has been the focus of many studies and has facilitated
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the devéopment of an entire library of pyrefilsed organic electronics for uses such as organic
light emitting diode$/*° organic field effect transtors>° andphotovoltaicS*°2 Positions 13 and

6-8 are designlkt edi @rs oeasieretd nioalifp &a electrophilic substitution
with the exception of the 2 andpbsitions (Figure 8.1 left). 1,3,6,8tetrabromopyrene can be
isolated in high yields and used as a precursor to an array of new-¢anictionalized pyrenes

by Suzuki or Sonogashira coupling reactiohs.

>R

Room Light

7

K-region

UV Light

Figure 1.6. Numbering system of pyrene showmred. The nofK-region and Kregion are

highlighted in green and blue respectively (left). The color of pyrene under room light and UV

light (right).

However, due to the-2nd 7postions lying within a node, substitution at these positions
is more dificult. In an effort to bypass these challengesiepg can beeduced to 4,5,9,10
tetrahydropyrene followed by electrophilic substitution and subsequent rearomatization, but these
are multistep and lowielding processed.he 4, 5, 9, and 10positionsof pyrene are considered
t he-r @ i o n 0 ubatanthilly anore challenging to functionalize, but are interesting as a

means t o pr e-popjugated systenes.nCtheektyo Ut e f or reaching py
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regiono funct i o nogidatioz a pyiersyg ruthenivmglil) eheosde dandh sodim
periodate toaccespyrene4,5-dione and pyrend,5,9,16tetraone* An alternative approach to
generate 4,5,9,3unctionalized pyrenes is by the protection of thea@d 7postitions bytert-

butyl groups tdorce bromina i o n  art e g iPPG&AhE.Method of substitution was essential
for the isolation of the pyrereisedN-heterocyclic germylenes and boranes discussed in chapters

two andthree

1.6 Boron-BasedMaterials

In this subsection, borebasedmaterials are introduced, and our motivation for designing
thenew moleculeshat are described within chapténseefive of this dissertatiomare highlighted
here Recently boron has gaeredsignificant attentiorfrom boththe synthetic and materials
chemistry fields due to its promising propertaessirable forelectronic applications™ When
boron exists in &ricoordinatestate an empy p.-orbital is available for acceptindeetrons andt
canthenp ar t i c rcpnmdaton(Figare 17).5%64 Because of this, the replacement of carbon
with boron in PAH materials results in lower LUMO levels and renders the system to be better
electon acceptorsThis is exceptionally useful when designimganic systemwhich require an
electron acceptor moiety for accessing thermally activated delayed fluorescence in organic light
emitting diode$>"! In congruence withheir electron acceptingbilities, boronbased units have
been combined with nitrogesontaining electron donor groups to access dacoeptor materials.
BN-doped molecuke have been targeted by synthetic chemists due to thé&ir®nds leing
isoelectronic to a GC bond’? Therefore, the replacement of #Cbond in an organic system
with a BIN bond results in the same overall electron valenbpwever imparts novel

photophysical properties on the mateffg° Furthermore, borobvased materials have been used
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for a variety of other electronic applications including organic field effect trans#ttrs,

sensor$>8” and photovoltaic8*

/e-\ e extended p-conjugation

B e lower LUMO levels
e unique bonding modes
e unusual electronics
e improved photophysics

Figure 1.7. Schematic depicting the empty-orbital of boron accepting electrons.

1.7 Introduction toBorafluoreneChemistry

Herein, the chemistry of borafluorene will be introduced which is the focus of chapters
four andfive of this dissertationOne key example of an instance when the replacement of a
tetracoordinate carbon atom with a tricdioate boronthat results in drasticall different
photophysics is that of borafluoreAeall-carbonanalogue, fluorene, exists as a white sthlat
emits violet under UV lightvhile borafluorene is a yellow solithat emits a yellowgreen color
underUV light. Because of its unique photoystical properties, borafluorene has become a popular
building block in materials chemistf{}.92°” Borafluorene is an antiaromatiensembered ring that
is flanked by two pényl rings (Figure B).%® From a fundamental standpoint, the chemistry of
borafluorene has gained interest due to itsterte as an antiaromatic species, and studies which
encompass changing its electronics to be more aromatic have been high*mpact.

