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Abstract

The works described herein are focused on the investigatiophoto, thermal and CQ
responsive properties of borgontaining” -conjugated systema order todevelop ann-depth
understanithg of the relationship &veen molecular structure and photophysical propesaties

to furtherexpand the application fields

Rapid progress in theeld of N,G and C,Cchelateorganobororphotochromic materialgver the
pastten yeardiasbeenfocused orthe impact of different-conjugated backbones and the effects

of different substituents on ttehiral boron centerDespite the weltlevelopedhature of this field
limitations still exist such as the need to have at least one bulky mesityl group present on the
boron atom To remedy this deficiency, we investigated a series edlkyl substituted
benzylideneamines with boryl groups attached at thesition with the goals of siplifying the
starting materiastructures of photoactive organoboratésrthermore, we hoped to incredker
reactivity in order togeneralie their photoreactions for the preparation of a variety of B=N
containing 7 and 8membered ring systenmwith four different substituents on the B=N unit
Thesekinds of N,C-chelate organoboron compounioisaring two bulky mesityl groupdisplay
efficient photoisomerization, initially generating colored boriranes, which undergo a subsequent
multistructural tansformation at roortemperature involving a {dtom transfer and 1-Boryl

shift to give the final 8nembered B=Nembeddeding systemsFurthermorethe highly reactive
nature of organoborates with simplified imine donors allows for achiewfficient
photoisomerizatiomccurringwith two phenyl substituents residing on botomgenerate the final
7-membered B=N embedded ring systemkich is the firsexample for this typef organoboron

photoisomerizatin.



Chiral N,Gchelate organoboron comgnds bearing two differéraryl groups (phenyliolyl,
naphthyl) at the boron center have bdeund to undergo regioselectivie photoisomerization,
generating vaous #membereding systemsvia H-atom transferFurthermore, functionalized
with nonbulky heterocycle substient (thienyl) of this kind of N,Cchelate organoboron
compounds enables quantitative phototransformations vyielding chiféB,Sembedded

heteraycles.

The impact of intramolecular H boimg) and r”* interactions on photophysical properties of
laterally appendedD-"-A triarylboron compoundswith biphenyl unis were studied
systematically. Some of these compounds have been found to displagcent response toward
CO.. To further improve the CQsensing propertiegshree new alkymincappended B -A
triarylboron have been found with the ability to capture, @@h the formation of carbamic acid
and detect Cowith, obvious fluorescertolor change, higtsensitivity andyoodreversibility. In
addition, this system is also effective as fluorescdiaat+ono temperaturegprobes due to the

dynamic BY N bond dissociation/association.
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Chapter 1

| ntroducti on

Since boron has an emppy orbital, it is capable of acting as an electron acceptof! @yd
organoboranesare attracting tremendous research interestthimm fields of photochemical
reactivities’? organic synthesis and catalySisnion sensin§! nonlinear optic§ organic light

emitting diodes (OLEDSY!

This chapter starts with ra overview of photophysical andphotoclemical process

photochemistry obrganobororcompoundsanda brief introduction of bnzylideneamine N,C
chelate organobon compoundsfollowed by a comprehensive introduction ghotophysical
propertiesand anion sensing apptiations oftriarylboron materials Recentresearchprogress

towards CQsensing strategiasill be mentioned at the end

1.1 Photophysical and PhotochemicalProceses

There is intimate relationship between light and mé&tters theenergy ofphotors, whichis
proportional t o the phqtao hefiasisfered empdcificcatb@ grn et i ¢
molecules inducing electronic transitionsfter the photon is absorbedhere are several

pathways for the excited molecule to lose its enstgh as thasshown inFigure 1.1¥ Based

on the absorption of organic molecules, investigations in the fields of photophysics and

photochemisir developed rapid!y”



Luminescence

A+ ho (Radiative Decay)
ho Degradation to Heat
—_— A¥ + hes o
A A A+ heal (NonRadiative Decay)
P Photoreaction

(Chemical Reaction)

Figure 1.1 Different pathways for aaxcitedstate species to lose its energy.

1.1.1Photophysical Processes

Photophysics refers tile series of excitatiorfabsorption ofphotonswith suitable energyand
deactivation processes(radiative or radiationless processesjailable to molecular species
(Figure 1.2 and Table 1.1§! The absorption of light promogethe molecule to ahigherenergy
electronic state with the same spin multiplicity (excited statthntaneoug (10*° s), instead of
to a higher vibrational state within the same electratate The excess energy of th&nglet
excited statean be dissipated radiativehs fluorescencby going back to the ground state or
undergo isoenergetic radiationless transitions resultingvibrationally excited molecule in a
lower electronic stte. During these processes, when the spin magltipliemains the samét is
defined as internal conversioBtherwise,a change irspin multiplicity is known as intersystem
crossing which can be either from singlet to triplet §S T.) or triplet tosinglet (T, Y S,). Since
singlettriplet transitions are spiforbidden based on spin selection rules, triplet excitedsstate
only be generatkvia intersystem crossing from the singlet excited statgs T8e excess energy
of the triplet excited statcan be dissipated radiatively as phosphorescence returning to the singlet
ground statewhich requires a change in the spin multiplicitince this transition is forbidden,
the lifetime of phosphorescence is much longer than fluorescence, which can framy

microseconds to secondébrational relaxation is a fast radiationless process, which lead to the



deactivation of th excited state to the lowest vibrational level within the same electronic state,

and it is typically governed by thietermolecularcollision between the molecules.

€ S1 *I-— ____________ >

s @) ' ® @)

S, g

mmmmm |cctronic state ——— Vibrational state == Photochemical reactions

. . 1
Tl Radiative processes  ----> J, Nonadiative processes

Figure 1.2 Jablonski diagram.

Table 1.1 Summary of photophysical processes

Process Name Time scale (s)
1 Absorption 10"
2 Fluorescence 10°-107
3 Phosphorescence 10°-10°
4 Internal conversion 10'%10°
5 Intersystem crossings( Y) 10'%10°
6 Vibrational relaxation 10%-10"2

1.1.2Photochemical Processs

Photahemical reactions aieduced by the absorption of light by moleculesccess the excited
states which are with high reactivity compared with the corresponding ground states due to the

changes in chemical and physical propefiéghis excitation leads to the generatifrtransient
3



reactive intermediates and has been used to generate the intended pwislueasious
transformations€.g, pericyclic reactions, isomerization procegsesich isone of thepathwag

to deactivate the excited state spefféhere are many advantages of photochemical reactions
compared to traditional thermakactions.As many photochemical reactionsise absorled
photonsand highly reactive excitestate species to perform their transformations, they do not
require additionahdditivesor catalystsand are thereforeconomic and environmentyaffriendly.

It is thesehighly reactiveexcited states and transient reactive intermedidias make the
pathway of photochemical reactions differefnom thermal reactionsallowing forthe synthesis

of thermodynamically disfavored produetith extremely largactivation barrier§?

Photoisomerizaionis one type of photocheral processwhich is defined aa structural change

of a chemical entity caused by photoexcitatidthen thephototransformation is reversible and
results in an isomeric species with distinct absorption, physical, and electronic properties, as
reflected by a change of color, luminesce, etc., then the materiatze referred to as
photochromid'® Severalclas®s of photochromic systems such as spiropytarspirooxazines

1.1, diarylethenesl.2™® fulgide™” azobenzene4.3'® were discovered and applications in
molecular switche§Y optical memory devicés® # sunglasse$? and solar energystorag&?

have been extensively investigatdibrmally, themechanism of theephotochromic systemely

on eithercis-transisomerization of a C=C or N=N or opetosed ring transition.



O =N uv O
Spirooxazine . O - o N_
NO O Vis, A
\ N 4
\
1.1 1.1a

Diarylethene

Azobenzene

Figure 1.3 Exampks of photochromic systems.

1.2 Photochemistry of Organoboron Compounds

Due to its variable coordination number, bttheecoordinate and foucoordinateorganoboron
compounds aveattractedsignificantattention leading to various kinds of materials withique
thermal reactions and photophysical mudjes Despite thisthe photochemistry of organoboron
compoundgemains widely unexplored&venthoughthe number of examples of photochromic
systens based on boron are limited compared to other organicophamic systems, the
photochemistryf organoboron compounds plays an important role in organic synérelisnds

to providenovel structures that are difficult to obtaita thermal reactions

1.2.1Photoisomerization of Three Coordinate Organoboron Componds

Triphenylboron was one of thearliest examples usedn photoreactiity studies of three
coordinate organoboron compouratscarried out by Williams and eworkers in 1967 After
irradiation of triphenylboon 1.4 in cyclohexane under nitrogen atmosphere, phenol and

phenylboronic acid were isolated as the produ@then triphenylbasn was irradiated in
5



methanaolthe desired € coupled product biphenwlasformed in low yield. The yields of €
coupled products edd be improved byfirst forming the piperidine or pyridine complexes of
triphenylboronbefore irradiationleading to aroverall yield of~82% in both case@-igure 1.4)

The nature of the solvent and other Lewis base additives (amines) plays an impmgantthe
formation of GC coupled hydrocarbon products during the photolysis of triphenylboron. As the
electron pair of the solvent or amines can donate to the vacant orbital of the boronh&om
leads to the reactivity similawith the photochemidalecomposition of sodium tetraphenylborate

(vide infra).

ap

O O O 14a piperi(_lige @B /© B(OH), OH
. N ho or pyridine hv

~829% : " . - B ——

82 O o O methanol or @ cyclohexane +

14
B hv
@ methanol

low yield

Figure 1.4 Photochemical reactivity of triphenylboron studied by Williams.

Tris(2-naphthyl)boranel 5 (Figure 15) was also foundio form CC coupled hydrocarbon
products via photolysis as investigated byRamse{? and SchusteP®. One of the major
photochemical pathways proposed by Ramsey and cowamuggests thatradiation of1.5 at
350 nm with exclusion of oxygen and water ke&ol the formation of Japhthylborenel.5a
(Figure 1.5, A) This was supportedby the detection of 1,l-binaphthyl using gas phase
chromatography before oxidatiand the isolation of cisl,2-cyclohexandiolafter oxidationof
the photolysis productg1.5a). Since Schusteand the coworkersvere unable to reproduce

Ramseyds photeybrgpsseddifferensmedthansninvotvihg rearrangement and

6



rearomatizatiomdominated by carbehoron bondchemolysis(Figure 1.5B). UV light irradiation
gener at ebsdginhgidieadichall.3bpwhich can undergo rearrangement to give the second
biradical(1.5c). The second diradical can abstract hydrogen from so(egatohexenepr add to
the double boa (R6= H or GH;A, following the second rearomatization with theslo$ the

boryl radicalto give 1,xbinaphthyl product.

e

0 o
Oxidation
1.5a 4 Q—»O:B O —_—

Figure 1.5 Phobchemical reactivity of.5reported by Ramsey (A) and Schugty.

OH

The photerearrangement of gheryl(pherylethynyl)boranepyridine in benzengvas discovered
by Eisch and covorker€® and it can be used as an efficient method to syizénd®rirene
derivative 1.6a via photorearrangement of borarie6 in donorcontaining (pyridine) solvents
(tetralydrofuran or benzene containing small amounts of pyridifle) Moreover,
unsymmetrically substituted-@,6-dimethylphenyB1,3-dimesitylborirenel.7awas synthesized
via the photorearrangement sferically hindered(2,6-dimethylphenyl)ethynyl)dimesitylborane

1.7 (Figure 1.6)



Mes Mes

MBS\ h,_)
B-C=C-Mes ———— =
Mes donor solvent B
1.6 Mes

1.6a

Mes
1.7a

Figure 1.6 Photochemical synthesis of borirene.

In 2012, Piers and eworkers described the photochemical synthesis of novdddrien bridged
stilbenel.8avia the photoisomerization of blsenzocyclborabutylidenel .8 (Figure 1.7) which
provided a new andefficient method to prepare the boroontainingladdertype conjugated
heterocyclic materidf®’ Photoinduced homolytic & bond (between boron atom and phenyl
group) cleavage of the foumembered ring is proposed to give a tetraradical intermetfiate
allows for the formation of ladder diborole.8avia new B-C bond formation. Since the diborole
1.8ahasl 4~ el e ct rotedt® exhibitHickel aroneaticppyes a whole and the annulated
aromatic benzene rings stabilize the antiaromatic soekingthe diborole product.8a more

stable than the starting materials.

iPr

Figure 1.7 Photochemical synthesis of ladder diborblga

Due to the special electronic structure of becon n t a iconjugaigd systems, they are very
useful in thedevelopmenif optoelectronic material8 In 2013, Yamaguchi and eworkers

attemptedo synthesize the ladder diborole skeletiout, insteacbbtained the I@imesitylboryl

8



substituted dibenzoborepin1.9 from bis@-bromophenyl)ethene dibronic esteia skeletal
rearrangement(Figure 1.8, AF*® Even though the dibenzoborepin skeleton hagh h
photostability®”! the 10borylated dibenzoborepih.9 showed interesting photochromic behavior
with a color change from colorless to deep bhieeboraNazarov cyclizationFigure 1.8, A)
Furthemore the use of more simplified substratesuch as dnesitylborytsubstituted
(hetero)arened..10 results ina new modeof photoisomerizationproducing the spirocyclic
boraindanesl.10c as anew class of boroo o nt a i-ekectrong systems through a [%,6]
sigmatropic rearrangement following intramolecula€®ond formatior(Figure 1.8, Bf*?

(A) oAg (1) tBuLi, Et,0

-5-0
Br B O (2) MesMgBr, THF
O /4 (3) H,0

o-B. Br

5 _
(B) —Q
«f 2 {g@f 1B

T

H Shlll

1.10 1.104 1.10b

C-C bond
formation

B
N
H S

1.10c

Figure 1.8 (A): Photoisomerization of borylatetibenzoborepin; (B): Proposed mechanism of

the photoisomerization of dimesitylbordubstituted (hetero)arene.

The intermediat®ef the photocyclization of stilbenda,4bdihydrophenanthrene (DPH}, highly

unstable, which lim# its characterization/investigatioffrigure 1.9 A). In 2018, Wang and €o



workers found thatunctionalization of DPHwith donor (NMe) and acceptor (BMgpsmoieties
1.11 yields photocyclizationintermediatesl.11awith greatly enhancedtability such that the
can be isolated and characteri8dThe amineborane decorated 4aPHs 1.11a undergo
thermal [1,5JH sigmatropic shiff to form isomes 4a,10aDPHs 1.11h Both1.11aand1.11b
are stable towards air and moisture, but dhlilaunderges oxidative dehydrogenatiowith
UV light irradiation under air yielding phenanthrene analodugsc(Figure 1.9, B)

4a,4b-DPH
Unstable

e
Mes g-Mes H p-Mes

N o e G Ty
hv
O — Y [1,5] H-shift
—N
N \
\

—N
\
1.11a 1.11b

1.1 &h v, 0,

Mes
g-Mes

Figure 1.9 (A): Photayclizationof stilbene; (B): Photocyclization of amidmrane

functionalized stilbene derivatives.

In 2017, Kinjo and cavorkers investigatkthe photoreactivity ofl,4,2diazaborole derivativeis
benzene solutiofFigure 1.10 A, B, C).[34] The BN,C; six-membered ring in the dihydroindole
derivatve 1.12 shows nochange uponlJV irradiation, whilethe BN.C, undergoes skeletal
rearrangement that was confirmed byray crystallographic analysiS’he 1,4,2diazaborole
derivative 1.13 undergoesa different mode of photoisomerization. Mechanistically,13
undergoes photoinduced refid+3]-cycloaddition to generatehe 1,4,2diazaborol3-imine
intermediatel.13a and ethylene, followed by I@polar cycloaddition between the intermediate

and ethylene to obtaitie final product1.13b. The steric effects ahe substitutes on borgiay
10



an important role in thé&,3-dipolar cycloaddition step, as evidenceddmmpoundl.14 which
bears a bulky mesityl group on the boron atdrhe photoisomerization produdtlda was
confirmed by NMR, buit is moisture sensite and can not be isolated. Finally, the chemical
trapping ofl.14a with HCI works well to obtain the adduct producii4b in 41% yield and the
X-ray diffraction analysis confirmed the loss of ethylelnethe same year, Xie and-werkers
discoveredhe photoisomerization of carborafissed threecoordinate trigonaplanar azaborole
1.15to give the first example ofarkenestabilized carborantised borirangFigure 1.10 D),
with the processbeing fully thermal reversibl&? In 2018, Liu and Beinger reported the
photoisomerization of 1;8ihydro-1,2-azaborininel.16 derivatives(Figure 1.10 E). Irradiation
(280400 nm)of a substituted 1;8ihydro-1,2-azaborininel.16in cyclohexane solution led to the
formation ofstrained bicyclidewarvalence isomet.16awith high quantum yield (46%)"%

Further irradiation with shorter wavelength UV light (254 medulted in the photolysigf the

Dewar valence isomer to the corresponding iminoborane and cyclobutadiene.

