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Abstract

This project explores the synthesis of novel photochromien&8phtho[2,1b]pyrans, which
have been decorated with pyridine units that serve as ligands in lumindss@otn(l) complexes.

It is envisioned that cycling the naphthopyranould not only generate the coloured
photomerocyanines butvould also modulate the luminescence of the derived rhenium(l)
complexes. Diverse synthetic strategies were devised to abeasehium(l) complexes depending

on the position and orientation of the pyridyl substituent on the naphthopyran ring. For the majority
of the naphthopyrans which bear the pyridyl unit on the naphthalene moiety of the naphthopyran,
Suzuki crossoupling of either a bromg iodo- or trifloxy- substituted Bl-naphtho[2,b]pyran
proved to be effective for introduction of the pyridyl unit. For the preparation of-{pgriglyl)
substituted Bl-naphtho[2,1b]pyran isomer construction of a -bromo4-(pyridyl)-2-naphthol was
required which was subjected Heck cressupling protocol to create the pyran ring. Thé&3
pyridyl)-3H-naphtho[2,1b]pyran was also obtained by a Heck croesipling strategy commencing

from 1-phenyt1-(4-pyridyl)prop-2-en-1-ol.

All of the new pyridyl substituted B-naphtho[2,ib]pyrans exhibit good photochromic
properties with the reversible generation of mostly red hues; the persistence of the
photomerocyanines was dependent upon the location and orientation of the pyridyl unit.
Spectrosopic measurements have shown that the novel rhenium(l) complexes exhibited- both T
and PRtype photochromism with an overall increase in colourability and variabletifme$
depending on both the point of attachment and orientation of the pyridyl uiearaphthopyran
core and also the nature of the bidentate ligands. Furthermore, the novel rhenium(l) complexes
exhibited visible light induced photochromism due to a triplet photosensitization mechanism.
Additionally, reversible quenching of tRMLCT excited state emission occurred as a result of the
photochromic reaction, which depended on the relative energies SMtt@T and 3IL excited
states and on the extent of the photochromic reaction.

During the Suzuki crossoupling of the pyridine unit to theaphthopyran nucleus, a ring
FRQWUDFWLRQ RI WKH S\UDQ puPRWLIYT ZDV REVHUYHG 7KLV
basemediated protocol to a diverse series of novel naphthofurans, naphthodifurans anflibetizo

indoles in generally good yiedd
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1.1 Concepts of Photochromism

Photochromism is defined athe lightinduced reversible transformation of a chemical entity
into one or moreisomeric species thapossessdifferent absorptionspectrd.® Simply put,
photochromic materialseversiblychange colour upoexposure to radiatioh

Photochromism was first described by Fritzcive 1866 by reporting the reversible
photodimerisation of anthracehén 1867, Fritzche desibed the bleaching (color fading) of an
orange soltion of tetracene when exposed to light and regeneration of the color in th&Taark.
Meer reported theolor change of the potassium salt of-tlihitroethanan the solid statealthough
this apparent photochromghenomenomas been more recently refuted, as the color generation is
due to the formation of the colored potassium salt of ethylnitrolic aticth is a photolytic
product® 4 In 1899, Markwaldreported the lightnduced reversible color change of 2,3;4,4
tetrachloronaphthalet-one in the solid stateéThe word photochromismetymologicallyderiving
from the Ancient Greekwords phos (light) and chroma (color), was firstintroduced in 1950 by
Hirshberg to describe ith photophysical phenomendnin 1971, Brown released the first major
reviewon photochromisn?.

Photochromism occurs in both organic and
inorganic compounds as well in biological Before exposure Sunlight After exposure Sunlight
systens. ® Among the inorganic compounds
exhibiting photochromic behaviouthere are
examples ofoxides of group5 metals, alkaline
earth sulides, titanatespoly(oxometalates alkali

metal aides, mercury salts anchetal halide$.’

Hackmanite, NgAleSicO24Cl2, is a naturally
occurring mineral that shos/photochromismas
its violet colordarkenswhen exposed to visible Figure 1.1Hackmanite, before and after

light, and slowlyregainsits original color once sunlight exposurésource:

in the dark(Figure 1.1).6 Organic photochromic http://www.geologyin.com)
families include diarylethene$naphthopyran$,
spiropyransi® spiroaines,'! benzopyrans'? azdenzenes:® stilbenes* anils,*® viologens,'®
fulgides!’ and flavyliums*® Upon irradiation, the mostommon processes of photochromigmn
these compounds am@ns-to-cis isomerization and pericyclic reactiotts

Most photochromebkave acolourlessor very pale yellowstateA, andbecome colouredvhen

irradiated with lightdue to the formation of a staBe *positive photochromisngFigure 1.2).% ©

1
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Another class of photochromes are colourethe dark and turn colourless oaarradiatedy light

+negative photochromisr®
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Figure 1.2UV-Vis Spectrum of hypothetical photochromend its corresponding coloured stBte

When the back reaction is thermaltiriven the term used isT-type photochromisnt®
Otherwise, when the back reaonh is photochemically driventhe term used isP-type
photochromisnt® However, nowadays, it is conceived that this convenient conception is to a
certan degree ambiguous, as many photochromes describletlyps show some component Bf
type behaviour, withthe reverse reaction showing dependence not onlieorperaturdut also on
radiation

The absorption of light can beonsideredas an exerse in ime-dependent perturbation
theory?» $ PROHFXOH LQ WKH VWDWLRQDU\ VWD W, tn@tReQatteHs GHV F |
subjected to th&chibdinger equation

(DHo i (i

If the system is perturbed by light, the sinusoilsdillation electric vector of the light wave
induces oscillating forces on the charged particles of the molecule. At this theitiamiltonian
operator Hmustbereplaced by{Ho+ H ¥, whereH «s the perturbation operator. The eigenfunctions
(Ho + HY will be different from the initial wavefunction ; and will also be timalependent.
Therefore

(2)(HotHY [ W (Ol

The resulting wavefunctions can be expanded in terms of the wavefunctitresioperturbed

system sa
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3) [ W a™Wiwhere the coefficientét) being a function of time.

Therefore, the effect of the perturbation can be considered as-ddpmedent mixing of the
initial wavefunction with allother possible wavefunctions. The probability of the system to be
IRXQG LQ WK Hisldiverbhy thewgDare laf the coefficier(tla By mathenatical analysis

(4) [a(t)]? B ilu_>? vt W ZK Miislthe radiation density (energy per unit
volume) at the frequencyi corresponding to the transition,is the time of irradiation and

iju_> (or U i.p. ¢d2isthetransition momen(T.M.), wherep is the dipole moment
operatore ™ (eis the electronic charge andire distance of thgh electron). The former equation
shows thatthe probability of a given electronic transition is proportional to the square of the
transition momentin order toevaluate the T.Maproximations must be introducéd.

The Born-Oppenheimer approximatiagimply stateghat the nuclear motion is very slow when
compared to electronic motion, so the electrons are thought to be moving in the potentialdield of
static nucle?! As a consequence, the total wavefunction can be factorized in a nuclear (vibrational)
ZDYHIXQFWLRQ DQG DQWHRG PWURKHFHIRYHIXQF

(5) . %

The T.M. is given by:

B)TM.=Ui%.pn. 1%d2

As the dipole moment operatpronly operates on the electrons, the equationbesrewritten
as

(MTM.=Uit G2 Lo p. 1% G2

Assumingthat%e L FDQ EH UHSUHYVHQ Wéldstrdn WavekihttiGht @GiklsE)W R |
¥and that the orbitals are the same in both ground and excited states, and (ii) only one electron is
promoted during the electronic transition, the equatiorbeaawrittenas

B)TM. = Ui G2 U¥. . ¥ G2where ¥ and ¥ are the initial and final orbitals of the
excited electron

Finally, assuming thahe orbitals can be factorized in both space and spin orlitials:

9 ¥ 3 6 7 (bewié€p as

(10)TM. = U; t G2 BS G2 U3.u . 3 G2The first term is the overlap integral of the
wavefunctions for nuclear vibration)e second term is the spin overlap integral and its values
depends on the initial and final spin states of the promoted electron. The third term refers to the
electronictransition moment and its value depends on the symmetries and amount of overlap of the
initial and final spatial orbitals. As a result, the Sclimger equatiomanbe dividedin three simpler
equations

(11) + (.
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(12)HS=ES

(13) +3 (3

Thetotal molecular energy expressed as the sum of vibration, spin and electronic energies

(14)E=E + Es+ E.%*

As previously mentionedthe effect of electron spin upon transition intensif@sT.M.) is
given by I6S Gs2!In singlet(S) : W U L(B)@&h¥itions as the electron changes its spin state, the
spin overlap integral idJ. GsZ U . GsZ 0, whichis aesult R WKH . DQG VSLQ ZDY
being orthogonal. The transition moment is zero and the transitibareforeforbiddenin thelight
of theBorn-Oppenheimer approximatioklowever,singlet(S) : W U L($)@r&h¥itionsdo occur as
a consequence gpin-orbit coupling Changing the electron spin implies changing the direction of
its magnetic moment, which can be accomplished byrthgnetic field produced by the orbital
motion of the charged electron. Once the magnetic moment of the spinning electron becomes
coupled to the orbital magnetic fiel8, : T transitionsmay occur. The probability of the S T
transition is higher by increasing the atomic number, giving rise tbehey atom effectn organic
molecules, S: T transitions will be highly dependent on the presence of heavy atoms, either
incorporated in the molecule or being present in the soding environment! Many
photochromiaeactions involve anephoton absorptioflPA) mechanismAbsorption of a photon
by matter occurs withiapproximatelyl-2 fs generating an excited state that quickly relaxes to the
lowest energy excited stateifSvia internal conversion within a few femtoseconds to tens of
picoseconds . D V K D 1 \statéX thatl photophligal processes occur from thignerated excited
state (9). A molecule once in the:State can cascade down through the vibrational levels taothe S
state by internal conversiamr it may drop to the &state by emitting light within nanoseconds
fluorescenceUsually,the latter praesses areery slow andoftenunlikely, so faster photochromic
processes may arise (e.g. photochemical reactigiglire 1.3). Otherwise,a photoproductcan
arise from a triplet excited state Tformed by iner-system crossing (ISC)Figure 1.4). 22
Alternatively, amolecule once in the iTstate may return to theo ®y giving up heat or light+
phosphorescend@0® - 10 second3.

St ~, Photoproduct
hvy el | [
So

Figure 1.30nePhoton Absorption (LPA) mechanism (by a singlet excited State
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S ISC
hv1 E
Photoproduct
So

Figure 1.4 OnePhoton Absorption (1PA) mechanism (by a triplet excited Jigte

If an intense light source is usezlg. laser pulsess simultaneous or stepwis@o-photon
absorption procesg2PA) can occur. In simultaneous 2PAwo photons are absorbed

instantaneously, producing the excited s(& via a virtual stat¢Figure 1.5).> 22

S

Figure 1.5 Simultaneous twgphoton absorption (2PA) mechanism.

In a stepwise 2PAhere isthe absorption of a seconghoton from a real stationary electronic
state The intermediate transient spescgwuld be either a singlet excited state) (Figure 1.6), a
triplet excited state @ (Figure 1.7) RU WKH JURXQG VW DWHFigurel1.85 KknRH&/ RSUR
first and second cases, the lifetimafsthe S states aren the order oftens of picoseconds to
nanosecondswhile for the T states are in the order t#ns of nanoseconds microseconds. For
the third case, the stepwise 2PA occurs via the ground state of a photogenerategbapeaieddy
a photochemical reaction, which has a lifetime longer than tens of nanoségpndsg longlived
transient states, as in the second #nrd cases, the power threshold of the stepwise 2PA can be

significantly decreasett.
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S2 Photoproduct A
hvs E—

Sl E
hvy

So

Figure 1.6 Stepwise twephoton absorption (2PA) mechanism vige$cited state.

Photoproduct
E
Figure 1.7 Stepwise twephoton absorption (2PA) mechanism vigeXcited state.
SO

\ Photoproduct
S hvo — -

hot ducs

hve otoproduc8®

So I

Figure 1.8 Stepwise twephoton absorption (2PA) mechanism via photoprodué} (S

Singlet transitiondS : Sy and triplettransitions (T : Tn) can correspond to electronic
transitions of different nature. Thufie most common transitions includé: 1, & &n: &
n : I andcharge transfefCT):2%23
a) 1 : Tltransitions occur in alkanes which havemdR U E H OLiyRWIWER V
high energy (fatUV) is necessary fahese types of transitions
b)Singlet (E : “YHransitions arevery comnon in alkenes aldehydes, carboxylic
esters,while triplet (E : "YHEransitions are very weak imost organic molecules.
&RQMXJIJDWLRQ V¥ tramitionsvt& ldnge€Ewaveengthsbathochromic shiffor
red shift) £ because the energy gdyetween theHighest Ocupied Molecular Orbital
(HOMO) and theLowest Unocuppied Molecular OrbitdLUMO) becomesprogressively

6
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VPDOOHU DV WKH E FRQM Xh®adosit® effecvisrchllBopsdchiditicH Q G H (
shift (or blue shift)

c) Q : "YRransitions are characteristic of molecules containing chromophores
containing multipt bonded heteroatom=.@. C=0, C=N, N=N, N=0O) Thesetype of
transitions are caused by UV radiatiéirthermore, molecules containing a carbonyl group
can have both & @& and Q : “YHansitions which wouldjive rise to at least twpeaks
in the UV.

d) Q : "ltransitionsoccurin compounds with heteroatoms singly bonded to carbon
(R-X, R-OH, R-SH, RNHJ).

e)Charge transfer (CT) transitions occur in mixtures of electron donors and acceptors
that are weakly bonded. Themehikit a new broadnd structurelesabsorption band which
is shown byneither component separatedynd is a result of the formation of doror-
acceptor compleXDAC). CT transitionsoccur in coordination complexes and depending
on the direction othe charge transfer they are classified eitMetalto-Ligand-Charge
Transfer(MLCT) or Ligandto-MetalChargeTransfer(LMCT). A molecule in arexcited
state (2 or T1) may also transfer its excess energy to a nearby mojesitier intra or
inte-molecularly, in a process callegphotosensitizationConsequently, a molecule can
reach an excited stagtherby photon absorption or by transfeorfin a previously excited
molecule or chromophore On the other hand, charge transfer between neighgur

molecules may resuilh quenchingor deactivation of the excited state of a molecular entity.

Photochromism isisuallycharacterized by the followingarameters

1)

2)

3)

max Of absorbance ahe coloured specie bathochromic shift (or red shift) ischange

R1 Wi« lower frequencylonger wavelength). On the contrary laypsochromic shift
(or blue shift) is &hangeR | Wi« kb higher frequency (shorter wavelength).
Colourability which istheinduced optical densitdOD) R1 WKH FRORXUHia VSHFL
achieved after irradiation ta constant valuez photostationary statetat a specified
temperature A hyperchromic shiftoccurs when there is ancrease ofthe IOD of the
coloured speciesvhile ahypochromic sHt occurs when theris a decrease othe IOD of
the coloured species.
Persistence ottolour or the speed othe backward reaction is measured by recording the
loss of colour with time, reporting the data agd), which is the time in seconds required
for the sample to return to half the optical density of the equilibvialme (photostationary

state) Alternatvely, the loss of colour with time is sometimes recordedyaés) for

7
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ophthalmic lensesomparison which is the time in seconds required for the sample to
return to ¥of the optical density of the photostationatgte.ln some instances, the loss of
colour with time is presented #ee rate constant k
The ideal combination of photochromic properties for variable optical transmission devices is
therapid (subsecond)ntense colour generatidiow transmittanc€%) in the visible regionjrom
a colourless inactivated state with a reasonably rapid rate of($adendspf the coloured form
(bleaching) at ambient temperaturewith temperature independendeis also imprtant that the
compound exhibits good fatigue resistance; the -ojpgning = ring-closing cycle must be
repeatable many times (> @vithout loss of performance
Photochromic isomersobtained from a photochromic reactiocan possessdifferent
physicochemical propertiesuch ascolour,luminescence, electron conductivity, refractimdex,
dielectric constant, oxidation/reductigmotential and geometrie$. As a result, potochromic
molecules have been widely employed as switches to modulate various physical prepgrties
conductance shape, viscosity, fluorescence, irmddition to heir inherent colour switching®
Photochromes have been applied in many fields such as optfoaination storage media,
ophthalmic lenses, chemical sensors and intelligent stiregponsive materials? 26+ 27
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1.2 Photochromic Systems
A recent (January 2019)Scifinder (ACS, Chemical Abstracts)lsearch on the word

photochromism resulted on 260 referencesAmongst thesereferencespopular photochromes
that were applied in transition metal complexedude azobenzenegliarylethenesgtilbenesand

dithienylethenes spirobenzopyrans and spirooxazifes.

1.2.1Azobenzenes

Azobenzenes, also callelphenyldiazenes, first discovered by Mitscherlich in 1&84,a very
popular class of photochromes. Thehlopchrome behavioris due tothe trans (E) *cis (2)
isomerization of the azo functional group whicm@mally achievedy UV irradiation (Scheme
1.1).2° The corresponding badleaction is usually attained by either visilight irradiation or

thermal relaxation®

V4
()
hvor A
1.1 1.2

Schemel.1Trans(E) zcis(Z) isomerization of azobenzene.

Azobenzenesan be prepared by several methods including most importantiphgilazo
coupling reaction between a diazonium da and an activated arerie4 (Schemel.2), (ii) the
Mills reaction or the condensation of a nitroso compoubd with a primary arylaminel.8
(Scheme 1.3), and (iii) the Wallach transformatiowhich involves therearrangement of an

azoxybenzené.11into a hydroxylated azobenzehd?2 (Schemel 4).%°
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(i) Azo Coupling*
OH

® OMe
N, [ :] /@OH
Ns
1.4 /Ji::r' N
K,CO3, 0 °C
2 3 0O-N
NO»

1.3 1.5 92%
Schemel.2 Azo coupling.

(i) Mills Reactiory?
NH,

_OH OMe
HN N=C
OMe N~
t-BuOCI 1.8 /@/ °N
-78 °C—-20°C ACOH, rt. R

CN CN 1.9 89% (R = NOy)
1.6 1.7 1.10 95% (R = CN)

Schemel.3 Mills reaction.

(i) WallachTransformatiof®

O NO NO
+ 2 OH 2
®N N
N H,SO4 /©/ N
O,N

1.11 1.12 54%

Schemel.4Wallach transformation.

Azobenzeneshave wide applications asnolecular machinesgdyes pigments, biosensors,
pharmaceuticaldood dyes and additives, optical storage media, chemosensors, indicators, and in
nonlinear opticg® 3°

Photoresponsive polymers undergosigucture and property changes as aoese to external
stimuli are attracting increasingattention3* Gaub et al, have reported the synthesis of a
poly(azobemene) peptides that perforsnmechanical work® The authors were able to optically

lengthen and contract individual polymers by using the Hilyhvten switch. The polymer was found

10
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to contract against an external force acting along the polymer backbone, thus delivering mechanical
work. Novak et al, have recently reported theysthesis of pol{carbodiimide} which were
decorated with azobenzene photochromic groups at the imine podftimshe polymer helicity

was governed by the helical backbone, by changing the dynamic isomerization of the azobenzene
pendants the helical arrangemevds affected. Therefore, upon UV illuminaticdhe azobenzene
pendantswere confined into thecis configuration which induak a highly contracted helical
arrangement. Removing the UV souatlwwedthe polymer backbone to elongate and become less
helical. As a consequence, photoisomerizatizas effectively changing the thin film surface
roughnessHedt et al, havereported thesynthesis of a rigidod polymer that includkazobenzene

in its poly(para-phenylene) backbone whighowedlight-driven reversible and efficient shrinkage

with a substatial decrease in its hydrodynamic voluiie.

Stimuli-responsive drug delivergystems have attracted the interest of the research community
in recent year#® Croissantet al, reported the synthesis of nanoimpellers funtionalized with a two
photon fluorophore with a high two photon aborption cimmstion suitable fofFluorescence
Resonance Energy Transf@RET) in order to photoisomerize azobenzene using -ges@trating
nonharmful NIR light®® The nanoimpeller grouppendantin the porous framework physically
entrappedthe anticancer drugcamptothecin The latterwas then releasd by the twephoton
triggered photoisomerizatoprocess which ultimately led in vitro killing of the cancer cells.

Azobenzenes haveeenincorporated ito rotaxanes which are molecular systems in which a
macrocycle(e.g. cyclodextrir) threads a lisar subunit with two bulky stoppef$The cisitrans
photoisomerizatiorof the azobenzene unit resdtin the motion of thecyclodextrinmacrocycle
alongthe track

Senet al, have designed lightesponsive molecular pumps composed -afyclodextrin and
watersoluble azobenzene. Under UWadiation azobenzene molecules isomediznd ldt their
cyclodextrin hosts, which allowethid flow. The pumpcouldalso be activated by chemical stimuli

and recharged by visible light irradiatiéh.

1.2.2Diarylethenes

Diarylethenes are a broad cladsphotochromes that are characterized by possessing two aryl
groups connected through an olefthich encompassesilbenes andithienylethenes

1.2.2.1Stilbenes
Stilbenes odiphenylethenes were first discovered in 184F@nch scientist Auguste Laurent.

The more thermodynamically stablens (E) isomer 1.13 photoisomeries typically under UV

11
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irradiationto thecis (Z) isomer1.14 andthen returns to the formezither thermally or through
irradiationusuallywith visible light (Schemel 5).42

X
hv
hvorA O

Schemel.5 Transcisisomerization of stilbene.

In contrast to azobenzenesstilbenes can undergo aoxidative photocyclizatin to
SKHQDQW KU H Q #dlettrécycRzAtibK oDthé@nhs isomer followed by oxidationtMallory
reaction (Scheme 1.5E*3 However this side reaction can be preeenby either introducing
substituents at thertho position of the aryl rings or biptroducingheteroaromatic ring systerfrs.

‘%O\ 2 q‘ ‘10
1.14 1.15 1.16

Schemel.6 Photocyclization of stilbene to phenanthrene.

There aremany different methodsemployed to synthesize stilben¥sA more traditional
approach to synthesize stilbenes is by a Perkin condensatidghis regard,Lima et al, have
performed the Perkin condensation betweendethoxybenzaldehydé.17 with phenylacetic
acid1.18 to give the corresponding cinnamic a&id9 in 49% yield*® Decarboxylation wittcopper
chromite in quinolinefollowed by acidcatalysed isomerization gave the correspondnags
stilbenel.21 (Schemel.7).

12
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(0]
MeO: : /U\ Hooe WOH NEt;, Ac,O MeO O N CO,H
O
MeO MeO
1.17 1.18
1.19 49%
Quinoline
CuCry,0
MeO MeO O
1.21 98% 1.20 78%

Schemel.7 Perkincondensation.

A versatile strategyemployedto prepare stilbenesivolvesa Wittig reaction.For example,
Hahmet al, havereported the synthesis @4 %tinitrostilbenel.25 by a Wittig reaction between
the (4nitrobenzyl)triphenylphosphonium bromide23 and 4nitrobenzaldehydd.24 under basic
conditions in 54% yieldSchemel 8).6

® O
Br PPh3Br NO,
PPh NaOEt O X O
—_— -
DMF OZNOCHO O,N
NO, NO;
1.22 1.23 83% 1.24 1.25 54%

Schemel.8 Wittig reaction.

A convenient approach to prepare stilbenassiaga Mizoroki iHeck crosscoupling reaction.
For exampleMahdaviet al, haveemployed aHeck reaction betweel-bromobenzaldehyd#.26

and styrend .27 to synthesize theorrespondingtilbenel.28 in 90% yield(Schemel.9).4’

13
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©:CHO /\@ Pd(OAc);, NaOAc. O CHO
.

PEG
Br = O

1.26 1.27 1.28 90%

Schemel.9 Mizoroki #Heck crosscoupling reaction.

Photochromic tibeneshave beeinvestigatecasorganic chromophore$

Zhou et al, haverecentlyreported the synthesis of @ptasensdbased ora MalachiteGreen
RNAaptamer andh watersoluble stilbenewhich ould selectively and rapidly bind tMalachite
Green and tetramethylrosaminallowing ligand quantification by changes in the stilbene
fluorescence decainetics tfluorescence decay was found to be linearly dependent on the ligand
concentratiort®

Takeokaet al, have reported the preparation of a color filter capable of exhibing multiple
colours by combininghe Christiansen filteeffect with the photoisomerization of stilben&he
filter color change was due to the wavelength dependency (dispersion) of the refractive index of
stilbene isomerized byV irradiation®

Wei et al, have reportedthe preparation of 2Dbrganic semiconductor single crystal$
stilbene oligomerd,4-bis(4methylstyrylbenzengp-MSB) that were appliedas channel layers in
organic fieldeffect transistas (OFETs)! Transicis photoisomerization of-MSB was observed in
the corresponding transistors, and the drain current was reversibly modulated by alternatien of low

intensity irradiation395 nm)

1.2.2.2Dithienylethenes

Following Richard Kellogd] ¥eminal workon the photoisomerization oflithienylethenes?
Irie and Uchida were the firsauthorsto report the synthesis dfithienylethenesas thermally
irreversible and fatigue resistant photochront&sThis nowadays popular class of Ptype
photochranes are characterized by a Hogened fornml.29 +which is usually colourlessand that

reversiblyphotoisomerize® a ringclosed form1.30 +which is usually coloure@Schemel.10).53

14
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1.29 1.30
colourless coloured

Scheme 110 Photoisomerization of dithienylethene.