9

fluorene borafluorene
Figure 1.8. Structures of fluorene (left) and borafluorene (right). The numbering of borafluorene

is shown in red.
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The presence of the emppy-orbital on tricoordinate boron species renders them to be
exceptionally reacte, and strategies to stabilize these madésiare imperative for further
understanding the chemistry of borafluorene. One key way to stabilize borafluorene moieties and
render them aistable for photophysical studies is by using a bulky cabizsed goup (e.g. 1,3,5
tri-isopropyphenyl or 1,3,8ri-tertbutylphenyl) to sterically phibit undesiredreactvity from
occurring at borof® 10101 Although these trafluorene species aisolable, they limit other
electronic tuning that can be explored because of their sterically crowded boronWelikerthe
tetracoordinate fluorene, borafluorene can accept two electrons from a Lewis base into its empty
p-orbital and form adducts which display distinctly di#at luminescent properties than the
tricoordinate borafluorené§? This also allows for the stabilization of electron deficient or electron
rich borafluorene species due to the kinetic stabilization achieved from fillingdHhgtal with a
donor ligand.The 9-bromo-9-borafluoreneis the most commonly used starting material for
borafluorene chemistry sindecan easily be isolataed highyieldsv i a | i t h idiarommoo n o f
1 , -Aighenyl and subsequent salt elimination viitiron tribromideln addition, faving a halide
at the 9position of borafluorenepens up the potential fonany possible reactions txcur at
boronl® Severalstudies havelso beerreported for methods to attach other functional groups
(fluorine, methoxy, amine, and thiophene) to th@ dositions on the flanking phenyl rings for
imparting different degrees of Lewis acidity on the boron céfitel?+108

Borenium ions represent a class of positncharged tricoordinate boron species with the
general formula ofl[BR2]" (L = ligand; R = generic functional grou) 1°°13Due to their strong
Lewis acidity, borenium ions have been used in chemical systhaed catalysist>!® Although
their electronic properties have been studied in terms of synthesis, the optical properties of

borenium ions have only gained attention in recent Yé&t& The use of neutral twelectron
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Lewis basesnstead of on@lectron covalent carbdmasedgroups(e.g. 1,3,5rimethylphenyl or
1,3,5triisopropylphenyl)as ligands allows for the accessible synthesis of borenium ions. By this
strategy, the boron center isoth electronically and sterically satisfiecenderingelectronrpoor
boronbased cations isolablén 2019, Gilliardet al. isolated anew class of carbene stabilized
borafluorenium ions by halide abstraction from the tetracoomlinatafluorene adduct®’ The
presence of a bulky NHC or CAAC on thebBomo9-borafluorene is essential for stabilizing
borafluorene cations (Figure 119 left).)%” Notably, the methoxy substituted-crbened-
borafluorene cation displays tmeochromic propertiesAt room temperature in solution, the
cation is red, however aB7 °C the cation turns colorless. This color change is a result of the
oxygenatom from the methoxy substituent interacting with the emppbybital of the boron atom

of the borafluorene catidifrigure 1.9 right). In the case of the borafluorenium heterocycles, they
exist as colorful solids that have rshifted absorption propies from the neutral tetracoordinate

carbenecoordinated borafluorene starting mater{&gure 1.9 left).

NHc/cl:AAc . Roon(;i3 Temperature Intermolecular ch/ Temperature
: B ' Thermochromism
N I .. ... N - 3
' Q O . . ® (?j-Batomof @
: E /BE borafluorenium ion ] . \BF
'\, borafluorenium ion : k\’}\o/ : C:kO’
LL """""""
- é Intramolecular
) Colorimetrics
SN O
. “
— . I
Optical Tuning L = NHC or CAAC

Figure 1.9.Molecular structure and optical tuning of the borafluorenium ions (left); mechanism
of thermochromism and colorimetricebserved in the boraluorenium ions (righfhhe

hexafluoroantimonate counteranions are omitted fronctsires for clarity.
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Alternatively, one electron chemical reduction of the neutral tetracoordinate carbene
coordinated borafluorenes with potassiumphite results in stable borafluorene radicafs.
Notably in this study, the presenoéan NHC or a CAACyields tunable colorsof the radical
species. The NH®orafluorene radical is a deep blue color whileGAeAC-borafluorene radical
is a deep purple coldFigure 1.10) A more detailed discussion on the tetectron reduction
chemistryof borafluorene and iteeactivity withseveral substrates can be foumahapterdour

andfive.
L

L.
\ /Br

§

L = NHC or CAAC

7 i
et FEEEN

T RN
P’ Y

CAAC:

NHC:

neutral radical

Figure 1.10. Molecular structures of neutral tetracoordinate and radical tricoordinate
borafluorenes (top). Reaction solutions depicting the tunablescofdhe radical species that are

dependent othe carbene ligand (bottom).
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Chapter Two: Pyrene-Fused NHeterocyclic Germylenes
Containing work that was originally published in:

Krantz, K. E.; Weisflog, S. L.; Yang, W.; Dickie, D. A.; Frey, N. @lebster, C. E.; Gilliard, R.
J., Extremely twisted and bent pyrefosed Nheterocyclic germylene€hem. Commur019,

55, 1495414957.
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2.1 Introduction tdPyreneBased Materials

Polycyclic aromatic hydrocarbons (PAHs) have gained significkntson in materials
chemistry for their unique photophysical properties useful for organic light emitting diodes
(OLEDs)!?* photovoltaicsi?#12¢ field-effect transistor$2”1?8 organic electronic&***! and
sensors32133 pyrenel® a highly aromatic molecule comprised of four fused benzene rings, is a
ubiquitots building block for synthesizing exceptionally conjugated compotifid€, or
polymeric material$3#142While many of these fusethg systems are planar, nonplanar or twisted
conjugated molecules are rapidly emerging due to new applications in nonlinear'6pfits,
semiconductors?® OLEDs!*® and electronic devicéd! Notably, tvisted molecules have
displayed improved stability, enhanced solubility, and provide chiroptical prop&tti€s
deeming them versatile in new materials. A new category of distorted #ileoRAHs termed
pyrenefused twistacenes have recently been developed and show imminent promise towards
incorporaton in OLED device$>® Twisted pyrendused molecules are often charactediby the
degree of their torsion angle at the carbon atoms in thegkon of pyrené>*1s?

Until recent years, the investigation of the electronic properties, utilityagpiccations of
nonplanar aromatic compnds have been limited due to challenging synthetic routes. Several
approaches exist for twisting aromatic systems with multiple linearly fsgd!°**% while
methods for synthesizing nonplanar pyrased rolecules of 2ings or less remains sparse.
Although synthetic strategies to yield twisted or bent pysased molecules have been repadrt
all of the examples are exclusively orgatit *’By incorporating blky phenyl rings to the silyl
substituents on pyrerfased azaacenes, Mat&tonso has established overall twist angles up to
24° (Figure2.1a) 5% 1%8Conversely, Bodwell has developed a strategy of tetherirggigidnts at
the 2 and Zpostions on pyrene to produce a negative curve in the wtewsith bend anglé®’
up to 109° (Figure.1b).15" 180 As the number of fusedngs increase, molecules becomere
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flexible and acenes of 4 or more fusdugs display large twist angles up to 17852 161162
However, pomoting high degrees of structural twisting in PAHs with 3 or fewer linearly fused
rings is rare ad highly challenging from a synthetic perspective.

Within the last decade, multinuclear germyléfe¥*> 183 have been isolated, and all
conform to a planar molecular geometry. Unlike the strodglpnating Nheterocyclic carbenes
(NHC), N-heterocyclic germylenes (NHGe) display less nucleophilic character and pedtien
as electrophile$.%41%5 Owing to the less effective valence orbital overlap leetwge ma ni u mo s
sandp orbitals, hybridization is minimal® and therefore the electronics at the germanium atom
are vastly different from the lighter carbene analogues. Inspired by the fiyrieaekbiscarbene
chemistry by Perid® we initially targeted this ligand for coordination to mairoup elements
(Figure 2.1c). Unfortunately, the free bisarbene linked by pyrene is not stable amdsitu
deprotonation was necessary favoaination to Rh and Ir. We found this method to be
unsuccessful for bisarbene coordination to a significant number of rgamup Lewis acids. We
then desired to i s ol-etbhene analogue avithlgermahiuneiesteadl lofe a v y

carbon (Figure.1d).
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a) Mateo-Alonso

b) Bodwell

c) Peris: pyrene-fused bis-carbene

R O R nucleophilic
' ' carbon
N N /
w L
free carbene not 4 N-
isolated, no twisting R R M=Rh, Ir

d) This Work: Extreme Twisting of Pyrene Core

electrophilic
/ germanium

’

-End-to-End Functionalization
-Twisting at K-Region

Figure 2.1.a) Twisted pyrene by incorporation of bulky silyl substituents; b) Tethered substituents
to produce a bent pyrene; c) Planar, pyfrsed biscarbene; d) This work: Extremely twisted

pyrenefused germylene.