I, tBu r/ Br tBu B
(A) Ad-N O _hy AN NC-)B' © (\ - hv N=( HCI in Et,0,
B—( N-Mes T > B N-Mes — »|Ad. = N-Mes In B Mes
benzene B’ 4&( N{O N-Mes —— benzene N /QB Benzene B/N
Br tBu Mes Mes Mes CI
1.12 1.12a 1.14 1.14a 1.14b

(B) tBu 1B D\pp
O u N _Dipp . c
—( —( Mes hu -
N N-Mes " ene benzene ')\‘ \ others — BH

r Dipp = 2,6-'ProCgH3

1.13 1.13b >—N/\N
| ? fk

1.15a

CH tBu 1.15
Garl
H.C” tBu (E) Mes TBS M
= -Mes \ . Mes
Tf( Mes /QB/N ~g-Mes 280-400 nm —1—p-MeS 254 nm B , N—F
N~ ng - ) ('Br Cfl\l - B:I\Il — IE' + Il — B—N
Y X N. A “TBS N . N
Ad 1 HQC\ BS ] Mes TBS
Br TBS
TBS = tertbutyldimethylsilyl 1.16a 1.16b

1.16

Figure 1.10 Photoisomerization of 1,4@azaborole derivative@®, B, C); carborandused

azaborole (D) and 1;@ihydro-1,2-azaborininalerivative (5.
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1.2.2Photoisomerization of Four Coordinate Organoboron Compounds

Fourcoordinate aganoboron compounds are well knmowo undergo photoreactionsvith the
first report onthe photolysiof potassium tetraphenylborate in 1954 by Razuvaev and Bfkina.
Williams and ceworkerscariied outsystematic research one photdysis reactiorof aqueous or
alcohol solutions o$odium tetraphenyl boratdsl7 in 1967 (Figure 1.11***% which resulted in
the isolation ofproducts such as biphenyl;phenytl,4-cyclohexadieneand some other diene
isomers The product ratio depended on whether risgction wascarried out under oxygen or
nitrogen, as well as the ratio of the oxygen. In the presence of oxygen, biplasiiye principal
product, whilein the absence of oxyged-phenytl,4-cyclohexadienevas the main product
(97%). Labeling studiesuggested thah&se photolysis productform by an inramolecular di -
boraterearrangement, whictouples two of theipso-C-atons that were originally bond to borpn
where a subsequent series of rearrangements leads to the final prodecteechanism was also
supported by the isolation and -rdy crystdlographic analysis of the phagmduct
boratanorcaradiertey Schustel* *3 The GC coupling of this photoreaction is not selectivels
irradiation of the tetraarylborate systénatwith different aryl group on boroh.18 will generate

a mixture of biphenyphenyl and phenyphenyl coupled productfigure 1.11)

12
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Figure 1.11 Photdransforméion of tetraarylborate$.17 (top) and1.18 (bottom).

Inspired by the di-methane rearrangement of hydrocarbons and cyclopfemdthane
rearrangement® Shuster and cworkers investigated the photochemistry of alkglkenyland
cyclopropyt substituted borate salf$.19 1.21), where thg were able to generate the products
that containing a borene, boriane or boretane ring respectivegli.19a 1.21a) after UV light

irradiation(Figure 1.12§*!

Ph - Ph -
- 1
Ph———B-Ph Ph_ Ph B-Ph Ph, Ph
hu ‘e 72 ho .
B
L P Ph—7" e Ph
Ph’ Ph Ph? H
1.19 1.19a 1.20 1.20a
_ e ~
VBfMe he Me  pp
» Me—B
PH
L Ph
1.21 1.21a

Figure 1.12 Photoisomerization dadlkyl-, alkenyl and cyclopropy substituted borate salts.
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Kawashima and cworkersfound that catecholborarie22 bearing a Aphenylan)phenyl group
can undergo photswitching of the coordination numbat boron between 3 andva the cis-
trans isomerization of the azobenzene unifFigure 1.13}*! A series of 2
(phenylao)phenylboranes bearing seveditferent substituents at botboron andazobenzene
revealedsubstituent effects on thEhotoreactivity of this system, whiaeterminethe stregth of
the interaction betweemoron andhitrogen of the azo grougind ultimatelyplay a key role in the

photoisomerization proce$§

¥a s
N:vr; ho (h =360 nm N
- L
o, Fomm OO
(o]
1.22 1.22a

Figure 1.13 Cis-trans photoisomerizationfcazobenzendased\,C-chelate organoboron

compounds.

In 2011, Braunschweigand ceworkers reported the unusual photochromic properties of
pentaphenylborol2,6-lutidine adductl.23(Figure 1.14) Irradiation ofatoluene solution 01.23

at low temperature caused a shift of tievis base from boron to the adjacent carbon atom with
the formation ofa B=C bond*” As the barrier for the baaleaction is very small and the reaction

was found to beompletelyreversible at room temperaturs) 1.23a must be handled at low

temperature.
\ ~
Ph N7 G
Ph PN I ho en 3\ Ph
= B, T | B—Ph
Ph 70
Ph Ph
Ph bh
1.23 1.23a

Figure 1.14 Photoreactivity of pentaphenylbore®e6-lutidine adduct
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1.2.3Photoisomerization of B(ppy)Mes; and its Derivatives

Our grou@ s r e s e agir the phatoesponstve propertiesf organoboon compounds
beganin 2008,with the dismvery of a reversible isomerization process2-pherylpyridyl N,C-
chelate dimesitylborodB(ppy)Mes} 1.24 upon UV light irradiation(Figure 1.15§***? Even
thoughl.24and its derivatives are thermabyable bothin solution andhe solid statea distinct
color changdfrom colorless to dark blgeand rapid loss of fluorescenaereobservedupon UV
light irradiation The photoisomerization processquantitativeand fully reversibleasthe dark
blue isomerl.24a is capable of reverting back th24with an activation barrieof 110 kJmot
and half life of t;, = 462 minat 323K The mechanism of th@hotothermal switchingis an
intramolecular GC bond formatia/breaking procesaroundthe tetrahedral boron center (base
stabilized borirand..24a). The reversible photthermal transformation also occuenl.24 is
dopedinto PMMA films under N. The photoisomerization produtt?4a is sensitive to @ and
decomposes to theolorless specie$.24b instantaneouslypon exposuré® Even though the
photoisomerization o1.24 is similarto 1.18"%, the Lewis basic py group ih.24a preventsthe

boron centefrom migraing to themetacarbonvia a walkrearrangement

Figure 1.15 Photahromism of B(ppy)Mesl.24

In order b investigate steric effexbn the photoisomerization properties 1.24 diphenyl and
dipentafluorophenyl derivatives 25 and1.26 were synthesize(Figure 1.16)Unlike the results
of tetraphenyl boratand B(ppy)Mes 1.24, these two molecules were found to be plattble
upon UV light irradiation.The crystal structural data indicated that th€Rs bond in1.24 is

much longer than the -Bppeny bond in 1.25 due to thebulky aryl substituentsThe steric

15



congestion imposed by the mesityl grahprefore plays an important roletime photoreactivity

of this class of N,&helate boron compouné8.

@fP ﬁ?

Figure 1.16 Photastable compoundk.25and1.26with nonbulky aryl grous on boron.

In order to further investigate the electronic effects of the aryl group on boron, a series of new
organoboron compounds with dorffanctionalized aryl groups were synthesifg®7 1.29).1*"

By varying thedonor strength of the amino group, theotophyg&al propertiesof the chelate
compounds can be tuned by changing the HOMO energy |éuethermorethe photehemical
propertiescan also be tuned, ds27 and 1.28 were found to be photochromic with different
photoisomerization quantum efficigas( § = 64% and 10% respectively), while29 was inert

to UV light (Figure 1.17) These results revead that the electronistructureof such chelate

compoundss equally asmportant in governing the photochromic switchiofghe molecule

Doy = 64% i Pp = 10%

~N N—

Figure 1.17 Photoreactivity of donefunctionalizedorganobororcompounds
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The electronicinfluence on the photochromic switching was also examined systematigally
introducing various substituents with different electronic properties on theaikpone of N,E
chelate dimesitylborane systdffigure 118). Electrondonating groups on the phelate(1.30)
accelerate the photoisomerization procesgkile electronwithdrawing groups(1.31 and 1.32)
either slow down the process and/or cause irreversibléogdoomposition of the molecule
Extended” conjugation on the ppghelate(1.33) also retard the photoisomerization process by
stabilizingthe excited stat® or other effects facilitated by tHeconjugated backbone that can
compete with the photochemical procB3sTo investigate the impact of transitiometak on our
photochromic systems, different metal containing compounds such.3ds 1.36 were
prepared>** In generalthe introduction of transition metadsthercompletely quenats (1.36)

or decrease (1.34, 1.35) the photoisomerization efficiencgf the N,CGchelate organoboron

compounds

\ — O — — —
—SI \

gy gm g%

ﬁ@ém ﬁki ﬁ;@ék

Figure 1.18 N,C-chelate dimesitylborane compounds with varying substituents on the ppy

backbone.

The cistrans isomerization of olefia is well known and has been exploited in many
photochemical processes. To investigate the impaet mlotoactiveolefin substituenton the

photoisomerizationof the N,Cchelate dimesitylborane system amsdplore thecompetitive
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isomerization pathways between olefin dmorane we incoporatedolefinic bond into N,G
chelate boryl system4.37.® The single olefirsubstituted chromophores undergis-trans
isomerization exclusively upon UV light irradiaticend the photoisomerizatioat boron is
blocked completelyFigure 1.19) Thisis because thelefin bond provides an alternatiemergy
dissipation pathwayrom the excited state ohé molecule, whichcould be a useful strategy to

stabilize theephotochemicallyreactivechromophores.

Mes” Mes

1.37

Figure 1.19 Olefin substituted photoreactiv¢ C-chelate dimesitylborane

In 2010,with a phenyl group as the core and an ol¢fir83)* or alkyne unit(1.39)!*7 as the
linker, we synthesized a series of polyboryl compoundibgrporating multiple photochromic
N,C-chelate boron urstinto the conjugated systeniEigure 1.20) Only one olefinic bond
underges cis-trans isomerizationin the polyolefin-substituted N,&helate dimesitylborane
system(1.389 and thephotoisomerizabn pathwayat the boron center isnce agairshut off In
the phenyalkynyl polyboryl conjugated molecule4.39 only one boryl unitwas found to
undergo photoisomerization upon irradiation at 365du@ to the dissipation of the energy of the
excited state by the intramolecular energy trangtelyboryl ppyBMes, photochromicsystens
with nonconjugated silyl bridging linker (e.g, 140) was also found to undergo

photoisomerization involving a sirgbory! unit only>®
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Figure 1.20 Photasomerization opolyboryl compounds.

1.2.4Photoisomerizaion of norppy Chelate Organoboron compounds

This photoisomerization phenomenon is not limited togpgbackbone and we were motivated
to expand our investigation to other chelate ligaffdgure 1.24). When the phenyl ring in ppy is
replaced by a heterocyclic group such as thityt1), furyl and indolyl (1.429),5% 5% %% the

resulting N,CchelateBMes, compounds undergo photoisomerization in the same manner as the

B(ppy)Mes compounds.
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1.41 1.41a

Figure 1.21 Photasomerization of ZBenzo[b]thiopher2-yl)pyridine 1.41and XPhenyi2-
(pyridine-2-yl)indole BMes 1.42to form the dark isomer boriradedlaandl.42a

Replacingthe pyridine of ppy with other donors such as-feterocyclic carbenes (NHCs) and
(benz)azoles gives compounttsat not only undergo efficienphotoisomerization in the same
manner as th8(ppy)Mes, but also undergfurther sequential multstructural transformatien

upon light irradiation or heating@igure 1.22)

NHC ligands are much stronger dositlian pyridyl,andreplacing the pyridyl with NHC donor
(1.43 allowed us to discovera new photochemical reactioof organoboron compouns.
Despite theformation of a similar borirane dark isomer1.433 there are several distinct
differences between the NBMes, and C,CBMes, systems. Firstlythe dark isomers generated
by light irradiation are thermally stable and cannot reverse back io ¢btorless starting

materialsevenwhen heated to 110N . They are also much more stable toward air than the

correspondingisomes of N,C-chelate compoundswvhich are very sensitive to,CGand will
decompose upon exposure to air. Surprisingly, the dark isomers of the neshdla®
compounds can undergofurther phototransformatiowhen irradiate at 350 nio generate a
new colorless specigs43binvolving an intramoleculaboron atom insernin into the C-H bond

on the backbone
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Figure 1.22 Stepwise potasomerization of C,&helate organoboron compounds.

Replacing pyridinewith (benzpzole ring give B(2-phenylazolyl)Meg N,C-chelate compounds
(1.44 1.46).°4 It has beerdemonstrated that upon light irradiatitsilowed by heating these
moleculeswill undergo an unprecedented multistructural transformagiigure 1.23) The
relatively low aromaticity of the azole ringlays a key role in generating hlghreactive
intermediates and facilitating theansformation processe¥he formation of the thermally
reactive dark isomerl.44a 1.46a allows fora rare intramolecular 4dtom transfer (HAT) from
the methyl group tthe azole ringupon heating, generating tleomes 1.44 1.46b, which will
further transform to isomserl.44c 1.46c via 1,3-sigmatropic boryl shiftThe isomersl.44c
1.46c can transfornto thar diastereomerd.44d 1.46d quantitativelyby heating andtan be
convered back tol1.44 1.46c by irradiation at 300 nmThis work gives a good example that
light is aconvenient and useful strategy to turn on unusual and complex structural/chemical

transformations of organoboron compounds.

P e ?ﬁ Ef

1.44: X =8
145 X =0 1.44a-1.46a 1.44b-1.46b 1.44c-1.46¢ 1.44d-1.46d

1.46: X = N-CHj;

Figure 1.23 Multistructural photo/thermal transformationslofi4 1.46.
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N-methyl-2-phenylimidazolylchelate dimesitylborane$l1.47, 1.48) were found to display
unusual twestep photoisomerization, producing the first examples of - 1,2
azaborabenzotropilidengs47 and 1.4& (Figure 1.24) which is accompanied by a distinct
color changé® In first step, they were found to undergo photoisdmation to form dark
isomersl.47a and1.4& in the same manner as B(ppy)Mesmpoundl.24and can thermally
revert back to their original state. However, upon prolonged irradiation, a second thermally
reversible photoisomerizatiowill take place and drm new dark isomerd.47m and 1.4&
quantitativelyinvolving a fiwalko rearrangemefif!. The G-donatingstrengthand the aromaticity
of the heterocycle bound to the B atom are belieteede very important in this unusual
isomerization pathway.
l!l R |11 R [L R
iZ \N+]/ hv O \N]/ hv O \N+J/
B, o m—_ / = /

B -
ﬁiﬁ 110°C O ﬁ 80°C /Bj f

1.47; R = BMes, 1.47a: R = BMes; 1.47b: R = BMes;
148:R=H 1.48a:R=H 1.48b: R =H

Figure 1.24 Photothermal isomerization df.47and1.48

Recently, Wang and eworkersreported the facial phototransformation pri 2-pyridyl and
BMes, substituted naphthalerie49 and acenaphthalerie50 (Figure 1.25§%¥ Irradiation of these
molecules with 365 nm light lead to the formation of the issbilized 2py-bound

benzoborepingia bororntmediated C=C bond breaking of the naphthalene and boron insertion.

Figure 1.25 Photoisomerizationf peri-substituted naphthalene and acenaphthalene.

22



A series of C,&helate organoboratesuch as1.51 with a biphenyl chelating unit and two
varying aryl substituents were preparadd their photochemical reactivity were investigated by
Wang and Wagner in 201&igure 1.26J*® They undergo efficient photoisomerization (ing
was over 80%) upon light irradiation and generate the boratanorcaradigiiaswith an
embeddedorirane ring. The pathway &Emilar asN,C-chelate B(ppy)Mes(1.24), rather than
the photoreactivity otetraarylborateg1.17, 1.18. This is becaus€&,C-chelationchangs the
electronic transitions of the molecuenificantly, therebyalteling their photoreactiorpathway.