A diarylethene with fivemembered heterocyclidngs has two conformations with the two
rings inmirror symmetry (parallel conformation) and in §ymmetry (antiparallel conformation).
The photocyclizatiomeaction can proceed only from thatiparallel conformatiaff* In the ring-
opered form, absorption occurs mainly in the UV region. On the other hand, byctasing, &
electrons delocalize throughout the two condengeodphene rings and further extend the
substituentsshifting the absorption maximum to the visible regitt The absorption spectra of
the closeding isomers depend on the substituents of the thiophesietiesand on the upper
cycloalkene structuré,

There are many different synthetic strategies to prepdhgemnlylethenesreported in the
literature>® A well-known general approach to the synthesiglitfienylethenesdevisedby lIrie
involves thenucleophilic vinylic substitution (/) of perfluorocyclopentenes witan aryllithium.
Lithiation of the halogenated thiopheh&1 derivative in THF at78 °C followed by the addition
of octafluorocyclopentenafforded the corresponding dithienyletheh®2 in 52% yield(Scheme
1.11).%3

CHs 1) n-BuLi, THF,

Br -78 °C
B -
S

H,C 2) octafluorocyclopentene

1.31 1.32 52%

Scheme 111 Nucleophilic vinylic substitution ($/) of perfluorocyclopentenes with aryllithium

Dithienylethenes haveeensuccessfully applied to the modulation of surface properties, in
optical memorymedig photoswitcling of fluorescent and optical properties, modulation of polymer

propertiesandphotomechanical response
15
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Feringa et al, have recently reported a photochromic hybrid system consisting of an
overcrowdedalkenebased molecular motor and dithienylethene(Scheme1.12). Visible-light
excitation ledto the usual rotary motor behaviour when tlighienylethenavasin the operform.

However, wienthe latterwasclosedthe rotary motiorwasinhibited>’

Scheme 112 Photoisomerization of photochromic hybfid3

Kobatakeet al, have recently reported ghotochromicdithienylethenecrystal that upon

irradiation with ultaviolet light, initially bendsaway from the incident lighand thensuddenly
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straghtens. This unusual bending behaviauas due to both the photochromic reaction amd
reversible thermodynamic Singlerystatto-Single-Crystal phaseransition®®

Woll et al, have reported a few examples ofphotochromic fluorescent sulforased
dithienylethenegScheme1.13). Thesewere characterized bgtrong fluorescence in their closed
form (1.38) which wasswitched off onceing-opened1.37) with visible light These photoswitches
arealsosuitable candidates for sup@solution fluorescence microscopy.

1.37 1.38

Scheme 113 Photoisomerization of dithienylethete37.

Dithienyletheneshave also been successively applied to the developwfetight-driven
chemicalsensorsWanget al, have reported alithienylethendhat selectively forrada 1:1 metal
complex with AP UHV XOWL QR Q QI ®XRNHYVFIA QlrokbswitlcldaDI8lrescein
dithienylethenebased fluorescence probe was developed to detéctwitth high sensitivity and
selectivity5? In a similar work, Tanget al, have developed a photochromidithienylethene
derivative with 2hydrazinobenzothiazole for colorimetric detection of "@Xd for fluorimetric

recognition of 1.52

1.2.3Spirobenzgyrans and Spirooxazines

Spirdbenz@yransl.39 (X = CH) and spirooxazine§X = N) are photochromic spirocycléisat
consist of two disconnecte@electron systems that absorb almost exclusively in the UV region,
therefore being colorless or pale yelld®chemel1.14). By applying anexternal stimulusthe
photanerocyaninesl .40 are formed,containing D V L Q-9yStein & whichthe electrons are
delocalized across the molecule. The more extended delocalizztitime photomerocyanines
causes a broad absorption in the visible redgiam.positive photochromeg}V excitation leads to

ring-opening while excitation ith visible light leads to ringlosure?> 83
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R
= hv =
N\ o) hVZ,A NS @N\ X
R R R
(0]
1.39 1.40 )

X = CH, CR — Spirobenzopyrans; X = N — Spirooxazines

Scheme 114 Photoisomerization of spirobenzopyran and spirooxazine.

Spirobenzopyrans ara class of photochromic spirocyclefirst discovered in 1952* that
producestrong violet to blue coloured photomerocyani(®shemel.15).5° They aremulti-stimuli-
responsive molecules as thegn change their structure and properties in response to different
external stimuli such as light, hegiH and mechanical forcéAdditionally, spirobenzopyrans

bearing strong electrewithdrawing groups exhibit good negative photochromfim.

1.41 1.42

Scheme 115 Photoisomerization of spirobenzopyran.

Spirobenzopyran$45 DUH FRPPRQO\ SUHSDUHG IURP WKH ERQGHQ\
and a salickaldehydel.44 using either piperidineor E&N typically in ethanolor DMF (Scheme
1.16).67’ 68

OHC:©/N02

1.44
Et;N

80 °C

1.43 1.4570%

Scheme 116 Synthesis of spirobenzopyrams
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1.2 Photochromic Systems

Spirooxazines are @opular class of photochromic spirocycles that atharacterized by
containing al,4-oxazine systen{Scheme1.17). Compared tospirobenzopyras;they generally
exhibit much better performance in phe@sponse, environmestability and fatiguaesistancé®
Spirooxazineshave beerapplied to the preparation of light sensitive materials that possess high

photocoloration quantum yigs and robustenes$s.

1.46 1.47

Scheme 117 Photoisomerization of spirooxazine.

Spirooxazinesl.50 are usually prepared by condensation betwgérv FKH U 148 #h® & H
nitroso-substitutechaphtholl.49 in ethanol or trichloroethylen@&chemel.18)."*

Me e NO
HO EtOH
N ’ HO reflux
Me
1.48 1.49 1.50 55%

Scheme 118 Synthesis of spirooxazire50

Spirobenzopyra;mand spirooxazines have foumdany and diversapplications includingin
molecular electronics and photonics. Furthermore, these compounds have been applied to the
transmission of biochemical information and signals across biological membranes and to
photochemically switched enzymatic, band chemosensoric systefs.

Mukherge et al, have recently reported dahreedimensionalorganic cagedecorated with
spirdoenz@yran moietiesith high chemical stabilitand reversiblégherme and photeresponsive

color change with n@apparentatiguel®
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Heckel et al, have presentedthe synthsis of a watesoluble pyridinespirdbenzgyran
photoswitch that aetlas a photoacid the two isomeric states thaifferent acidic properties. The
different pKa of the pyridine nitrogen in the riogened and ringlosedisomericforms led to a
reversible proton release tine aqueous phase thepH range of 37.73

Wang and Jiang reportatie synthesis ophotochromicspirobenzopyraf\u nanoparticls.
Considering that theorrespondingphotanerocyanine hcha coordination abilityvith several metal
ions such as copper(l§nd ferriglll) ions, the photochromic reactiomasused as a triggdor the
reversible aggregation of Au nanoparticles when the ion metispresent in the mediunthese
logic gateshave potential applicatioin biological and biomedical systerffs

In a recent instalmenGenoveseet al, havedevelopedohotochromic spirobenzopyratoped
silk fibroin nandibres By converting the spirobenzopyran moleculegso the fluorescent
photomerocyanines with UV light, théres could respond to the presence of acidic vapors and
heavy metal ions dispersed solution which were monitored by changesn the UV-Vis and
emission spectré.

Haag et al, reported a hyperbranched pglycero) surface coated with spirobenzopyran
moleculesThe functionalized coated surface extedia goodphotoregulated antifouling behaviour
as tle photochromic reaction allowed the dynamic control of the interaeatitnproteinsand/or
cells In the closedorm, the surfacdrad a hydrophobic nature therefore presenting a nonspecific
protein adsorption ancell adhesion. By ringpening the spirobenzopyrans with Watliation the
surfacedeveloped dydrophilic character and consequerttighly resiséd protein adsorption and
cell adhesiorf®

A spirooxazine has beereffectively applied to a wool fabriciar thiol-halogenSy2 reaction
The treated wool fabric showedeversible colour switdhg between blue angink, with slow
bleaching kinetics €. = 6 min), however it fatigued overjust 20 switching cycles. The
photochromic #ect of the photochromic wool alstecreased over repeated washing cyCles.

Kuch et al, have recently reported thenighly efficient and bidirectional photochromic
behaviour of a spirooxazine molecular switch in dimatact with a Au(111) surface whiehas
found to stabilize the photomerocyanine isonférs.

Andersonet al, have recently reportedhe synthesis o& spirooxazine photochromic switch
linked to a fluorophore through a molecular bridgat displagd high photoconversion, broad
absorption in the visibleegion and good fatigue resistance under excitation with 405 nm .light
Excellent reversible quenching of fluorescence with the phatadicrreactionwas olserveddue to
the Fluorescence Resonance Energy TrangFRRET) mechanism of energy transfer and to the

appropriate donoracceptor distance of 15.4 A &
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Spirooxazines have the propertf photoinducedmerocyanineaggregation ina polymer
matrix, which can be applied to fluorescersmission and stable information storagei et al,
have reported the preparation of a spirooxazitoged polymeon whichhighly-efficient and stable
fluorescent holographic gratinggereinscribedby coherent irradiatiofrom a blueviolet laserwith
irradiation at 403 nnf°

1.2.4Naphthopyrans

Following the seminal workisom Iwai and Ideon the synthesis oft8naphtho[2,1b]pyrans in
19628 Cottam and Livingstone on the synthesifEfnaphtho[2,30]pyransin 196422 andBecker
and Michlon the development of photochromic chromenes in $36&phthopyrans have acquired
great popularity Indeed,a receh (March 2019)Scifinder search on the wordhaphthopyran
resultedn 1100references

Naphthopyrans are naturally @ering metabolitesi cytotoxic naphthopyransvere isolated
from leaves ofAdenaria floribund&* and other naphthopyrarderivatives were extracted from the
fruits of Musa x paradisiacacultivar.®® Naphthopyrans, although possessinggiiestingbiological
activities 2 are essentially known for their photochromic properties as they are one the most
commercially important clags of photochromic molecul®sin this regards, naphthopyrans have
beenapplied to commercially available ophthalmic photochromic suncamtiact lense® Other
commercial applications of naphthopyrans include fuel and security m&tk#vslight intensity
indicators® and hair dye§€! The commercial success of naphthopyrans can be attributed to the fact
that functional groups can be introduced in a-edf&ctive way allowing a wideangeof colours
that span across the visible spectrum from yellows to Bludurthermore, commercial
naphthopyransra regarded as being very stable éagb sensitive towards temperature tbérer

photochromes’

1.3 Synthesis andPhotochromism ofNaphthopyrans

Of the three isomeriggeminal diaryl substituted naphthopyrans, the linear isomeH-2
naphtho[2,2b]pyran 1,51 displays no significant photochromiesponse at ambient temperattfre.
On the other han®H-naphtho[1,2b]pyran 1.52 and 3H-naphtho[2,1b]pyran 1.53 have received
much attention since they display good photochromic properties in solution and in polymers under

ambient condition$?
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Ar. Ar

1
9
o) Ar
Ar

6

1.51 1.52
2H-naphtho[2,3-b]pyran  2H-naphtho[1,2-b]pyran 3H-naphtho[2,1-b]pyran

Naphthopyrans are the stable colourless ground state heterocycles that undergo a photoinduced
electrocyclic ringopening to the corresponding opemms, the photomerocyanines, whidhe to
the extended delocalizatiaabsorb at a longer wavelength, typically in the visible regidhThe
photoinduced pyran ringpening process caused by thet0s bond cleavage leads to the formation
of two isomeric photoproductdransoidcis (TC) and transoidtrans (TT).%> On cessation of
irradiation, the unstabl@hotomerocyanineshermally revertover time to their original state.
Alternatively, the backeaction can in some instance§e driven by excitatiomvith visible light.
Furthermore,ite TC and TT isomengossess similar absorption bands and are energetically close to
each other butiffer in thermal stability. The bleaching caused by the th€@mal depopulation
occurs within tens of seconds in solution at room temperature, while TT depopulation decays over a
much longer timescale (hours) in the daPR.Nowadays, there is still quite a considerable amount
of debateconcerning the photochromic reaction mechan®8iv;% especially regarding the TT
formation.Herzoget al, propose thatipon photoexcitation of the closéorm (CF) with320 nm
light, the first or second excited singlet stataspISS, were populated in the Fran€london region
(Figure 1.9).% Fast vibrational relaation led to the lowest vibrational ground state ofvh a
O L I H Wi tRéHpi@osecond timescale. The latter excited state minimum had a similar structure to
the original CF, with only slightly attenuated bond lengths accompanying the electronatiexcit
7KH WUDQVLWLRQ WKURXJK D FRQLRDpicas€cdnt iméstaialed BQ &,
the breaking of the C(¥pO bond for the majority of the populatidorming the ringopened
isomerswhile a minority of the population relaxed tioe ground state ¢SThe authorsvere not
FRQFOXVLY,bnk brbotingldpened isomeraereinitially formed,but they propose that
therewasDQ RYHUOD\LQJ SRSXODWLRQ WUDQVIHU EHWZHHQ WKH
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Figure 1.9 Photophysical processapon photoexcitation off3-naphtho[2,1b]pyran®

In a recent account, Burdzingdi al, propose that the initially photoexcited Frar@&ndon CF
relaxes in the S (E : & WRZDUG WKH FRQLFDO/%&QiadaviedleEsd/ LR Q
manner’ Most of the populationthen relaxe to the lowest energy conformeaf TC. The authors
propose thathe TT is formed through ismerization of the TC by absorption of second phatoa
stepwise fashioiiScheme 1.1 According to the authorshé thermal back reaction from the TT
isomer to the Chs slow since the energy barrier for the twist about the@o, double bondvas
substantial (~ 1.2 eVJ? A convenient way to overcome this hindrance is through photoexcitation
of the TT form, which allows photorelaxation to the TC geometry in the cleiseltl dectronic

ground state after the UmMduced rotation about the;€Ci0adouble bond.

3 Ph
= Ph
04 hV] hV2
— ]
~—— ~
OO A hV3, A
Closed-Form (CF) Transoid-Cis (TC) Transoid-Trans (TT)
1.54 1.55 1.56
colourless coloured photomerocyanines

Scheme 119 Photoisomerization oft3-naphtho[2,b]pyran.
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1.3.1Methods of Synthesis

There are several routes for yathesis of naphthopyrans reported in the litergftH@

In 1964 Livingstone et al, preparedthe 3,3-diphenyt3H-naphtho[2,ib]pyran 1.58 by the
nucleophilic addition of @henylmagnesium bromide the lactondéunctionof benzocoumarii.57
in poor yield (16%)Schemel.20).822101

o Ph
= Z—Ph
1. PhMgBr, Et,0

OO © 2 HoH0 OO 0

1.57 1.58 16%

Scheme 120 Synthesis of naphthopyrdn58

In 1983, Talleyperformed thel,2-addition of a dilithiatedo-bromonaphtholl.60to an . -
unsaturated aldehyde61 which rearrangednd cyclisedio the H-naphtho[2,3b]pyran 1.64 in
90% yield(Schemel .21).102

Me
e CHO
1. 1.61 OH Me
—_—
2. NH4CI (aq.
oy FEtO oLi 4Cl (aq.) OH
1.59 1.60 1.62
lr.t.
Me Me
A Acid or A X OH
-—
Me
0" Me OH
1.64 90% 1.63

Scheme 121 Synthesis of naphthopyrdn64

Gabbuttetal., havepreparedl-broma3H-naphtho[2,b]pyrans 1.66 (28%)and1.67 (33%)by
refluxing the corresponding chromanasd.65 with PBr; (28 83%) (Scheme 1.22).19% The %
bromosubstituted naphthopyram®uld serve as useful precursors of alkenyl lithium reagents by
metathalogen exchange reaction withBuLi which allows the introduction of a wide range of

electrophiles at the-Q@ position.
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R R
O R Br % R
o PBr, 0
—_—
A
1.65 1.66 28% (R = Me)

1.67 33% (R = (CHy)s)
Scheme 122 Synthesis of naphthopyratts6and1.67.

Another route to prepamaphthopyranstalthough not a very practical ongs by thereaction
between titanium(lV) phendles derived from ‘hydroxy heterocycles.g. 168 DQG
phenylcinnamaldehydeS§¢hemel .23).194

Me Ph Me
HO o) 1) Ti(OEt)4 ph—© O
2>—Me - 2>—Me
N 2) Ph,C=CHCHO X N
1.68 1.69 19%

Scheme 123 Synthesis of pyrat.69

Putalaet al, have prepared a Bhaphthopyran through a key Heck reaction between an

iodonaphthol1.70 and an allyic alcolol 1.71 followed by acidcatalysed cyclizatio(Scheme
1.24).105

Ph
L spm QLT 408
Ph Ph
OH 1.7 OH 0~ “Ph
OH  Pd(OAc),, OH SiO,, PhMe, O._Ph
Ph Ph
OO K2COs, MeCN, O U Nop reflux OO _
I reflux
Ph
1.70 1.72 82% 1.73 63%

Scheme 124 Synthesis of bisnaphthopyran/3

The synthetipathway devised blgvai andlde involving the alkylation of a naphthdl74 with
a haloalkynel.75 is the most expeditious route to naphthopyraig, although originally lacking
generality and providing thargetproducts in poor yiel§Schemel .25) .8t
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Ph

NN
N Ph
/\Br \ =
OH Ph™ 75 O N,N-Diethylaniline o
K2003 reflux

1.74 1.76

1.77 40%
Scheme 125 Synthesis of naphthopyrdn77.

A modified and successful version of thsgrategyinvolves the Claisen rearrangement of
propargyl etherd.80 obtainedin situ lURP WKH UH D RHsubgfiQte®® prapargyl alcohol
1.79 with the 2-naphthol1.78 under acidic condition¥® One variation of this strategy involves

using as catalystp-toluenesulfonic acid pTSA) in anhydrous DCM $cheme 1.26) %7 or in

toluenel®
[ ) . oh
Ph =
py/ ©OH Ph o
OH 1.79 (0] Ph (0]
J——— —_—
Q" - || — O
DCM
g reflux Z g
1.78 1.80 1.8157%

Scheme 126 Synthesis of naphthopyrang1.1%’

Another variation of this method involves usitite acidic AbOs catalystin tolueneunder
reflux.10% 1101111 this regarg Aiken et al, haveperformed the acidatalysed condensation of 2

naphthol 1.74 with the respective propynol4.82 to afford the corresponding photochromic
naphthopyran4 .83 A.84 in modemteyield (Schemel.27).11?
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e

1.74 1.83 R =F (36%)
1.84 R = pyrrolidinyl (40%)

Scheme 127 Synthesis of naphthopyraths33 H.84.

A further variation of this stratgy involves reacting propargyl alcohols with naphthol
derivatives in the presencé a catalytic amount of pyridiniump-toluenesulfonat¢PPTg.113 114115
In this regardCarreiraet al, havereported a facile onpot synthesis of naphthopyrats6 in
excellent yield (9299%) by reacting propargyl alcohdls85 with 2-naphtholl1.74 in the presence
of 5 moPb6 of PPTS and 2 equiv of (MeOkQH in 1,2dichloroethane (1;DCE) (Schemel.28).11°

Ar

PPTS (5 mol%) 7 A

OH (CH30)sCH (2 equiv) o
1,2-DCE OO

1.74 1.85 Ar = Ph, 4-MeOCgHy, 1.86 92-99%
thiophenyl-2-yl

Scheme 128 Synthesis of naphthopyrats36.

The reaction between a propynol and a naphthelportedly involves the thermdB,3]-
sigmatropic reaarangeme(@laisen rearrangemerdj naphthyl propargyl ethetr.88 formedin situ
from the acidcatalysed etherification of naphthl74 with the carbocatiod.87. Alternatively, and
possibly in a competitive wayhe alleneintermediatel.89 can also be formed by electrophilic
aromatic substitution directly fromthe naphthol 1.74. A subsequent [1,5igmatropic
UHDUUDQJHPHQW |eleat&adiraGonEjived theEcorresponding naphthopytr &6
(Schemel .29).11!
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Ar Ar
Ar ©)
/‘*@ = AN ArA A 187//C/\<Ar
LA r H .
OH 1.87 (0] <3 .0 H® OH
— (T — AU - dF
H [3,3] H2
1.74 1.88 1.89 1.74
A Ar
Ar r _Z Ar
= Ar ~7 A H
r i
o) |“v( o) Q) Yo
I T Q0 we T
1.86 1.91 1.90

Scheme 129 Putative mechanism of the aaidtalysed condensation between naphthét and

propynol1.85.

1.3.2Photochromic Propertiesof 3H-naphtho[2,1-b]pyrans
Naphthopyraa possessing aaryl substituenat the C1 of the naphthopyrascaffold1.92 have

no reported photochromism at rodemperatur¢Schemel.30).1t’

1.92 1.93

Scheme 130 Absence of photoisomerization of naphthopyta®.

As stated before,aphthopyrans generate ttnansoidcis (TC) andtransoidtrans(TT) isomers
upon UV irradiationWhile the thermal back reaction tife TC isomertakes from severaeconds
to minutes for the TT isomer isconsiderablylonger (several minutes/ hours). One strategy to
develop very fast photochromic naphthopyrans for application in photochromic lenses is by
introducing a bulky substituent atethtG2 which effectivelysurpresss the generation of the TT
isomer*'® Abe et al, have found that by introducing a bromine a Gethermal back reaction of
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2-bromonaphthopyrad.95 (entry 2, Table 1.1) (t» = 2.5ms) wasdramatically acceleratedhen
compared to naphthopyradn94 (entry 1, Table 1.1) (t» = 34 min).*® According to theauthors,
substitution at the @ wasfound to be important to accelerate the thermal back reaction from the
TC isomer to the CF due to the large steric and electrostatic repulsions between the bror@ine at C
and the carbonyl groupf the photomerocyanindhe authors moved on to replace bnoenfor the

more photostable prenyl substituent producing an even faster photochi@én@ntry 3, Table

1.1) (t, = 46 p9 due to the large steric and electrostatic repussminthe prenyl group when
compared to brominddowever, the authors do naport any data about the colourabilit®D) of

the given naphthopyrans. One potential problem with thesefastryhotochromic naphthopyrans

is the poor colourability in solution.

Table 1.1 Spectrokinetic data for naphthopyrain$4 .96.
Entry Naphthopyran mad NM(benzene)  ty

(H3C)HC

1 OMe 465 34 min
1.94

2 415 2.5ms

3 452 V

According tovVan Gemertet al, incorporatingelectrondonating groups such as metharythe
para positionof the phenyl at €3 resuledin abathochromic shifof the max one methoxygroup

(1.98) increasd the max by 36 nmrelative t01.97, while an additionalmethoxy group on the
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second aryl groufl.99) provided only an additional 12m bathochromic shift. A secondary effect

of the addition of electron donatimgoupswasthe loss ircolourability (smalledlOD).12°

1.97 Loy 432 Nm 1.98 X0 468 Nm 1.99 1,2 480 nm
t, 45s t, 35s t, 40s
IOD 0.36 10D 0.25 IOD 0.15

Introducing diferent nitrogerbased electredonating groups at thgara position of theC-3
phenyl groupresults in a bathocromic shift, the magnitude of whicks related to the donating
ability of the terminal amino group and the solvent chosen. According to Galvtalitfor all the
solvents used, the pyrrolidino and diethylamino derivatwesethe most bathochromic dyes wdil
the morpholino analogue abbedat the shortest wavelengtfigble 1.2).12' The behaviour of the
dyes in solvents of terent dielectric constant suggest that solvent interaction chanmfyehe
polarity of the dyeswhich were relatively weakly polar in a nepolar solvent but beme

significantly polar through stabilisation of the chavgiéh solvents of higher dielectric constan

Table 1.2 Spectroscopic data for naphthopyrdans.