Herein we report @ew syntheticstrategy, molecular structures, and computations of a
duakaced pyrendused NHGe. Remarkably, these molecules represent the first examples of
highly twisted pyrendused germylenes, and they demonstrate the largest reported twist angles

spaning only twolinearly connected aromatic rings of pyrene.
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2.2 Synthesis of Pyrertased NHeterocyclic Germylene

The starting tetramine2(l) was synthesized using a Buchw#ldrtwig amination-®
Lithiation of 2.1 with n-butyllithium and subsequent salt elimination with germanium dichloride
dioxane adduct gave the pyrefused germylene(2) in 75% yield (Schemg.1). The!H NMR
spectrum oR.2 revealed a downfield shift in resonance from 1.26 to 1.85 ppm farthtens on
the N-(tert-butyl) substituents. This can be attributed to a decrease in electronic shielding by the
nitrogenbased electrons that are now involved ingymmetric interactin with the germanium

atoms.

J( O % 1) 4 n-BuLi
HN “ NH  2) 2 GeCl,sdioxane -
- - Et,0 o

24 :
Scheme2.1. Synthesis of highly twisted pyretiesed Nheterocyclic germylene.

To elucidate the structural properties of compo@risingle crystal Xray diffraction
studies were performed. Yellow rathgped air and moisturesensitive crystals oR.2 were
obtained from a concentr at e d2a)t Quiprisiaglyebotlsthd ut i or
NHGe rings and the pyrene linker digpla severe distortion from planarity (Figure2d.
Significantly,tws t angl es of 49A and 64A were observed
respectively (Figure.2c). The twisting oR.2 at the pyrene core is completely different than that
of 2.1, which shav 0° twist angles Unfavorable steric interactions between Mwtert-butyl)

substituents and the hydrogen atoms on pyrene influence the twisting. Notably, the degree of
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twisting at the aromatic core with only two linearly fused benzengsiis substantially larger than

the longempyrenefused azaacendsvist anglesup to 24°)153 158,167

Figure 2.2. a) Pyrendused NHGe, b) view showing ngplanarity d both the pyrene linker and
N-heterocycle, and c) view down N atoms depicting twist angles. Thermal ellipsoids shown at
50% probability and H atoms were omitted for clarity. Selected bond lengths (A) and angles (°):

Gel N1: 1.871(3); GellN2: 1.868(3); C1C2-C8-C9: 49; NIN2-N3-N4: 64.

In addition, the 64° N-IN2-N3-N4 twist angle is significantly larger than the reported 20
32° angles of phenysubstituted heptaceri€$and tetacene diimide$> 1%°The severe degree of
twisting in2.2is also much more substantial than the slightdisbaped distortion observed in the
bis-carbenelr compaund with the same pyrene cof®The GeIN1 [1.871(3) A] and G&IN2

[1.868(3) Albond lengths ar@ithin the range of reported G single bonds (1.833.118A).4%

44-45

2.3 Reactivity oPyreneFused NHeterocyclic Germylene

Due to the electrophilic nature of the germanatomswe were interested in how changes

to the electronics would affect the twisting of the pyrene core. Lewis basic trimethyl phosphine
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(PMes), 1,3bis(2,6diisopropyphenyl)imidazoi2-ylidene (IPr)}” and (2,6diisopropylphenyh
4.,4-diethyk2,2-dimethykpyrrolidin-5-ylidene F?CAAC)'’° were screened as possible donor
ligands. However, no coordination to Ge was observed duedk donor strength or sterics. Thus,

the smaller, yet strongl{+donating NHC 1,3-diisopropyt4,5-dimethylimidazoi2-ylidene(sIPr),

was selected which readitpordinated to the electrophilic Ge atoms to afford comp@umhds a

yellow solid in 41% yield (Scheme2). In the'H NMR spectrum, a downfield shift in r@sance

from 1.85 to 1.99 ppm was observed for the protons on nitrogen benttaityl groups. A broad

singlet resonance at 6.68 ppm was attributed to the methine protons on the sIPr ligands. The
significant downfield shift compared to 3.96 ppm for the fcarbene supported coordination to

the germylene.