The photoisomerization of these G;Belate organoborategere not thermally reversihle

S8

1.51a

Figure 1.26 Photoisomerizationf C,C-chelate organoborates.

1.2.5Photoisomerization of Asymmetric Chelate Boron Compounds

In 2017, our groupsynthesized a series of chiral N¢Gelate organoboron derivatives bearing
two different aryl substituents othe boron center {B(ppy)AiAr;}.®" After systematic
investigation of thesubstituenteffeds, it was found that at least one bulky mesityl group is
required to achieve the photoreactiVfty®® The asymmetri®(ppy)MesAr compoundsuch as
1.52 undergo regioselective photoisomerizatithat occursexclusively at the less bulky aryl
group, generating various boriraiidark isomerg 1.52a (Figure 1.27) Furthermore, theH-
functionalized borirareeundergo thermal ¥itom migratiorfrom borirane ring to the pyridyl unit
and ring expansiomo give the final 4bl-azaborem moleculesl.52h Replacing the pyridine

donor with a pyrazole group, the new unsymmetrical -bh€late organoboron compounds
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B(ppz)(Mes)Ar (ppz = JPphenylpyrazole) 1.53 undergo regioselese two-step
photoisomerizationnvolving the less bulky Ar groypo generate the final 1Hadiazaborepins
1.5% (Figure 1.27§* This work illustrats that by altering the electroniwatureof chiral N,G

chelate organoboron compounttee photoisomerization pathways can be tuned.

OO, WP A ap, 9P
B — B ! B — B ﬂ,

1.52 1.52a 1.52b

Figure 1.27 Photoisomerizationf asymmetric N,&helate compoundk52and1.53

Replacing the less bulky ydrgroup with 2heterocycles, Wang and -@grkers synthesizd
various chiralchelated systems bearing esityl and heterocycle(thienyl 1.54, furyl)
substituent§” The borirane intermediatesich asl.54a were formedregicselectively on the
heterocycles (Figure 1.28)he reactive borirangd.54a) are unstble, and readily transforinto
rare, chiral N,B,Xheterocycles such sabasestabilized 1,Zhiaborinines 1.54 and 1,2

oxaborininessia heteroaromatic €& (X = S, O) bond activation and boron insertion.

Figure 1.28 Photoisomerizatoof chiral chelate compound with heterocycle substituent on boron.

Carbonsulfur (C-S) bond activation is ammportant stepin the hydrodesulfurization process
utilized by thepetroleum industry an@-C or Gheteroatom cross coupling reactions in organic

chemistry™ Carbonsulfur bond activatiorhas been studied ®nsively, in which nearly all
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examples uséransition metal catalyst§’ Taking advantage of théightés ability to activate
molecules via their unique and high reactive excitated statée phototransformation of N;C
chelate boron compouadl.54) provide a new ancefficient strategy to activate the-€ bond

with concomitant boron atom insertion. With further optimization, this approach may be used for
the hydrodesulfurization of petral;n, GS bond activation and further transformatiéithough

one possible mechanism for tHe54a to 1.54b transformation would involve reduction

elimination at boron to afford a R() intermediate that subsequently inserts into th® kond,

theoretical sidies revealed that the mechanism is a concerted ring expansion of the

heterocyclé’

1.2.6Phototransformations of BN-Heterocycles

By insering a CH- groupinto the BC,, bond ofB(ppy)Mes, Wang and cavorkersdiscovered
an unprecedeatl photoeliminatiofPE) reactionof B,N-heterocyclesuch asl.55thatyields " -
conjugaté polycyclic azaborine compous@l.559 by ejecting one equivalent of-R such as
mesitylene from the BRCH, unit (Figure 1.29§? The Pt{l)-functionalized B,Nheterocycles
such asl.56wereused to investigate the impact of metal chelation on the PE rea(figuse
1.29)" Thesemetal chelate compoundssodisplay uniquephotoelimination to generate highly
phosphorescent B;Nenzoquinolinesuch asl.56a The metal célate on the back bone has been
found to greatly enhance the photoelimination quantum efficiency ofhBtBrocycles by
reducing the activation barrief the reaction Replacing pyridine with other donors such as
NHC™ benzothiazolé® and triazol€® (1.57 1.59 on the backbone gisenew B,N-
heterocycleswhich also undergo PE procegponexposure to UV lightFigure 1.30)Moreover,
diboron B,Nheterocycleg1.60 1.61) with different linkes and location of the boron chelate

unit have been examined and shown different photoelimination reactivity towards light stimuli
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(Figure 1.30)® "1 Thesestudies confirm the generality of tpéotoeliminationand indicate it is
suitableto generatevarious BN-embedded aromatic compounds.
Pt

N\ 7 N\,_/
B e H N huv N
" "Mes - H WwC—Bu, C=B8
/I \ Mesitylene /I \ POHY I\ ""Mes _Mesitylene /I o\
H Mes H Mes |
! H  Mes H Mes
L}
155 Dpg = ~0.0001  1.55a : 1.56 Ppe = ~0.093 1.56a

Figure 1.29 Photoelimination of B,Aheterocycles.
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Figure 1.30 Substatescope of the photoelimination of Bheterocycles

Replacing the Mes group ii.55 with highly electrordeficient groups such as 2.4.6
trifluoromethylphenyl (Me§ and pentafluorophenyCsFs) gives molecule$l.63and1.64 with

a new type ophotochromic switchingt the boron coréFigure 1.31)® Two Meg substituted

compoundl.63 underwent a thermally reversible isomerization to generate a dark colored B,N

1,3,5cyclooctatriene (B,MNL,3,5COT), whichwas proved to be a general photoisoimation
pathway forB,N-heterocycles with electredeficient aryl groupsWith two less bulky but still

electron deficient €5 groups on boron, the phasomerization ofl.64 goes one step further,
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forming a new species BlN,3,6COT via irreversible GF bond cleavage and 13 atom
sigmatropic migration. The distinct photo transformationld3 and 1.64 revealed that both

steric and electronic factocan control the photochemical reactivity of Bhterocycles.

Figure 1.31 Photoisomerization of B eterocycles functionalized with two electron

withdrawing group on boron.

1.3BenzylideneamineN,C-Chelate OrganoboronCompounds

Simplifying the pyridine donor groupf B(ppy)Mes compound withN-alkyl/aryl substituted
benzylideneamines generateew benzylideneamine N;Chelate organoboron compounds
(Figure 1.32) Typically, these compoundsre synthesized by the condensation of 2
borylbenzaldehyde and corresponding amifiedhe bororsubstitded imine is similarto 2-
borylzaobenzenel.22* “4 with an intramolecular BN interaction and possesstunable

fluorescenpropertiesria modification of their structurg®.g.changing the substitutents imine

< 2 A
_N-R;
B

RS R,

and/or on boroyf®®#

1.65: R; = n-Bu, R, = Mes

1.66: R; = (CH,),0H, R; = Mes
1.67: Ry = p-NMe,CgHa, Ry = CgFs
1.68: R, = Ph, R, = Mes

Figure 1.32 Benzylideneamine N €helate organoboron compounds.
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Gabba and ceworkers reported théN-alkyl (alkyl = n-Bu or CHCH,OH) substituted2-
(dimesitylboryl)benzylideneamines.65 and 1.66, which display green fluorescence (quantum
yield 0 around 10%%% In contrast to the nonfluorescent benzalalkylimines, the improved
emission was du& an intramolecular charge transf@iCT) excited state. Based orD-DFT
calculations, the HOMO s localized on orfetlee mesityl ring and the LUMO localized on the
imine ligand, which is comparable to B(ppy)Mes. N-aryl substituted 2-
[bis(pentafluorophenyl)borybenzylideneamine$.67 were reported byKawashima anghowed
enhanced fluorescent quantum yields & 73%) due to the addition of aslectronrdonating
group on the imin€” The N-aryl substituted Zbis(pentafluorophenyl)boryllbenzylideneamines
have the potential to be used as cyanide sgnasrcyanide iors can react with thé&-arylimine
derivatives to give the corresponding cyanide adduetkich quencles fluorescence.The
photochemical stability ofN-arylimine derivatives were investigated B¥urthwein and
Yamaguchiwhere theN-phenylimine derivativd..68 was found talecompose completely aftér
hoursof UV light irradiation (Figure 1.33)%3 Increased photochemical stability was discovered
with bismine extended -framework by aconjugatedmoiety linker 1.69, which underwent no
structure change upon light irradiatifffigure 1.33)

Q_\ d i ES\B’MeS

v ! ho
\ T e
—Ph—®Decompose ! N . N S
< N=Ph P : @\/ \

B
Mes” Mes

1.68

Figure 1.33 Photochemical stability of fryl substituted benzylideneamine N;Gelate

organoboron compounds.

28



1.4Photduminescent Properties and Sensing Applications of Triarylboron
Compounds

Since boron has an emptyorbital, it is capable of acting as an electron acceptor (A). Therefore,
combining a boron center with a dseysten(Figge oup/ el
1.34) often leads to excellent luminescent intramolecular chiegesfer (CT) materias with

potential applications in the fields of anion sensthgpnlinear optic§) organic light eritting

diodes (OLEDs!” Due to the Lewis acidic nature of the boron center, bulky aryl substituents

such as 2,4:#&imethylphenyl (mesityl = Mes) are ed to kinectically protect the electron
accepting unit and allowcaess to air stable materi&f8.* A number of conjugatettiarylboron

molecules containing the dimesitylboryl (BMegroup have been synthesized and eygdoin

different fields

Figure 1.34 A typical conjugated doneaicceptottriarylboronsystem.

1.4.1Photoluminescent Properties and Modifications of Triarylboron Systems

The photoluminescent properties of triarylooron materials can biéy dased by internal
structure modification or external stimuli such as solvents, temperaturpressure The
modification of organoboron compounds has attracted considerable attention, with different
linkers and donors being the most common watute their potoluminescent properti€g. 112
Depending on how the boron center is incorporated into the conjugated system, triarylboron
materials can be divided into three classes (Fig8®):"¥ Type A with the boron atom protected

by two bulky sibstituents anadonnected to thé systemwith one valency Type Bwherethe
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boron atonis protected by one bulky growmdthe other two valenciegreused to incorporate it

within the” system; Type Qvhereall three valencies connect the boron atom ¢o0 thystem

o AL
© oo an

A B C

Figure 1.35Three classes of conjugated triarylboron systems.

Phenyl and its derivatives are common linkers or building blocks for triarylboron systems.
Thiophene has favourable coplanarity gmdnounced quinoid character, and itdermolecular

" -stacking/sulfusulfur irteractions can direct solgtate molecular organization and facilitate
chageenergy transport in bulk phase. For these reasbimphene is one of the most popular
building blocks in “-conjugated systenf&! In 2007, Yamaguchi and coworker synthesized a
series of doryl-2 , -Bitbiophene derivatives with bulky dimesitylboryl groups at a peripheral
position of the” framework (Figurel.36). The sterically demanding boryl gnos prevent
intermolecular interactions and their large Stokes shift due to intramolecular CT diminishes self
guenching in the condensed phase. As a result, these compounds yield intenseateolid

emission over the whole visible regi6#!

o e e s@g @5?

Figure 1.36 Structures and photographs showing the fluorescencéofy®ithiophene

derivatives.
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Recent |l vy, J kl e and cowor -kssistesl Stilleecnossvuglibgrcant e d t h
effectively prepare mainhain organoborane poly(oligothiophene) polymers vetkifferent

number of thiophene units (Figute37) .2 These polymers show strofigorescence that covers

a broad wavelength range both in solution and solid state. By increasing the number of thiophene
units, the band gaps and fluorescent properties of the polyareeasily tuned in a predictable

manner.

1.76 1.77 1.78 1.79 1.80

Figure 1.37 Experimentally determined HOMO and LUMO energy levels and photographs
illustrating the solution and sokstate emission colors with increasing the number of thiophene

units.

The preparation and development of polycydimmatic hydrocarbons (PAHS) as organic
optoelectronic materials has grown rapidly in recent years. Varying the structure, changing
substituentsandintroducing other main group dopant atoesy, N, S, P, B leads to dramatic

changes in the optoelectronic characteristics of the materials. Unlike N, P and S, the B atom has a
vacantp orbital, which can participate in the conjugation odd@ed PAHs. In addition to

shifting their fluorescence into the visiblegion, this also facilitates the electron accepting
capabilities of the materiaf8**®'wa gner 6s group has synthesized v
doped luminophore$1.81) based on the 9,1dihydro9,10diboraanthracene (DBA) builai

block (Figure1.38)5°#%! some of which can perform as redoxatgsts to activate hydrogéfi"
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In order to obtain more aromatic conjugated PAHs, they overcame some synthetic challenges and
developed key synthetic procedures (such as Peterson olefination, siyibermotocyclization,

Si-B exchange reaction, Riatalyzed cyclization of engnes to annulate new bemzerings) to

expand the systefff* %® Finally, they investigated the impact of boron doping as well as

substituent effects on the photolumineseepoperties comparesith PAH congenersl(82and

S
- SUYEENSe ¢
oL Y K
AN G, T
tBu B tBu By B tBu

Mes
Mes Mes
1.81 1.82 1.83

1.83.

Figure 1.38 Boron-doped luminophores with DBAcaffoldand PAHg2? 1851

In 2012, Yamaguchi devised a new strategy for stabilizing triarylbGreypstems based on
structural constraint ther than steric bulk (Figuré.39. Though these kinds of planarized
triarylboron molecules do not have steric protection in the form oftyhesibstituents, they

showed high stability toward air, water and amibesauseof their rigid molecular structure.

Despite this, the planarized boranes can still serve as Lewis acid with the paoduital of

boron atom available to interact with ang®"®

Although the planarized skeleton effectively spreads conjugation throughout the moleculg, the sp
carbon bridges do not contribute teelectron delocalization (Figuré.39 left and middle).
Therefore, they designed a new planarized polycyclionjugated triarylborane with all aryl
groups connected through’sgenters (Figure.B9, right). As such, these molecules can be treated
as a model of Bloped graphene. With these structural improvements, this compound can form

faceto-face’ -stacked stctures in the solid states and shows interesting photophysical properties
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such as broad absorption bands and4eagelength emission. Another interestingtéea of this
compound (Figure .B9, right) is itsthermoresponsive color change in the preserice Lewis
base such as pyridine, which can coordinate to the boron &thtafith this new design strategy,
more sophisticated planar boron embeddesystems have been synthesized and stifffféd.
These new structures provide a guideline for desggauch systems for particular applications
including electron ransport materials for OLEDEY electrodes in batterié¥® 8" graphene

based sensd?f¥! and ambipolar semiconducting soft materf&fs.

1.84 1.85

Figure 1.39 Structural constraint stabilized planarized triarylborons.

Solvatochromism, the change in emission maxima/color observed witashtgesolvent polarity
(Figure 1.40, is well known for bororcontaining” -systems and has beidely explored. In
general, the photoluminescence spectra of such systems will show a red shift with increasing
solvent polarity due to the presence of polar electronic configurations in the excited state (typical
of charge transfer transitions). Additally, certain solvents such as DMF are capable of
coordinating with the boron atom which disrupts the conjugation of the molecule and therefore

alters itsdo phbB%tophysical properties.
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Figure 1.40 Structure and solvesttependent luminescenceB7.

Organoboron Lewis acidase systems are known to demonstrate intramolecular binding of the
boron moiety to the Lewis basehich leads to electronic communication between the boron
center and -conjugated system. The intramolecular interaction can be modulated not only by
binding with anion€® but also by changing the solvents, both of which can interrupt electron
communication and induce dramatic change of optical properties. RecentlyaiWdotboworkers
synthesized flexible BMgsand P(O)R (R = phenyl, isopropyl) bithiophene Lewis Pafis88

and 1.89, which possess differing luminescence in thrgien and closed forms (Figutedl).