Aryl max max max

Substituen{X) (n-hexane)nm (DMSOY nm (EtOHY nm
N-Me> 487 550 568

N-Et; 497 570 579

o Q 498 567 579

B Q 479 529 548

/N 461 505 506
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Heron et al, have prepared multiplertho-substitutednaphthopyranat G3 with a strongly
electron donatingpara pyrrolidine ringthat induced a significant bathochromic shift i up to
108 nm when compared ®,3-diphenyt3H-naphtho[2,1b]-pyran ( max 430 nm)*?2 The authors
noted that increasing the size of tir¢ho substituent was accompanied by an incredigge, which
was attributed to th&arge steric encumberment to rirgjosure imposed by thertho-substituents
leading to an observed increase atoc intensity, with virtually no change imax(Table 1.3). In a
following work, the authorsotedthat the visiblespectrum of the photomerocyanifrem 1.102
and 1.103 contaired two bands of approximately equal intenditgcause th@rtho groups were
spatially demanding (X = CI, Me) leading to organic photochromes that &ofsesadull shades of

brown.

Table 1.3 Spectrokinetic data for naphthopyrain4Ql.
Aryl max(PhMe) nm

SubstituentX)

F . 554 40 |
cl 554 741
Br 554 1024
| 553 1167
MeO 555 351
Me 555 639
H 538 5

1.102 A, 403, 480 nm 1.103 3,1, 410, 507 nm
t1/2 44 s t1/2 104 s

It is generally accepted that introducietectronwithdrawing substituted aryfgroupsat G3
causs an hypsochromicshift and slows down therate of fade'?® Heronet al, have prepared 3,3
bis(4-methylthiophenyh3H-naphtho[2,1b]pyran 1.104 which max (478 nnm) was similar to 3,3
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bis(4-methoxypheny)-3H-naphtho[2,1b]pyran ( max 480 nm) (Scheme 1.31). 2% The authors
moved on to oxidie 1.104 to the sulfonel.105 which electroawithdrawing groups at thpara
position resulted in a substantial hypsochromic shift of 63 nm onstheThe authors havalso

foundthat sulfonel.105 fatigued after a few irradiation cycles, generating the naphthofut86.

SOzMe

m-CPBA
CH,Cl,

1.104 L2 478 nm (PhMe) 1.105 A5 415 nm (PhMe)

l UV light

1.106

Scheme 131 Oxidation of naphthopyrah.1M, followed by U\:promoted ringcontraction to
1.106.

According to Albertiet al, the presence dfuorine andbromineatomsat thepara positionof
the aryl groups at € did not produce a significant shift on th@ax when comparedo 3H-
naphtho[2,1b]pyran1.97.1%°
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1.97 hpax 432 nm (PhMe)  1.107 15,432 nm (PhMe) 1.108 A, 431 nm (PhMe) 1.109 A5, 430 nm (PhMe)
0D 0.17 0D 0.13 10D 0.14 IOD 0.16

According to thesame studythe presense ohealectronwithdrawing trifluoromethyl groun
the aryl at C3 of the naphthopyran core indut@n hypsochromic shifindependentlyof its

positionin the ring +similar to having amrtho-F in the aryl at €3.12°

1.97 Anax 432 nm (PhMe)  1.110 15,421 nm (PhMe) 1.111 15,421 nm (PhMe)  1.112 ), 420 nm (PhMe)
10D 0.17 IOD 0.22 IOD 0.21 10D 0.15

Gabbuttet al, have preparethultiple metasubstitutednaphthopyranst G3 with a strongly
electron donatingara-pyrrolidine ring(Table 1.4).126 According to the authorshé colour of he
photanerocyaninevas manipulated through the control of the steric interaction betweeyatae
pyrrolidine group and themeta substituents. Increasing the steric clash between both groups
resulted in a hypsochromic shift of themax the only exception being OMe poteriyabecause of
its electrondonating nature despite being in a roumjugated position. The rate of fade was
virtually unaffected by themetasubstitdion in contrast to whatwas observed at theortho

position120 122
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Table 1.4 Spectrokinetic data for naphthopyraing13.
Aryl max(PhMe) nm  t/ s

Substituen(X)

I 494 5
Br 493 4
Cl 513 4
F 529 4
Me 517 3
OMe 557 5
H 538 5

According to Gabbutet al, the introduction ofdiaryl-substituted vinyl unitat G3 induceda
bathochromicshift of the max (ca. 2540 nm) when comparetb the norvinyl substituted
analogueswhich canbe attributed to the more extend@onjugated systerfBchemel.32).*%” For
example by comparing3-(4-methoxypheny}t3-phenyt3H-naphth¢2,1-b]pyran 1.98 to 3-[2,2-bis-
(4-methoxyphenyl)vinyl3-phenyt3H-naphtho[2,ib]pyran 1.114, the max in toluene of the
corresponding photomerocyaninestshiftedfrom 465 nm to 502 nm, respectively.

uv
dark, Vis

1.115

Scheme 132 Photoisomerization of naphthopyraril4.

34



1.4 Photochromic Rhenium(l) Complexes

MeO
1.98 A ax 465 nm (PhMe) 1.114 X5 502 nm (PhMe)

Rebiereet al, have reportec study on the@hotochromic properties of large set of thenyk
substituted naphthopyrah® A naphthopyran containintyvo thiophenesubstituents at G 1.116
was characterizedy a bathochromic shift of 40 nm on itsax, Weaker colourability and faster
fading ratewhen compared to 3,@phenyt3H-naphtho[2,ib]pyran 1.97. The authors have also
reporteda bathochromic shift o72 nm onthe max of the dithienyl naphthopyrah.117 with an
increase on the colourabiligndin the fading rate when compared 3¢3-diphenyt3H-naphtho[2,1
b]pyran1.97.

1.116 L0472 nm (PhMe) 1117 A5, 510 nm (PhMe)  1.97 A5, 432 nm (PhMe)

|OD 0.60 |OD 1.92 |OD 0.84
ka 0.42 577 (29%) ka 0.49 571 (25%) ka; 0.09 51 (100%)
kap 0.16 s (71%) kap 0.22 57 (75%)

The presense of electra@lonating méhoxy groups at positions -6, C-7 and G9 have barely
no effect on the maxof the photomerocyaningTable 1.5).22° The presence ofnaelectrordonor
methoxy group at & hypsochromially shifted max by 13 nmwhen compared to 3;:@phenyl3H-
naphtho[2,3b]pyran, andincreasd colourability by slowing down the speedof fade On the other
hand, a methoxy group at-& bathochromially shifted max by 41 nm with increased

colourability?®
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Table 1.5 Spectroscopic data for naphthopyrdnkl 8.

Aryl max(acrylate polymer)/ nm

Substituen{R)

5-MeO 435
6-MeO 423
7-MeO 435
8-MeO 477
9-MeO 432

H 436

Pozzoet al,** have prepared the-&minosubstituted naphthopyrah119 which electron
donating amino group blughiftedthe ma by only 8 nm, witha decreasén the speed ofade when
compared t@®,3-diphenyt3H-naphtho[2,1b]pyran1.97.13!

”/I(CeHm

1.97 Aax 432 Nm (PhMe) 1.119 X0 425 nm (PhMe)
IOD 0.84 |OD 0.77
k; 0.09 57" ka; 0.021 s

Zhanget al, have reportethe synthesis afiaphthopyrari.121 which electrorwithdrawingN-
phenylamido group caudea substatial bathochromic shift in themax(60 nm) accompanied by a
faster rate of fadeith no change in its already weak colourabitiien compared to 3Bis(4-
diethylaminophenykBH-naphtho[2,1b]pyran 1.120.132
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1.120 %,,,, 580 nm 1.121 A4, 640 nm
10D 0.01 10D 0.01
t1/2 6s t1/2 <1s

The presence of the electrdonating morpblino group at @6 (entry 4, Table 1.6)
hypsochromially shifted max by 38 nm when compared to HB(4methoxyphenyh3H-
naphtho[2,1b]pyran(entry 1, Table 1.6) with a substatial increase in colourability?3 Substituting
onepara-methoxyfor atrifluoromethyl groupat G3 (entry 5, Table 1.6) resuledin an even more

pronounced hypsochromic shiftthe max(58 rm) with increased colourability.

Table 1.6 Spectroscopic data for naphthopyrdni22.

Entry X Y z mad MM 10D ‘

1 OMe H H 490 0.12

2 CR H H 450 0.15

3 OMe OMe H 488 0.69

4 OMe H /" 452 1.57
__/

5 CR H o % 432 1.72
__/

6 OMe OMe _ / 432 2.39
__/

Therearejust a fewreportedexamples of naphthopyrans with electwithdrawing groups at
C-6. Samaget al, have reported the thaystal structure of €yane3,3-bis(4methoxyphenyb3H-
naphtho[2,ib]pyran 1.123 but no photophysicahnalysiswas presentetf* Furthermore, a few
examples of éalo-3H-naphtho[2,ib]pyrans1.124 were published in dapanese pateht®
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Rebiereet al, have preparethe 7-(2-thienyl)naphthopyrari.125 which thiophenegroupat G
7 induced a bathochromic shift of 10 rpotentially becausé gives a photomerocyanine with
more H|[W H Q-Ghj@atd systemwith increased colourability and faster rate of fadeen
compared to 3;8liphenyt3H-naphtho[2,1b]pyran1.97.128

1.97 Aax 432 nm (PhMe) 1.125 A, 442 nm (PhMe)
|OD 0.84 10D 1.60
kay 0.09 s (100%) kai 0.25 s (91%)

kar 0.03 51 (9%)

The sameauthors have also reported the synthesis of a dithienyl naphthdp$2#nin which
an extra dithienylat G7 resulted in a bathochromshift of only 10 nm in the max, however it
increased substantially the fading rate and colourability when compared to dithienyl naphthopyran
1.117.1%8
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1.117 Xyax 510 nm (PhMe)
0D 1.92
ka; 0.49 s (25%)
Kap 0.22 57 (75%)

1.126 A 54 520 nm (PhMe)
IOD 3.90
ka; 0.67 57 (98%)
kap 0.08 571 (2%)

There are just a handful eéportedexamples of naphthopyrans with electwsithdrawing
groups at C€7. Katritzsky et al, have prepared -€arboxamido naphthopyrank139 but no

photophysical analysis was present&d.

Introducing the strong electronwithdrawing diethoxyphosphorylgroup at G8 (1.129)
produced a hypsochromic shifiof only 8 nm,while introducing aweak electrorwithdrawing
bromine atom at @ (1.128) induced a 25 nm bathochromic shift on thexwhen compared to 3,3
bis(4fluorophenyl)y3H-naphtho[2,1b]pyran 1.109.12°
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s (Et0),0P 8

1.128 A0y 455 nm (PhMe)  1.109 2, 430 nm (PhMe) 1.129 A0, 422 nm (PhMe)

Br

According to Shilovaet al, strong electrordonatingN-containing heterocycteat G-8 ledto an
overallbathochromic shift in themaxup to 220 nm in the case of pyrrolidimehen compared to 3,3
phenyt3H-naphtho[2,1b]pyran (Entry 1, Table 1.7).1%7

Table 1.7 Spectroscopic data for naphthopyrdan30.

Entry Aryl max(MeCNY nm

SubstituentX)

1 H 432
2 % 503
s

3 B C 524

4 _NG 552

5 —N(j 462
—

Coenet al, have prepared naphthopyrans withylthiophene substituents at91.1314.132
that shoved a bathochromic shifin the max due to the morextended G€onjugaed system when

compared t@®,3-diphenyt3H-naphtho[2,1b]pyran ( max432 nm in toluene)®®
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1.131 A5, 485 nm (PhMe) 1.132 5, 499 nm (PhMe)

There ae relatively fewreported examples of naphthopyrans with eleewiihdrawing groups
at G9 (1.133). All the examples possesemplicated structures makingvery hardto access the
overall effect of the substituent ¢imeir photochromic propertie’s?

1.133

There are just a handful of reported examples of naphthopyrans with eléatrating groups
at G10 (1.134); thecomplicated structures makt very difficult to access the overall effect of the

substituent otheir photochromic propertie’$®
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1.134

There are just &éew reported examples of naphthopyrans with eleew@hdrawing groups at
C-10 (1.135). Theintricatestructuregeported ina Japanese patergnder itvery difficult to discern

the overall effect of thelectronwithdrawingsubstituers on their photochromic propertie$®

1.135

An exceptionwasthe work fromAbe et al, who, as stated beforbave reported the synthesis
of the 10-bromosubstituted naphthopyrat.136, in which the weakly electrowithdrawing
bromine at Gl0 induced a hypsochromic shift of only 10 nm in benzeselution with a
substantiadecreas®f t,, when compared to naphthgpn 1.94. 119 Abe et al, have found that by
introducing a bromine at-C0 the thermal back reaction from the TC isomer to the CF was more
than 20 times faster than foaphthopyrari.94. On the other handhe decay of the TT isomer of
1.136 was extremely decelerated and most of the TT isomer remained even after 45h. The slow

thermal isomerization reaction from the TT isomer to the TC isom&d86 compared td..94 was
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attributed tathe high activation energy barrier towattle formation of the TC isomer from the TT
isomer 0f1.136.

(H3C)HC

1.94 ), 465 nm (benzene) 1.136 1,2 455 nm (benzene)
ty, 34 min ty, 1 min

Guglielmetti et al, have reported the synthesis b®-formyl-3,3-diphenyt3H-naphtho[2,1
blpyran1.137 but the authorslid not presenphotophysicatiata for the given compouritf

3
CHO ¢ O
O i

1.137

Besides inductivesesonance, steriand heterocycle substitution effedisere are otheeffects
employedto modulate the photochromic properties mfran containing photochrome3hese
effects are bgond the scope of this thesis so thglf only be mentioned briefly:

1. Heterocycleannulation Annulation of diarylbenzg@yrans with differentheterocycleshas
been shown tonodulatethe absorption properties, fade rate constants and fatigue resistatinis.
regard, lenzopyrans have been annulated with a variety ahfl 6 membered heterocyclic rings

such aspyrrole }? oxazole**? indole }? benzofurart*? thiopheng**® pyrimidine 144
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1.138 L., 437, 531 nm (PhMe)  1.139 L., 423, 513 nm (PhMe) 1.140 ), 436, 560 nm (PhMe)
ky <104 s Ky 0.25 7" ky; 0.15 s

1.141 ), 424, 518 nm (PhMe)  1.142 )., 452, 542 nm (PhMe) 1.143 )04 442 nm (PhMe)
ky 0.21 7! ka; 0.17 577 t1,2 1000 min
0D 0.37

2. Stereoelectronieffects In a 2016 reviewMoorthy andMukhopadhyaydiscussed toroidal
conjugation, througispace electronic effect, phane effect along with nuclecgigletrophile
interaction, helicity as a steric force and intramolecular hydrogen bonding, as subtle strategies to
modulate the spectrokinetics of the gimerocyaninesderived fromdiarylbenz@yrans'4®

3. Union of photochromic system$H-Naphtho[2,1b]pyrans have beenintegrated in
biphotocromic system&hotochromic units can be indepentlg linked togetherbeing possible to
excite themsimultaneouslySuch systems are considered moitide photoswitchingystems#°
Amongst thesehereare systems in which twoHsnaphtho[2,1b]pyran units are linked together
through one of the G substituents by #exible ethylenebridge!*® According to Gabbutét al, the
symmetrical bisnaphthopyrarl.144 may be thought as two units d@idividual naphthopyrans
isolated from each other abe absqstion band of the bsnaphthopyran and the individual
naphthopyranverevirtually coincidenal.
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1.144 )., 450 nm (PhMe)

Favaro et al, have reported the synthesis of sgmmetrical bisnaphthopyrarwhere the
individual naphthopyransvere connected througlthe G8 by a rigid acetylene bridgé*’ The
bisnaphthopyrari.145 behaved like a classical thermoreversipl®tochromic system. However,
the same authors have shown that the unsymmetrical bisnaphthdagy¥&nconnected through an
esterunit, and bisnaphthopyrai.147, connected througlan ethylene bridgeexhibit unusual
thermal and photochemical reversityiliwhich was attributed to the formation ohultiple

photoproducts with different thermand photereversibilities.

1.146 )., 443 nm (PhMe) 1.147 5,,, 431 nm (PhMe)

Another possible design of biphotochromitstemsnvolvesconnecting the two photochromic
units while maintainingsome degree ofommunicationbetween themwhich leads to unusual

spectrokinetic properties of the photomerocyanifie Suchsystems cadividedinto two different
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classes one in which both phatchromic units are naphthopyratfsand anotheiin which the
naphthopyran is linked to a different photochroitfe

Carreiraet al, have prepared oligothiophene linked bisnaphthopyrans which photochromic
properties were dependeon the length of the oligothiophene linké? For example, the presence
of a bsthiophenelinker leads to high colourability and unusual photochromic behaviour. The
authors have shown that by irradiatibd48 at 366 nm for 5 s the near colourless solution rapidly
underwent coloration to oranged. Further irradiation resulted in a changeepurple after 30 s
andto purpleblue after 4 minRemoval of the irradiation source resulted the thermal bleach in the
reverse ordefThe dramatic change of colof uponcontinuousrradiation with UV light suggested
that a segential photochromic paess hadaken placenamely ringopening and coloration of the

second naphthopyramit happened after the opening of the firgphthopyran uniSchemel.33).

1.148 1.149 )., 510 nm (PhMe), red
10D 0.817

A || 366 nm (4 min)

1.150 A, ,2x 572 nm (PhMe), purple-blue
10D 0.857

Scheme 133 Photoisomerization of bisnaphthopyrai48.
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Frigoli et al, have reported the synthesisaftombined system consisting of a naphthopyran
unit and adithienylethenewhich were connected by the3s@-3 of the naphthopyran scaffold
meaning that botphotochromic unitsvere electronically decoupléd® An important featuref this
designwas the different absorption behaviour of the naphthopyran andittienyletheneas the
system hd a readout window between 350 ah380 nmwhere the naphthopyran grouputd be
switched selectivelyithout affecting thelithienyletheneunit. Irradiation of 1.149 with wavelength
above 350 nm ringpened the naphthopyran without Halgsing thedithienylethenegenerating
1.150 which had arorangecolourin solution( max456 nm in toluenejSchemel.34). On the other
hand, continuousgradiationof 1.149 with wavelength of 313 nm triggerdabth the ringopening
reaction of the naphthopyran and the rabgsing of thedithienylethenageneratingl.152 which had
a browncolourin solution(absorption up t@00 nm with thre absorption maxima at 434, 588d
618 nm). Thermal mg-closing of the ringppened isomer athe naphthopyran averise to1.151
which hal a pink colourin solution (the maxima at 434 and 618 ndmsappearedand a new
absorptiormaximumat 516 nmemergedl

Scheme 134 Photoisomerization of biphotochromic systéri49.

47



1.4 Photochromic Rhenium(l) Complexes

1.3.3Applications of 3H-naphtho([2,1-b]pyrans

Naphthopyrans have a wide range of applications: in the development of ophthalmic lenses,
photochromic switches, molecular electronic devices, photoswitchable molecular receptors,
photoresponsive polymers, photochromic thin films, photoresponsive gelaptiee omosil
materials, photoresponsive nanomaterials, photochromic liquid crystalline materials and smart and
functional optical materia@ Indeed a recerflanuary 2019%cifinder search revealed 255 patents
which contained the 3;8iaryl-3H-naphtho[2,ib]pyran unit with applications in variable
transmission devices.

As mentioné previously,the major application of 3H-naphtho[2,1b]pyrans concernsthe
development of ophthalmic Ienﬁ151 The utility of naphthopyrans for constructipgotochromic
plasticlenses continues to drive much interest of the research community into this class of dyes.
Although numerous molecules f1i@ been patentenh the lastfew decadesof which only a very
small amount have been commercialiseghprovement on the design of naphthopgra still
desirablem Improvements on the design are usually accomplished througbmdination of
different structural changeis order to generate photochromes witigher colourability, faster
bleaching kinetics, less fatigue and better thermal st@ty.

Naphthopyrans havkeeenintegrated ito fluorescent photoswitching systef¥Wanget al,
have reported the synthesis afnaphthopyraibridgebenzimidazole dyad which exhibd both
fluorescence andghotochromis. >3 The authors have found that phismmerization of the
naphthopyrari.153 to the merocyanin&.154 quenched themission othe benzimidazole by up to
93% by anintramolecularenergytransferprocessalthough the authomserenot able to restor¢he
initial fluorescence after the first irradiation cyq®chemel.35). According to the authorghe
high-contrast florescence photoswitching characteristics dhe capacity of nordestructive
readout of informationmakes this type of dyads promising candidates in erasable optical
information technology®*
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Scheme 135 Photoisomerization of naphthopyrandgebenzimidazole dyad.153.

Naphthopyrans have been dely applied in potoswitchable molecular receptor® For
example,Kumar andSahoo have reported the synthasfiss naphthopyran with a salicylaldimine
moiety at G5 (1.155) that functions as a selective chelator Cu?*, allowing its detectionwith
excellent photoreversibility>® Other designs invok binding a crown ether to th€-5 of the
naphthopyrarscaffold (1.156)'°" or to the aryl at € (1.157).1°8 For instance, feer irradiationof
1.156, in the presence of metal ions, thend of thephotomerocyaningvas usuallybathochromic
shifted(up to 80 nm) Thered-shift depended on theoordinated metal which allowebe selective

detection of metal ions in solution.

Naphthopyrans have also been apptiethe development of molecular electromievices:>®
Guglielmettiand ceworkers have developed a series aligothiophenebridged biphotochromic
systemg®The oligothienydsubstituted naphthgpans1.158 when optically excited undeent a
structural change passing from a neuttbdsedstate to the strongly polarized opeffedn,

accompanied by a large increase in the electrical conductifitie conductivity icreased by a
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factor of about 100The resulting photoinduced dipole moment determined the current flow
direction and dide characteristic. The authors expected that the switch performance would improve

by using longer bridging units that would provide longer conjugation lengths.

Naphthopyrans have also been applied to the developmentiiresponsive polymers. Jiang
et al.’®* have reported the preparation of a compound micelle based on tressatibly of a
naphthopyrarcontaining block copolymer and a fluoroph@@ntaining block copolymer.
According to the authors, the fluorescendemsity of the micelles could be switched by light due
to a photeinduced energy transfer process between the fluorophore and the naphthopyran in the
micelle cores. The micelle could be used for encapsulation of guest molecules which could be
released in &ght-controlled way.

1.4 Photochromic Rhenium(l) Complexes

Transition metal complexedisplay interesting properties such asminescencdrom triplet
excited state&? reversible redox switchiff® and magnetisfi* which are rarely present in organic
molecules. These properties arise from therhldtals at the metalentres -@tbitals on the ligands
that are electronically perturbed and coupled with the noetatesand the heavy atom effect of the
metal centres Heavy metainduced triplet states display properties that differ from the single
excited states from organic molecutés.

Transition metal complexes offer several advantames organic moleculest complexes
containing metal ions such as Ry and Rél) display 1) absorption and emission behavior in the
visible region due to th®#LCT excited states; 2)arious redox stateand3) moderate excited state
lifetimes. Additionally, the optical propemris of these complexes cantbheed by the careful choice
of ligands andy introducingsuitable substituents®

Rhenium(l) tricarbonyl complexesf the typefac-[Re(NN)(CO)(X)]%*, where thebidentate
ligand NN is commonleither2,2-bipyridine, 1,10phenanthroline osubstitutedderivatives,and
the axial ligandX is either a halideor a neutral Ndonor, are gparticular example of metal

complexes that are emissive in aerated soldfibfihesetypicaly exhibit a HOMO dominatetly a
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Re 5dorbital i ZLWK DG G LWL R Qdxitobutidhd) &sReDaOpadbital contributionsof the
axial group i and abidentate &based LUMO.Photoemission, energy transfer processes and
electron transfer processes fat-rhenium(l) tricarbonyl complexesccur either from the lowest
vibrational level of the’MLCT excited state or in some cases from the triptata-ligand (3IL)
excited state

Exciting fac-[Re(bpy(COXCI] 1.159 in acetonitrileby irradiationat
365 nm or 400 nm firgjives rise to théMLCT excited state, which hasa
abs Of 405 nm anddecaysto the highest vibrationalevel of the3MLCT
excited stateafter approximately 7@s.1%8 The latter releases energy in
approximately 55 ps giving the lowestibrational level of the3MLCT
excited statewhich emits light with a lifetime ofabout 25ns (Figure
1.10). The photophysical propertiesf rhenium(l) tricarbonyl complexes
can be significantlynodulatedoy modification of the structure of tHedentatdigandand therefore
changingthe energy of the LUMOON the other hand, by changitige axially coordinated ligash
the energy of the HOM@arie

The development of transition metal complexasluding rhenium(l) tricarbonyl complexes
that containphotochromic ligands haseceived increasing attention ihe last two decades
Incorpaation of the photochromic moiety either by coordination to the metal centre or by
covalently binding it to acoordinatedligand has shown t@erturb and varythe photochromic
properties The heavy atom effect induces triplet states in the orggphotochromes by
photosensitizatiorOn the other handhe photochromic reaction hasenshown to photomodulate

and/or photoswitch the luminescence of the transition metal coagdféx
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Figure 1.10Photophysical processes tliat-[Re(bpy)(CO}CI] 1.159in acetonitrileundergoes
after it is excited by light with a wavelengpih 365 nm.