J
N
:6¢ 2 NHC } jl( i ) \k |
‘N toluene Sy " N= e
—A A~ B A~
2.2 2.3

Scheme 2. Synthetic route to cisIPr coordinated bigermylene complex

Yellow block-shaped airand moisturesensitive single crystals &f3 sufficient for X-ray
diffraction were grown from deuterst benzene. Interestingly, the structural distortio@.8fis
completely different tha2.2 and coordination of the carbenes flatten out theterehd twisting
(Figure2.3a). Rather than an overall twisted structure, a negatively curved pyrene cadeiith
angle of 141° is observed. A bend of the pyrene core to this extent is remarkable since there are

no linkers distorting the planarity as shown in the bent-ligck pyrenophaneseported by
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Bodwell 157 160171 Additionally, this concave shape is unique because the pyrene core is titted out
of-plane towards the carbene ligands rather than away. Notably, the sIPr ligands add cis to each
other on the same face of pyrene which induces an unusuait-plaine dstortion of theert-butyl

groups on the nitrogen atoms to accommodate steric repulsion. Jadddi®n produces a pocket

for a benzene solvent molecule and allows for interaction with the sIPr ligands in thstataid

packing diagram (Figur2.3b). Twist angles are obserd [C2-C1-C2-61 6 a-NHN 2Nl 6

were 5° and 7° respectivelplut significantly less tha@.2. A torsion angle of 15° for the C21
GelGedC® 16 atoms indicated that the sl P23c) i gand
The GeT N1 (1.9430(1% A) interactionis slightly longer thar.2. This was attributed to a
decreased inductive effect of the nitrogen atoms as the grgubjtal on the germanium atoms is

now occupied by carbenes. TGel C21 (2.1321(18) A) bond lengthvgthin the reportedange

for typical Gé C single bonds (1.968.192 A)}"#174 An intermolecular interaction between one

methyl groupontheslIPrligandttee r i ng of a nei ghbor i nbgervedo! ec ul

[Me---sIPr centroid = 3.43 A ] in the crystal packing diagram (FigL.8d).
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Figure 2.3. Moleclar structure 0R.3: a) cisslIPr coordinated NHGe, b) top view withs[%
molecule, c) sIPr side view, and d) crystal packing view wittd MEPr centrad interaction.
Thermal ellipsoids shown at 50% probability and H atoms were omitted for clarity. Selected bond
lengths (A) and angles (°): Gidd1: 1.9430(14); G&IN2: 1.9489(14)Geli C21:2.1321(18); N4

C21: 1.359(2); NBC21: 1.356(2); CX1-C2-61 06 : -MIsN2-N206: -GelGezac 16 :

15.
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2.4 Photophysical Properties of PyreRased NHeterocyclic Germylenes

To gain insight into the absorption properties 22 and 2.3 UV-vis studies were
performed. Absorption maxima f&.1-2.3 were exhibitedat 369, 378, 384 nm respectively

(Figure2.4).

1.2
1.0

0.8

0.6 -
- 21

— 2.2
2.3

0.4

Normalized Absorption

0.2 1

0.0
' ! ! | ! | N I N I ! |
300 350 400 450 500 550 600
Wavelength (nm)
Figure 2.4. UV-vis absorption spectra @f1-2.3 in toluene at room temperature.

A sl ight bat hegwas abseived fra@ilitof28. Iniorder 8 acquire a
better understanding of the electres)icomputations were performed at the B3LYP/BS1 level of
theory. Based on TIDFT, theamaxof 22was as si gne g+ fta@nsitiomevhilé theG e
amax0f23wa s as si g n e wansttian. Thehbeoad shifts in the Ws spectra oR.2 and
2.3 were attributed to fluxional behavior in solution, and the inversion barriers for twisting were
further studied by computationgigure A4.11-12). Analysis of MO results indicate that the

HOMO for compound®.2 and 2.3 is mostly delocalized across the pyeelinker, with some