Due to the weak bonding interactgmetween the phospte oxide and boron moieties, these two
forms can be controlled by choice of solvents where protic solvents favor the open form and

aproticsolvents favor the closed forfi”

R Mes,B
R,P”O\BMesz 2 \
— S

1\ Y | === Bu~"7¥ s Bu

Bu” S S7 “Bu PR,
g
1.88 R =i-Pr
1.89 R=Ph

Figure 1.41 Fluorescencswitching of flexible Lewis pairs with solvents.
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Triarylborontbased molecules typically have high luminescent quantum yield and temperature
sensitive properties due to intrinsic conformation differences in their luminescent excited states,
making them pantially good materials for temperature pro§&in 2011, Yang and coworkers
designed a pyrereontaining triarylboron molecule dipyrdnyl(2,4,6-triisopropylphenyl)borane

(1.90 as fluorometric thermometefFigure 1.42)°® Upon excitation,1.90 is in thermal
equilibrium between a local excited state (LE) and a twisted intramolecular charge transfer (TICT)
state. Depending on the temperature, the equilibrium will favbereithe LE or TICT state of

1.90 giving different luminescence colors depeamgion the proportion of the exited state
conformations. Given that the TICT state is lower in energy, decreasing temperature will increase
the population of this state resulting in bathochromically shifted luminescence. Conversely,
raisingthetemperaturevill populate the LE more favorably resulting in a hypsochromic shift. In
2014, Yang and coworkers reported another triarylbtwased fluorescent temperature indicator

that can be used both in solid polymers and liqoidents (1.91) (Figure 1.42)°*! Although the
mechanism of emission change with temperature remains analogous, the LE excited state has
been replaced by an ICT state and the decrease in steric demand around the boron center allows

for reaktime temperature sensing even in restrictive medch as polymer matrices.

LE
0 O Charge Transfer [ ]
OQ Cooling N
/\j\f\ Heating
%

/ A5,

o o)
1.90 1.90a 191

Figure 1.42 Fluorescence switching of triarylbordrased molecules with temperature.

Recently Wang and cevorkers reported a simple aldehyde functionaliaednotriarylborane

donoracceptor system.92 that displagd distinct responsetoward multiple external stimuli

35



(e.g, solvent, temperature and presgupased on the reversible switching between closed and
open structures of a rFigure1.48)¥ iaielr, rew stimdinespdisivd O b o n
materialsl.93 based orB/N Lewis pairswere establishedvhich display emission color charsge

by modulating the BN bond strengtin response to external stimgigure 1.43)%?

0

) =0
\ Stimuli \ i
e ——
/N BMes, /N BMes,

Heating or

Open Form recrystallization Closed Form
1.92 1.92a
b
d ln solution
Tlp T\p
Tetra-Coordinate Tri-Coordinate
1.93 1.93a

Figure 1.43 Multi-responsive triarylboron materials based on the modulation of intramolecular
B-O and BN bond strength.

1.4.2Triarylboron Materials as Anion Sensors

With the protectionof bulky mesityl groups, boron compounds do metct with most
nucleophiles except for some small anions such asad-CN. After binding of the small anions

to the boron center, thé-sy st emb s conj ug &dusing rm chHarmge idither upt e
intramolecular CT properties of the molecule. The diffeesrbefore and after binding with small
anionsarereflected in the color/absorption and emission spectra of the compounds, which can be

discriminated by the naked eye and used as a simple and efficient test in anion recognition.

Triarylboron materials hee shown good potential as selective fluoride sensors as demonstrated
by Yamaguchi and coworkers who found that the addition of fluoride to-aigf@yl)borane in

THF gave an efficient and visible color clye (Figure 44).”"! These compounds show selee
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sensing for fluoride ions with a much higher binding constant (arounM @t 20N in THF)

compared to AcOand OH (around 18 M™). Moreover, they show no response towards B,

I, CIO4, and BF, which is due to the protection afforded by the bulky group around boron.
Compoundl.94 only contains one internal boron atom,ilwi1.95has a mor esystemmt ended
with an internal trianthrylborane moiety and three external dimesitylanthrylboraneiagoiet

which can be used as a multistage fluoride ion sensor.

25 m

1.94 1.94F

Figure 1.44 Left; Structures of trianthrylborarie94 and dimesitylborysubstituted
trianthrylboranel.95 Right: Colorchange ofl.94 upon addition of TBAF.

S5 I s

Modifying the structure by introducing differerit linkers or donor substituents tunes the
electronic properties of the triaryl boron conjugated system and results in varied color and/or
emission spectra. The selectivity and sévigjt of triarylboron conjugated systems can also be

improved by varying their structures, which is a popular research topic in recert%e&ts.

In 2006, Wang and coworkers reported novekHaped triaryl boron compounds with a
nonplanar linker 1,8b i s ¢biphedydnaphthalene) to bring two electron acceptor groups
(diarylboron groups)or one electron acceptor group (diarylboron group) together with one
electron donor grqu (diarylamino groupll.9% (Figure 145). The two kinds of Lshaped triary

boron compounds display distinct fluorescent responses after binding wiitte Fo their special
structural characteristics. In the absence of fluoride, through space charge transfer between the
nitrogen and boron groups gives weak emission. Upon kgndirfluoride, the boron atom is
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blocked thereby turning off the through space @md resulting instronger emission from the

donor chromophore. Therefoné,ssnusordynRiise msl can
Wang and coworkers reported asbaped duatmissive phosphinkoron Lewis pair(1.97 and

1.98. Similar to the nitrogen analogue, through space CT is once again observed, however the
phosphinesubstituted compound displays dual emission. The afge donor ability of the

phosphine atom also results in a large fluoride binding constant compared teBtlsgydtems,

which can also be improved by 2 orders of ma

phosphonium salt®

In 2007, Wang developea V-shaped bifunctional compourid99linked with a silicon group to
avoid the rigid structer of U-shaped linkel(Figure 1.45) This results in improved sensitivity

towards fluondbds®ason. turn

7§
S0 o 90 . d

Mes;B N“Naph PhoP BMes; Ph” \

1.99

Figure 1.45U-shape 1.96 1.98 and \tshape 1.99 triarylboronfluoride sensors.

The first example of a conjugated organoboron macrocycle containing six boron eettiers
strongblue luminescencea s a c hi e vaaddcowmrkes id 20k1l (igure .26).°* This
moleculel.100containssix electrordeficient organoboron moietigsesultingin high affinity for
anions and shows fluorescent quenching after binding Wweind=CN . Depending on the type of
linker and connectivity pattera series of new B/N amibipolar conjugated macrocysieh as
1.101 were developed. The B acceptors and N donors alternate in a highly symametric

conjugated ring systefif”! Titration experinents maitored by U\vis and fluorescence
38



spectroscopy indicate they can be used for anion recognition. The predicted geometry of the

macrocycle shows changes from elongated to a more slikemshape in some casé¥!

In 2006, J  kl e rtadna serieo of dumikesaerd triarytbgran fuocalized
polystyrene 1.102 1.104 (Figure 1.46§°® Electron communication between the boron
chromophores within the polymer was studied and the polymers were found to be efficient probes
for fluoride andcyanide. Compared with other anions, fluoride and cyanide bind strongly to the
boron center ofite polymers as monitored by Wis absorption and emission spectroscopy.
Additionally, it was found that the moieties incorporated into the polymers were deg m

sensitive compared to model triarylboron compounds.
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Figure 1.46 Fluorescent triarylboron polymers used as anion sensor.

One of the challenges of using triarylboron system as chemosensors is increasing the binding
constant between the bor on c destede serieqof biderdatei on s .
Lewis acidg(1.105and1.106§"° or hydrogerbond cooperation.107 with the boron cent&f to
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achieve high binding constes with fluoride (Figure 1.47) The 1,8naphthalenediyl backbone
enforces proximity of two neutral Lewis acidic centers, which promotes fluoride chelation and is

responsible for the high bindingstant®

Katz reported bidentate Lewis acid-siyl-1-naphthylborane complexe4.108 with 1,8
naphthylene framework containing boron and silicon cefif8rsyhile Kawachi reported a new
B/Si bidentate Lewis aci@l.109 and 1.110Q with o-phenylene backbone and achieved better
fluoride affinity resultgFigure 1.47)°%!
&Me3

Q Me’Q a H H Mes ':S.Mest SiR,F

Mes,B B—@ Mes,B BMes
@ BMes, BMesz

1.109: R = Me

1.110: R=Ph
1.105 1.106 1.107 1.108

Figure 1.47 Bidertate dibrane.109, cationic bidentate borang&.(06, hybrid boraneX.107,
B/Si bidentate kewis acid {.108 1.110 used as fluoride sensors.

Gabba’ also reported linear cati ofm%™candbor ane:
phosphoniun(Figure 1.48J°®! ¢l which increase the fluoride binding constant as well as their

solubility in agueous mediarhe Lewis acidity of the boron atom increases with the increasing
hydrophobic character of phosphorus atom (MepEt, Ph) and leads to an increase in fluoride

binding constant (exceeds 1 order of magnitude fiobi1 1.114.M°%! |t is believed that the

decrease in solvation of the most hydrophobic cationic boranes facilitates the covalent ion pairing
proces®.g., binding with fluoride. Depending on the position of the ammonium functional group,

different anions can be sensed selectively. For exampleyataesubstituted derivativd.115

serves as a cyanide receptor while trtho substituted derivativel.116 sekctively senses

fluoride due to the increase in steric crowdamgundthe boron am (Figure 1.48)%
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Figure 1.48 Triarylboron functionalized cationic boranes.

In 2011, Gabba’ devel oped two phosomhormielsmp omesree
to cyanide in aqueous solutiat ppb concentrations (Figure49). The fluorophores of the
phosphoniunboranes are quenched by intramolecular pimdaced electrorransfer from the

fluorophore to the electron deficientBPunit. After binding of cyanide to the boron atom, the

electron accepting properties of théBRunit are disrupted which reveals the fluorescence of the

pendant fluorophorg®”
% NMe;
///

Ph—ﬁ«@—a Mes  Ph— P—@—B “Mes
Ph Mes PH Mes

[1.117CN] [1.118CN]

N Hgos\\

Figure 1.49 Addition productsof cyanide ion to1.117" (left) and [L.119" (right).

Although dimesitylboryl and boredipyrromethene (BODIPYs) are different in molecular
conformations, all have excellent photophysipabperties that can be used as fluorescent
chromophor es. !®&eandeThitagary develGadbabsaries of BODIPYs appended
with dimesitylboryl groups which exhibit intramolecular energy transfer between boryl and
BODIPY chromophores and show duamission (Figure 1.50) These types of mdted
dimesitylboronBODIPY dyes (1.119 1.123 display distinct emissive properties upon fluoride
binding and can be used as fluoride sen$&fe°*! Further, Thilagar used triphenylamine as a

single donor kking two different acceptorfl.124 and 1.129 to give two processes of ICT
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(amine to borane and amine to BODIPY). The two ICT praxssn be manipulated by binding

with small anions and showed chromogenic dndrbgenic respons&$?!

1121:R1=H,R2=H _
1.122:R1 = H, R2 = Me 1124:R=H
1.123: R1 = Me, R2 = Me 1.125: R = BMes,

Figure 1.50 Dimesitylboron” -BODIPY as anion sensors.

Although there are currently many examples of triarylboron systems which can bind fluoride or
cyanide, the preparation of chemoselective sensors which disatintiatween the two still poses

a challenge.

In 2008, Aldridge and coworkers reported ferrocene functionalized borane derivatives together
with a suitable redexnatched organic dye servirag two component sensor systeapable of
colorimetrially sensingfluoride and cyanide (Figurg.51). The derivatives witla BMes, group

1.126 gavepositive colorimetric respons¢ both cyanide and fluoride, while the stilbene dmla
functionalized boronic esteompoundLl.127 only gavepositive colorimetric response to fluoride

but not for cyanide under same conditidfi3.

@\BMESQ @\B/i?,Ph
Fe Ie b A
<= xfbj\ P
1.126 1.127

Figure 1.51 Ferrocene functionaéed borane derivatives.



In 2014, Zhao and coworkers designed a triarylbemnpound that consists of a strong electron
accepting group (dicyanovinyl ) | ateiktrandoledulgr a
CT (Figurel.52. The triarylboron compound with dicyanovinyl groid28displays selective
sensing of fluoride rad cyanide ions, with the boron center preferring to bind with fluoride and

the cyani de i ons -carbordtoenofrdicyangvinyl grod3%i nd t he U

()

. CN- F F

eacety B B =’
CN

|

1.128 — — pa— s

Figure 1.52 Left: triarylboranes -dicyanoviny compounds. Photographs of selective sensing of

fluoride and cyanide under daylight (middle) and under irradiation at 365 nm (right).

In 2014, Thilagar used similar dicyanovinyl substituted triarylborons to distinguish fluoride and
cyanide ions(Figure 153)!%% |n 2015, Thilagar modified the triarylborane conjugated

10%] A5 two kinds

dicyanovinyl chromophores linked withe same amine don(it.129 1.13)).
of acceptors share one donor, they exhibit strong charge transfer absorbance from the amine
donor to both the BMgsand dicyanovinyl acceptors. They studied the anion binding mechanisms
both of fluoride and cyanide throudH and*°F NMR titratiors, and proved that the fluoride ions

bind only to the boron center while cyanide binds with both BN@sl dicyanovinyl receptor

sites. The different binding position of the chromophores with fluoride and cyanides block

different CT processs and yields distinct colorimetric responsen visible region that can be

detected by the naked eye.

In 2016, Thiagar and coworkers synthesized triarylborahgothiophenedicyanovinyl

conjugated systend.132 1.134 and modulated their electronic/optical properties by varying
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the number of thiophene uniiSigure 1.53) This series of compounds also dispigtinct color

responses upon addition of fluoride and cyafitig.

CN

mCN NC%\@\ mCN =~ ~CN
\N CN CN N CN NC
BMes; BMes; Mes,B BMes;

1.129 1.130 1131

Figure 1.53 Triarylboranes' -dicyanovinyl compoundsgsed forselectivedetection offluoride

and cyanide.

1.5CO; SensingResearch Progress

Carbon dioxide (C¢) is a known greenhouse gas, with many researchers currently working
towards developing new methods of captifeor transformatiof®?. CO, is also related to many
human diseases, such as hypercapnia, hypocapnia and metabolierdjsasdwell as being
important in coalmine safety and volcanic activity. £&@nsing and detecting is therefore of great
significancé™®® In general, the uptake of GQs often achieved with primary or secondary
amines which can bind to GGhrough simpe acidbase reactions (Figure.54.M°? As such,
colorimetric and fluorimetric chemosensors for Qften rely on similar reaction mechanisms
with reactive groups to bind G@nd yield a change in color or photoluminescent properties of
chromophores, liwing CO, to be detected by the naked &y8.% Moreover,theformation of
carbamic acid is the key to achieywod reversible COsensors, due to the better reversibility of
carbamic acid, which can be easily recovered by bubblinggeih gas oheating to remove

CO, 110
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Figure 1.54 Reaction of primary or secondary amines with,CO

In 2010, Tang and eworkers published HuoresceniCO,-chemosensautilizing a chromophore
with an aggregatiorinduced emissio{AIE) photophysical propertieand amine liquid with
tunable polarity and viscosity after capture C@igure 1.55) Hexaphenylsilole (HPS) is
nonluminescent in solution but highly emissive as aggregates. In the aggregatehstate
intramolecular rotation®f the multiple phenyl rotors of HPS&re restricted and turn on the
emission of HPS chromophore. Purging an amine solution of HPS witly&Qwill increase the
polarity and viscosity of the solution and HPS molecules wilister and enhance tire
fluorescenceemission!*¥ In 2013, Jiang and eworkers reported another G@hemosensor
based orthe AIE materials(Figure 1.56) They prepared a liquid mixture with tetraphenylethene
(TPE), 5amino1-pentanol (APN) and 1;8iazai-cyclo[5,4,0}undec7-ene (DBU)*? In the
presence of APN, DBU can react with £ generatean ionic liquid (IL) with a remarkable

increase both in polarity and viscosity aach on the emission of the AIE molecules.
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Figure 1.55 (a) Structure of AIE moleculg,1,2,3,4,5hexaphenylsilole (HPSYb) Formation of
carbamate ionic liquid (CIL) bipubbling CQ gas through dipropylamine (DPA) liqui¢t) PL

spectra and photographstiPS inDPA before andfter bubbling with different volumes of GO
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Figure 1.56 (A) Structures of AIE molecule: tetraphenylethene (TPEpinc 1-pentanol
(APN), formation of ionic liquid by bubbling C@as through the amidi¥based material. (B)
PL spectra of the TREontained (3.3 mg hi') mixture (1.2 ml) composed of DBU and APN

(2:1, v/v) when bubbled with different volumes of C@set figure indicates that the maximum
PL intensity of the material was linearly enhancéith wcreasing of the bubbled volume of €O

gas

Supramoleculesontaining aCO, sensitive amino group can also be used to detegb@@aking
advantage of théact thatCO, can pptonate the neutral amino grotmtrigger the luminescent

color changeof the dyes in the systenn 2013, polyl,N-dimethylaminoethyl methacrylate)
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(PDMAEMA) chains conjugated with a peryleBgt,9,10tetracaboxylic acid bisimide (PBI)
1.135 were synthesized for colorimetric and fluorescent detection of @Oaqueous media
(Figure 1.57, left}**¥ The fluorophorepolymer conjugateexhibits a colorimetric change and a
fluorescent turron response towards G@ aqueous solutions and the process is reversible upon
removal of CO, by purging with N. In 2015, Zhang and Wan reported a new recyclable
polyoxometalatdbased (POM)NsDYyW ;0036 (DyW;0) supramolecular C£chemosensofFigure
1.57, right)™¥ The neutral tertiary amino group of PDMAEMA blocks can be protonated after
the aqueous mediutis expsedto CO, changingthe microenvironment of DY, which will
induce the electrostatic coassembly of anionic Ry&vid consequently trigger the luminescence

chromism of DyW,,.