1.4.1Photochrome Coordinated to Rhenium(l)

Yam et al, were the firstauthorsto reportin 1998the synthesis ophotochromicrhenium(l)
bidentate complexesby coordination of stilbereand azecontaining pyridine ligands with
tricarbonylrhenium(l) bipyridine complexéSchemesl.36 and1.37, respectively.!’° The authors
prepared the complexes by refluxifiRe(COR(N*N)(MeCN)]OTf and thecorrespondindigandin

THF under an inert atmosphere of nitrogen
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Scheme 136 Photoisomerization and spectrokinetic data of Re(l) complexéd and1.161.

Scheme 137 Photoisomerization and spectrokinetic data of Re(l) complexég and1.163.

Reversibletrans-to-cis isomerization could be induced by excitation into the MLCT transition.
The authors suggested a triplet photoisomerization mechanism which involved an intramolecular
energy transfer from th8MLCT excited state to aon-emissivetriplet intraligand fIL) excited
state of theransisomes 1.160 and 1.162 (Figure 1.11).1* Furthermore, the authors noticed that
by transto-cis isomerization, a®MLCT emission band afca. 510580 nm typical of the
tricarbonylrhenium(l) bipyridine complexes appeatedreased steric congestiontire cis-isomes
1.161and1.163resulted in less orbital overlap due to the twisting of the phenyl/pyridyl vihgsh
ledto a higherlying °IL excited stateAs a result, the triplet intramolecular energy transfer pathway
wasblocked,and the yellowistgreen phosphorescence was rest@ragure 1.12).
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A 0/&7 6&
Y ~ 0/&7

~ ’/WUDQ\

Figure 1.11 Energytransfer pathway farrans-isomersl.160and1.162.

'"FLV

0/&7 6 &
- ~ 0/&7 )('

Figure 1.12 Energytransfer pathway fotis-isomersl.161and1.163.

In a similar fashion, ther subsequelyt reportedfac-[Re(CO}(N”N)-(trans-L)]* complexes, L
= 1,2-bis(4-pyridyl)ethyleneor styrylpyridine (stpy), werepracticallynon-emissivewhen compared
to their emissivecis-isomerst’2In contrast Amaralet al, haverecentlyreported the synthesis of
fac-[Re(COX}(N”~N)(stpyCN)J that exhibied emission fom bothtrans 1.164 andcis 1.165 isomers
(Scheme1.38).13 The authors preparembmplex1.164 by refluxing he fac-[Re(COX(bpy)(tfims)]
precursor with the transstpyCN in methanol and, after coolingoy adding NH4sPFs which
precipitated the product as a yellow solidlhe enissionfrom both trans 1.164 and cis 1.165
isomerspresened remarkable resemblances in spectral profile, emisgi@mtum yields ¥m) and
HPLVVLRQ ©LA¢toing tbVhe duthors, thack of a ¥igidochromic effect, insensitivity
to substituents irthe bidentateligand and resemblance to the emission tbé axial ligand,
demonstrated that the emission frbothtrans 1.164 andcis 1.165 isomers arised from an emissive
3ILstpyCN, and not from @MLCT excited stat¢Figure 1.13).
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Scheme 138 Photoisomerization and spectrokinetic data of Re(l) complexéd and1.165.

A 0/&7TWUDFQ gy

A

0/&7 WULFQ\
~, ./ WUFQV

Figure 1.13Energytransfer pathway for botRe(l) complexed.164 and1.165.

Wengeret al, have reported the synthesika rhenium(l) tricarbonyl complex coordinated to a
pyridyl substituted dithiengthene(1.166) that in the openetbrm exhibited yellow Re(l}phen
SMLCT excited state phosphorescence. Upon 350 nm irradiation, ditidenylethene
photoisomerizé to the ringclosed form(1.167) (Scheme1.39). As a resultup to 83%of the
intensity of thephosphorescencgasquenchedy energy transfer from tiLCT excited statéo
the lowerlying non-emissive’lL excited state of the mor&extendedring-closed form(Figures

1.14and1.15).174
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Scheme 139 Photoisomerization of Re(l) complexeéd66 and1.167.
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Figure 1.14 Energytransfer pathway foring-openedsomerl.166.
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Figure 1.15Energytransfer pathway for ringlosed isomet.167 afterphotoisomerization.

Yam et al, have reported the sthesis ofa spironaphthgazinecontaining pyriding(SOPY)
that wascoordinated t@ series ofrhenium(l) tricarbonyl complees with variabldidentatdigands
(t-Buzbpy, Mebpy, phed. 1> Upon irradiation at 366 nm,the compleres 1.168 showed
photochromism, with the formation ah absorption band peaking ed. 604 nmcorresponding to
the generation of the photomerociyas 1.169 (Schemel.40). After the irradiationceased the

absorbance at 604m returred thermallyto the original value,with a smaller fading rate when
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compared to the free ligandke previous examplesxeitationinto theMLCT band at 420 nm also
gaverise to the photochromic reaction by glet photosensitizatioprocess Complexesl.168
have also been shown to exhislitong luminescence, while the free ligand SOPY stamly very
weak luminescence upon 355 mxcitation.The close resemblandeetween the emission spectrum
of the free ligand and thoseof the rheniun{l) complexes1.168, and very importantly that the
emission energies of the latter were insensitivethi® nature of thebidentateligands were
indicative thatthe complexed.168 displayed °IL phosphorescence insteatithe typical®MLCT
phosphorescencé\ccording to the authorsan intramoleculaenergy transfer fronthe SMLCT
excited statéo the SOPY moiety oceted, populating thélL state, which would eitherturnto
the ground statby emission of light or, upoprolonged irradiatiomywould undergoring-opening to

give thephotomerocyanin&.169 (Figure 1.16).

Scheme 140 Photoisomerization and spectroscopic data of Re(l) completé8 and1.169.

A 0/&7 6&

~ /5LQaoRYV

Figure 1.16 Energytransfer pathway foRe(l) complex1.168
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1.4.2Photochrome Covalently Bonded tdidentate Ligand

Yam et al, have prepared a series sgirooxazinecontaining 2,2bipyridine ligands which
were coordinated to rhenium(l) complexé€ The authors mixed [Re(CO}CIl] and the
correspondin@identateligands in anhydrous benzene at 50 °C giving the corresponding products
as yellow or red solids. ¥€itation of rhenium(l) complext.170in GLFKORURPHWHXIMQH ZL
nm at room temperatureesulted in strong luminescenagith an emission maximam at 695 nm.

This emission bandlerivedfrom a3MLCT excited statgprobably mixed with soméL character.
Uponirradiationat 365 nmpoththefree ligand and the compleix170 exhibited photochromism,
with a growth in intensity of thabsorptionband at 604 nm, corresponding to the generation of the
photomerocyanind..171 (Schemel141). It is noteworthy that the complek.170 did not show
photochromism with MLCT (40840 nm) exitation, because the enegrgf the SMLCT excited
state of theeomplex1.170 was smaller than of th#L excited state ofhe spirooxazine. Rhenium(l)
complex1.170 also displayed photolumicescenice EtOH/MeOH/CHCI> (4:1:1, viviv) at 77 K

Z L WX400 nmwith anemission maximam at 600 nm. Upon irradiation at 365 nm the original
emission band disappeared with theolution of a new emission band peaking 74100 nm
corresponding to the formation of photomerocyarirfe’l. According to the authors, the close
resemblance of the emission band of the-opgned isomer to that of the free ligand, and the
insensitivity of the emission energy the n#aure of the bipyridine ligand, was indicative that the

emission derived frm a3IL excited state rather thar®BILCT excited stateRigure 1.17).

Scheme 141 Photoisomerization and spectrokinetic data of Re(l) complexge and1.171.
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Figure 1.17 Energytransfer pathway for Re(l) compléx170 before and after photoisomerizatic

Bozecet al, have designed photochromic metal complexes combihiiepisdithienylethene
(DTE) vinyl-substitutedbipyridines with different metallic fragments, amonrgerin rhenium(l)
tricarbonyl bromidé’” Accordingto the authors, the long lifetimes (us), low energy and structured
spectraof the resulting metal complek172 was indicative of emission from 3L excited state
predominantly localized on the bi3=C-Ar moiety rather froma SMLCT excited statgScheme
1.42). Upon ringclosingto 1.173 at room temperature and-fireezingto 77K, a substantial quench
(80190%) of the 77K luminescence was observed. Quenching of emisgamattributed to
intramolecular energy transfer from thmissive®lL excited sate to thenon-emissive lowetlying
3IL excited state of the closethg of the DTE part of the molecu(€igure 1.18). In all examples
describedextensive overlap of the emission bands of the Re chromophore with trenéwgy

absorption band of the act¢epphotochromic uniin its closed form was observed.

0/&7 ,6 &
T~ 0/&7
T \ ’/SLQZJSHQ\

Figure 1.18 Energytransfer pathway for Re(l) compléxl72 before and after photoisomerizatic
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1.4 Photochromic Rhenium(l) Complexes

Scheme 142 Photoisomerization and spectrokinetic data of Re(l) complexdg® and1.173.

Yam et al, have prepared dithienylethenecontaining 1,1€phenanthroline ligandhat was
coordinated to a rhenium(l) complé®¥Upon UV irradiation (310 nm) absorption bands at 546 nm
and 580 nm appearedorresponding to the generation of the photomeradogat.175 from
rhenium(l) complext.174 (Schemel 43). On the other hand, irradiation with visible light (580 nm)
restored the ringpened isomet.174. The ringclosed isomefl.175 also underwent slow thermal
back reaction, with the complei,(78 h)bleaching faster than the free ligad 143 h). Ecitation
into the MLCT absorptionbands also led to the photochromic reaction as part oftrgplet
photoisomerization mechanism. The rogened isomerl.174 in benzene solution produced
luminescence at 5 QP o6.26 us, Nem ex 470 nm)0.04 which was attributed to th#MLCT
excited state phosphorescence with additional mixturdLotharactert’® Upon conversiorio the
closed form1.175 in the photostationary state, the emisdiamd changedTlhering-closed isomer
1.175in benzene solutiodisplayed red photoluminescence, waihemission maximum at 64dm

>ZX 0.1 ps, Nem  ex470 nm) 0.00B The bathochromishift (49 nm)in theemisson energy of the
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1.4 Photochromic Rhenium(l) Complexes

ring-closed isomed..175 was due to the more extendéiEonjugaed systemupon photoinduced
ring-closing reactionAccording to the authorshé different emission band structure and the shorter
emission lifetimeof the ring-closed isomerl.175 compared to itging-opered isomerl.174 in
solutionwas suggestive of a different emission origi@onsideringthe close resemblance of the
emission energies and the vibrosteuctures of free liganand the corresponding rheniwwamplex

in their closed forms, an emissiamigin of metalperturbed IL charactewas proposedlt was
suggestedhat upon photoinduced ringclosingthe 3IL excited state became lowbiing in energy
than the’MLCT excited stategiving the®lL excited sateas thepredominant emissive stafgigure
1.19).

Scheme 143 Photoisomerization and spectrokinetic data of Re(l) complexgd and1.175.
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Figure 1.19 Energytransfer pathway for Re(l) compléx174 before and after photoisomerizatio

The same authors have also reported the synthesis dérglethenecontaining Zlaryl-
substituted Z2-pyridyl)imidazole ligandwvhich was coordinated to a rhenium(l) compt&kUpon
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1.4 Photochromic Rhenium(l) Complexes

irradiationof the rhenium(l) comple2.176 Z L W K450 nm into either the IL or MLCTransitions
three absorption bandsere generated ata. 288, 480 and 718m due to the formation of the
photomerayaninel.177 (Schemel.44). Excitation into either the IL or MLCT basaf rhenium(l)
complex1.176 in chloroform resulted imn emission band centeratt 570 nm. This emissionas
assigned a¥MILCT excited stat@hosphorescend&igure 1.20). Upon prolongedrradiation at 352
nm, photocyclizationoccurred and the emission intensity at 5ith decreased by energsansfer
from the 3MLCT excited state to the lowdying nonemissive ’IL excited state of the

photomerocyaniné.177 (Figure 1.21).

Scheme 144 Photoisomerization and spectroscopic data of Re(l) completé8andl1.177.
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Figure 1.20 Energytransfer pathway for Re(l) compléxl76.
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Figure 1.21Energytransfer pathway for Re(l) compléx177.

1.5 Aims of the Present Study

Simply stated the aims of this investigation are:

1) to devise and implement synthetic strategies to olptaiialyl substituted photochromiH-
naphth¢2,1-b]pyransof the general structurels178, 1.179 and 1.180, andto characterize

their photochromic response.

2) to employ the foregoing pyridyl naphthopyransdgamic ligands to obtain new emissive
Re(l) complexes of the tyge181 and1.182.
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1.5 Aims of the Present Study

3) to explore the influence afycling the photochromimaphthopyranupon the photophysical
(absorption and emission) propertefshe foregoingRe(l) complexeslt was predicted that
the photochromic reaction could be used as a trigger to switch ON/ORMUI@T +3IL
energy transfer pathway, allowing reversible photoswitching of the Re(l) compMkes

phosphorescence.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

2.1 Synthesis oPyridyl Substituted 3H-Naphtho[2,1-b]pyrans

2.1.0 Strategc ldeas

2.1.0.1 Strategy A+By a Suzuki crosscoupling reaction after chromenization

When conceiving strategies for the preparation of the pyridyl substit@keehaphtho[2,1
b]pyransdifferent factors were considereir examplethe starting material availabtl andprice,
theestimatedverall yield,andthe number of stepr a givenpathway.

A straighforward strategy envisionedfor the preparation of the pyridyl substitutéH-
naphtho[2,ib]pyrans (or, benzochromengs2.1 involves performing Suzuki crosscoupling
reactiors, after chromenizati between the halo or pseutialo substituted naphthopyran2
with the appropriatepyridyl boronic &ids = Strategy A (Scheme 2.1 Furthermore, the
naphthopyrans would be prepared by thstablishedacidcatalysed condensation of the
corresponding2-naphthols2.3 with the appropriate propynol#dditionally, this strategy also
requires the preparation of halo or pseubalo substitute®-naphthols2.3, when these were not
commercially available or overly expensifeom commercially obtainable and relatively ch&ap
naphthols2.4. Strategy A was employed for the preparation of the,1®, 8, 7- and 5pyridyl
substitutedH-naphtho[2,b]pyrans

SFKURPHQL]DWLRQ"

Scheme2.1 Strategy A By a Suzuki reaction after chromenizatiefor the preparation of pyrid
substituted Bl-naphtho[2,3b]pyrans2.1

For the synthesis dhe 8-(pyridyl-triazole}3H-naphtho[2,3b]pyran 2.5, it was predictedthat
Strategy A could also beemployed(Scheme 22). Thus, theB-(pyridyl-triazole}3H-naphtho[2,1
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

blpyran 2.5 would be prepared by the Suzuki crasgipling reaction between a halo substituted
pyridyl triazole 2.6 and a boronyl substitute@H-naphtho[2,ib]pyran 2.7 +which could be
prepared from the borylation ohaB-bromo3H-naphtho[2,3b]pyran. Furthermore, e brome
substituted pyridytriazole 2.6 could be synthesized fromialo-2-ethynylpyridine2.8 and benzyl
azidevia a 1,3dipolar cycloaddition (Click Reaction)he 4-halo-2-ethynylpyridine2.8 required
prepaation by a regioselective Sonogashiracoupling between TMS acetylene and -2,4

dihalopyridine2.9.

Scheme2.2 Strategy A +By a Suzuki reaction after chromenizatiato prepare gpyridyl-
triazole)}3H-naphtho[2,1b]pyran2.5.

2.1.0.2 Strategy BBy a Heck crosscoupling reaction protocol
Incorporation ofeither basic oelectronwithdrawing groups at @3 of the naphthopyranky

acidcatlysed condensation betweenn@phthol 2.10 and propynol 2.11 has been previously

accomplished only in very poor yieIdSc(heme2.3)
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme2.3Naphthopyrar.12with electron withdrawing groups at&prepared by the acid
catalysed condensation betweenaphthol2.10and the correspondingopynol2.11

Inspired by the work of Putalet al, it was envisionedhat a Heck crosscoupling reaction
protocol could be employed to preparpydidyl-3H-naphtho[2,1b]pyrans 2.13 from commercially
availableand easily preparetthalo-2-naphthol2.15 (Scheme 24)

Scheme2.4 Strategy B +By a Heck crosgoupling reaction protocotfor the preparation of-3
pyridyl-3H-naphtho[2,1b]pyrans2.13

2.1.0.3 Strategy C+By a Suzuki crosscoupling reaction before chromenization

It was rationalizedthat the peparation of fyridyl-3H-naphtho[2,3b]pyrans by employing
Strategy A could beproblematicbecauseeither4-bromao2-naphtholnor 4aminoe2-naphtholwere
commercially availableAs an alternativelf wasenvisionedhata differentstrategy +Strategy C +
in which the pyridyl substituentsould be incorporated b$uzuki crossoupling reactioa before
chromenization(Scheme 2). A straightforward approab would be to prepare theyridyl
substituted Bl-naphtho[2,1b]pyrans2.16 by the direct acigtatalysed condensation between the
pyridyl-2-naphthol2.17 with the appropriate ppynol. Thus, the pyridyR-naphthol2.17 would be
prepared fron2.18 by a deprotection step. Hence, tlagter would be prepared fror2.19 by a
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Suzuki crosscoupling reaction with the appropriate pyridylboronic adtdr the 6-pyridyl-3H-
naphtho[2,ib]pyran route in the absence of theh&lo-2-naphthols, the coupling partnamould
necessarilype 4trifloxy-2-methoxynaphthalen2.20, that would be deriedfrom the commercially

available 1,aihydroxynaphthaplen2.21in two steps.

Scheme2.5 Strategy C By the direct acietatalysed condensatiatfor the preparation of pyrid
substituted Bl-naphtho[2,3b]pyrans2.16

A potential problem with th foregoingroute would be the basicity of the pyridyl substituent,
which may hinderthe acidcatalysed condensation of pyrieBdnaphthol2.17 with the appropriate
propynol, as it was not completely clear of how reactive the pyridi#uraphthol would be. An
alterrative variation would include the protection of the pyridyl substituent of pyBehdphthol
2.17 as the N-oxide 2.23 therefore not allowing its protonation during the awadalysed
condensation stefs¢heme ).

Scheme2.6 Strategy C +By protectng the pyridyl substituentfor the preparation of pyridyl
substituted Bl-naphtho[2,1b]pyrans2.16
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

A more elegant variation obtrategy C involves the synthesis gbyridyl substituted B-
naphtho[2,3ib]pyrans2.16 by the acidcatalysed cyclization of alker#z24, prepared by the Heck
crosscoupling reaction between-Halo-pyridyl-2-naphthol 2.25 with the appropriatepropenol
(Scheme 2Zi). This route would require the preparation of the Heck coupling paztegby the
regioselective halogenation of pyried®dnaphthol2.17.

Scheme2.7 Strategy C By the Heck crossoupling reactiontfor the preparation of pyridyl
substituted Bl-naphtho[2,1b]pyrans2.16

Naphthopyrans possessing an aryl substituent at thefGhe naphthopyran scaffold have no
reported photochromism at roenemperaturgl therefoe the synthesis of -fyridyl-3H-
naphtho[2,ib]pyrans 2.26 (Figure 2.1) was notexplored Furthermore, yridyl-3H-naphtho[2,1
blpyrans 2.27 (Figure 2.1) were predicted to be very fast photochr@with suspected poor
colourability the latter being of great importance for the photoswitching of the luminescence of
the rhenium(l) complexes. Therefore, this design was most probably flawed and was not

investigated

Figure 2.1 1-Pyridyl-3H-naphtho[2,1b]pyrans2.26and 2pyridyl-3H-naphtho[2,3b]pyrans2.27.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

2.1.1 Strategy A By a Suzukicrosscoupling reaction after chromenization

2.1.11 Synthesis of 1ePyridyl -3H-Naphtho[2,1-b]pyrans

To preparel0-pyridyl-3H-naphtho[2,1b]pyrars according tcStrategy A, it wasfirst necessary
to synthesize @ 8-halo-2-naphthol, as either 8-iodo-2-naphthol nor 8broma2-naphthol were
readily accessibld-or thisreason 8-iodo-2-naphthol2.29 was prepareth good yield(73%) from
the commercially available -8mine2-naphthol 2.28 by a Sandemeydype reaction which
involves thediazotization of 8amina2-naphthol2.28, followed bytreatment with potassium iodide
(Scheme2.8).181

Scheme2.8 Synthesis of 8odo-2-naphthol2.29

In the reaction mechanisnthe nucleophilic attack of the amino group froBi28 on the
nitrosonium ion, formedn situ from the reaction of sodium nitrite with.BQy4, resultedin the
formation of intermediat@.31 that by dehydration generdtthe diazonium ior2.32 (Scheme2.9).
Ipso nucleophilic attack of the iodeto 2.32 causé the displacement of nitrogen, resulting in the

formation of 8iodo-2-naphthol2.29.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme2.9 Mechanism of the synthesis oi@lo-2-naphthol2.29

To accesd.0-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.36 the precursot0-iodo-3H-naphtho[2,1
blpyran 2.34 was first prepared bythe acid-catalysed condensation reaction betweend®-2-
naphthol2.29 andthereadilyavailablepropynol2.33, following a modification of a procedure from
Carreiraet al (Scheme ZO) The poor yield (39%) was attributed to decomposition of the
naphthopyrar2.34 during thecolumn chromatography separatigkithough it was isolated with
only approximately 83% puritydue its proclivity to decomposition, it was used in the next step
without further purification. The mechanism ftire pyran ring formatiorirom a naphthol and a
propynolhas been describeéd Scheme 1.29

Scheme 210 Synthesis ofL0-iodo-3H-naphtho[2,1b]pyran2.34
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Suzuki crosscoupling reaction betweer2.34 and 4pyridineboronic acid pinacol est&.35
afforded 10-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.36 in good yield (66%)after 5 days of reflux
(Scheme2.11), following a variation of literature protocalvhich involved using KF instead of
K2CQ0s.182 An interesting observation was theH] that usuallyresonates ata. 7.3 ppm appeaed

upfieldon2.34at6.01 ppmas it was shielded by the induced anisotropic field.

Scheme 211 Synthesis ofL0-(4-pyridyl)-3H-naphtho[2,b]pyran2.36

The choice of the base for this Suzekosscouplingreaction is one of the major subjects of
Chapter 2.4 According to Le Duet al,'83in thefluoride-mediatedSuzuki reaction, fluoride plays
three roles:two are antagonistic in the ratetermining transmetallatiort) formation ofthe
reactive trans[ArPdLoF] (L = PPh ZKLFK UHDFWYV >zZahd\2K fogmatién @fSthe
X Q UHDFW L YaH$A) pésitizestlird role is thefast promotion of the reductive elimination
from thetrans > $ U 3 Gppittermediate. It is worth mentioning at this point that one implication of
the mechanism of the Suzuki crassupling reaction is that at least 2 equiv of a monobase ba
like KF would be required for a fully successful catalytic cyS8eheme 2.1 However, aly 1.5
equiv of KF were ugin this reactionwhich couldhelpto explain theyield of only 66% On the
other hand, the big steric encumberment €f0Cdue taits proximity to the pyran ring could have
contributed to the slow reaction rate and lower yield.

Overall, 10-(4-pyridyl)-3H-naphtho[2,ib]pyran 2.36 was synthesized from -8minc2-
naphthol2.28 in athree stepinear routein 19% vyield.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 212 General mechanism of a Suzuki crassipling reaction.

2.11.2 Synthesis of 9Pyridyl -3H-Naphtho[2,1-b]pyrans

The gnthesis of9-pyridyl-3H-naphtho[2,1b]pyrans was accomplishedccording toStrategy
A. The commercidly available 7bromo2-naphthol2.38 could have been used as thiarting
material] however 2,7dihydroxynaphthalen&€.37 was substantially cheapeand therefore was

chosen as starting materiéls a result, two routdas 2.41 were undertaken:

1. Route A zInvolvesthe transformation of 2;@dihydroxynaphthalen.37 into 7-bromao2-
naphthol2.38, followed by the acigtatalysed condensatiari the latterwith the appropriate
propynol 2.33, leading to9-bromo3H-naphtho[2,1b]pyran 2.39 (Scheme 2.3). It also
includes theSuzuki crosscoupling reaction betweef.39 and the appropriate pyridyl
boronic acid pinacol est@r40 affording the 9pyridyl-3H-naphtho[2,1b]pyran2.41.