54



extension to the N atoms of the heterocycle (Figube The LUMO in2.2 is a Gep-type orbital,

while the LUMO in2.3 is delocalized on pyrene. The Ge lone pair orbita &is HOMO-4,

which is consistent with the experimental alvsgions. In2.3, the Ge lone pair is HOMQ, due

to enhanced nucleophilicity resulting from NHC coordination. Additional MOs andDFD
resultsare provided inAppendix IV (Figures A4.4A4.3). To explore how the twisting of the
structures affect the aromgty of 2.2 and 2.3, nucleus independent chemical shift (NICS(0))
calculations were conducted at the B3LYP/BS2 level of theory. NICS(0) values for the pyrene
rings that link the NHGe heterocyclesar2 were less negative3.66 and-2.86) thar2.3 (1 3.87

andi 3.87) andree pyrene {3.99 and-4.03), which supports decreassmdmatic character due to

twisting (FigureA4.8-10).

-4.183 eV -3.666 eV

Figure 2.5. LUMO (top) and HOMO (bottom) orbital representation @and2.3 depicting the

delocalization on pyrene.
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2.5 Sutmaryand Outlook

In conclusion, we have prepared the first examples of pyftesesl Nheterocyclic
germylenes. Notably, compoundsind3 possess exceptional twist or bend angles as a result of
unfavorable steric interactions between the pyrene corénaridi(tert-butyl) groups. We envision
that these molecules can be utilized as functional building blocks for-gnaup element
molecular materials chemistry where the Ge atoms participate in electron transfer or bind to other
metals/element centers. Wes@lexpect that thinew strategy will be successful for isolating
distorted PAH compounds which incorporate other rggoup elements and these studies are

currently underway in our laboratory.

Futureinvestigations irthis area wou need toexplore thesteric effects that larger N
substituentge.g. phenyl or2,6-diisopropyphenyl) would have a the strutures ofthe pyrene
fused NHGeslIncreasing the size of sultsent bouml to the Natoms is expected to result in more
twisted and struarally distored pyrene cores. Additionallyt would be impetant to explore
pyrenefusedNHGes with smaller Nsubstituats (e.g. methyl or ethyl)n effort to flatten the
pyrene core outurthermorestudies with a wider rgyeof substrates would also give mamsight
into thereactivity profile of thepyrenefusedNHGes.For example, reactions between the pyrene
fused NHGe and transition metal carbonyl compoumdsid be important in order toompare

with previously reportednonomeric NHGg3°
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Chapter Three: Pyrene and BenzeneFusedN-Heterocyclic
Boranes

Containing work that was originally published in:

Krantz, K. E.; Weisflog, S. L.; Frey, N. C.; Yang, W.; Dickie, D. A.; Webster, C. E.; Gilliard Jr.,
R. J., Planar, Staf8tepped, and Twisted: Modulating Structure and Photophysics in Prghe

BenzeneFused NHeterocyclic Borane<Chem. Eur. J2020,26, 1007210082.
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3.1 Introduction to NHeterocyclic Boranes

The dramatic increase in the synthesis of chemical compounds that ¢dhisti@rocyclic
borane (NHB) (GN2B-R, also called diazaole) moieties may be traced to the seminstovery
of boryllithium 1”176 Since then, anionic NHBS (i.e., borylligands)have been widely used as
ligands in mairgroup’®1® and transition metal chemistt§£1% particularly in the synthesis of
compounds featuring new heteronuclear bonds. Additionally, diazaboroles and their polymeric
analogue¥*%2have been synthesized for their photolnescent properties potentially useful for
optoelectronic device$*1% Fusing multiple NHB nits together in a "Jandgpe" fashion, and
thus adding an element of bifunctionality, has received significarsttydtention. These types of
compounds are extremely rare, mostly due to synthetic difficulty and thermodynamic inst¥bility.
Cowley and coworkers isolatedcationic pyracentused NHB that displayed multielectron redox
behavior due to the | igando6s 3h)P°1"%¥Monereteotly,r eadi |
Kinjo etal. reported borofbased tetraamintigylene radical cations derived from the bdmgked
tetraazaolefin (Figur8.1b)1% Last year Weberet. alisolated and structuitg characterized a
methylated benzerieised bis(diazaborol€Figure 3.1cY°° Notably, this was the first example of
a benzendused bis(diazaborole) that was characterized structurallyXimy diffraction.
However, photophysal data was unable to be obtained due to rapid decomposition -@isUV
samples. Other examples of fudeHBs with benzer@' and quinon®? cores have been

incorporated into field effect transistors, but theiustoral properties were not studiddespite
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these advances, a comprehensive study of both the structural and photophysical properties of
fusedNHBs linked by polycyclic aromatic hydrocarbons (PAHS) is hitherto unknown.
a) Cowley
R! R1—|@|5@
\ !