B B N
o 2 o =) a) ‘(o’\f‘ﬁfaj*“ co: “(O’\Pm’k'j*
mo 0%y — mo 0%
E : o o -
/‘O HCO; ﬂ_)/\ " _NS o »-'{‘.2 HCoS
—N o —NH o) \ I}

\ o \ g
g L
AL , AL
O €O+ H,0 O
go = 990

(o]

o.
o_fON

)

o o
\ N/
N7 N
o’ o~ ®®nco,
1135 0 1.135a =0

Br Br

Figure 1.57 Supramolecuts used as£O, chemosenssr

In 2012, a new fluorescent and colorimetiiemaensorfor CO, wasdescribed by Yoon and €o
workers,wherethey use fluoride to activate a tetrapropyl benzobisimidazolium(EBBI) to
generate aN-heterocycliccarkene intermediate that cabind with CG to form an imidazolium
carboxylatel.137which provides both fluorescence and colorimetric outgbigure 1.58) This

system displayed high selectivity, low limit of detectiandfastresponse time for fluoridé:?
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Figure 1.58 (A) Proposed reactions of TBBI first with &d therwith CO,. (B) Fluorescent

titration spectra of TBBI (15.6M) in CH;CN observed upon the addition of TBAF (3.0 equiv)
and then bubblingvith different volumes of C® Inset: plot of the fluorescence intenditysnm of
a solution consisting of TBBI and 3.0 equiv of TBAF versus various volumes of CO

pH-sensitive fluorescaéndyes, such as #wydroxypyrenel,3&risulfonic acid trisodium da
(HPTS)1.138can be used in CQoptical sensorgFigure 1.59) The protonatedDH) 1.138and
deprotonatedD’) 1.138aforms of HPTS display distinctly different absorption and emission
bands.The absorption bands of protonated and deprotonated forms are at 403 nm and 455 nm
respectivelywhile the emission of the protonated form is in the blue region (436 nm) and the
deprotonated form emits in the green region (510'HfhOther pH fluoresceanprobes such as
aniline-substituted BODIP\erivatives(1.139 havealso beemsed adluorescent chemosensor

for the detection of dissolved GGn the presence of watdFigure 1.60§**" After CQO, is
dissolved in aqueous solutiom will generatethe weak acid carbonic acid, which will protonate

the phenylamino moiety to form phenylammonidmi39a ultimately preventingphotoinduced

electron transfer quenching prooesandthe turn on emission
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Figure 1.59 Structures of protonateld138and deprotonatetl. 138aforms of HPTS.
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Figure 1.60(A) Structues of neutral and protonated formslaf39 and proposed photwiluced
electron transfer (PeT)euchanism between BODIPY moiety and phenylamino unit. (B) PL
spectra and photographslofi39 solution (~23 M, MeOH-H,0, v:v = 1:1) after bubbling with
different volumes of C®

Given that most of the current strategies employeddé&tection of C@ are cumbersome and
costly™? it is challenging and desirable to develop simglgstems withgood reversibilityand
higher sensitivity towardsCO,. Although triarylboron compound$iave beerwidely used as
efficient fluoride and cyanide ionsthere arecurrently no reports of COsensors based on
photouminescent triarylboron systemAs such we postulated that appending doaaceptor
molecules with functional groups capable of reacting with, @@, primary/secondary amines,
would allow us to detec€O, by spectroscopic methods as a change in the electronic structure of
the organoboron species upon LQénding should alter their photophysical properties. In this

way, our new organoboron systems would actaage turn-off/turn-on fluorescent sensofer
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CO, which could be used either qualitatiweor quantitatively Furthermore, by varying the
pendent functional groups we will be able to study the impact of their incorporation into such

donoracceptor systems.

1.6 Scope of This Thesis

The worls describé in this thesigocuson the following partsl) improving the photoaemical
reactivity of N,Gchelate four coordinate organoboron systems by simplifyirig $treicture such
that systems without bulky mesityl groups are still photoactind; 2)investicate therelationship
between the lateral appended groups ard-A conjugation triarylboron part to design and

improve the C@sensing properties of triaryboronssgms

Chapter 2describes the photoreactivity of a series of benzylideneaminecihlate BMes,
compounds which underwent mestiructural transformatic@upon light irradiation or heatinga
intramolecular Hatom transfer andubsequent,3-shift of boron to form the fina8-membered
ring expansion product&imilar benzylideneamine N;Ehelde BPh compoundswithout bulky
mesityl groupson boronalso underwent efficient transformatigia H-atom transfer to form the

final 7-membered ring expansion products.

Chapter 3 describesthe synthesis and photoreactivity of benzylideneamine -diglate
compounds with twmon-bulky aryl groups on the boron atomABAr,), where Ag and Ak, can
be either the same or different. This allowed us to investigaighotoisomerizatiomeactivity of
both achiral and chiral N;Chelate boron compounds fBlratomselectivity during the Hatom
transferprocessas well aghe potential ofphotochemicdy generging chiral N,B,Sheterocycles

via the photoisomerization dfeterocyclg€thienyl) functionalized systems
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Chapter 4demonstrateshe impact of intramoledar H bond and +i* interactions onthe
photophysical properties of laterally appended-B triarylboron compounds witka biphenyl

unit and thé fluorescent response toward €0

Chapter5 describes the synthesdf different bulky (ethyl, isopropyl andertbutyl) amine
appended P -A triarylboron compounds and illustrates the bulky s$ititent effects onthe
internal BY N bondassociation and dissociaticess well agheir utility as fluorescen€0, and

temperature probes
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Chapter 2
Transifrigemzyl i den€ami aeeNBGron Compo
BNCycl o/oCytcal ellra pptnees Bearing a Tetras.i

viPlhot oi someri zati on

2.1 Introduction

Aminoboranes (EB=NR&) and molecules that contain B=N borrdpresent important classes of
compounds with a varietpf potential applications ranging from medicinal chemistry and
catalysi§” to materials sciend@.In particular, the substitutionf B=N bonds into cyclic systems

has proven to be an effectigtrategy for finetuning the chemical and physical propertieshaf
resulting molecules. Most of the previously known examjriesrporate B=N bonds into fi%%

and siX! membered aromatic systems. There exist hardly any seven or eight membered ring
systems that incorporate B=N bonds, with two of the only examples bbihtyazaborepins
(B,N-1,3,5cycloheptatrienel.52h BN-1,3,5CHT)® and BN1,3,6cyclooctatrienesl.44c

1.46¢ (BN-1,3,6COT),® which were prepared quantitativelyia photo and thermal
isomerization of Emembered N,&helate boron compounds(e.g, B(ppy)(Mes)(PHJ! or
B(azoly-Ph)Mes;'® Mes = mesityl, ppy= 2-phenylpyridyl). Two relatel BN-COT isomers, BN
1,3,5COT 1.63aand BN1,3,6COT 1.643 were also obtainedia a similar method using-6
membered chelate boron compounds with eleevithdrawing Ar substituents on bordn(e.g,
B(benzytpy)Mes or B(benzyipy)(CsFs),, Mes = 2.4 6tris(trifluoromethyl)phenyl), although

they do not contain a fomal B=N bond. While the photochemical approaches of preparing B=N
embedded or 8membered ring systems do have their advantddesitations still exist such as

the need to have at leasteobulky mesityl group present on the boron afbFurthermore, it has

not been established whether the neutral donor unit needs to be part of an aromaticesgstem (

62



pyridinevs. imine).Based on these considerations, we investigated a seifiealkyl substituted
benzylideneamines with boryl groups attaclaédhe 2position .11 2.6, Figure 2.1) with the
goals of (1) simplifyingthe starting material structures of photoactive organoborateg2and
improve the photochemical reactivity with lessomatic benzylideneamine backbone to
generalie their photoreactions for the preparation oWvariety of B=N containing 7 and 8
membered ring systemgV/hile benzylideneamine N;Chelate organoborates with R = aayid

Ar = Mes are known and have beshown to be unstablowards irradiation, the products
generatedia irradiation werenot characterized and will decompose after four hours irradig#ion.
G a b larad coworkers reported compouritiat are closely related to compourtdsi 2.4, with

R = akyl (n-Bu and CH,CH,OH), but their photoreactivity was not investigat& We have
found that compound2.1 i 2.4 display efficient photoisomerizationnitially generating the
boriranefi d ar k i(Xla n2eld), svhich undergo a subsequentltistructural transformation
at roomtemperature, involving a 4dtom transfer (HAT) tdorm speciesd.1b 2.4b), followed

by a 1,3boryl shift to give the finalsomers 2.1c  2.4¢ Figure 21). This establishes for the first
time that simplébenzyliceneamine supported boron systems can display sipfilatoreactivity
as those supported by diaryl chelatesy( phenylazole}® Additionally, the highly reactive
nature of organoboratesith imine donors allows for achieving reactivities which haever
been observed for diaryl chelat&,such as photoisomerizationccurring with two phenyl
substituents residing dmworon €.g, compound.5 and2.6). Therefore, the simplification dghe
donor not only retains the desired photoreactivity, bud edpands it such that a wider range of
aryl groups on boron camndergo photoisomerizatiorlt has also been established that
substitution of the phenyl backbone if¥Me, groups can act as an effective strategy for halting

the photoreactivity of this claoof moleculege.g, compound2.8 2.10).
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e, O
B

2.1, alkyl = ehtyl

22" ald = ooy 2.1a, alkyl = ehtyl 2.1b, alkyl = ehtyl 2.1c, alkyl = ehtyl

5 y! = Isopropy 2.2a, alkyl = isopropyl  2.2b, alkyl = isopropyl 2.2¢, alkyl = isopropyl
-3, alkyl = tertbutyl 2.3a, alkyl = tertbutyl 2.3, alkyl = tertbutyl 2.3c, alkyl = tertbutyl

2.4, alkyl = cyclohexyl 2.4a, alkyl = cyclohexyl  2.4b, alkyl = cyclohexyl 2.4c, alkyl = cyclohexyl

| Me;N Me,N

H i
R W
N—alkyl Noalkyl N ey \,
,’."_ '
0’ @ 3650 BQ ; l C il :: 1,
2.5, alkyl = ethyl 2.5b, alkyl = ethyl i

2.6, alkyl = isopropyl 2.6b, alkyl = isopropyl : 2.8, alkyl = ethyl
2.9, alkyl = isopropyl
2.10, alkyl = tertbutyl

Figure 2.1 Structures oR.1 2.6,2.8 2.11and their photochemical reactivities.

2.2 Experimental Section

2.2.1General Procedures

All reactions were carried ouinder anitrogen atmosphere. Solvents were dried by standard
methods and freshly distilled over sodium prior to Use.**C, and*B NMR spectra were
recorded on a Bruker Avance 300, 4800, 600 and 700 MHz spectrometers and deuterated
solvents were pehased from Cambridge Isotopes and Sigxuaich, further dried over 4 A
molecular sieves and¢Bs degassed prior to use. High resolution mass spectra (HRMS) were
obtained using a Micromass GKDF spectrometer. Starting materials were purchased from
SigmaAldrich without further purification. BMe§ were prepared according to literature
procedure§ UV-visible spectra were recorded on a Varian Cary 50 spectrometer. Excitation
and emission spectra were recorded using a Photon Technologies International QuantaMaster
Model 2 spectrometeDFT and TDDFT calculations were performed using tlbaussian 09
suite of program¥ on the High Performance Computing Virtual Laboratory (HPCVL) at

Queends University. Geometry optimizations
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obtained at the B3LY®?/6-31g(d}**! level of theory, with the resulting striuces confirmed to

be stationary points through vibrational frequency analysis.

2.2.2Synthesisof2.1 2.4

ethylene glycol

N P-Toluenesulfonic aC|d :I n-Buli, MesZBF O]
0] Benzene, reflux THF, -78 °C-rt 0

Br BMes,
2.b
HCl THF/HZO.(S:'I)
rt, overnight
2N —R
\
Mgso4 (o)
CH,Cl,, rt-50 °C BMes,
2.1, R = ethyl 2.c
2.2, R = isopropyl
2.3, R = tertbutyl

2.4, R = cyclohexyl

Figure 2.2 Synthesis oR.1 2.4

The aldehyde group of-oromobenzaldehyde was protected with ethylene grlycol to get
compound2.a Addition of ai Bmes with lithium halogen exchange to get compouht. 2.c
was obtained after deprotection of the aldehyde group with BQipounds2.1 2.4 were
synthesized in good vyield by reactingo@rylated benzaldehydes with various aliphatic amines

(Figure 2.2) followed by recrystallization from hexanes.

2-(2-Bromophenyh1,3-dioxolane .a). The synthesis of compour2ch was carried out with the
reported methot® A mixture of 2bromobenzaldehyde (7.4 g, 40 mmol), anhydrous ethylene
glycol (5.0 g, 80 mmol) ang-toluenesulfonic acid (2.0 g, 10 mmol) in benzene (50 mL) was
refluxed overnight using a De&tark trap. Thesolvent was removed with a rotary evaporat
and concentrated under vacuhe residue was extracted with diethyl ethed avater mixture
solution (80 b x 3). The organic layer was collected, then dried with magnesium sulfate and

concentrated under vacuuiRurther purification by column chromatogrgptn silica gel éthyl
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acetatéhexanes = 1:10) to afford compouBe as a yellow oil in 65% yield (5.9). '"H NMR
(400 MHz, CDC}): d 4.217 4.05 (m, 4H), 6.13 (s, 1H), 7.24 &= 7.6 Hz, 1H), 7.36 () = 7.4

Hz, 1H), 7.59 (ddJ = 8.0, 0.8 Hz, 1H), 7.63 (dd,= 7.7, 1.3 Hz, 1H).

(2-(1,3-dioxolan2-yl)phenyl)dimesitylborane(b). A hexane solution of-BuLi (2.5 M, 1.0 mL,

2.4 mmol) was added to the solution of compo@rd0.46,2 mmol) in THF (40 m) at-78 N

under nitrogen atmosphere. The reaction mixture was stirred for anotizer &t -78 N and
dimesityl boron fluoride (0.64 g, 2.4 mmol) was added to the solution. The reaction mixture was
stirred for another hourat-78 N , then allowed to retrn to room temperature slowly and stirred

overnight. The solvent was removed in vacuo. The residue wectext with diethyl ether (50

mL x 3), the organic layer was combined and dried with magnesium sulfate and concentrated
under reduced pressure. Thede product was purified by column chromatography on silica gel
(CH.Cl,/hexanes = 1:1) to afford compoufid as pale oil in 64% vyield (0.5¢)."” *H NMR

(400 MHz, CDCY): d 2.06 (s, 12H), 2.35 (s, 6H), 3.973.68 (m, 4H), 5.59 (s, 1H), 6.84 (s, 4H),
7.36 (d,J = 4.2 Hz, 2H), 7.53 7.45 (m, 1H), 7.70 (dJ = 7.7 Hz, 1H);**C NMR (101 MHz,

CDCly): d 21.3, 23.2, 64.7, 102.6, 124.9, 128.3, 128.6, 130.3, 134.3, 138.9, 141.®), 14P.5,

147.2;'B NMR (128 MHz, CDCJ): d 73.8.