74
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Scheme 2L3 Route A to9-pyridyl-3H-naphtho[2,ib]pyran2.41

2. Route B zIncludes he direct aciecatalysed condensation of aJihydroxynaphthalen2.37
with the appropriate propynd.33, and subsequent triflation, leading 9-trifloxy-3H-
naphtho[2,3b]pyran2.43 (Scheme2.14). It also includes the Suzuki cressupling reaction
between2.43 and the appropriate pyridyl boronic acid pinacol e&téf affording the 9
pyridyl-3H-naphtho[2,3ib]pyran2.41.

Scheme 214 Route B t09-pyridyl-3H-naphtho[2,1b]pyran2.41

75



2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

1. Route A

The transformation of 2;dihydroxynaphthalene?2.37 into 7-bromo2-naphthol 2.38 was
accomplished byeacting 2,7-dihydroxynaphthalene.37 with a triphenyldibromophosphorane
intermediate formedn situ by mixing Br. and triphenylphosphine imacetonitrile followed by
heating*®*In a first attempt to synthesizebfomo2-naphthol2.38 from 2, Zdihydroxynaphthalene
2.37, following a literature procedure by Zat al (Method A)'®°the desired produ@.38 was
isolated in very poor yield (0.4%%5¢heme2.15). Many brominated productaere formed during
this attempt, including 3,7-dibromce2-naphthol 244 (18%) and 3,&libromo2,7-
dihydraxynaphthalene2.45 (0.6%) It is noteworthy that Here are discrepanciesn the literature

melting points of3,6-dibroma2,7-dihydronaphthalen2.45, possiblydue to polymorphic effects.

Scheme 215 Synthesis o-bromeo2-naphthol2.38(Method A).

In a second attempt to prepardromeo2-naphthol2.38 from 2,7dihydroxynaphthaleng.37,
using a literature procedure by Bandinal. (Method B)'%®the desired produ&.38 was isolated in
muchimprovedyield (48%) Scheme2.16).

Scheme 216 Synthesis of-bromo2-naphthol2.38(Method B).

Although there argust afew differences between the twwmethods e.g. the volume of
acetonitrile(Method A 14.0 mL;Method B 3.0 mL), the biggest difference was thatMethod B
the suspension of triphenylphosphine and iBracetonitrilewas stirred much more vigorously

when compared taMethod A which allowed the more efficient formatiom situ of the
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

triphenyldibromophosphorane intermedititat could then reaetith the 2,7dihydroxynaphthalene
2.37. Besides the higher vyieldfurther evidence of th enhanced formation of the
triphenyldibromophosphorane intermedijatén Method B, was the virtual absence of
polybrominated products

In the reaction mechanist, the nucleophilic attack of the hydroxyl group from naphtha¥
on the phosphorous atom of the.BiPh 2.46 resulted in the formation of the intermedidtd7. By
thermal treatment, the latter cleaved formingprdmo2-naphthol2.38 and triphenylphosphine
oxide (Scheme2.17).

Scheme 217 Mechanism of the synthesis obboromo2-naphthol2.38

The acidcatalysed condensation betweerbrémao2-naphthol 2.38 and the appropriate
propynol 2.33 afforded the 9-bromo3H-naphtho[2,1b]pyran 2.39 in very good vyield (86%)
(Scheme 2.8).

Scheme 218 Synthesis 08-bromo3H-naphtho[2,3b]pyran2.39
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Suzuki crosgoupling reactions between either #heor 3-pyridineboronic acid pinacol esters
with 9-bromo-3H-naphtho[2,1b]pyran 2.39 afforded the correspondir@pyridyl substituted3H-
naphtho[2,ib]pyrars in fair to goodyields: 9-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.48 (57%) and
9-(3-pyridyl)-3H-naphtho[2,1b]pyran 250 (70%) Scheme 2.9). Besides the desired targets,
minor amounts of naphthofura@s49 (4-pyridyl, 10%) and2.51 (3-pyridyl, 11%) were isolated as
by-products of the Suzukirosscouplingreactions being the result of the ringpntraction of thé-
pyridyl-3H-naphtho[2,3ib]pyrars. The slightly fluorescent nosphotochromicnaphthofuraa are
structural isomers of the correspondiggyridyl-3H-naphtho[2,1b]pyrars, and their formation
duringthe Suzuki crossoupling reactions, madeextremelycomplicatedto purify each ofthe 9-
pyridyl-3H-naphtho[2,ib]pyrars and the corresponding naphthofurarsy flash column
chromatographys a consequence of their similarvRlues on a variety of TLC plates and in a

variety of solvent systems.

Scheme 219 Synthesis 0B-pyridyl-3H-naphtho[2,ib]pyrans and corresponding naphthofural
from 9-bromo-3H-naphtho[2,1b]pyran2.39

RouteB

The acidcatalysed condensation between-@iffydroxynaphthalen@.37 and the appropriate
propynol 2.33 afforded thetarget 9-hydroxy-3H-naphtho[2,1b]pyran 2.40 in poor yield (28%),
similar towhathad been described in the literatiffédue to the low regioselectivity of the reaction
(Scheme 220). Additionally, 3,3,10,16tetrakis(4methoxyphenyb3,10H-naphtho[2,1b]pyran2.52

was isolated as a lgyroduct (17%)rom thisreaction
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 20 Synthesis 08-hydroxy-3H-naphtho[2,1b]pyran2.4Q

Aryl triflates can be prepared by basatalysed reaction of phenols with triflic anhydrié
Treatment of Shydroxy-3H-naphtho[2,ib]pyran 2.40 with triflic anhydride in the presence of
triethylamine generatethe 9-triflyloxy -3H-naphtho[2,3b]pyran 2.43 in very good yield §7%)
(Scheme2.21).

Scheme 21 Synthesis o8-triflyloxy -3H-naphtho[2,1b]pyran2.43

In the reaction mechanism, the nucleophilic attack2d3, formed by bas@romoted
deprotonation of 9-hydroxy-3H-naphtho[2,ib]pyran 2.40 upon the triflic anhydride led to
intermediate2.54 (Scheme2.22). Elimination of the triflate ion resulted in the formation of the
corresponding aryl triflat@.43.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 22 Mechanism of the synthesi$ 9-triflyloxy -3H-naphtho[2,1b]pyran2.43

Suzuki crosgoupling reactions between either #heor 3-pyridineboronic acid pinacol esters
with 9-triflyloxy -3H-naphtho[2,1b]pyran 2.43 afforded the corresponding@-pyridyl substituted
3H-naphtho[2,b]pyrars in poor to fairyields 9-(4-pyridyl)-3H-naphtho[2,b]pyran 2.48 (21%)
and 9-(3-pyridyl)-3H-naphtho[2,1b]pyran 2.50 (56%) Scheme 223). Besides the desired targets,
the naphthofuran2.49 (4-pyridyl, 31%) and2.51 (3-pyridyl, 9%) were again isolated from the
Suzuki crosscoupling reactions, being the result of the romptraction of the9-pyridyl-3H-
naphtho[2,ib]pyrars.

Scheme 23 Synthesis 0B-pyridyl-3H-naphtho[2,3b]pyrans and corresponding naphthofural
from 9-triflyloxy -3H-naphtho[2,1b]pyran2.43

Route A(via Method A)afforded thed-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.48 and the9-(3-
pyridyl)-3H-naphtho[2,1b]pyran 2.50 in a three steginear routewith an overall yield of 24% and
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29%, respectively. On the other hand, Route B affotded3(4-pyridyl)-3H-naphtho[2,1b]pyran

2.48 and the9-(3-pyridyl)-3H-naphtho[2,1b]pyran 2.50 in a threesteplinear routewith an overall
yield of 5% and14%, respectivelyAs a result, Route A provided the desired targets with a higher
overall yield in the same number of stegsen compared to Route Burthermore9-triflyloxy -3H-
naphtho[2,ib]pyran 2.43 has proven to be less effectivecoupling partner tha®-bromo3H-
naphtho[2,ib]pyran 2.39, since the yield of the Suzuki cressupling reaction of the formgR1 +
56%)waslower comparedo the latter (54 0%).

2.11.3Synthesis of 8Pyridyl -3H-Naphtho[2,1-b]pyrans

The synthesis 08-pyridyl-3H-naphtho[2,1b]pyrans was accomplished accorditmStrategy
A. Theinexpensiveecommercially available-®romo2-naphthol2.5 wasthe idealstarting material
for this route.

The acidcatalysed condensation betweehrémao2-naphthol2.5 and propynoPR.33 afforded
the 8bromo3H-naphtho[2,3b]pyran 2.56 in excellent yield (97%)(Scheme 2.23). It is
noteworthy that triethybrthoformate was useds dehydrating agem this reaction, instead of
trimethyl orthoformate.lt is possiblethat triethyl orthoformatés more effective that trimethyl
orthoformate, ashe yield for this reaction (96%) was considerably higher thag dher acid

catalysedcondensations in which trimethyl orthoformate was used.

Scheme 224 Synthesis 08-broma3H-naphtho[2,b]pyran2.56

Suzuki crosscoupling reactions between either #heor 3-pyridineboronic acid pinacol esters
with 8-bromo3H-naphtho[2,1b]pyran 2.56 led to the corresponding-pyridyl substituted3H-
naphtho[2,ib]pyrars in fair to goodyields: 8-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.57 (63%) and
8-(3-pyridyl)-3H-naphtho[2,1b]pyran 2.59 (70%) (Scheme 25). Besides the desired targets, the

naphthofuran®.58 (4-pyridyl, 3%) and2.60 (3-pyridyl, 6%) wereagainisolated after extensive
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flash column chromatograplipurifications being the result of the ringpntraction of thé-pyridyl-
3H-naphtho[2,1b]pyrars.

Scheme 225 Synthesis o8-pyridyl-3H-naphtho[2,ib]pyrans and corresponding naphthofura
from 8-bromo-3H-naphtho[2,1b]pyran2.56

In conclusion, §4-pyridyl)-3H-naphtho[2,3ib]pyran 2.57 and 8-(3-pyridyl)-3H-naphtho[2,1
blpyran 2.59 were prepared i two stepslinear routefrom 6-bromeo2-naphthol2.55 in 61% and

68% yield, respectively.

The frailty of pyridine2-boronic acids under Suzukrosscoupling conditions is knowr?®
Given the foregoing facit was envisioned that-@-pyridyl)-3H-naphtho[2,b]pyran 2.65 could
be prepared by the Suzuki cressupling reaction between thaverted coupling partner8-
boronyt3H-naphtho[2,1b]pyran 2.62 +prepared from the borylation ofl@oma3H-naphtho[2,1
blpyran 2.56 tandthe stable2-bromopyridine2.64. The borylation of 8broma3H-naphtho[2,1

b]pyran 2.5 wasaccomplishedby two different methods:

1. Method A By atwo-step metalation
2. Method B By a Pdmediated borylation

Method A +By a wo-step metalation

The boronic aci®.61 wasfirst preparedrom 8bromao3H-naphtho[2,3b]pyran2.56 by a twe
step metalation protocahnd then esterified with pinacol affording thd@&onyl3H-naphtho[2,1
blpyran2.62in 49% vyield (from2.56) (Scheme2.26).
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Scheme 226 Synthesis o8-boronyt3H-naphtho[2,1b]pyran2.62via a tvo-step metalation
protocol (Method A).

Method B By a Pdmediated borylation

The Suzukitype crosscoupling between halopyridines and tékoxydiboron (e.g. BPinp) or
dialkoxydiboror®! (e.g. HBPin)is a widely applied approach for the preparation of the majority of
pyridyl boronic esters, having a broad substrate scope and good tolerance for most functional
groups The most commonly used tetraalkoxydiboron is bis(pinacolato)diboreirg®'%? In an
attempt to synthesizZ&boronyl3H-naphtho[2,3ib]pyran2.62 by a coupling reaction betweme 8-
broma3H-naphtho[2,1b]pyran 2.5%6 and  bis(pinacolato)diboron  (B2Pirny) using
bis(triphenylphosphine)palladiurdichloride (Pd(PPB)2Cl) in DMF,'*3the desired produc2.62
was isolated in very poor yield (2%$cheme 227). Additionally, the corresponding naphthofuran
2.63 was also isolated in very poor yield (3%)is noteworthy that the TLC of the crudentained
multiple spotsbut barely no starting material. This could be an indication of decomposition under

the reaction conditions.
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Scheme 27 Synthesis o8-boronyt3H-naphtho[2,1b]pyran2.62by a Pdmediated borylation
(Method B).

As a test reactionhe 8-boronyl3H-naphtho[2,3b]pyran 2.62 was successfully coupldad 4-
bromopyridine hydrochlorid2.63, under SuzukMiyaura conditions, affording the-@-pyridyl)-
3H-naphtho[2,ib]pyran 2.57 in 67% yield(Scheme 2.8). A smallremarkabout thistestreaction
was theuse of an extramount ofK.COs (2.3 equiv instead of just 1.5 equiv), in orttereleasen
situ the 4bromopyidine from the hydrochloridesalt. The corresponding naphthofur@mb8 was
formed during the reaction but it was mpiantitativelyisolated in this instancéloreover, the yield
of the synthesis of the-@-pyridyl)-3H-naphtho[2,ib]pyran 2.57 (67%) from 8boronyt3H-
naphtho[2,ib]pyran 2.62 is similar to theyield of the reversed synthesis of-(&-pyridyl)-3H-
naphtho[2,ib]pyran2.57 (63%) from 8bromo3H-naphtho([2,1b]pyran2.56.

Scheme 228 Synthesis 08-(4-pyridyl)-3H-naphtho[2,1b]pyran2.57and the corresponding
naphthofurar2.58from 8-boronyt3H-naphtho[2,1b]pyran2.62

In a similar fashion, th8-(2-pyridyl)-3H-naphtho[2,1b]pyran2.65 wasaccessed bthe Suzuki
crosscouplingreaction between-Boronyt3H-naphtho[2,1b]pyran2.62 and 2bromopyridine2.64
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in very good yield (84%)Scheme2.29). Once again, the corresponding naphthofl2#6 was
isolated as ay-product(4%).

Scheme 29 Synthesis 08-(2-pyridyl)-3H-naphtho[2,1b]pyran2.65and the corresponding
naphthofurarR.66from 8-boronyt3H-naphtho[2,1b]pyran2.62

In conclusion, 8-(2-pyridyl)-3H-naphtho[2,1b]pyran 2.65 was preparedirom 6-bromo2-
naphthol2.55:
1. Via Method A inafour stepdinear routein 40% overall yield;

2. Via Method B inathree step$near routein 1.6% overall yield.

On the other hand-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.57 was prepared from-Bromo-2-
naphthol2.55:
1. Via Method A inafour stepdinear routen 32% overall yield;

2. Via Method B inathree step$inear route inl.3% overall yield.

In order to understand the effect of the electronic nature of substituents8 abnCthe
spectrokinetic properties of ti8-naphtho[2,1b]pyrans, different 8aryl-3H-naphtho[2,b]pyrars
2.70, 2.72, 2.74 were succefly prepared by the Suzuki cressupling reaction betweestbromeo
3H-naphtho[2,1b]pyran 2.56 and the correspondingryl boronic acid2.67 +2.69 (Scheme 230
andTable 2.1). Again the corresponding naphthofura&31, 2.73 and2.75 were formed but not

isolated in this instance.
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Scheme 230 Synthesis oB-aryl-3H-naphtho[2,1b]pyrars 2.7Q 2.72, 2.74and the correspondir
naphthofurang.71, 2.73 2.75from 8-bromo-3H-naphtho[2,1b]pyran2.56

Table 2.1 Synthesis oB-aryl-3H-naphtho[2,3b]pyrans 2.70 2.72, 2.74 andthe corresponding
naphthofurang.71, 2.73, 2.75 from 8-bromo 3H-naphtho([2,1b]pyran 2.56.

Entry  Naphthopyran  Boronic acid Product (%) By-product (%)
1 2.5 2.67R'=0Me 2.70R'=0OMe(44%) 2.71(not isolated)
2 2.5% 2.68R'=H 272R'=H(58%)  2.73(not isolated)
3 2.5% 20R'=NO, 2.74R'=N0,(66% 2.75(not isolated)

It was rationalizedthat thequench of thduminescence from the photochromic rhenium(l)
complexes would depend on thenount of photomerocyanine at the photostationary §R8&)
Therefore,it was predicted thabetter photochromiccolourability, which is a consequence of
having more photomerocyanine at the steady state, would lead to a better quench of the
luminescene from the photochromic rhenium(l) complexes. A design explored in this project
involved preparing3H-naphtho[2,1b]pyrars 2.76 (Figure 2.2) that contaied an extra methoxyl
group at G2 of one of the anisyl substituents, which has been reported to ¢heasolourability
of 3H-naphtho[2,1b]pyrars by sterically hindering the ringlosure of the photomerocyan
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Figure 2.2 3-(2,4-Dimethoxyphenyh3-(4-methoxyphenybhpyridyl-3H-naphtho([2,1b]pyran2.76

It was envisioned that -@-pyridyl)-3H-naphtho[2,ib]pyran 2.77, that contains an extra
methoxyl at G2 of one of the anisyl substituents, coble prepared by the Suzuki crassupling
reaction between the correspondingprdmao-3H-naphtho[2,ib]pyran 2.78 and 4pyridineboronic
acid pinacol este?2.3 (Scheme 21). Additionally, 8bromo3H-naphtho[2,1b]pyran 2.78 could
be prepared by the aemhtalysed condensation between propy2@D and 6bromao2-naphthol
2.55. Furthermore, propynd.79, which in contrast to propyn@l.33 wasnotreadily to hangdcould
be prepared by the nucleophilic addition afithium acetylide to benzophenorZ80. The latter
could be prepared by theid-catalysed S8Ar between 1,3limethoxybenzen2.81 andp-anisic acid
2.82.
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Scheme 21 Retrosynthetic route t8-(4-pyridyl)-3H-naphtho[2,1b]pyran2.77.

Acid-catalysed EAr between 1,alimethoxybenzene&.81 and p-anisic acid2.82 afforded
benzophenon&.80in 57% yield Schema 2.32 and2.33).

Scheme 232 Synthesis obenzophenon2.80
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Scheme 233 Mechanism of the synthesis loénzophenon2.80

Thenucleophilic addition of lithiuntrimethylsilyl acetylide2.87, formedin situby the addition
of n-BuLi to trimethylsilyl acetylenein THF at-5 °C, to 2.80, followed by treatment with a
methanolic solution of KOH, affordgatopynol2.79 in quantitative yieldSchemes 2.34 and2.35).

Scheme 234 Synthesis opropynol2.79
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Scheme 235Mechanism of the synthesis fopynol2.79

Subsequentlythe acid-catalysed condensation reaction betwempynol2.79 and 6bromo2-
naphthol2.55 affordedthe coupling partne8-bromao3H-naphtho[2,1b]pyran 2.78 in very good
yield (88%) (Scheme2.36).

Scheme 236 Synthesis o8-broma-3H-naphtho[2,3b]pyran2.78

Suzuki crossoupling reaction between -l8omo3H-naphtho[2,ib]pyran 2.78 and 4-
pyridineboronic acid pinacol este&2.35 led to 8-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.77 in fair
yield (60%) Scheme 2.3). Once againthe corresponding naphthofur@&B9, formed by ring
contraction oR.77, was isolated as a lyroduct in 11% yield.
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Scheme 237 Synthesis 08-(4-pyridyl)-3H-naphtho[2,1b]pyran2.77and the corresponding
naphthofurar2.89

In conclusion, 8-(4-pyridyl)-3H-naphtho[2,ib]pyran 2.77 was prepared from1,3
dimethoxybenzen2.81 andp-anisic acid2.82 in a fourstepconvergent routen 30% overall yield.
From another perspective;(&pyridyl)-3H-naphtho[2,1b]pyran 2.77 was prepared from-6romo

2-naphthol2.55 in a two step linear route in 53% yield.

In summary, thedrmation of the target naphthopyrans and naphthofubsEoductswas
established byH NMR spectroscopy. Th&H NMR spectra of all the target naphthopyrans were
characterized hyl) a singlet appearing at 3.7% SSP FRUUHVSRQGLQJ WR WKH&H
D Q GOGCH; 2) a doublet at 6.226.26 ppm with acoupling constant of ~10 Hz corresponding to
the resonance of ; 3) an apparent doublappearing at 6.84:6.85 ppm with a coupling constant
of ~8.8 Hz corresponding to the resonance ofH « D-QG ++¢ DQG GRXEOHW DSS
+7.36 ppmwith a coupling constant of ~10 Hz corresponding to the resonancd afidicative of
acis configuration(Figure 2.3. The'3C NMR spectra of all target naphthopyrans is characterized
by one or more peaks ed.55.4 ppm corresponding to the resonarfa® methoxyl carbons and a
peak atca. 82.5 ppm corresponding to the resonance <. On the other hand, thtH NMR

spectra of all the target naphthofurans were characterizel) laysinglet appearing at 3.783.82
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ppm corresponding to the resonancé o+ D Q G-OCHs; 2) a singlet at 5.53+ 5.62 ppm
corresponding to the resonance of.H D VLQJOHW D &5.AMDppn Qdregpdvding to

the resonance of Hl; 4) an apparent doublet at 6.86.90 ppm with a coupling constant of 8.7 Hz
corresponding to the resonance of Ml ¢ DQG ++¢ DQG DQ DSSDUHQ@W GRX
ppm with a coupling constant of 8.7 Hz corresponding to the resonance of He D-QG + o°
(Figure 2.3.

Figure 2.3 8-(4-Pyridyl)-3H-naphtho[2,3ib]pyran2.57and the corresponding naphthofutab8

2.11.4 Synthesis of #Pyridyl -3H-Naphtho[2,1-b]pyrans

It was rationalized tha?-pyridyl-3H-naphtho[2,1b]pyrars could be prepare@ccording to
Strategy A. However,it was requiredfirst to synthesize &-halo-2-naphthol, as neithés-iodo-2-
naphthol noBb-broma2-naphthol were readilgvailable.

5-Bromo-2-naphthol2.93 was prepared in three steps frorarhina2-naphthol2.90 in 25%
overall yield following a literature procedure described by Evetedt (Scheme2.38).1% First, the
sulfonation of5-amino2-naphthol2.90, by treatment wittH.SQui, generagd 1-sulfonyt5-amino 2-
naphthol2.91. The sulfonyl groupat G1 was intended to favour the Sandmeyer reaction and to
block this activated position from potential azocoupling The Sandmeyer reaction of
aminonaphthol sulfonic acid®291 generated bromonaphthd.92, which was immediately
hydrolyzedto 5-bromo2-naphthol2.93 by treatment with an aqueous solutiortHhQu.

Thus,theformation of the target-bromo2-naphthol2.93 wasdeterminedoy HRMS analysis
as the massspectrumof 2.93 revealedan ion corresponding tahe [M+H]* adduct with M =
C10H7"°BrO. Furthermore, in th&’C NMR spectrum 02.93 the peak at 110.9 ppm was assigned to

the resonance of-6 due to the moderate heavy atom effect.
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Scheme 238 Synthesis ob-broma2-naphthol2.93

The acidcatalysed condensation betweehrbmo2-naphthol2.93 and propynoP.33 afforded
the 7bromo3H-naphtho[2,ib]pyran 2.94 in 62% yield (Scheme 239). Losses during the

recrystallization step help to explain the moderate yield.

Scheme 239 Synthesis o¥-bromao-3H-naphtho[2,1b]pyran2.94

It was envisionedthat a Suzuki crossoupling reaction between-tfomo3H-naphtho[2,1
blpyran 2.94 and 4pyridineboronic acid pinacol est@r3 would lead tothe corresponding-{#-
pyridyl)-3H-naphtho[2,1b]pyran 2.98 Even though 4-pyridineboronic acid pinacolester is
commercially availableit is alsorelatively easyto prepare fromd-bromopyridinehydrochloride
2.63. Therefore4-pyridineboronic acid2.97 wasfirst prepared in three consecutive steps from 4
bromopyridine hydrochlorid@.63 in 55% overall yield, following amn situ quenchingapproach
described by Land ceworkers Gcheme 20).1% This method takes advantage of thedakt +Br

exchange when compared to th@uLi and B(OPr); reaction.It is noteworthythat, after releasing
93



2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

the4-bromopyridine2.95 from the hydrochloride sa.63, the EtO layer had to be evaporated at a
low temperature, because there was a potential risk of polymerizio@mmposition

Scheme 240 Synthesis ofl-pyridineboronic aci®.97.