A
N G
A

R

R
R' = 2,6-diisopropylphenyl
R?=1
b) Kinjo c) Weber
R! R? R! R?
\ ’ \ ]
N N N N
R2— 4 I . _R2 R2— s . _R2
\
N-~N’ N N’
' [\ ' [y
R1 R1 R1 R1
R' = 1,3,5-trimethylbenzene R'= phenyl
R? = CgHg, 4-F-CgHy, 4-Bu-CgH, RZ=Br

d) This Work: Neutral Pyrene- and Benzene-Fused
N-Heterocyclic Boranes

1 1
R\ ,R » twisted or stair-
N N stepped pyrene
R2- ¢ *5=R2 e« NHB-functionalization
\N N’ at K-region of pyrene
Rl1 \R1 « fluorescent molecules

. e rigid structures
aromatic| = pyrene or benzene

« BR%-dependent emission
R' = Bu; R? = H, F, Ph, (F),, or n-Bu
Figure 3.1. a) Pyracendused N-heterocyclic borane with redox propedj b) borylinked

tetraazaolefin that oxidizes to the radical cation; c) methylated befizsea bis(diazaborole) d)
This work: neutral pyrereand benzenéused N-heterocyclic boranes featugnstructural

distortions and luminescent properties.

Owingt o b or o mpAbrbitaletimepntoyporation of boron into aromatic systems can
result in” -conjugation, important for inducing electronic properties useful in optoelectfBnics,
203205 sensor technologff: 62 887 206and fluorescent dye872°8 Pyrene, a bluehromophore, has
served as a ubiquitous building block in electronic devitesrecent years, boretioped pyrene

based molecules have become popular with rgesap chemists, with the goal of understanding
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structureproperty relationships in new functiainmaterials® 58 63 20219 For example, tethering
boron to pyrene is known to reduceethUMO energy and increase the acceptor character by
lowering the energy needed for absorption and emis$ich® 22222 However, studies of
compounds containing boron bound to pyrene have been limited due to challenging synthetic
routes associated with modifying pyreii¢??®Indeed, functionalization at the-#egion of pyrae
often requires mukstep syntheses with low overall yields, and electrophilic substitution at,the 1
3-, 6-, and 8positions is preferred (i.e, where the HOMO i#&s527228 Recently, we have been
exploringdoping PAHs with boroff? 197 123and attachingnaingroup element fragments to the
K-region of pyrene. This lead to the first pyrdnsedN-heterocyclic germylenes (NHGe), which
display extremely twisted molelew structureg?®

Herein we report the syntheses, molecular structures, photophysical properties, and
extensive computational studies of pyreard benzenéused NHBs (Figur&.1d). Remarkably,
the pyrene derivative8.2-3.4 and 3.11 are the first examples of compounds in which an NHB
moiety is fused to the Hegion of pyrene, and they display twisted or ssé@pped structures. In
contrast, the benzeriased compound8.6-3.9 are planar and possess tunable optical properties
based a the electronics of the NHB moieties. It is noteworthy that these are the firstNitisl

that exhibit fluorescent properties spanning the full visible spectrum.

3.2 Synthesis of Pyrertaised NHeterocyclic Boranes

We began our studies by synthesizingegramine with sterically demanding-(2,6-
diisopropylphenyl) groups. However, due to low yields in the nrsi#fp synthetic route we
switched to the less bulkiX-(tert-butyl) tetramine ), prepared using a Buchwaltartwig
amination (Schema.1).1%® Dehydrogeation ofland BBATHF at 110 AQas@ave ¢
paleyellow solid in 77% yieldin the'H NMR spectrum, a downfield shift in the resonance (1.26
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to 1.66 ppm) assigned to the(tert-butyl) protons represent thecrease in electron density at the
nitrogen atoms, where the lone pairs fill frerbital of boron. A resonanacgas not observenh

the'B{*H} NMR spectrum, which was attributed to quadrupolar line broadening.

Scheme3.1. Synthesis of pyrentusedN-heerocyclic boranes.
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