2-(dimesitylboryl)benzaldehyde2 ). Excess of concentrated HCI solution was added to the
THF/H,0 (3:1) solution of compoun@b (0.253 g, 0.64 mmol), the mixture was stirred overnight
under room tempature. NaHC@was added to the solution to neutralize the solution after the
completion of the reaction. The solvent was removed under reduced pressure and the residue was
extracted with diethyl ether (50 Imx 3), the organic layer was combined, then dried with

magnesium sulfate and concentratedler reduced pressure. Tereide product was purified by
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column chromatography on silica gel (&H,/hexanes = 1:1) to afford compouBd as yellow
solid in 62% vyiéd (0.14 g)® *H NMR (400 MHz, CDCJ): d 2.11 (s, 12H), 2.33 (s, 6H), 6.82 (s,
4H), 7.47 (tJ = 7.4 Hz, 1H), 7.68 (t) = 7.3 Hz, 1H), 8.04 (dd] = 13.1, 7.7 Hz, 2H), 9.62 (s,
1H); *C NMR (101 MHz, CDGJ): d 21.0, 24.5, 127.2, 128.7, 129.5, 132.55.63 136.3, 138.6,

141.0, 197.0"B NMR (128 MHz, CDC})): d 25.3.

2-(dimesitylboryl)benzylideneethylamine2.). Compound 2.c (50 mg, 0.13 mmol) rd
ethylamine (2M in THF, 0.2 m 0.4 mmol) were dissolved in dichloromethane with excess

amount of magnesium sulfate, the reaction mixture was allowed to heated\tddsaL hour.”*”

181 After completion of the reaction, the solution was filtrated and the residue was washed with
dichloromethane. The filtrate was concentrated in vacuo to afford pale solid in a crude yield of 98%

(54 mg). Further purification can be achieved by washing with dry hex&h&MR (400 MHz,
CsDe): d 0.43 (t,J = 7.2 Hz, 3H), 1.67 (s, 3H), 1.79 (s, 3H), 283 6H), 2.29 (s, 3H), 2.50 (s,
3H), 3.46 (dJ = 20.8 Hz, 2H), 6.66 (s, 1H), 6.75 (s, 1H), 6.94 (s, 2H), 6.99t7.4 Hz, 1H),

7.09 (t,J= 7.4 Hz, 1H), 7.26 (d] = 7.5 Hz, 1H), 7.39 (s, 1H), 7.88 (@= 7.5 Hz, 1H):*C NMR

(101 MHz, GDg): d 14.5,20.7, 22.7, 25.8, 26.8, 46.0, 124.7, 125.2, 129.7, 130.5, 130.8, 131.1,
131.9, 136.9, 165.9/B NMR (128 MHz, GDs): d 4.7; HRMS (El), calcd for §Hs,BN [M]™*:

381.2633, found: 381.2622.

2-(dimesitylboryl)benzylideneisopropylamin2.2). The synthesis of compour&2 was similar
as compoun@.1, use isopropylamine instead of ethyl amine as the reagent to give condund

as pale solid in a crude yield of 98%. Further purification can be achieved by recrystallization
with dry hexanestH NMR (400 MHz, GDg): d 0.35 (d,J = 62 Hz, 3H), 0.99 (dJ = 62 Hz, 3H),
1.67 (s, 3H), 1.90 (s, 3H), 2.22 (s, 6H), 2.31 (s, 3H), 2.47 (s, 3H), 4.19 {hef.4 Hz, 1H),
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6.66 (s, 1H), 6.75 (s, 1H), 6.92 (s, 1H), 6.96 (s, 1H), 6.99=(t7.1 Hz, 1H) 7.09 (t,J = 7.1 Hz,
1H), 7.26 (dJ = 7.5 Hz, 1H), 7.86 (d] = 7.5 Hz, 1H), 7.86 (s, 1H{*C NMR (101 MHz, GD):
d 20.7, 20.8, 22.9, 24.2, 25.9, 26.0, 26.3, 26.7, 52.2, 124.8, 125.2, 129.4, 129.7, 130.4, 131.0,
131.3, 132.0, 132.8, 134.7, 136.2, B36.40.5, 141.6, 143.5, 16538 NMR (128 MHz, GD):

d 6.3; HRMS (ESI), calcd for £HssBN [M+H]": 396.28571, found: 396.28541.

2-(dimesitylboryl)benzylidenetertbutylamin®.8). The synthesis of compou2d8 was similar as
compound2.1, use terbutylamine instead of ethyl amine as the reagent to give comBiad

pale solid in a crude yield of 98%. Further purification can be achieved by recrystallization with
dry hexanes*H NMR (400 MHz, GDs): d 1.07 (s, 9H), 1.64 (s, 3H), 1.94, (3H), 2.20 (s, 6H),

2.44 (s, 6H), 6.72 (s, 2H), 6.90 (s, 2H), 7.00¢, 7.3 Hz, 1H), 7.07 (t) = 7.4 Hz, 1H), 7.40 (d,
J=7.5Hz, 1H), 7.78 (d] = 7.5 Hz, 1H), 8.18 (s, 1H}*C NMR (101 MHz, GDs): d 20.7, 25.7,

30.7, 60.5, 125.4, 125.9, 129.9,018, 130.7, 131.9, 137.6'B NMR (128 MHz, GDe): d 17.1;

HRMS (EI), calcd for GsH3¢BN [M]*: 409.2946, found: 409.2939.

2-(dimesitylboryl)benzylidenecyclohexylamin24). The synthesis of compou# was similar

as compoun@.l, use cyclohexylamine instead of ethylamine as the reagent to give compound
2.4 as pale solid in a crude yield of 98%. Further purification can be achieved by recrystallization
with dry hexanes'H NMR (400 MHz, GD¢): d 0.48 (ddJ = 21.4, 10.0 Hz, 1H),.@471 0.82 (m,

2H), 0.93i 0.85 (m, 1H), 1.04 (dd] = 24.4, 11.9 Hz, 1H), 1.221.14 (m , 2H), 1.32 (d] = 6.3

Hz, 1H), 1.56 (dJ = 12.1 Hz, 1H), 1.71 (s, 3H), 1.93 (s, 3H), 2.03d, 11.3 Hz, 1H), 2.20 (s,

3H), 2.23 (s, 3H), 2.33 (s, 3H), 2.46 &), 3.87 (tJ = 11.5 Hz, 1H), 6.67 (s, 1H), 6.73 (s, 1H),
6.90 (s, 1H), 6.97 (s, 1H), 7.02 §t= 7.3 Hz, 1H), 7.11 (t) = 7.4 Hz, 1H), 7.32 (d) = 7.5 Hz,

1H), 7.85 (dJ = 7.5 Hz, 1H), 7.90 (s, 1H}*C NMR (101 MHz, GD): d 20.7, 20.8, 24.1, 25.6,
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25.8, 26.0, 26.2, 26.3, 26.8, 33.5, 37.7, 60.9, 124.8, 125.1, 129.4, 129.7, 130.2, 130.9, 131.4,
131.9, 132.8, 134.6, 136.4, 137.0, 140.4, 141.5, 143.5, 188.8)MR (128 MHz, GDs): d 6.46;

HRMS (ESI), calcd for §H3BN [M+H]": 436.31701, found: 4361318.

2.2.3Synthesis of 2.5 2.7

o]

-78°C -rt
2 eq. R;—MgBr + (iPrO);B —— = jPrOBPh, Not Isolated

H.N—R 1. n-BuLi
Q_\ _ RNTR Q_\ (iPrO) 3B
A\
N—|

MgSO, “Ri3 RyMgBr R/ Br

Br  CH,Cly, 1t-50 °C
st o)
26, R, = -§-< Ry = '3‘@

D D

27.Ry = —§—< R = -E—QD

D D

Figure 2.3 Synthesis oR.5 2.7.

Condensation of -bromobenzaldehyde with different aliphatic amine to give the producg of
bromobenzylideneamingerivatives2.d. Compound2.57 2.7 were obtained by the lithiation of
2-bromobenzylideneamine, followed by quenching wifrO)BPh, or (iPrO)B(GDe). with a

moderate yieldFigure 2.3) The deuteriumabeledcompound?.7 was also prepared in order to

track the HAT process.

N-(2-bromobenzylidene)propa2tamine @.d). The synthesis of compourid was similar as

compound?.1 to give compoun@.d as pale yellow liquid.

2-(diphenylboryl)benzylideneethylamin@.§). 1 M of thenylmagnesium bromide was prepared
in advance by adding bromobenzene (10.9 g, 70 mmol), maganesium turnings (1.68 g, 70 mmol)
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and two small iodine crystals to a 250 mL oven dried Schlenk flaskhanabikture was refluxed

in 70 nL THF until all of the magnesium had appearechd phenylmagnesium bromide (. m

1 M in THF, 5 mmol) was added to a 50 mL owried Schlenk flask with 10lmof THF and the
mixture was cooled down t¢8 N under N, B(OiPr)} (0.58 mL, 2.5 mmol) was added quickly

to the flask. The mixture was stirred for 1 hour at the same temperature, then it allowed to warm
to room temperature slowly and stirred for another two hours.sétution was cooled down to

78 N and prepared for caula transfer.

In another 100 i Schlenk flask BuLi (1.2 mL, 2.5 M in hexane, 3 mmol) was added slowly to
a solution of compoundd (0.53 g, 2.5 mmol) in THF (40 mL) af8 N under N. After stirring

at this temperature for 1 h, the former solutiorsweannula transferred to the latter flask at the
same temperature. The mixture was stirred for another 1 hour at the same temperature, then
allowed to warm to room temperature slowly and stirred overnight. The mixture was extracted
with diethyl ether (50 i x 3). The organic extract was purified by column chromatography on

basic activated aluminum oxide (gEl./hexanes = 1:4) to afford product as a white s@lid8 g,
24 % yield) *H NMR (400 MHz, GDs): d 0.47 (t,J = 7.2 Hz, 3H), 3.21 (q] = 7.2 Hz, 2H) 7.06
(t, J= 7.5 Hz, 1H), 7.26 7.17 (m, 3H), 7.34 7.27 (m, 6H), 7.45 (d] = 7.0 Hz, 4H), 7.68 (dJ
= 7.3 Hz, 1H);*C NMR (101 MHz, GDe): d 13.4, 44.3, 125.3, 125.7, 126.0, 127.7, 130.5, 132.0,
133.8, 137.7, 165.2'B NMR (128 MHz, GDy): d 4.20; HRMS (EI), calcd for GH,BN [M]*:

297.1693, found: 297.1699.

2-(diphenyboryl)benzylideneisopropylamir2®). The synthesis procedure of compo@®&lwas

similar as compoun@ 5 to give compoun@.6 as white solid, 30 % yield (0.23 gH NMR (40

MHz, CsDs): d 0.61 (d,J = 6.7 Hz, 1H), 4.00 3.87 (m, 1H), 7.07 (t} = 7.4 Hz, 1H), 7.34 7.16
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(m, 8H), 7.49 (dJ = 6.8 Hz, 1H), 7.68 (d] = 7.3 Hz, 1H), 7.71 (s, 1H}*C NMR (101 MHz,

CeDg): d 23.3, 50.2, 125.3, 125.7, 126.0, 127.7, 130.5, 1333.9, 137.9, 164.3'B NMR (128

MHz, CsD¢): d 4.73; HRMS (EI), calcd for §H,,BN [M]*: 311.1849, found: 311.1847.

2-(diphenytd5 boryl)benzylideneisopropylamin®.7). The synthesis procedure of compo@®i

was similar as compourl5 to give compoun@.7 as white solid, 28 % yield (0.22 gH NMR
(400 MHz, CQCly): d 1.17 (d,J = 6.7 Hz, 6H), 4.31 4.18 (m, 1H), 7.31 (t) = 7.4 Hz, 1H),
7.45 (t,J= 7.3 Hz, 1H), 7.55 (d) = 7.2 Hz, 1H), 7.76 (d] = 7.6 Hz, 1H), 8.70 (s, 1HfH NMR
(92 MHz, CHCl,): d 7.23 (d,J = 3.7 Hz, 10H);**C NMR (101 MHz, CBCl,): d 23.7, 50.7,
125.2 (t,J = 23.6), 125.6, 126.0, 126.8 Jtz 23.6), 129.6, 131.9, 133.0 JtF= 23.6), 137.9, 165.1,
18 NMR (128 MHz, CBCL,): d 4.28; HRMS (El), calcd for £H1,.D10BN [M]*: 321.2477, found:

321.2468.

2.2.4Synthesis of 2.8 2.10

Br O
/\Q ethylene glycol
Mel, chog n -BuLi, DMF =0 0 X0 P-Toluenesulfonic acid (]
DMF rt THF, -78 °C Toluene, reflux
NH,

CH,Cly, reflux. ;::|Z reflux N
2.e,48% 2f 67% 2 g, 66% 2h,77%
n-Buli, Mes,BF
THF, -78 °C-rt
BMes, BMes, BMeszox
SR HN-R ~0 HCI 0
-
MgSO, THF/H,0 (3:1)
CH,Cly, rt-50 °C N rt, overnight N
~N PN -~ _\
2.8, R = ethyl 2.j, 40% 2., 76%

2.9, R = isopropyl
2.10, R = tertbutyl

Figure 2.4 Synthesis 0.8 2.10
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Methylation of the nitrogen atom oft®romaniline with potassium carbonate and methyl iodine
to give compouna.g after which lithiation and quenching with DMF gives compof@ridThen
brominated in the pa#position (relative to nitrogen) using DBDMH ,&dibromo5,5
dimethylhydantoin) to affor®.g. The aldehyde group &.g was then protected with ethylene
glycol to give2.h, theniBmes group was added tB.h via lithium-halogen exchange to give
compound2.i. Deprotection of the aldehyde was achieved with concentrated HCI to give
compound2.j. Compounds2.8 2.10 were synthesized in good yield by reactingpdylated
benzaldehydes with various aliphatic ami{ésggure 2.4) followed by recrystallization from
hexanes.Compound2.10 is unstable and partially decomposes during the recrystallization

process.