Subsequently-pyridineboronic acid pinacol est@r3 waspreparedy the esterification of 4

pyridineboronic aci®.97 with pinacol in excellent yield (92Y4Scheme 2.4).

Scheme 241 Synthesis ofl-pyridineboronic acid pinacol est2r35

Suzuki crossoupling reaction betweerv-bromoe3H-naphtho[2,3bjpyran 294 and 4
pyridineboronic acid pinacol est2r3 afforded7-(4-pyridyl)-3H-naphtho[2,3b]pyran 2.98 in fair
yield (66%) Scheme 2.2). Similar to previous Suzuki reactions, the corresponding naphthofuran

2.9 was formed as a bgroductof the reactionbut it was not isolated in this instance.
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Scheme 242 Synthesis of-(4-pyridyl)-3H-naphtho[2,3b]pyran2.98

Overall, 7-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.98 was preparedfrom 5-aminc2-naphthol
2.90in a five step linear route in 109teld.

2.1.1.5 Synthesis of ®yridyl -3H-Naphtho[2,1-b]pyrans

It was envisioned that -pyridyl-3H-naphtho[2,1b]pyrars could be preparedccording to
Strategy A. The relatively cheap (E22 per 25 ¢/TCIl) and readily accessible 2,3
dihydroxynaphthalen2.100was used as the starting material for this route.

The acidcatalysed condensation between-@if3ydroxynaphthalen2.100and propynoR.79 +
prepared previouslytafforded 5hydroxy-3H-naphtho[2,3ib]pyran 2.101 in 36% yield (Scheme
2.43). The poor yield was attributech part to the low regioselectivityof the reaction +
bisnaphthopyran2.102 was also formed but not isolateDecomposition during flash column

chromatography purificatioalsocontributed to the gor overallyield.
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Scheme 243 Synthesis of Swydroxy-3H-naphtho[2,1b]pyran2.101

It is noteworthy thatthe 5-hydroxy-3H-naphtho[2,1b]pyran 2.101 most probably formsa
naphthopyran2.101photomerocyanineg2.103 (85:15) mixture in CDC§, due to the particular
stabilizing hydrogetbond formation in the photomerocyaniBd . This hyphothesis is supported
by the 'H NMR spectrumof the mixturethat clearly shows a doublet at 8.95 pprh £ 12 Hz)
corresponding to the resonance dfl f thetransoidcis (TC), a doublet at 6.87 ppnd € 8.9 Hz)
corresponding to the resonance af5¥H protons(anisyl) and three singlets at 3.65, 3.85 and 3.93
corresponding to the resonance of the methoxyl hydrogens(H@lre 2.4). The doublet] = 12
Hz) corresponding to the resonanceldfl (TC) is underneath a multiplet &85 ppm and it was
identified by COSY NMR as it correlates with-Bl (TC) (Figure 2.5. The chemical shifts and
coupling constants of the signals identifiedFigure 2.4 are identical to theignals fromH NMR

spectra of analogous photomerocyanines reported in the litetfture.
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Ani (TC
OMe (TC

OMe (TC

1-H (TC l \

2-H (TC

Figure 2.4H NMR spectrum of aaphthopyrar2.10Iphotomerocyanin@.103(85:15) mixture in CDGL
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1-H (TC)

2-H (TC)

1-H (TC)

2-H (TC)

Figure 2.5COSY NMRspectrunof anaphthopyrar2.101photomerocyaning.103(85:15)
mixture in CDC4.

Subsequently,riflation of 5-hydroxy-3H-naphtho[2,1b]pyran 2.101 led to 5-triflyloxy -3H-
naphtho[2,ib]pyran2.104 in excellent yield (95%)3cheme 2.4). It is interesting to note that, by
triflating the hydroxyl group, the hydrogen bond in the photomerocy&hit@® was broken and, as
a result, the photomerocyanine waslongervisible in thetH NMR spectrum.
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Scheme 244 Synthesis of 8riflyloxy -3H-naphtho[2,1b]pyran2.104

Suzuki crossoupling reaction betweeb-triflyloxy -3H-naphtho[2,ib]pyran 2.104 and 4
pyridineboronic acid pinacol este2.35 by using Pd(PPH (5 mol%), KF .3 equiv) in
EtOH/PhMe (1:1) at reflux for 23h, afforded a mixture Sef4-pyridyl)-3H-naphtho[2,1b]pyran
2.105: naphthofuran2.107 (90:10) Entry 1, Table 2.2. This proved tobe problematic ashis
mixture wasextremely difficultto purify by eitherflash column chromatograploy crystallization.

Thering-contractionto the naphthofuranis a temperature dependeaaction(this was further
analysed inChapter 2.4). Therefore if the Suzuktrosscoupling reactionis performed at room
temperature, ringontractionto the naphthofuraa might be avoidedInspired by the work from Fu
et al,’®" an attempt to perfornmthe Suzuki crossoupling reactiorat room temperaturbetween
2.104 and2.35 wastried by using Pd(OA®) (5 mol%),PCy; (6 mol%), KF (3.3 equiv) in THFor
4h (Entry 2, Table 2.2. However, no reactiowas observed

Most probably the Suzukicrosscouplingreaction require heating in order to overcome the
activation energy barrieAs a resultan attempt to perform the Suzuki cressupling reactiorat 38
°C between2.104 and phenylboronic aci@.105 was tried by using Pdel7 mol%), PCy (15
mol%), KF (3.3 equiv) inrDMAc for 2 days Entry 3, Table 2.2. The naphthopyra@.1( was
isolated in 25% yield but most importantly no Hogntraction was observed. The same conditions
were applied to the Suzuki cressupling reaction betweeB.104 and 4pyridineboronic acid
pinacol ester2.3 but no reaction was observedter 16h Entry 4, Table 2.2. No reaction
happened after 23leven when 4-pyridineboronic acid2.97 was used(Entry 5, Table 2.2.
Furthermore, once the crude was heated to°GOboth the Suzuki crossoupling and ring
contraction reactiswere observed.

Additionally, a Suzuki crossoupling reaction betweeh1 and2.35 was performed by using
Pd(PPB)s (5 mol%), KPOQs (1.7 equiy in DMF at 110 °C for 3h which afforded a mixture of
2.106:2.107 (11:89)(Entry 6, Table 2.9. Further studies shown @hapter 2.4 are indicative that
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the ringcontraction occurs much slower than the Suzuki ecospling reactionfor a model
system. Thee studies also show that the rcantraction kinetics are dependent on the nature of the
base and, very importantly, on the base stoichiometry: when only a catalytic amount of base is used,
the ringcontraction is deceleratedsubstantially It was rationalized that by reducing the
stoichiometry of KPQs to 1.1 equiy the ringcontractionwould occur slower and yet providing
enough base for a successful Suzuki catalytic cyakethermore, as the kinetics of both Suzuki
crosscoupling reaction andmg-contraction are different, Was envisioned stoppirthe reaction at

a pointwhere the Suzukicrosscouplingreactionwasfinishedwith no significant ringcontraction.
Consequently, a Suzuki cressupling reaction betwee?.104 and 2.35 was performedy using
Pd(PPB)4 (5 mol%), KPQs (1.1 equiv) in DMF at 110 °QEntry 7, Table 2.2. After 20 min, the
reaction was stopped astually all of thestarting materialvas consumedy H NMR analysis it
wasdeterminedhat the amount of naphthofur&rl(7 in the mixture was less than 2% relative to
the naphthopyrarR.106. Flash column chromatography afforded the desbdd-pyridyl)-3H-
naphtho[2,ib]pyran2.106 in 51% yield (Purity > 98%[Scheme 2.8).
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Scheme 245 Suzuki crosscoupling reactions betweénl104and different boronic acids under multiple conditions.

Table 2.2 Suzuki crosscoupling reactions betweénl04and different boronic acids under multiple conditions.

Boronic Acid

2.35 (1.5 equiv)

2.35 (1.5 equiv)

2.1® (1.5 equiv)

2.3 (1.5 equiv)

297 (1.5equiv)

2.35 (1.2 equiv)
2.35 (1.1 equiv)

Catalyst

Pd(PPB)4(5 mol%)
Pd(OAc) (5 mol%)
PdCl, (7 mol%)
PdCl> (8 mol%)
PdClz (7 mol%)

Pd(PPh)4 (5 mol%)
Pd(PPh)4 (5 mol%)

No
PCy: (6 mol%)
PCys (15 mol%)
PCy (15 mol%)
PCy (15 mol%)

No
No

KF (3.3equiv)

KF (3.3equiv)

KF (3.3equiv)

KF (3.4equiv)
KF (3.3equiv)

KsPQy (1.7 equiv)
KsPQy (1.1 equiv)

Solvent

EtOH:PhMe Reflux 23h 2.106:2.107 N/A
(52.0:52.0 mL) (90:10)

THF (9 mL) Room 4h No reaction N/A

temperature

DMACc (8.0 mL) 38 °C 5 days 2.118:2.1® 25
(100:0)

DMACc (8.0 mL) 38 °C 16h No reaction N/A

DMACc (10.0mL) 38 °C 23h No reaction N/A

DMF (3.0 mL) 110 °C 3h 2.106:2.107 (9:89)  N/A

DMACc (7.5mL) 110 °C 20 min  2.106:2.107 (99:1) 51

* Relative proportiorof naphthopyran : naphthofurarascalculated based on the integral of tReNMR spectrum of the reaction mixture
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 246 Synthesis of §4-pyridyl)-3H-naphtho[2,1b]pyran2.106

Overall, 5-(4-pyridyl)-3H-naphtho[2,ib]pyran 2.106 was prepared from 2,3
dihydroxynaphthalen2.100in a three step lineaioute in 17% vyield.

2.1.1.6 Synthesis oh 8-(Pyridyl -triazole)-3H-Naphtho[2,1-b]pyran

It was rationalized tha8-(pyridyl-triazole}3H-naphtho[2,1b]pyran 2.110 could be prepared
according taStrategy A which relies on a key Suzuki cressupling reaction betweestboronyt
3H-naphtho[2,3b]pyran 2.62, prepared previouslyfrom the borylation of a -®romo3H-
naphtho[2,ib]pyran 2.56, andthebromo substituted pyridytriazole2.111 (Scheme 2.%).

Scheme 247 Retrosynthesis of-§yridyl-triazole}3H-naphtho[2,1b]pyran2.110

The bromo substituted pyridytriazole 2.111 could be preparedfrom 4-bromo2-

ethynylpyridine2.112 and benzyl azid&.113 via a 1,3dipolar cycloaddition (Click Reaction).
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Furthermore, romao2-ethynylpyridine2.112 could be prepared by a Sonogashirasscoupling
reactionbetween TMSacetylene and 2;dibromopyrdine2.114 (Scheme 2.48

Scheme 248 Retrosynthesis of bromo substituted pyrithyhzole2.111

The4-bromao2-ethynylpyridine2.112 was synthesized by thiegioselectiveSonogashiraross
coupling betweenTMS acetylene and 2-dibromopyridine2.114. Two different sets of conditions
were employed:

1. Method A *Using TMS acetylene .5 equiv), Pd(OAc) (5 mol%), i-PNH (1
equiv), PPk (10 mol%), Cul (5 mol%) irmnhydrousMeCN at reflux2.112 in poor yield (23%)
(Scheme 2.9).1%® 2 4-Bis((trimethylsilyl)ethynyl)pyridire 2.115 was also formed as a by
product but it was not isolated pufEhe obtained yield is smalleo the onereported in the
literature (43%,) potentially because threactionconditions werenotanhydrous asPr.NH was
not dried prior to the reaction.

Scheme 249 Synthesis of bromao2-ethynylpyridine2.112by Method A.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

2. Method B +Using TMS acetylene (2.05 equiviid(PPh)2Cl2 (1 mol%), anhydrous
NEt: (1 equiv), PPk (15 mol%), Cul 8 mol%) at reflux afforded the correspondi@d12 in
poor yield (45%) (Scheme 2%0). 2,4-Bis((trimethylsilyl)ethynyl)pyridire 2.115 was also
formed as a byroduct(6%).1%°

Scheme 50 Synthesis of bromo substituted pyridyiazole2.112by Method B.

The Sonogashira cros®upling reactiorundergoesa palladium cycle similar to the Suzuki
crosscoupling reactior{Scheme 2.2), however therare afew differencesa transmetalatiorstep
occurs between the pallad&€d 16, generated from the oxidative addition step, and the copper salt
2.117, formed by the reaction involving the base,>)Cand TMS acetylenewhich leads to the
paladate2.118 (Scheme 2.%). Furthermorethere is a@rans/ cisisomerizationstep that preceeds
the reductive elimination stem which thepalladate?2.118 isomerizes t@.119.

Scheme 51 General mechanism of a Sonogaskn@sscoupling reaction.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Even thoughbenzyl azide2.113 is commercially availableit was synthesized from benzyl
bromide2.120 in a Sy2 reaction withNaNs in excellent yield (90%)%chemes2.52 and2.53), by

following a variation of a literature proceduf®®

Scheme 52 Synthesis of benzyl azid2113

Scheme 253 Mechanisnof the synthesis of benzyl azi@el13

The bromo substituted pyridytriazole2.111 was synthesizettom 4-bromo-2-ethynylpyridine
2.112 and benzyl azid®.113 by a Clicktype reactionin very good vyield (81%), following a

variation of a literature protoc¢Gcheme 2.%).21

Scheme 54 Synthesis of the pyridytriazole2.111
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

The aldition of KxCQs to the reaction mixture allowed the situ alkyne deprotectionThe
active Cu(l) catalystis probablygeneratedy reduction of theCu(ll) salt (CuSQ.5H0) by using
ascorbic acids thereducing agentAccording to Fokiret al, the 1,3dipolar cycloaddibn occurs
by thecoordinationof the azide2.113 with D-ERXQG FRSSHU D F H-Woued.dBrpers HD U L
2.121, generating a@ix-membered copper metallacy@el22 (Scheme 2.5).202 Ring contraction to
a triazolylcopper derivative?2.123 is followed by protonolysis that delivers the triazole product
2.111 and regenerates the Cu(l) catalyst.

Scheme 55 Mechanism of the Clickype reaction.

Suzuki crossoupling reaction between tt&boronyt3H-naphtho[2,1b]pyran 2.62 and the
bromo substituted pyridyl triazol2111 afforded the desire8-(pyridyl-triazole}3H-naphtho[2,1
blpyran 2.110 in 31% yield (Scheme 2.6). The poor yield was attributed partly to a significant
ring-contraction o0f2.110 to the corresponding naphthofurari24 twhich was noisolated pure.
On the other hand, there were complications during flash column chromatography as both structural

isomes had very similar retention times.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 56 Synthesis of §pyridyl-triazole)}3H-naphtho[2,1b]pyran2.11Q

In conclusion 8 (pyridyl-triazole}3H-naphtho[2,3b]pyran 2.110 was prepared fronR,4-
dibromopyridine2.114 in athreestep linear routévia Method B)in 11% overallyield.

2.1.2 Strategy B+By a Heck crosscoupling protocol

2.1.2.1 Synthesis of-Byridyl -3H-Naphtho[2,1-b]pyrans

In order to synthesiz@-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.170according taStrategy B, it
was first necessaryto prepare the Heckoupling partner2.126 This was accomplished kthe
nucleophilic addition of vinylmagnesium chloridettee commercially availabld-benzoylpyridine
2.125 affording thecorrespondingoroduct2.126in very good yield (8%) (Schemes2.57 and
2.58).203

Scheme 57 Synthesis of propen@.126
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 8 Mechanism of the synthesis fopenol2.126

Furthermorethe same protocol was employed to synthesize profgh2bin excellent yield
(99%) from benzophenorg&128(Scheme 2.59

Scheme 59 Synthesis of propen@.129

Simply put, he Heck crosgsoupling reaction involves a palladium catalytic cycle that includes
four major stepgScheme 20):

1. Oxidative addition +the palladate2.130 is formed by the oxidative addition of A¢ to
PdLy;

2. Insertion tthe alkene2.131 inserts irto the palladiumzcarbon bond in aynaddition step,
immediately after the formation &complex2.132;

3. EHydride dimination +the elimination of akEhydridein 2.133 generateshe Scomplex
2.134, that subsequently breaks down liberating aleene produc.13 and the palladate
2.13;

4. Reductive eliminationtthe palladate2.13% is reduced by the action of the base to restore
PdL..
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 60 General mechanism of a Heck crassipling reaction.

The Heck crossoupling between propené@l126andthe commercially availablé-bromo2-
naphthol2.137 proved to beproblematicas multipleconditions £both phosphine and phosphine
free conditionstfailed to achievany degree ofeaction(Entries 1 +3, Table 2.3. Moreover, no
reaction was observed betweefbrbmo2-naphthol2.137 and propenoR.129 (Entry 4, Table
2.3). It was rationalized thathe palladium catalytic cyclenight not beoccurring due to the
bulkinessof the propenol2.126 which would result intoo large of asteric clash for its insertion
into the palladium £carbon bond in the insertion step. To test thypothesis the Heck cross
coupling reaction betweeh 137 and theless sterically hindered-methoxystyren®.138 was tried
without succes¢Entry 5, Table 2.3. The latter resulshowedthat thebulkiness of the alkenwas

most probablynot responsible fothefailed catalytic cycle
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme b1 Heck crosscoupling reactions betweerdtoma2-naphthol2.137and different Heck partners under multiple conditions.

Table 2.3 Attempted Heck reactions betwek#romeo2-naphthol2.137 and different Heck partners underriousconditions.

Entry Heck Partner Catalyst Base Ligand Phase Transfer Catalyst Solvent Temp. Result
1 2.126(2.2 equiv) Pd(OAC)2 (8 mol%) NaHCG; (3.5 equiv) No TBAB (3.5 equiv) DMF 90 °C  No reaction
2 2.126(1.3 equiv) Pd(OACc) (3 mol%) NEt; (2.3 equiv) PPh (3 mol%) No MeCN Reflux = No reaction
3 2.126(1.3 equiv) PdOAC); (8 mol%) CsCOs (1 equiv) No No MeCN Reflux  No reaction
4 2.129(1.4 equiv) Pd(OACc) (3 mol%) NEt; (2.3 equiv) PPh (4 mol%) No MeCN Reflux =~ No reaction
5 2.138 (1.3 equiv) Pd(OAc) (3 mol%) NEt; (2.3 equiv) PPh (4 mol%) No MeCN Reflux  No reaction
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

It was envisionedthat *iodo-2-naphthol2.143 would serveas abetter Heck coupling partner
than 1-bromo2-naphthol2.142 as iodine is a better leaving grouponsequentlythe former was
prepared by the regioselective iodination efidhtholin excellent yield (92%)by following a

literature protocol$cheme2.62).2%4

Scheme 262 Synthesis of 4odo-2-naphthol2.143

The kiodo-2-naphthol2.143 was formed by aSgAr reaction between-Baphthol2.142 and
molecular iodine formedh situ from the oxidation othe readily accessiblél in the presence of

hydrogen peroxide and.SQ; (Scheme 2.8).

Scheme 263 Mechanism of the iodination ofi2zaphthol2.142

A few experiments were undertaken to coupl®do-2-naphthol2.143 with different Heck
partners(Table 2.4). When reacting2.143 with propenol 2.126 under Heck conditionst only
phosphine free conditions were employ&do reaction was observélintries 1 +2, Table 24). It
would have been interesting to rariestreaction under phosphine conditions as triphenylphosphine
could have facilitated the pwctivation of Pd(OAe) + Pd(ll) is reduced to Pd(0) as
triphenylphosphine is oxidized to triphenylphosphine oxi€n the other handthe 3H-
naphtho[2,1b]pyran 2.147 wasisolatedin very poor yield (3%)when reactingl-iodo-2-naphthol
2.143with propenol2.129(Entry 3, Table 24). The 3H-naphtho[2,1b]pyran 2.147was probably

formed by the baseatalysed electrocyclization of the alkene produtd6(Scheme 2.6h
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 64 Heck crosscoupling reactions betweenriddo-2-naphthol2.143and different Heck partners under different conditions.

Table 2.4 Attempted Heck reactions betwegiodo-2-naphthol2.143and different Heck parntners underiousconditions.

Entry Heck Partner Catalyst Phase Transfer Catalyst Solvent Yield (%)
1 2.126(1.3 equiv) Pd(©AC)2 (8 mol%) C=CO: (1.0 equiv) No MeCN | Reflux No reaction
2 2.126(1.3 equiv) Pd(©AC)2 (8 mol%) C=2CO0: (1.0 equiv) TBAB (1.0 equiv) MeCN Reflux No reaction
3 2.129(1.4 equiv) PdOAc). (8 mol%) C2CO0: (1.0 equiv) No MeCN | Reflux 2.147 (3%); Formed fron2.146
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 265 Mechanism of the base promoted electrocyclizatiod bd6to 2.147.

Following theunsatisfactoryexperiments performed up to this poiittwas rationalizedhat
possiblythe hydroxyl group ofthe naphthoR.137required protectioin order to allow a successful
oxidative additionto the active palladium catalysProtecting groups chosen neededeostable
under bag conditions, relatively easy to remove and small enough not to further sterically hinder
C-1 of the naphthalene scaffoléf® First choice was an acetoxyl groupR-acetoxyl-
bromonaphthalen@.149 was prepared by the bapemoted acetytion of 1-bromeo2-naphthol
2.137 giving the former product in very good yield (81%$cheme 2.66).2% The reaction
mechanism includes the nucleophilic addition20150to 2.151 which generates the tetrahedral
intermediate2.152 followed by elimination of & acetoxyl group, leading to the produitl49
(Scheme2.67).

Scheme 266 Synthesis oP-acetoxyl-bromonaphthalen®2.149
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 67 Mechanism of the synthesis ®facetoxyl-bromonaphthalen2.149

The Heck crossoupling reactions betweéhacetoxyl-bromonaphthaleng2.149 and different
Heck partners, under both phosphine and phosphine free conditi@resnot successful as tke

acetylprotecting grougproved to be too labildTable 2.5).
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme B8 Heck crosscoupling reactions betweéhacetoxyl-bromonaphthalen2.149and different Heck partners under different conditic

Table 2.5 Attempted Heck reactions between betw2eatetoxyl-bromonaphthalen2.149and different Heck

partners undevariouscondtions.

Entry Heck Partner Catalyst Ligand Solvent
1 2.126(1.3 equiv) PdPPhR). (5 mol%) NEt; (2.4 equiv) No MeCN  Reflux  No reaction
2 2.126(1.3 equiv) PdCl; (5 mol%) NEt; (2.4 equiv) No MeCN | Reflux = No reaction

3 2.138(1.4 equiv) PdOAC), (3 mol%) NEt; (2.4 equiv) PPh (4 mol%) MeCN  Reflux  No reaction
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

A second choicéor protecting the hydroxyl group of the naphthol was as a trimethylsilyl ether.
Trimethylsilylation of tiodo-2-naphthol2.143using hexamethyldisilazan@HMDS) in THF gave
((1-iodonaphthales®-yl)oxy)trimethylsilane 2.155 in 31% yield Scheme 2.69.2%°" The latter
appeared to have a very shliig¢ at room temperature as it decomposed rapidlg.1a3 In the
reaction mechanism, HMD®esides acting as a reactant, it probaidyp &ts as a base abstracting
a proton from2.143leading t02.156 (Scheme2.70. A S\2 reaction betweef.156 and 2.157
afforded the produ@.155 Trimethylsilylation of Xbromo2-naphthol2.137was not successful as

the product decomposed to the starting matdrahgthe workup.

Scheme X9 Synthesis of(1-iodonaphthalet2-yl)oxy)trimethylsilane2.155

Scheme 270 Mechanism of the trimethysilylation ofiddo-2-naphthol2.143

Even though TMS had shown to be a very lalpitetectinggroup, 2.155 was successfully
coupled to 4methoxystyrene.138 giving 2-(4-methoxyphenyl)naphtho[2;@|furan 2.1 in 13%
yield, afterthe oxidativecyclization of the Heck produ.18 (Scheme2.7]). Based on the
previous results, it was rationalized that the Heck ecosgpling reaction occurred while the
hydroxyl group was protected and then stopped as soon as the TMS ether was cleaved, which helps
to rationalise thepoor yield. This reaction represents a unoptimized one step method for the
preparation of Arylnaphthofurans via a Heck cressuplingprotocolwithout the deliberate use of

oxidantse.g. (diacetoxyiodo)benzen@ Probably the palladium catalyst mightave actedas an
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

oxidant similarly to hypervalent iodindhus, the oxidative addition of Pd. to the oxygenz+
hydrogen bond of2.158 afforded the palladat@.1@ (Scheme 2.7R Then, the double bond
inserted itself in the pladium +oxygen bond in ayn addition to form2.161l. The latter was
converted into2.159 by a Ehydride elimination liberating Pd.H,. Lastly, the baseromoted
reduction of PUL.H.regenerated PH,. It is noteworthy that ihas been reported the involvement
of amorphous palladium in an aogbus cyclization reaction with no need of base to regenerate the
activenanoparticulat®d(0).2%°

Scheme 271 Synthesis o£-(4-methoxyphenyl)naphtho[2]furan 2.158
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 272 Putative mechanism of the palladium catalysed oxidative cyclizatidri 5@

A third choice for protecting the hydroxyl group of the naphthalene derivative was as a
methoxymethyl etherl-bromo-2-(methoxymethoxy)naphthalen2.162 was prepared from the
basecatalysed &2 reaction between -thtromo2-naphthol 2.137 and the relatively expensive
chloromethyl methyl ether (MOMCI) in excellent yield (99%chemes.73and2.74).21°

Scheme 273 Synthesis ofl-bromeo2-(methoxymethoxy)naphthale2e162
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 274 Mechanism of the synthesis bibromo2-(methoxymethoxy)naphthale2el62

A successfuHeck crosscoupling reaction betweel 162 and propenol2.126resulted in the
formation of theHeck product(E)-3-(2-(methoxymethoxy)naphthalelryl)-1-phenyt1-(pyridin-4-
yl)prop-2-en-1-ol 2.165in 41% yield Scheme2.75.2!1 This result seems to be indicative that the
previous failed Heck crossoupling reactionsvere a consequence of thesuccessfubxidative
addition of the Pdbto the C £Br bond of the unprotected-dromo2-naphthol2.137 The E
configuration of the alkene was determinedtHyNMR analysis: the doublets, corresponding to the

resonance of thdkene hydrogens, had a coupling constant of 16 Hz.

Scheme 275 Synthesis oHeck producR.165

The Heck conditionsisedto prepare the Heck produ2ileb proved to be less effective when
2.162was coupled to propen@.129 as the Heck produ@.166was isolated in very poor yield
(9%) Entry 1, Table 26). When using Pd(OAg) (5 mol%), N-methyldicyclohexylamine
[Cy2NMe] (1.5 equiv) PPR (10 mol%), TBAC (11 mol%) in DMAc at 100 SG@he Heck product
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

2.166was again isolated in very poor yield (8%nfry 2, Table 26). It was rationalized that by
mixing Pd(dba) (2 mol%) with tri-tert-butylphosphonium tetrafluoroborafd TBP - HBRj] (4
mol%), the very activebis(tri-tert-butylphosphine)palladium(QPd¢-BuzP).) would be formedn
situ (Scheme 2.7Y. The t-BuP ligands arestrong electron rich phosphine ligandbat stabilise
proficiently the palladium(ll) salt obtained from the oxidative addition &®n the other hand,
the bulkiness of thé-BusP ligands favours the reductive elimination st&pus when using
Pd(dba) (2 mol%), Pt-Bu)sHBF4 (4 mol%) N-methyldicyclohexylamindCy.NMe) (1.5 equiv)
TBAC (10 mol%) in DMAc at 100 °Cthe Heck producR.166was isolated irhigheryield (35%)
(Entry 3, Table 26).23Beside<2.166 the3H-naphtho[2,1b]pyran2.147 was also isolated as a-by
product (10%). It is possibleither thestrong acidHBF4 or the conjugated acid €y-NMe, formed
during the reaction, promoted tlaeid-catalysed dehydration &f.166 affording oxonium2.168
(Scheme 2.78 Subsequently, the latter was converted t02.169 by losing a
methyl(methylene)oxonium grou@he 6Selectrocyclization 0f2.169 afforded 3H-naphtho[2,1
blpyran2.143
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 276 Heck crosscoupling reactions betweeénl62and2.129under different conditions.

Table 2.6 Heck crosscoupling reactions betweeéhl62and2.129undervariousconditions.

Catalyst Phase Transfer KCI Solvent Temp. Yield (%)
Catalyst
PdOAC). (9 mol%) K2COs (1.5 equiv) No TBAB (1.5 equiv)  1.1equiv. DMAc 100°C  2.166(9%)
2 PdOAc): (5 mol%) Cy.NMe (1.5 equiv) PPR (10 mol%) TBAC (11 mol%) No DMAc 80°C 2.166(8%)
Pd(dba) (2 mol%) Cy.NMe (1.5 equiv) P({-Bu)sHBF4 (4 mol%) TBAC (10 mol%) No DMAc 80°C  2.166(35%)
2.147(10%)
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 277 Synthesis oPdt-BusP). from the reaction of Pd(dbayith P(-Bu):HBFa.

Scheme 278 Putative mechanism of the synthesi8ftnaphtho[2,ib]pyran2.147

The 3-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.170was synthesized ian onepot protocol from
the Heck produc2.166in 61% yieldby treatment with TFA in DCM at room temperat(&heme
2.79.214

Scheme 279 Synthesis of 4-pyridyl)-3H-naphtho[2,1b]pyran2.170Q
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

The proposedeaction mechanisnms identical tothe mechanism of the synthesis 8-
naphtho[2,ib]pyran 2.147 described onScheme 2.78the acidcatalysed dehydration d%.166
afforded oxonium 2.172 which was converted t3.173 by loss of a methyl(methylene)oxonium
group. The 6 Selectrocyclizationof 2.173 afforded 3-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.170
(Scheme 20).

Scheme 280 Putative mechanism of the synthesis g#3yridyl)-3H-naphtho[2,ib]pyran2.170Q

Overall, 3(4-pyridyl)-3H-naphtho[2,1b]pyran 2.170 was prepared from-throma2-naphthol

2.137in a three step linear route in 25% vyield.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

2.1.3 Strategy C+By a Suzuki crosscoupling reaction before chromenization

2.1.3.1Attempted Synthesis ofc-Pyridyl -3H-Naphtho[2,1-b]pyrans

Even thoughb-(4-pyridyl)-3H-naphtho[2,ib]pyran 2.106 was prepared according Rirategy
A, it wasenvisionedthat it could also beynthesizedaccording toStrategy C. By doing so, it
would provide an interestingpmpastive studyin terms of the efficiency of both strategiékence,
the commercially availde 2-methoxynaphthalen2.176 (£25.90 per 250 g / Alfa Aesagnd the
readily to hand ®romao2-methoxynaphthalen2 174wereused astarting materials for this route.

The Suzuki crossoupling reaction between -Broma2-methoxynaphthalen2.174 and 4
pyridineboronic acid pinacol est@r35 afforded 3(4-pyridyl)-2-methoxynaphthalen®2.175in fair
to good yield 60 +70%)(Scheme 2.8)L

Scheme 281 Synthesis of 34-pyridyl)-2-methoxynaphthalen2175

Furthermore 3-(3-pyridyl)-2-methoxynaphthalen2.17 was prepared frorthe very cheajfe-
methoxynaphthalen.176 in 27% vyield in over two stepsS¢heme 2.8). Frst, n-BuLi was
employed toortho-lithiate 2-methoxynaphthalen2.176 at G3 giving 2.1, which was later
treated wih 1,2dibromoethanaffording 3-bromo2-methoxynaphthalen2.174 (Scheme 2.8).21°
The latter waghen coupledwith 3-pyridineboronic acid pinacol est@177to give the desired
product2.178.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme2.82Synthesis of 3-pyridyl)-2-methoxynaphthalen2.178

Scheme 283 Mechanism of the synthesis obbBomao2-methoxynapthalen®2.174from 2-
methoxynaphthalen2.176

By using HBr (486 w/v) in acetic acid/water at reflux, thepdridyl-2-methoxynaphthalenes
2.175and 2.178 were demethylatedo afford the corresponding3yridyl-2-naphthols2.180 and
2.181in 90% and 63% vyield, respectivel$cheme 2.8% The demethylation o2.178to acces
2.181required two extra days of refluwhen compared to the demethylatior2af 75 which led to
more decompositiorin the reaction mixturelueto the longer exposure to the veharsh reaction

conditions Consequently, the isom2rl81was isolatedn lower yield when compared £18Q
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 284 Synthesis of gyridyl-2-naphthol2.180and2.181

As an example, the mechanism of demethylatio& @Fpyridyl)-2-methoxynaphthalen2.175
comprises the protonation of the methoxyl group leadirtggamxonium2.182(Scheme 2.8b The
nucleophilic attack of the bromide ion to the methyl20f82 cleavedthe etherbondin a S2
displacement reactideading todesired2.180and bromobutane.

Scheme 285 Mechanism of the demethylation of(&-pyridyl)-2-methoxynaphthalen2.175

Since there wa®nly a limited amountof 3-pyridyl-2-naphthos 2.180 and 2.181 for the
following steps a few test reactions weggerformedon the more readily availablésomer 6-(4-
pyridyl)-2-naphthol2.183 which was prepared from the Suzuki crossipling reaction between 6
broma2-naphthol2.55 with 4-pyridineboronic acid pinacol est@.35 in fair yield (52 +61%)
(Scheme 2.8p
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 286 Synthesis of §4-pyridyl)-2-naphthol2.183

The reaction between 2.183 and propynol 2.33 by using PPTS (5 mol%)and
trimethylorthoformate 4.0 equiv)in 1,2DCE at refluxled to no change in the reaction mixture
(Scheme 2.87). It was rationalized that, under the reaction conditiadhg, PPTS was being
consumed by protonatirtge basicpyridyl subtituent of2.183

Scheme 287 Failedsynthesis of §4-pyridyl)-3H-naphtho([2,1b]pyran2.57.

In addition, the reaction betweeB.183 and propynol2.33 by using PPTS (1.1 equiv) and
trimethylorthoformate 2.0 equiv) in 1,2DCE at reflux generated a very complex mixture from
which the desed produc2.57was not isolate§Scheme 2.88
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 288 Failed synthesis of-84-pyridyl)-3H-naphtho[2,1b]pyran2.57.

It was rationalized thahe 6(4-pyridinium)-2-naphtholp-toluenesulfonate saf.184 formed
in the reaction mixturewas too deactivated to undergo acid-catalysedcondensation reaction
with propynol2.33 As a result, the route for the preparatiopwfidyl substituted B-ngphtho[2,1
b]pyrans by followingStrategy C +By the direct acietatalysed condensatiafvas abandoned.

As an alternative, and considering the success of the Heck protocol to a¢4gssgi8yl)-3H-
naphtho[2,ib]pyran 2.17Q Strategy C By the Heck crossoupling reactiontseemed to be a
worthwhile strategyto prepare the Pyridyl-3H-naphtho[2,1b]pyrans

In a test reactionhy using molecular bromingl.1 equiv)in an acetic acid/water mixturat
room temperature, bromination of(&-pyridyl)-2-naphthol2.183 occurred at both @ and C3,
giving 1,3dibromo6-(4-pyridyl)-2-naphthol 2.185 in very poor vield {8%) (Scheme 2.8p26
Thus, the formation a2.185was determined by HRMS analysis, as the mass spectrum revealed an
ion corresponding to the [M+Hpdduct with M =CisHg®*BroNO. In retrospect, using only 0.5
equiv of Bro might have been a better choit® synthesize the targdtbromo6-(4-pyridyl)-2-

naphthol2.185, considering the lack of regioselectivity.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 289 Synthesis of 18libromo-6-(4-pyridyl)-2-naphthol2.185

By employingN-bromosuccinimidéNBS) in DMF at room temperature, brominatioccorred
regioselectivelyat G1 affording 1-bromo6-(4-pyridyl)-2-naphthol 2.186 (Scheme 2.9p?' It is
noteworthy that th&rominationhappenedgpontaneouslgs soon as NBS was added. Unnecessary
prolonging of the reaction led to a substantial drop in the yi#8% after 30 min and 11% after
100 min xdue to decompositiorin the reaction mechanism, NBS servedheesbromide source for
the SAr reaction at Gl (Scheme 2.91

Scheme 20 Synthesis of bromeo6-(4-pyridyl)-2-naphthol2.186

Scheme 21 Mechanism for the synthesis bioromo6-(4-pyridyl)-2-naphthol2.186
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

In a test reactionl-bromo-6-(4-pyridyl)-2-(methoxymethoxy)naphthaler®e188was prepared
from the baseatalysed &2 reaction between-tiromao-6-(4-pyridyl)-2-naphthol2.186and MOMCI
in fair yield (63%)

Scheme 202 Synthesis ofl-bromao6-(4-pyridyl)-2-(methoxymethoxy)naphthale2e188

At this pointthe focuswas shiftedowards theboromination of3-pyridyl-2-naphthols2.180and
2.181 Hence, 1bromo3-pyridyl-2-naphthols2.189and2.190were prepared by the regioselective
bromination of 3pyridyl-2-naphthol2.180and2.181in 73%and 35% yieldrespectivelyby using
NBS in DMF.The disparityin theyields of the brominatioawas dueo differences in the reaction
times +35 min for isomef.189and 166 min for isome2.19Q Thus, the prolonged reaction tinme
the synthesis aBomer2.190led to a substantial amount of decompositiothe crude mixture and

ultimatelyto a poor yield.

Scheme 293 Synthesis of bromeo-3-pyridyl-2-naphthol2.189and2.19Q

Protectionof the hydroxylgroup of the 1-bromao3-pyridyl-2-naphthols2.189 and 2.190 as
methoxymethyl etherwas accomplishedy reaction with MOMC] in the presence df2CQ;z in
DMF (Scheme 2.9% The correspondingdl-bromo-3-pyridyl-2-(methoxymethoxy)naphthalese
2.191 and2.192were isolated in 33% and 25% yield, respectiviélyvas rationalized that the poor
yields attained were a consequence of the weyically hindered hydroxlygroupsby both the
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

ortho bromine and pyridyl substituents retrospect, treereactions could have been prolonded
longerthan just 2kand/orperformed at a higher temperature

Scheme 24 Synthesis ofl-bromo 3-pyridyl-2-(methoxymethoxy)naphthale2e191and2.192

The Heck crossoupling reaction between 1-bromo-3-(4-pyridyl)-2-
(methoxymethoxy)naphthale2e191 and Heck partne2.129by using Pd(OAQ) (7 mol%), K:COs
(1.5 equiv), TBAB (1.5 equiv), KCI (1 equiv) in DMF at 100 °C underléd tothe formation of
the desired Heck produc.193 However, the latter was not isolateaiter flash column

chromatographyurification

Scheme 205 Attempted synthesis of Heck proda193

The same conditions were employedyothesize the Heck produtl94from the Heck cross
coupling reaction betweeh-bromo-3-(3-pyridyl)-2-(methoxymethoxjnaphthalene?.192 and the
Heck partneR.129(Scheme 2.9% The desired product was isolated as a mixture in very poor yield
(< 11%) after flash column chromatography purification. Considering the very small amount of

product attained (0.04 g), this mixéuwas not purified again.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 26 Synthesis of Heck produ2t194

TLC analysisof the reaction mixturéndicatedthat the Heck-cross couplingseactions were
taking placeat a very slow rate asoththe Heck products arthe corresponding starting materials
were present in the crude mixtuesen after several days of reactiomhis observation clearly
indicated that the Heck conditions employed wkarefrom ideal It could bearguedif by using
Pd(dba) (2 mol%), Pt-Bu)sHBF4 (4 mol%) N-methyldicyclohexylamindCy.NMe) (1.5 equiv)
TBAC (10 mol%) in DMAc at 100 °C the outcome of thieck couplingswould have been
different as thelatter conditions led to a substantial improvement in the yield of the Heck cross
coupling reaction betweef.162 and 2.129 (Entry 3, Table 26). However, considering the
different nature of the substrates this argument is difficult to sugparthermorethere was clear
decomposition during the flash column chromatography purifications as multiples fractions, that
there were not presebéeforein the TLC ofthe crude mixtures, appeared during the separations

As a result of e unsucessfuHeck crosscoupling reactionsthere vere no morel-bromo-3-
pyridyl-2-(methoxymethoxy)naphthalesie2.191 and 2.192 available for further experiments.
Consequentlythe route according tBtrategy C £By the Heck crossoupling reactiontfor the
preparation ob-pyridyl-3H-naphtho[2,1b]pyrars was abandoned.

2.1.3.2Synthesis of6-Pyridyl -Naphtho[2,1-b]pyrans
It was enwsioned that6-pyridyl-3H-naphtho[2,1b]pyrans could be prepared according to

Strategy C +By the Heck crossoupling reaction. Despitihie failure of this strategy accesghe
5-pyridyl-3H-naphtho[2,1b]pyrars, it was predicted that, by overcoming the Heck comsgling
reaction problem, the desire®-pyridyl-3H-naphtho[2,1b]pyrans would be attainedThus, the
commercially availabléut expensivd,3-dihydroxynaphthalen2.195(£96.60 per 5g / Alfa Aesar)
was used as the starting material for this route.
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Initially, 3-methoxyl-naphthol2.196was synthesized in 86% vyield by the regioselective
methylation ofl,3-dihydroxynaphthalen2.195at G3 by treatment witidry methanolic HCI from
acetyl chloride + previously preparedin 63% yield from the reaction between acetic a@dd
thionyl chloride +and methano{Scheme?2.97).2*8 Additionally, 1,3-dimethoxynaphthaleng.197
was isolated as a kyroduct in 14%yield. In the reaction mechanisrie dry HCI producedn situ
from the reaction between methanol and acetyl chlopdetonats regioselectively the hydroxyl
groupat C-3 (Scheme 2.98 The regioselectivity derives frotihe extra resonance structure ireth
resonance hybrithat isgeneratedvhen the hydroxyl group at-8 is protonatedwhich leads to an
additional stabilization odxonium2.198when compared to oxoniué1201 Thus the nucleophilic
attack of methandb 2.198displacesa watermoleculein SyAr type reactionaffording 3methoxy
1-naphthol2.196

Scheme 27 Synthesis of 3nethoxyl-naphthol2.196
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 28 Mechanism for the synthesis 8methoxyl-naphthol2.196

Afterwards, triflation of 3-methoxyl-naphthol2.196 by treatment withtriflic anhydride and
EtN in DCM afforded the desired3-methoxy1-triflyloxynaphthalene2.203in very goodyield
(81%) (Scheme2.99.

Scheme 29 Synthesis oB-methoxy1-triflyloxynaphthalene2.203
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Subsequently,3-methoxy1-triflyloxynaphthalene 2.203 was successfully coupledith 4-
pyridine- and with 3-pyridine-boronic acid pinacol ester giving the correspondzagethoxy4-
pyridylnaphthaleng 2.204 and 2.205in good (72 +7%%) to excellent 91%) yield, respectively
(Scheme2.100.

Scheme 2100Synthesis oR-methoxy4-pyridylnaphthaleneg.204and2.205

Afterwards,the 2-methoxy4-pyridylnaphthalene®.204and 2.205were both demethylated by
the actionof hydrobromic acid45% wh) in acetic acicH20 at refluxgiving the corresponding-
pyridyl-2-naphttols 2.206and2.207in 78 +93% and B% yield, respectivel{{Scheme 2.101L

Scheme 2101 Synthesis ofi-pyridyl-2-naphthol2.206and2.207.

By employing N-bromosuccinimide (NBS) in DMF at2 °C bromination occurred
regioselectively athe C-1 of the 4-pyridyl-2-naphttols 2.206 and 2.207 affording tbromo4-
pyridyl-2-naphtho$ 2.208and2.209in 54 and 57% yield, respectivgl@cheme 2.10R
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 2102 Synthesis of bromao4-pyridyl-2-naphthols2.208and2.209

Protection of the hydroxyl groups ofl-bromo4-pyridyl-2-naphthos 2.208 and 2.209 as
methoxymethyl ethers waschievedby reaction with MOMCIin the presence of 20Oz in DMF,
leading tothe corresponding-bromao-4-pyridyl-2-(methoxymethoxy)naphthales2.210 and2.211
in 78% and 74%ield, respectively(Scheme2.103. The yields obtainedfor the MOM protection
of 1-bromo4-pyridyl-2-naphthos 2.208 and 2.209 were noticeably higher than for the MOM
protection ofl-bromao-3-pyridyl-2-naphtho$ 2.191 and2.192, becausédor the formers the hydroxyl

groups werenuch less sterically hinderdxy comparison

Scheme 2103 Synthesis oMOM-protected naphthalen@s210and2.211.

Previously, ke Heck crossoupling reactios between 1-bromo-3-pyridyl-2-
(methoxymethoxy)naphthales2.191 and2.192and the Heck partn&.129by using Pd(OA) (7
mol%), KoCOs (1.5 equiv), TBAB (1.5 equiv), KCI (1 equiv) in DMF at 100 °C under IBd to
unsatisfactory outcomesS¢hemes2.95 and 2.96). Nevertheless for comparson, the same
conditions were appliedor the Heck crossoupling reactionsbetween 1-bromao-4-pyridyl-2-
(methoxymethoxy)naphthales®.210 and2.211 and the Heck partn&.129(Scheme 2.104 TLC
analysis indicated that tleeosscouplingreactiors occurred at a fasteate agherewere justminor

amounts ofthe starting material2.210 and 2.211 after two days of reactiorf.hus, flash column
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

chromatography purification affordetie Heck product2.212 and2.213 in 29% and 55% yield,
respectively Furthermore, besides the desired products, otherideified fractions were also
isolated These factionswere probablythe result of decompositioduring thechromatography

separatioras they were not seen in the TLC of the crude mixtures.

Scheme 2104 Synthesis oHeck product®.212 and2.213.

A possibleexplanationfor the improvement in the yieldf the Heck crossoupling reactions
may be related with the electronic conjugation of the pyridyl substituenddawith the C1 in the
1-bromo-4-pyridyl-2-(methoxymethoxy)naphthalesi2.210 and2.211 (Scheme 2.106 In contrast,
the pyridyl substituent at @ and the C-1 in the 1-bromo-3-pyridyl-2-
(methoxymethoxy)naphthales®.191 and 2.192 are electronically dmupled Consequentlythe
oxidative addition of Pdito the C +Br bond may be favoured 1210 and2.211 when compared
tothe2.191and2.192
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

Scheme 2L05Electronic conjugation 08.191, 2.192 2.210and2.211.

In a final step, e acidcatalysedunmasking of the OH group of the Heck produz®12 and
2.213 with concomitantcyclizationafforded the correspondir@pyridyl-3H-naphtho[2,1b]pyrans
2.214 and2.215in 61% and 69% vyield, respectivel$cheme 2.106

Scheme 2106 Synthesis of §yridyl-3H-naphtho[2,1b]pyrans2.214 and2.215.

Overall, the 6-pyridyl-3H-naphtho[2,1b]pyrans 2.214 and 2.215 were prepared from 13
dihydroxynaphthalene 2.195 in 8 steps in 4% and 8%, respectively
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2.1 Synthesis of Pyridyl SubstitutedH3Naphtho[2,1b]pyrans

In summary,10, 9, 8, 7, 6, 5,-pyridyl substitutedBH-naphtho[2,ib]pyrans were preparely following different strategiegA, B andC) as
outlinedin Table 27.

Table 2.7 Summary of the synthesis of the- 19, 8, 7-, 6-, 5, 3-pyridyl substitutedH-naphtho[2,1b]pyrans.

Product Starting Material Strategy Number of Steps Yield (%)
 10-(4-pyridyl)-3H-naphtho[2,3b]pyran2.36  8-amino2-naphthok28 A 3 19
9-(4-pyridyl)-3H-naphtho[2,1b]pyran2.48 7-broma2-naphthol2.38 A (Route A) 3 24

2,7-dihydroxynaphthalen2.37 A (Route B) 3 5
9-(3-pyridyl)-3H-naphtho([2,1b]pyran2.50 7-broma2-naphthol2.38 A (Route A) 3 29
2,7-dihydroxynaphthalen2.37 A (Route B) 3 14
8-(4-pyridyl)-3H-naphtho[2,1b]pyran2.57 6-bromao2-naphthol2.55 A 2 61
6-broma2-naphthol2.55 A (Method A) 4 32
6-broma2-naphthol2.55 A (Method B) 3 1.3
8-(3-pyridyl)-3H-naphtho[2,1b]pyran2.59 6-broma2-naphthol2.55 A 2 68
8-(2-pyridyl)-3H-naphtho[2,1b]pyran2.65 6-bromo2-naphthol2.55 A (Method A) 4 40
6-broma2-naphthol2.55 A (Method B) 3 2
8-(4-pyridyl)-3H-naphtho[2,1b]pyran2.77 6-broma2-naphthol2.55 A 2 53
8-(pyridyl-triazole}3H-naphtho[2,1b]pyran2.110 2,4-dibromopyridine2.114 A 3 11
7-(4-pyridyl)-3H-naphtho[2,1b]pyran2.98 5-aminc2-naphthol2.90 A 5 10
6-(4-pyridyl)-3H-naphtho[2,1b]pyran2.214 1,3-dihydroxynaphthalen2.195 C 8 4
6-(3-pyridyl)-3H-naphtho[2,1b]pyran2.215 1,3-dihydroxynaphthalen2.195 C 8 8
5-(4-pyridyl)-3H-naphtho[2,1b]pyran2.106 2,3-dihydroxynaphthalen2.100 A 3 17
3-(4-pyridyl)-3H-naphtho[2,1b]pyran2.170 1-bromo2-naphthol2.137 B 3 25
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

2.2 Synthesis of Photochromic Rhenium(l) Complexes

2.2.1 Synthesis ofac-[Re(N~N)(CO)sCI]°

The gnthesis of thefac[Re(NAN)(COXCI]° complexes2.216 was performedbased on the
high-yielding and wideranging methodology described by Stoeféed. (Scheme 2.10)72*° Thus,
by mixing rhenium pentacarbonyl chlorideith an equimolar amount of the readily accessible
within the departmentbidentate ligand(N*N) in PhMe at reflux thefac-[Re(N*N)(CO}CI]°
complexes2.218 2.22Q 2.222 2.224and2.226were prepareth fair to excellent yield62 9£6%)
(Table 2.8.