3-bromaN,N-dimethylaniline 2.€). The synthesis of compourzle was carried out with the
reported methofl”? A mixture of 3bromoaniline (3.4 g20 mmol),iodomethane (2.84 m 46
mmol) and KCO; (5.5 g, 40 mmol) in DMF (80 mL) was stirred at X5 overnight. 150 rb
agqueous NaHCgsolution was added into the mixture andrasted with diethyl ether (80 lmx

3), the organic was washed with brine, then drieth wiagnesium sulfate and concentrated in
vacuo. Further purification by column chromatography on silica geb@QGCHexanes = 1:1) to
afford compoun.e as pale yellow oil in 48% vyield (1.9 gH NMR (400 MHz, CDCJ): d 2.97

(s, 6H), 6.65 (dd) = 8.0 Hz 2.2 Hz, 1H), 6.846.86 (m, 2H), 7.10 (] = 8.0 Hz, 1Hf*®

3-(Dimethylamino}benzaldehyde2(f). The n-BuLi (2.5 M in hexane, 0.5 I 1.2 mmol) was
added dropwise to the stirred THF solution of compa2ue@t-78 N . The mixture solution keep
stir for 1 h at-78 N, then dry DMF (0.15 i, 2 mmol) was added dropwise. The reaction was

monitored by TLC, after completion of the reaction saturated aqueoyGlNblution was added

to quench the reaction. The reaction slowly warm to room temperature raad f&ir another 8.
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The solvent was removed under reduced pressurexarattewith diethyl ether (30 nx3), the
organic layer was dried with magnesium sulfate and concentrated in vacuo. Further purification
by columnchromatography on silica gedtliyl acetatéhexanes = 1:10) to afford compoudd as
yellow oil in 67% yield (0.1 g)*H NMR (400 MHz, CDCJ): d 3.02 (s, 6H), 6.98 (dd,= 8.4, 3.0

Hz, 1H), 7.267.22 (m, 2H), 7.38 (t) = 7.6 Hz, 1H), 9.96 (s, 1HY’

2-Bromo-5-(dimethylaminojbenzaldehyde2(g). This compound®.g was synthesized according
to the reported methd®f! The compoun®f (0.1 g, 0.67 mmol) was dissolved in 25Ldry
dichloromethane and 1dbroma5,5-dimethylhydantoin (0.08&), 0.3 mmol) vas added, the
solution was heated to reflux overnight. Aftentpletion of the reaction, 40lnwater was added

to dilute the solution and exict with dichloromethane (30Llmx 3). The organic layer was
combined and dried with magnesium sulfate and coratetrunder reduced pressure. The crude

product was purified by columehromatography on silica gettfiyl acetatéhexanes = 1:8) to
afford compoun.g as bright yellow solid in 66% yield (0.1 gH NMR (400 MHz, CDCJ): d
2.99 (s, 6H), 6.80 (ddl = 8.9, 3.3 Hz, 1H), 7.19 (&, = 3.3 Hz, 1H), 7.43 (d) = 8.9 Hz, 1H),

10.31 (s, 1H}

4-broma-3-(1,3-dioxolan2-yl)-N,N-dimethylaniline 2.h). The mixture of compoungg (2.43 g,

10 mmol), ethylene glycol (1.24 g, 20 mmol) gmntbluene sulfonic ed (0.38 g, 2 mmol) in 60

mL toluene was refluxdfor 6 h, the solvent was removed under reduced pressure aadtext

with diethyl ether (80 iin x 3). The organic layer was combined and dried with magnesium
sulfate and concentrated under reduced pressure. The crude product was purified by column

chromatography on silica gedtllyl acetatthexanes = 1:5) to afford compouBidh as yellow oil
in 77%yield (2.1 g)."H NMR (400 MHz, CDC}): d 2.96 (s, 6H), 4.31 3.85 (m, 4H), 6.05 (s,

6H), 6.60 (dd,) = 8.8, 3.2 Hz, 1H), 6.98 (d,= 3.2 Hz, 1H), 7.38 (d] = 8.8 Hz, 1H)*"
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4-(dimesitylboryl}3-(1,3-dioxolan2-yl)-N,N-dimethylaniline 2.i). A hexanesolution of rRBuLi

(2.5 M, 1.44 mL, 3.6 mmol) was added to the solution of comp@in¢D.813, 3 mmol) in THF
(40 mL) at-78 N under nitrogen atmosphere. The reaction mixture was stirred for andthesr 1
-78 N, then allowed to return to rootamperature slowly and stirred overnight. The solvent was

removed in vacuo. The residue wasrasted with diethyl ether (50 Imx 3), the organic layer
was combined and dried with magnesium sulfate and concentrated under reduced pressure. The

crude productvas purified by column chromatography on silica gel {Clllhexanes = 1:1) to
afford compouna.i as yellow solid in 76% yield (1 gjH NMR (400 MHz, CDCJ): d 2.14 (s,
12H), 2.37 (s, 6H), 3.11 (s, 6H), 3.71 (s, 2H), 3.97 (s, 2H), 6.65)(@®.4, 2.5Hz, 1H), 6.85 (s,
4H), 7.15 (dJ = 2.4 Hz, 1H), 7.31 (d] = 8.4 Hz, 1H)*C NMR (101 MHz, CDGJ): d 21.3, 23.2,
40.0, 64.6, 102.6, 108.3, 110.9, 128.1, 134.0, 138.0, 138.0, 140.8, 143.3, 143.6.'R322R
(128 MHz, CDC}): d 68.2; HRMS (ESI), calcdor CogHs;0,BN [M+H]*: 442.2912, found:

442.2909.

2-(dimesitylboryl}5-(dimethylamino)benzaldehyde2(j). Excess of concentrated HCI solution

was added to the THF/B (3:1) solution of compound. (1 g, 0.9 mmol), the mixture was
stirred overnight under room temperature. NaH®@s added to the solution to neutralize the
solution after the completion of the reaction. The solvent was removed under reduced pressure
and the residue was eatted withdiethyl ether (50 ma x 3), the organic layer was combined,

then dried with magnesium sulfate and concentrated under reduced pressuneidéhgroduct

was purified by column chromatography on silica gel {Clklhexanes = 1:1) to afford
compound2; as yelow solid in 40% yield (0.36 gfH NMR (400 MHz, CDC}): d 2.02 (s, 12H),

2.30 (s, 6H), 3.09 (s, 6H), 6.79 (s, 4H), 6.86 (@ld, 8.4, 2.7 Hz, 1H), 7.27 (d,= 2.6 Hz, 1H),
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7.43 (d,J = 8.4 Hz, 1H);"*C NMR (101 MHz, CDCJ): d 21.2, 23.4, 40.1, 110.0, @4, 128.6,

137.4, 138.3, 140.4, 142.5, 143.6, 151.8, 184®;NMR (128 MHz, CDC)): d 63.2; HRMS

(ESI), calcd for GH3:0BN [M+H]™: 398.2650, found: 398.2641.

4-(dimesitylboryl}3-((ethylimino)methy}N,N-dimethylaniline 2.8). The synthesis of compound
2.8 was similar as compour?ll to give compoun@.8 as bright yellow solid in a crude yield of

98%. Further purification can be achieved by washing with dry hexdAedMR (400 MHz,
CeDe): d 0.51 (t,J = 7.2 Hz, 3H), 1.82 (3H), 1.88 (s, 3H), 2.25 (s, 6H), 2.34 (s, 3H), 2.57 (s,
9H), 3.641 3.42 (m, 2H), 6.64 (dd] = 8.3, 2.3 Hz, 1H), 6.71 (d, = 2.3 Hz, 1H), 6.77 (s, 2H),
6.98 (s, 2H), 7.47 (s, 1H), 7.74 @= 8.3 Hz, 1H);"*C NMR (101 MHz, GDe): d 14.7, 20.8,
22.8, 258, 26.8, 40.3, 46.0, 108.5, 118.9, 129.8, 130.5, 131.5, 137.8, 148.7,"iB&MR (128

MHz, CsD¢): d 4.8; HRMS (El), calcd for H3/BN, [M]*: 424.3055, found: 424.3063.

4-(dimesitylboryl}3-((isopropylimino)methybN,N-dimethylaniline 2.9). The synesis of
compound2.9 was similar as compoun2l1 to give compoun®.9 as bright yellow solid in a

crude yield of 98%'H NMR (400 MHz, GDs): d 0.41 (d,J = 5.8 Hz, 3H), 1.07 (d) = 6.1 Hz,

3H), 1.81 (s, 3H), 2.00 (s, 3H), 2.25 (s, 6H) 2.36 (s, 3H), 2.52 (s, 3H), 2.57 (s, 6H), 4.24 (hept,

= 6.4 Hz, 1H), 6.63 (dd] = 8.4, 2.5 Hz, 1H), 6.71 (d,= 2.4 Hz, 2H), 6.78 (s, 1H), 6.94 (s, 1H),

7.00 (s, 1H), 7.71 (d] = 8.4 Hz, 1H), R0 (s, 1H);"*C NMR (101 MHz, GDs): d 20.8, 20.8,

23.1, 24.4, 26.0, 26.4, 26.7, 40.3, 52.1, 108.4, 119.0, 129.3, 129.7, 130.3, 130.8, 131.7, 132.4,
134.5, 136.1, 137.8, 140.3, 144.9, 143.5, 148.7, 18BNMR (128 MHz, GD¢): d 6.4; HRMS

(El), calcd fo CsgH39BN, [M]*: 438.3212, found: 438.3222.
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3-((tertbutylimino)methyl}4-(dimesitylboryl}N,N-dimethylaniline 2.10). The synthesis of
compound2.10 was similar as compourizil to give compoun@.10 as bright yellow solid in a
crude yield of 98%'H NMR (400 MHz, GDg): d 1.09 (s, 9H), 2.29 2.11 (m, 18H), 2.45 (s, 6H),
6.45 (dd,J = 8.4, 2.6 Hz, 1H), 6.75 (s, 2H), 6.85 (s, 2H), 7.590(d 8.4 Hz, 1H), 7.81 (d] = 2.5
Hz, 1H), 8.57 (s, 1H)**C NMR (101 MHz, GDg): d 21.0, 23.3, 29.4, 39.2, 57.2, 109.4, 112.9,
128.6, 128.9, 138.5, 144.5, 152.5, 157'B; NMR (128 MHz, GDs): d 2.3, 54.9; HRMS (EI),

calcd for GH4:BN, [M] *: 452.3369, found: 452.3358.

2.2.5Synthesis of 2.11

\
NBS I CH3l, K,CO, '
MeCN DMF
NH, NH; N
61% 46%
) / /
(1) n-BuLi, TMEDA-ZnCl,  __ —N —

z7

0,
@Br THR,78%Ct =\ n-Bui, Mes,BF /
—_—
\_7/ Br N/ THF,-78 °Cit /

B
(2) Pd(PPh3)4 ! Br
r-reflux — t 2.k, 44%

211 9
N ,91%

Figure 2.5 Synthesis o2.11

3-lodoaniline was brominated irpara-position (relative to nitrogen)with NBS (N
bromosuccinimide) to give-Broma-3-iodoaniline, after which methylation of the nitrogen atom
to afford 4-bromo3-iodo-N,N-dimethylaniline The coupling of 4-bromo3-iodo-N,N-
dimethylanilineand 2bromopyridinewas achieved using Negishi couplittggive compoun@.k.
Lithiation of 2bromo5-dimethylaminophenylpyridine followed by the addition of BMegave

compound2.11in highyield (Figure2.5).
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4-bromo-3-iodoaniline. The synthesis was carried out with the reported mé&thdd: a 100 b
round bottom flask, -Bodoaniline (22 g, 10 mmol) dissolved in 50Lracetonitrile and stirred in

an ice water bath, NBS (1@ 10 mmol) was addeslowly to the solution. The solution was
allowed to reach room temperature and stirred overnight. The reaction was quenchegDwith H
and extracted with hexanes (50Lnx 3), the organic layer was dried with Mg%Q@nd
concentrated under reduced pressure.rhde product can be purified by recrystallization with

CH.Cl,/hexanes at18 N as a brown solid in 30% yield (0g). ‘*H NMR (300 MHz, CDC)): d

3.69 (br, 2H), 6.54 (dd = 8.5, 2.7 Hz, 1H), 7.22 (d,= 2.7 Hz, 1H), 7.33 (d] = 8.6 Hz, 1H)*

4-bromo-3-iodo-N,N-dimethylaniline. The synthesis was carried out with the reported mé&thod:

A mixture of 4broma3-iodoaniline (2.98g, 10 mmol), iodomethane (1.4 mL, 22 mmol) and
K.CO; (4.159g, 30 mmol) in 50 mL DMF was stirred at Rb. After completionof the reaction,

the mixture was poured into water and extract with diethyl ether. The organic layer was washed
with brine, then dried over M§O, and concentrated under reduced pressure. The crude product
can be purified by columnhromatography on silicgel €thyl acetatéhexanes = 1:6) to afford
product as pale solid in 46% yield (1.5 t). NMR (300 MHz, CDCJ): d 2.93 (s, 6H), 6.56 (dd,

J=8.9, 2.8 Hz, 1H), 7.17 (d,= 2.8 Hz, 1H), 7.38 (d] = 8.9 Hz, 1H)**

Synthesis of compour2lk. n-BulLi (2.5 M, 0.5 mL, 1.2 mmol) was added slowly to a solution of

2-bromopyridine (0.157 g, @.mmol) in THF (30 mL) at78 N and the resulting solution was
stirred for abotui 1 hour at-78 N . Then, TMEDAZNnCI, (0.3 g, 1.2 mmol) was added under

nitrogen and the solution was stirred at the same temperature for about 1 hour and allowed to
warm to room temperature slowly-pdomo-3-iodo-N,N-dimethylaniline (0.36 g, 1.1 mmol) and
Pd(PPh)4 (0.10 g, 0.1 mmol) were déd to the solution and the solution was heated to reflux for

12 hours. The reaction was quenched with water. The solvent were removed under reduced
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pressure and the residue was extracted witblQGH50 nl x3) and water, the organic layer was
collected ad dried over MgS@ The solvent was removed under reduced pressure. The crude

product was purified by column chratography on silica gekthyl acetatéhexanes = 1:6) to
afford compoun@k as yellow oil in 44% yield (0.12 gjH NMR (400 MHz, CDCJ): d 2.95 (s,

6H), 6.63 (dd,J = 8.9, 3.0 Hz, 1H), 6.87 (d,= 3.0 Hz, 1H), 7.27 (dd] = 7.1, 5.2 Hz, 1H), 7.46

(d,J = 8.9 Hz, 1H), 7.60 (dJ = 7.8 Hz, 1H), 7.73 () = 7.7 Hz, 1H), 8.71 (d] = 4.4 Hz, 1H);
3C NMR (101 MHz, CDCJ): d 40.5, 107.7, 114.1115.2, 122.3, 124.9, 133.4, 135.7, 141.3,

149.2, 149.9, 15947

Synthesis of compound.11l. A hexane solution of-BuLi (2.5 M, 0.08 mL, 0.2 mmol) was
added to the solution of compou2k (45 mg, 16 mmol) in THF (40 mL) a8 N under
nitrogen atmosphere. The reaction mixtwas stirred for another Hourat-78 N and dimesityl
boron fluoride (52 mg, 0.2 mmol) was added to the solution. The reactidarenivas stirred for
another lhourat-78 N , then allowed to return to roorarhperature slowly and stirred overnight.

The solvent was removed in vacuo. The residue was extracted wibl, GB35 nlL x 3), the
organic layer was combined and dried with magnesium sulfate and concentrated under reduced
pressure. The crude product was ified by column chromatography on silica gel

(CH,Cl/hexanes = 1:1) to afford compouid.1as yellow solid in 91% yield (65 mgH NMR

(400 MHz, CDC}): d 1.82 (s, 12H), 2.21 (s, 6H), 3.00 (s, 6H), 6.67 (s, 4H), 6.89)(dB.4, 2.2

Hz, 1H), 7.23 7.11 (m, 2H), 7.63 (d) = 8.4 Hz, 1H), 7.98 7.92 (m, 2H), 8.63 (d] = 5.9 Hz,

1H); *C NMR (101 MHz, CDCJ): d 20.8, 24.9, 41.1, 104.8, 117.3, 118.6, 121.0, 129.7, 131.6,
133.5, 135.4, 140.0, 146.2, 148.1, 159'B;NMR (128 MHz, CDCL): d 4.2; HRMS (EI), calcd

for CaHssBN, [M] *: 446.2899, found: 446.2879.
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2.2.6X-ray Crystallographic Data

Colourless crystals d.2, 2.6, 2.6bwere grown in hexanes &8 N , while the crystals o2.4c

were grown by slow evaporation of g0% solution at room temperature. The crystal data were
collected on a Bruker D¥enture diffractometer with Mearget 6-= 0.710734) at 180 K. Data

were processed on a PC with the aid of the Bruker SHELXTL software package22 and corrected
for absorption effectsAll non-hydrogen atoms were refined anisotropically. The position of
hydrogen atoms were calculated and their contributions in structural factors were included. The
crystal data oR.2, 2.6, 2.4¢ 2.6b have been deposited at the Cambri@ggstallographic Data

Center (CCDC No. 1847798, 1847799, 1847790 and 1847801).

4
cun oo

Figure 2.6 Crystal structures if.2and2.6.

Table 2.1 Selected bond lengttfd) and angles?( of 2.2and2.6

Selected bond lengthA)
2.2 B(1)-C(1) 1.629(3) B(1)-C(11) 1.636(3) B(1)-C(20) 1.658(3) B(1)-N(1) 1.651(3)
2.6 B(1)-C(1) 1.612(5) B(1)-C(11) 1.609(5) B(1)-C(17)1.620(5) B(L)-N(1) 1.626(5)
Selected angle$)(

2.2 C(1)yB(1)-N(1) 95.37(14) C(11)B(1)-C(20) 113.88(15)
C(1)B(1)-C(20) 100.84(15) C(11)}B(1)-N(1) 103.25(15)
2.6 C(1)}B(1)-N(1) 96.1(3) C(11)}B(1)-C(17) 113.4(3)
C(1)}B(1)-C(17) 110.7(3) C(11)}B(1)-N(1) 105.9(3)
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2.2.7Photoisomerization Procedure

All the sampls used for photoisomerization studies were dissolved;ibs @nd the @D¢ solvent

was dried with molecular sieves and stored yfilked glove box. Around 20 mg of compound

21 2.7 were dissolved in 0.5 mof CsDg in JYoung NMR tubes and sealed wittilee caps,

then removed from the glove box and irradiated in an Rayonet Photochemical Reactor (350 nm).

'H, B NMR spectra were monitored periodically until no additional spectra change.

The conversion of intermediateto respective isomds can ke driven by room temperature, but
the intermediat@ can not be monitored by room temperature NMR spectra. While the conversion
of aY b can be prevented under low temperature, comp@evas irradated with 365 nm

hand UV light in dry ice/acetone bath and low temperattf® il ) NMR spectraproved the

formationisomer2.2a.

The thermal isomerization reaction 2#b Y 2.4cwas performed by putting the sealed NMR
tube in an oil bath. The temperaturetloé oil bath is same as the thermal isomerization reaction

temperature.

2.3 Results and Discussion

2.3.1Characterization and Photophysical Properties

All compounds were fully characterized by NMR and HRMS analyidis. crystal structures of
2.2 and 2.6 were deternmed via singlecrystal Xray diffraction analyses (Figure 2.6pd the
selected bond lengths aadgles are shown indble 2.1 The *'B NMR chemical shifts 0.1 Y
2.3 show a clear trend with increasing size of thealkyl group (4.7, 6.3, and 17.1 ppm

respectively), indicating that the-® bond is weakened with bulkier alkyl groups on the imine.
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Compound2.4 with a cyclohexylgrouphas a'B peak at 6.5 ppm, similar that of2.2 (with an
i-Pr). The ph substituted compounds5 and 2.6 have a slightly upfield shiftetB NMR peak
(4.2 and 4.7 ppm), compared to the Mebstituted analoguexsl (4.7 ppm)and2.2 (6.3 ppm)
owing to the reduced stergongestion arounddoon in2.5and?2.6. Crystal structures show that

the B-C and BN bonds in2.2are all longer than the corresponding one3.@(Table 2.1).

The UV-vis absorptions of compoundsl i 2.4 (Figure 2.7, left and Table 2.2re all quite

similar owing to theminimal participation of the alkyl groupi®m the S transition of these
moleculeg(the TDDFT calculation data see the appendix) T hx®f 2&71 24i s ,3=t282

nm in CHCI, with a broad absorptiotband and a shoulder at 332 nm, attributed to
intramoleculart har ge tr ans-Mes {héng/Mdeneaming imgreement with the

S, transition of previously reported diaryN,C-chelate boron compounds and -OBT
calculationg!® Compound.1i24ar e weakly ggmb58knmuge’ wid%, aand a
large Stokes shift (200 nm)(Figure 2.7, right) The U\tvis andemission spectra &f5 and2.6

are hypsochromically shifte@Figure 2.7and Table 2.2)compared to those &1 7 2.4 by ~35

nm. The UV-vis maximum absorption of compoun®8 and2.9 ( @~ 425 nm) are significantly
bathochomically shifted(Figure 2.8, left and Table 2.8pmpared t®.1 7 2.4, which is due to

ICT from thep-NMe, donor to the boron center, with emission occurring atrsagFigure 2.8,

right) and a comparatively large quantum yield (25%2Z@&; 26% for2.9, 20% for2.11) (Table

2.3). The maximum absorption @f11is around 414 nm, exhibiting a rstlifted absorption band
compared to parent N;€h el at e oragnobor on comp-comugdtien as a
(Figure 2.8, leftand Table 2.3)Alkyl substituted benzylideneaminei gands have far
conjugationcompared toppy and phenylazolyl ligands, which is expected to acceldhmte
photoreactivity o217 24a s a r e s-delotalizatibnaldngetsesbackbone and decreased

aromaticity.
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Figure 2.7 Absorption {.00x 10° M, left) and emission spectfaght) of 21 2.6in

dichloromethane.

Table 2.2 Summary of photophysical data fdrl 2.6

800

Compound 2.1 2.2 2.3 2.4 2.5 2.6
ampdNM), 281, 282, 107, 281, 282,1.a, 277,1.% 278,
qio*Mtemt)®  0.8%; 332, 0.872; 332, 318, 118
332, 0.34 332, 0.290 0.288 318,
0.229 0.236 0.3
Aem(NM) 497 504 507 502 462 464
2Recorded in dichloromethan&.Q0x 10°M) at 298K.
0.2 1.2
0.16 1 —28 T 1 4
-—32.9 N —2.8
0.12 1 '_g 038 1 —29
A é 06 - 2.11
0.08 2
< 0.4
0.04 + § 0.2
0 . r . ~— ¥ 0 . "
290 340 390 440 490 540 400 500 600 700

Wavelength (nm)

Wavelength (nm)

Figure 2.8 Absorption (.00 x 10° M, left) and emission specttéght) of 2.8, 2.9and2.11in

toluene
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Table 2.3 Summary of photophysical data 218, 2.9, 2.11

Compound 2.8 29 2.11
ampdNm), 425, 0.200 425 0.196 414,0215
1ot M tem )?
Aem(NM) 523 523 535
0 (%) 25 26 20

2Recorded in toluenel (00 x 10° M) at 298K
®The solutioni - was determined in toluene using 9diphenylanthracene as the refererice
0.90) under N!®

2.3.2Photo/Thermal Rectivity of 2.1 2.4

Al kyl substituted benzyl i-obgugatien mompared toipgyaandd s
phenylazolyl ligands, which is expected to accelerate the photoreactidtyioR.4 as a result of

| e sdelocalization along the backbone and decreased aromafisityypothesized2.1 24
undergo rapid structural transformations upon irradiation with 350 nm (kglet the appendix)
Similar to B(ppy)Mes and derivative§® 2.1 i 2.4 first photochemicallyisomerize to their
respecti ve 2Zilda2dawhicts mveean inténse deep purple cdkéigure 2.9 for

2.13. Surprisingly, the purple color ¢f.la 2.4a only persists for a few seconds before the

solution returns to colorlesd room temperaturéndicating a short lifetime of the dark isomers.

With prolonged irradiation, the purple color would no longer be generated, suggesting a new

product has formed.

To establish the structural change, the phototransformation was tracked using NMR spectroscopy

for all compounds(see the appendixand the data of compounl2 are shown here as a
representative exampl@Figure 2.9 and Figure 2.10JH NMR spectra of2.2 following 40
minutes of irradiatiorat 350 nmand ambient temperature revealed a mixturg.2ih, and2.2c,

where2.2b is the major product and identifiable basad its diagnostic sets of resonances at
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5.46/5.60 (cyclohexadiendi C=Ci), 4.42/4.82 (vinylH,C=Ci'), and 4.18 (amine &i N) ppm
(the full '"H NMR spectrum oR.2band daracterization see figure A 2.6s well as the 2D NMR
data. This species is structurafiglated to the vinyl species identified as an intermediathdn
phototransformation of henytazolyl BMes chelate compoundS. Further irradiation of the
mixture resulted in the fultonversion2.2b to 2.2¢, although it is expected thtie 2.2b to 2.2¢
transformation is a thermal process and the beatrated by the photoreactorsisfficient to
drive it®® To confirm that theb to c transformation is a thermally driven process, DL

solution of 2.4b, generated by the photolysis 24, was heated to 118 and the reaction

progress monitored by NMROver the course of the reamtitime, the peaks belonging 20ic
begin to emerge, with full conversion achieved after 6 h@bigure 2.1}. Product2.2c is
identified by itscharacteristic methylene groups (N and CHi B), which both show AB
splitting patterns (3.96/3.60 ari54/2.29 ppmrespectively the full '"H NMR spectrum oR.2c
and daracterization see figure A 2.The™'B NMR chemical shifts 02.2b (39.6 ppm) an@.2¢
(44.6 ppm) are shifted downfield relative to the resonan@2df6.3 ppm)(Figure 2.10) which
is consistent with a change in the environmaithe boron atom (foucoordinated to BN).
Performing the same experiments witR.1, 2.3, or 24 resulted in similar multistructural
transformations, forming th&.2c analogues2.1c, 2.3c and 2.4c (the NMR tracking and
characterization can be found time appendix)respectively. Unlikehe structure of B,M.,3,6
COT 1.44c 1.46¢ in which the N atom is a part of a fused heterocyitle R group on the N
atom in2.1c 2.4ccan be altered, allowingccessd a variety of tetrasubstituted=Rl units as a
part of aCOT ring. The crystal structure @4c was determinedia X-ray diffraction and is
shown inFigure 212. The B=N bond length ir2.4cis 1.394(3) A(Table 2.4) much shorter than
those observed iB,N-1,3,6COT 1.44c 1.46cand B,N1,3,5CHT 1.52b(1.417 1.42 A)>¢
owing to the greater electratonating ability of the cy grou@.he four substituent atoms on the

B=N unit in 2.4c are approximatelgoplanar with an eclipsed arrangemg@figure2.12).
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Figure 2.9 (a): Structures andolors 0f2.2, 2.2a 2.2b, 2.2¢ (b): *H NMR trackingshowing the
conversion oR.2Y 2.2bY 2.2cat room temperature
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Figure 2.10 Stacked'B-NMR spectra showing the conversionZo2Y 2.2cunder N in CsDg at

room temperature
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Figure 2.11 StackedH-NMR spectra showing the photo conversio @Y 2.4band thermo
conversion oR.4bY 2.4cwith structuresighlightin red @.4b) and blue 2.49).

Figure 2.12 Crystal structure a2.4c
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Table 2.4 Selected bond lengthd) and angles (deg) &4c

Selected bond lengthA Y

B(1)-N(1) 1.394(3)  B(1)-C(1) 1.598(4) B(1)-C(17) 1.588(4) C(1)C(2) 1.515(3)
C(11)}C(16) 1.513(4) N(1)-C(16) 1.487(3) N(1)-C(26) 1.481(3)

Selected angle$)(

C(1)B(1)-N(1) 124.7(2) C(1}B(1)-C(17) 113.1(2)
C(17)B(1)-N(1) 122.1(2) B(1)-C(1)}-C(2) 120.6(2)
N(1)-C(16)}C(11) 112.7(2)

Qualitatively, the rates of the thermal reaction?.4b/2.2b to 2.1¢/2.2c are slower compared to
that of2.3b to 2.3c, as the latter ialwaysformed as a mixture following irradiatiqfrigure 2.13.
To understand this difference, the previously reported BIEEhanistic pathwa§ was applied to
the thermal transformatiornd 2.2 and2.3. While the HAT yielding2.2b and2.3b was found to
possess similar barrier (90 kJ mof"), the1,3-boryl shift requires far more energy 22b to
2.2¢c conversioncompared to that a2.3b to 2.3c (58 vs 40 kJ mof) (Figure 2.14 andrigure

2.15) which explainghe concomitant formation @&3b and2.3c with irradiation.
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Figure 2.13 Stacked'H NMR spectrashowing theconcomitant formation d2.3b and2.3c upon
light irradiationat room temperature
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Figure 2.14 Calculated groundtate reaction profile showing the various starting, transition state,

intermediate, and final structures of the conversion f2dbto 2.2¢
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Figure 2.15 Calculated groundtate reaction profile showing the various starting, transition state,

intermediate, and final structures of the conversion 2ado 2.3¢
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In order to confirm the involvement of the dark isomerthia multistructural transformatigra
toluenedg solution of2.2 was prepared anddlsample was irradiated witl63nm hand UVlight

in a dry ice/acetone cooling batir@ N ). After 4 h of irradiationthe colourless solution &.2
became dark purple. TidMR tube was transferred topsie-cooled NMR spectrometdf70 N )

and both'H and*'B NMR were recorded (Fige 2.16 andFigure 2.17 respectively. 'H NMR
dataconfirmed the formation of the dark isonRa, with thediagnostic chemical shifts of the
cyclohexadiene appearing &25/542 ppm, as well as th@methyl on the Bgring residingat
0.01 ppm(Figure 2.16) In the ''B spectrum(Figure 2.17, two resonances at 6.2 ar&i8 ppm
were detected. While the former corresponds to the starting mag2iahe latter possesses an
upfield resonance highly reminiscesftthe previously reported dark isomé&r$.*? Allowing the
spectrometer to warm to roaimmperature while monitoring the spectral change showe@ #aat
is converted to2.2b with increasing temperatur@igure 2.5 2.19. The UV-vis spectra
tracking can also show the conversiorRdtato 2.2b. A precold toluene solution2(2) with dry
ice/acetone bath was prepared and irradiated with 365 nm UV light for 4 hours to faiartke

isomep 2.2a It is possible to record the UMis spectrum of2.2a generated at78 N that

di splays an i nt e ns=*~540nmcashoiwvrindriguretl2.2inleft Treen thes
sample was warmed up slowly until reaching room temperature. The absorbance at 540 nm
gradually decrease and disappeared during the process (Figure 2.2Coefhounds2.2b and
2.2care colourless with thepectrum o.2c being greatly blueshifted, compared to thost 2.2,

2.2aand2.2b (Figure 2.20, right)
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Figure 2.16 Bottom:'H NMR spectrum (20%) of 2.2 middle:*H NMR spectrum (20%) of a

mixture of2.2and?2.2ain tolueneds recorded after 4 irradiation of2.2at 365 nm at78 N ; top:

'H NMR spectrum (20%K) of a mixture of2.2 and2.2b after the mixture of.2 and2.2awas
warmed to rt. Selected peadae highlighted for comparispred:2.2; blue:2.2g purple:2.2h.
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Figure 2.17 (a) *'B NMR (203K) of 2.2 (0.02M in tolueneds); (b) *'B NMR (203K) of a
mixture of2.2 and2.2aafter 4 hours irradiation &.2 at 365 nm in dry ice/acetone batith
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diagnostic chemical shifts highlighted in rédd) and blue 2.29); (c) *'B NMR (203K) of a
mixture of2.2 and2.2b after the sample warm to room temperatwith diagnostic chemical
shifts highlighted in red(2) (the'B signal of2.2b did not show upat 203K).
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Figure 2.18 (a) '"H NMR (298k) of 2.2 (0.02M in toluenedg); (b) *H NMR (298K) of a mixture
of 2.2 and2.2b after irradiation oR.2 for 4 hours at 365nm in dry ice/acetone bath and then
warm to room temperatureith diagnostic important chemical shifts highlighted in r2@)(and

purple @.2b).
? ¢
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Figure 2.19 B NMR (298K) of a mixture of2.2 and2.2b after2.2 wasirradiatel for 4 hours at

365nm in dry icéacetone batand then warm to room temperature.
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Figure 2.20 Left: absorption spectra showing the conversio2.28Y 2.2bin toluene (500 x
10° M) during the sample reach room temperature. Inset: Photographs showing the solution color
change oR.2a¥Y 2.2b; Right: Absorption spectra df.2, 2.2a, 2.2b, 2.2cin toluene (500 x 10°
M). Inset: Photographs showing the color of the solution.

2.3.3Photo Rectivity of 2.5 2.7

Considering the highly photoreactive nature of compo@itls 2.4, we hypothesized that it may
be possible to induce photoreactivityhich is normally not observed with diaryl chelatége
therefore investigated the photoisomerization potentia2.5fand 2.6 which possess twéh
groups on boron, a substituar@mbination that is known to yield photaghically inert systems
with other donorge.g, 1.25.'" Indeed, irradiation of either molecutesulted in the clean
formation of new specie2.5b (see the appendi¥igure A 2.16 and Figure A 2.1and2.6b
(Figure 2.2), which have &'B NMR peak at 40 ppr(Figure 2.22)and are structurallgelated to
1.52h Mechanistically,the formation of2.5b and 2.6b likely follows the same photochemical
transformation pathway as do previously repodiidal boron compounds, B(ppy)(Ar)Méas52
where Ar =Ph or substitutedPh, in which boriranesl.52a formed via photaisomerization
undergo a thermal HAT pcess to generate.52b and its derivatives. Unlike boriran@.2a,
however, which could belentified at lower temperatures, irradiation2d or 2.6 at-78 N did

not give any detectable signals for the borirane sp&tesor 2.6a via NMR even at low T,
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likely due to a low barrier for HATTo confirm the origin of thél-atom transferred to the imine,
deuterate®.7 was preparedndirradiated(see the appendi¥igure A 2.20 and Figure A 2.21
The resulting produc2.7b has a highly simplifiedH spectrum owing to the various deuterium
atoms presenfFigure 2.23) The AB splitting pattern of the GHbrotons in2.6b becomes two
singlets in2.7b owing to the two diastereomegenerated by the chir&DH center and the chiral
7-memberedring (Figure 2.23) This unambiguously confirms that thedtbm transferredo

imine originates from théh group in2.7.

Figure 2.21 StackedH NMR spectra showing the conversion2o06Y 2.6bin CsDg with 350

nmlight irradiation.
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