Scheme 2107 Synthesis othefac-[Re(N*N)(COXCI]° complexe.216

Incorporation of bidentate ligands (N~N) by substitutiontwab carbon monoxide ligands of
rhenium pentacarbonyl chlorideccured in a highly stereoselectivéashion The stereoselectiity
of these reactionderived from thetranskinetic effect. Consequently, the addition of the bidentate
ligands resulted in the formation of only the facfak) stereocisomers in which the thneamaining
carbon monoxideligands occupy the same face of an octahed(bigure 2.6). The
[Re(N*N)(CO}CI]® complexes 2.216 facial stereochemistry was determined by -
spectroscopyThe FT-IR specta contaired one strong band ata. 2027 cm! and two overlapping
bands at 192A908 cm!, corresponding to the frequéesof the carbon monoxidstrethes which

is a signature mar&f the fac stereochemistrgf tricarbonyl rheniurfl) complexes?2°
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

Figure 2.6 Octahedral geometry déc andmer[Re(N*N)(COXCI]° complexes.

It is noteworthy thathe *C NMR spectraof the fac-[Re(N*N)(CO}CI]° complexs 2.216
usually contaied two or three very weaksignals appearingin the rangel190#496 ppm
corresponding to the resonance of taegbon monoxidearbonatoms
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Table 2.8 Synthesis ofhefac-[Re(N*N)(CO}CI]° complexes.

Entry Bidentate Ligand (N~N) Product Yield (%) ‘
1 96
94
2
62
3
91
4
70
5
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2.2.2 Synthesis ofac-[Re(BPy)(COXxNP]*

By taking advantage of thieans influence, the chloride ligandf the fac-[ReBPyY)(CO)CI]°
complexes2.218 was thermally substituted byhe pyridyl substituted3H-naphtho[2,b]pyrans
2.227 (Scheme 2.108 As a resultthe correspondingac-[Re[BPY)(CO:NP]" complexes2.228
(BPy = 2,2-bipyridine NP = Pyridyl substituted3H-naphtho[2,1b]pyran) were prepared in
variable yield 14 #4%) (Table 2.9 By using AgPFk, the resulting fac-[Re(BPy)(COxNP]*
complexes2.228 were isolated akexafluorophosphate salthatwere readily soluble in organic
solvents (e.g. DCM). Additionally, the production of the virtually insoluble AgCI as-prguct
workedas a thermodynamic driving foréer thecompletion of the reactien

Scheme 2108 Synthesis ofhefac-[Re(BPY)(CO:NP]" complexe.228

HRMS dataof the fac-[Re(BPY)(CO)X:NP]" complexes2.228 was collected all of the mass
spectra contaigd a peak which wasassigned to the ion [NPRs]*, with M corresponding to the
hexafluorghosphate saltA crystal structuref Re(l) complex2.232was obtained with a R factor
equal to 0.0957, indicating a good fitting between the crystallographic model and the experimental
data Figure 2.7). Both crystallographi@and FT-IR spectroscopy data revealed that rhenium(l)

complex2.232hada fac configuration.

Figure 2.7 Crystal structure ofhenium(l) complex2.232(R = 0.0957).
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Table 2.9 Synthesis of théac-[Re(BPy)(CO}NP]* complexe.228

Entry 3H-Naphtho[2,1-b]pyrans fac-[Re(BPy)(CO)sNP]* complexes2.228 Yield

(%)
1 45
2 14
3 67
4 69
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Table 2.9Synthesis ofthefac-[ReBPyY)(COxNP]* complexe.228 (continuation).
Entry 3H-Naphtho[2,1-b]pyrans fac-[Re(BPy)(CO)sNP]* complexes2.228 Yield

(%)
5 38
6 74
.

52
8 71
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

Formation of the targefac[Re(BPY)(CORNP]* complexes2.228 was also established by
NMR spectroscopyAs an example he'H NMR spectum of rhenium(l) complex2.232in DMSO-
ds contained a singleD W SSP FRUUHVSRQGLQ-JDW BOWK ddaublat REQ D Q F |
6.52 ppm with a coupling constant of 10.1 (dis configuration)corresponding to the resonance of
H-2, an apparent doublet at 6.89 ppm with a coupling constant of 8.8 Hz corresponding to the
resonance of He -+e¢ -+ee¢ DQGe+ D PXOWL TGS pomDcdtresponding to the
resonance of ¥, H ¢ -+¢ -+eendH ¢+« D GRXEOHW DSSHDULQJ DW
constant of 10.1 Hgcis configuration)corresponding to the resonance efiHa multiplet at 7.84
7.88 ppm corresponding to the resonance-@& H-9, H ¢¢e DQ&G+ D WULSOHW DSSHI
ppm with a coupling constant of 6.5 Hz corresponding to the resonance ep He D QGeete+ D
doublet at 8.20 ppm with a coupling constant of 9.0 Hz corresponding to the resonanté,a H
singlet appearing at 8.34 ppm corresponding to the resowamt&, a multiplet at 8.488.45 ppm
corresponding to the resonance of e e- see- eseee DG+ D GRXEOHW DSSHDUL
with a coupling constant of 8.2 Hz corresponding to the resonance-obeslle DQ &+ DQG D
doublet at 9.4(ppm with a coupling constant of 5.2 Hz corresponding to the resonance ©f He
and H <« <Fhe 3C NMR spectrum ofhenium(l) complex2.232included a signal appearing at
SSP FRUUHVSRQGLQJ WR WIOH) GJOMER Bidpd Hat BA.3 \padH -

corresponding to the resonance of3Ca signal appearing at 113.9 ppm corresponding to the
resonance of Ce¢ -& -&+ DQ G &D VL JIDpPmaiesponding to the resonance-of C

* -& -&°* DRG*&D VLIQDO DSSHDULQJ DW SSP FRAAUHVSR
andtwo signals appearing at 192.7 ppm and 196.0 ppm corresponding to the resonance of the three

cabon monoxide arbonstwo of whichbeingequivalent
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2.2.3 Synthesis ofac-[Re(PyTz)(CORNP]*

The fac-[Re(PyT2(CORNP]" complexes 2.237 (PyTz = 2-(1-benzytlH-1,2,3triazo}4-
yhpyridyl -bipyridineg NP = Pyridyl substituted3H-naphtho[2,1b]pyrang were preparedy
mixing the fac-[Re(PyT2)(COXCI]® complex 2.220 with an equimolar amount of the pyridyl
substituted3H-naphtho[2,1b]pyrans2.227in DCM in the presence @n equimolar amoumigPFs
(Scheme 2.19). The fac-[Re(PyT2)(CO:NP]" complexes2.239 2.241, 2.242 2.243 2.244were
isolated in good to very good yield (B3%) (Table 2.10. On the other hand, théac
[Re(PyT2)(CORNP]" complexes2.238 and 2.240 were unexplainablyisolated inonly 17% and
27%yield, respectively.

Scheme 2109 Synthesis ofhefac-[Re(PyTz)(CO3INP]" complexe.237

Accurate ligh-resolution mass spectrometdata of thefac-[Re(PyT2)(CO):NP]* complexes
2.237 was collected, all spectra contatha peak assigned to the ion [NPF]", with M
corresponding to the hexafluorophosphate sBIE-IR spectroscopy data revealed that the

rhenium(l) complexe&.237 had afac configuration.
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Table 210 Synthesis of théac-[Re(PyTz)(COINP]* complexe.237.

Entry  3H-Naphtho[2,1-b]pyrans fac-[Re(PyTz)(CO)sNP]* complexes Yield
(%)
1 17
2 75
3
27
4 79
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Table 2.10Synthesis ofhefac-[Re(PyT2(CORNP]* complexe2.237 (continuation).

Entry  3H-Naphtho[2,1-b]pyrans fac-[Re(PyTz)(CO)sNP]* complexes Yield
(%)
5 71
6 83
7 72
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Formation of the targdhe fac-[Re(PyT2)(CO)XNP]" complexes2.237 was further established

by NMR spectroscopyAs an example,hie *H NMR spectam of rhenium(l) complex2.23® in
CDClzcontained a singledt 3.7 ppm corresponding to the resonancéhaf equivalent « DQG ¢«
OMe, a doubletin a AB spin systemat 5.9 ppm with ageminalcoupling constant of 31 Hz
corresponding to the resonance arfe of thehydrogensof the benzyl (H. (diastereotopic) a
doublet in a ABspin system at 6.00 ppm with geminal coupling constant of 15.1 Hz
corresponding to the resonance of the ottyeirogen of théoenzyl CH> (diastereotopig)adoublet
at 6.53 ppm with a coupling constant of 10.0 Hz corresponding to the resonan@eai Bpparent
doublet at @0 ppm with a capling constant of 8. Hz corresponding to the resonance of H -+

* -+e¢ D@ Gamultiplet at7.34#.36ppm corresponding to the resonance of tkg H-2 «H-
2 -6 s-and H6 ¢ & multiplet af7.47 & .50 ppm corresponding to the resocanf the PFH and H
1, a singlet at 9.30 ppm corresponding to the resonanide ofearrd a doublet &.36 ppm with a
coupling constant of 5.2 Hz corresponding to the resonance of *HThe 13C NMR spectrum of
rhenium(l) complex2.238 in CDCkincluded a signalat 55.5ppm corresponding to the resonance
R1 WK H-©Me, a signal at 55.8 ppm corresponding to the resonance béttaylCH>, a signal
at 8.3 ppm corresponding to the resonance e8,@ signal appearing atLl4.0ppm correspondig
to the resonance of-Ce -&¢ -&+ DQG* &D VLIJQDO DW SSP FRUUHVSRC
of C- « -& -& + D Q Gartia signal appearing at 2B ppm corresponding to the resonance of
C-4a Thesignals corresponding to tlearbonsof the carbon monoxide ligands were too weak to be
detectedTo this end, using a more concentrated sample or increasing the number of scans would be
necessary. Howevernlited sample availabilityand restricted time for NMR usage precluded the
acquisition of 13C NMR datawith better sensitivity Furthermorefor the PFs ion the 1°F NMR
spectrumin CDClz contaneda doublet at70.1 ppm with a coupling constant of 7H%, while the
3P NMR spectrunin CDCl; contaired a septet at144.2 ppm with aoupling constant of 71#z.
The multiplicity of the signals in th€F andP NMR spectraverea consequence diie coupling

betweerthe fluorine andhe phoghorus atom&om the hexafluorophosphat@ion.
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It is relevantto mentionthatthe fac-[Re(PyTz)(COJNP]* complexes2.237were obtained as a
1:1 mixture of twodiastereomer¢ Dand B in which both protons and carbonsre chemically
equivalent Figure 2.8). The only exception was for rhenium(l) compl2x244 in which the two
stereo configuration®and Ehad protons and carbons that were not chemically equivdianiré
2.9). Consequently, thdiastereomerproduced two sets of signals in thé and'3C NMR spectra
(Figure 2.10. This waspossibly due tahe spatial proximity of the aryl groups at3Gand the PyTz
ligand, which resulted in differences in the steric hindrance betweendiastereomersit was
rationalized that the steric hindrance wasatge fordiastereome Eas the aryl groups at-8 and
the PyTz ligand were closer in space. Thus, considering that steric hindrance generally results in
upfield shifts??! the 'H NMR signals ofdiastereomefEshould be slightly more upfield when
compared tadiastereomemD It is noteworthy that further experiments (e.g. crystallographic data
and/or DFT calculations) would be required to further support this hypothésigever, despite

repeated crystalisations;pdy quality crystals could not be secured.

151



2.2 Synthesis of Photochromic Rhenium(l) Complexes

Figure 2.14 Stereoisomers of rhenium(l) complex28237.

Figure 2.9 Diastereomers of rhenium(¢omplex2.244
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Figure 2.10'H NMR spectrum iracetoneds of the 1:1 mixture of stereoisomers of rhenium(l) com@&44
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

2.2.4 Synthesis ofac-[Re(BTz)(CO)sNP]*

The reaction betweefac-[Re(BTz)(COXCI]° complex 2.224 and 8-pyridyl-3H-naphtho[2,1
blpyran 2.57 in the presence oAgPFs in DCM affordedthe Re(l) complex2.245 in low yield
(36%) (Scheme 2.11D

Scheme 2110 Synthesis of Re(l) complex 245

Formation of the targeRe(l) complex2.245 was established by NMR spectroscophhe H
NMR spectum of rhenium(l) complex2.245 in CDCl contained a singleat 3.8 ppm
FRUUHVSRQGLQJ WR INKGONeH/RDIBIQ & AB §pin systenat 5.60 ppm with
ageminalcoupling constant of4.4 Hz corresponding to the resonancdtwbenzylCH,, a doublet
in a AB spin systenat 5.69 ppm with ageminalcoupling constant of4.4Hz corresponding to the
resonance othe benzyl (H,, a doublet at @5 ppm with a coupling constant of 10.0 Hz
corresponding to the resonance e2Ha multipletat 6.83%6.86ppm corresponding to the resonance
of H- *H- <dH- sandH- <« eadoublet of doubletat 7.57 ppm with coupling constants of 8ad
1.8Hz corresponding to the resonance & Ha doublet at 7.89 ppm with a coupling constant of 1.8
Hz corresponding to the resonance offHan apparent doublet at 8.14 ppm with a coupling
constant of 6.7 Hz corresponding to the resonance-of lndH- e<=and a singlet at 8.42 ppm
corresponding to the resonance of keamd H «<Fhe 3C NMR spectrum ofrhenium(l)
complex2.245in CDChkincludedasignalat 55.3ppm FRUUHVSRQGLQJ WR Wahdl UHVR

«®Me, a signal at 56.4 ppm corresponding to the resonance of the @thz\d signal at 3.7
ppm corresponding to the resonance e8,@ signal appearing at 3® ppm corresponding to the
resonance of C¢ -& -&+ DQGe &D VL JQIpAmbBANesponding to the resonance cf C
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

e -& -&°+ DQ Gar&la signal appearing at 132ppm corresponding to the resonance of C
4a
The hgh-resolution masspectrum ofrhenium(l) complexX2.245 contained a @akassigned to
the ion M-PFRg]*, with M corresponding t€s3H4iN706'¢'RePF.
The FT-IR spectrum contained one strong band at 2634 and two overlapping bands at
1910 cmt for the carbon monoxide stretchasicating that thehenium(l) complex2.245 had afac

configuration.

The Rg(l) complex2.246 was prepared from the Heck prod@ci66in two steps in 39% yield
by first treating the latter with TFA in DCM at room temperature kater by reaction withfac-
[ReBT2)(COXCI]° complex2.224in the presence of AgRiih DCM (Scheme2.111).222
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

Scheme 2111 Synthesis othe Re(l) complex2.246

Formation of the targeRe(l) complex 2.246 was established by NMR spectroscophhe H
NMR spectum of rhenium(l) complexX2.246 in acetoneds containeda multiplet at5.605.74 ppm
corresponding to the resonancehyfdrogens of the benzylH3, a doublet at 6.15 ppm with a
coupling constant of 9.9 Hz corresponding to the resonance2ofiHioublet appearing at 7.21 ppm
with a coupling constant of 8.8 Hz corresponding to the resonancé&pélitiplet at 7.53 ppm with
a coupling constant of 713z corresponding to the resonance e®Ha multiplet a7.74%.79 ppm
corresponding to the resonance of6Hand H7, a multiplet appearing at 7.9698 ppm
corresponding to the resonance 6fl8] a doublet at 8.17 ppm with a coupling constant of 6.6 Hz
corresponding to the resonance ofF K DQ®&Ge+and a multiplet appearing at 8.3537
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

corresponding to the resonance ofdils amd H4 e« e«+Fhe 3C NMR spectrum ofrhenium(l)
complex2.246 in acetoneds included a signal at 56.4 ppm corresponding to the resonance of the
benzylCHo, a signal at 8.1 ppm corresponding to the resonance &,@ signal appearing at 18
ppm corresponding to the resonance efadand a very weak signal 494.5 ppncorresponding to
the resonance of one of the carbons of the carbon monoxide ligemel¥F NMR spectrumof
rhenium(l) complexX2.246 in acetoneds contained a doublet af2.2 ppm with a coupling constant
of 714 Hz the multiplicity was a consequence of the coupling between the fluorine and the
phosphorus atoms from the hexafluorophosphate anion.

The hgh-resolution masspectrum ofrhenium(l) compex 2.246 contained a @akassigned to
the ion M-PFRg]*, with M corresponding t€ssHz3N704%'RePFs.

The FT-IR spectrum contained one strong band at 2088 and two overlapping bands at
1911 cmt indicating that thehenium(l) complex2.246 had afac configuration.

2.25 Synthesis offac-[Re(PyTzNP)(COXCI]°

Thefac[Re(PyTzNP)(CO)CI]° complex2.247was prepareth 78% yieldby mixing the 8(4-
pyridyl-triazole-3H-naphtho[2,1b]pyran 2.110with an equimolar amount of Re(C4Q) in PhMe
at reflux(Scheme 2.11p
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

Scheme 2112 Synthesis othefac-[Re(PyTzNP)(CO)CI]° complex2.247,

Formation of the targeiac-[Re(PyTzNP)(CO)CI]° complex2.247 was established by NMR

spectroscopyTheH NMR spectum of rhenium(l) complex2.247 in DMSO-ds includeda singlet
at 369 ppm corresponding to the resonanceh® equivalent » D Q GOMe groups a singlet at
5.93 ppm corresponding to the resonance ohttieogens of theéenzyl (H», a doublet at 6.52 ppm
with a coupling constant of 10.0 Heig configuration) corresponding to the resonance €, ldn
apparent doublet at 6.89 ppamith a coupling constant of 8.8 Hz corresponding to the resonance of
H- ¢H- sH- eandH- ¢« doublet at 7.91 ppm with a coupling constant of 9.0 Hz corresponding
to the resonance of-B, a multiplet appearing & 048.06 ppm corresponding to the resonance of
H-9 andH-6 & doublet at 8.30 ppm with a coupling constant of 9.1 Hz corresponding to the
resonance of HO, a doublet appearing at 8.48 ppm with a cogploonstant of 1.2 Hz
corresponding to the resonance offHa doublet at 8.83 ppm with a coupling constant of 1.3 Hz
corresponding to the resonance eRklea doublet appearing at 8.94 ppm with a coupling constant
of 6.0 Hz corresponding to thesomanceof H-5 » enda singlet at 9.28 ppm corresponding to the
resonance of-5++ The 13C NMR spectrum ofhenium(l) complex2.247in DMSO-dsincluded a
signal appearing at55.SSP FRUUHVSRQGLQJ WR- VR BOMé] ¥ A & RI W/
ppm corresponding to the resonance e3,& signal appearing at4.0 ppm corresponding to the
resonance of C¢ -& -&+ DQG* &D VLIJQDO DW SSPRréesfkhnatteldf ERQGL

* -& -&°* DQG*&D VLIQDO DSSHDULQJ DW SSP FRAAUHV SR
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

and twovery weaksignals appearing at @4 ppm and 19.3 ppm corresponding to the resonance
of the carbon monoxide carbons

High-resolutionmass spectrometrgpectrumof rhenium(l) complex2.247 containeda peak
assigned to the iotM-Cl+MeCN]*, with M corresponding t€44H32N406'¢’'Re**Cl.

The FT-IR spectrumcontained one strong band at 20&t! and two overlapping bands at
1930 cm® and 1895 cm indicating that thehenium(l) complex.247 had afac configuration.

2.26 Synthesis offac-[Re(N~N)(CO)snaphthalene]
A saiesof nonphotochromidac-[Re(N~N)(CO}naphthaleng complexegN*N = BPy2.248
PyTz2.249 BTz 2.250 werepreparedor comparative purposébsigure 2.17).

Figure 2.11fac-[Re(N"N)(CO}naphthalené]complexe.2482.250Q
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

Initially, 6-(4-pyridyl)-2-methoxynaphthalen®.252 was preparedn 68% yield from the
Suzuki crosscoupling reaction between -Bromo2-methoxynaphthalene2.251 and 4

pyridineboronic acid pinacol est@35(Scheme2.113.

Scheme 2113 Synthesis of thé-(4-pyridyl)-2-methoxynaphthalen2.252

Subsequently, théac-[Re(N*N)(CO}ymethoxynaphthaleng complexes(N*"N = BPy 2.248
PyTz2.249 BTz 2.250 were prepareth very good to excellent yield (882%) from the reaction
between g4-pyridyl)-2-methoxynaphthalen2.252 and an equimolar amount of the appropriate
fac-[Re(N*N)(COXCI]° complexes2.216in DCM in the presence of AgRR1.0 equiv) at room
temperaturen thedark(Scheme 2.114

Scheme 2114 Synthesis ofac-[Re(N”*N)(CO}naphthalené]complexe.2482.25Q

Formation of the targetfac-[Re(N”N)(CO}naphthaleng complexes 2.2482.250 was
established by NMR spectroscofihe *H NMR specta of all of therhenium(l) complexeg.248+
2.250in CDClscontained a singlet at 3.89.93 ppm corresponding to the resonanctheR-OMe,
an apparent singlet or a doubkgtpearing at 7.0%.12 ppmwith a coupling constant of Biz

correspondingd resonance dfi-1, adoublet of doublets at 7.1.15 ppm with coupling constants
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2.2 Synthesis of Photochromic Rhenium(l) Complexes

of 9 and 2 Hz corresponding to resonance «f &hd a multipet or an apparent doublet appearing
at 8.128.15 ppm with a coupling constant of 6.5 Hz corresponding to the resonanee<ahéiH

«The'H NMR specta of the rhenium(l) complexe®.2482.250also contained singular signals
For example, in théH NMR spectam of rhenium(l) complex.248therewasa doublet at 8.42
ppm with a coupling constant of 8.1 Hz corresponding to the resonahice ednd H  « «ln theH
NMR spectum of rhenium(l) complex2.249 there was a singlet appearing at 8.75 ppm
corresponding to the resonancetbf  end a doublet at 9.03 ppm with a coupling constant of 5.5
Hz corresponding to the resonanceHsf « dn the'H NMR spectum of rhenium(l) comlex 2.250
thereweretwo doublets (AB spin system) at 5.58 and 5.68 ppm wgérainalcoupling constant of
14.5 Hz {rans) corresponding to the resonance of the four benzyl hydrogeagdiastereotopic)
and a singlet appearing at 8.38 ppm corresponding to the resomwdnde s« DQ Gebt is
noteworthy that in th&’C NMR spectra of théac-[Re(N*N)(CO}naphthaleng complexes2.248+
2.250in CDClsthe signals corresponding to the resonance otanieons of the carbon monoxide
ligands appea&dat 190.6196.0 ppm
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2.3 Photophysical Properties

Accurate ligh-resolution mass spectrometdata of thefac[Re(N*N)(CO}naphthaleng
complexes2.2482.250was collected, all spectra containing eapassigned to the ion [NPFe]™,
with M corresponding to the hexafluorophosphate salt.

The FT-IR spectra of thdac-[Re(N~N)(CO}naphthaleng complexes2.2482.250contained
one strong band ata. 2031 cm? and two overlapping bands ea. 1907 cm! indicating that the
rhenium(l) complexeg.2482.250had afac configuration.

2.3 Photophysical Properties

2.3.1 Photehromic Properties of the Pyridyl Substituted 3H-naphtho[2,1-
b]pyrans
Spectroscopic data wasbtained for the novebyridyl substituted B-naphtho[2,1b]pyrans
including
1. max Of absorbance of the photomerocyanines after irradiatitiy UV light (10 min) the
toluenesolutionsof the 3H-naphtho[2,1b]pyrans to a photostationary state (PSSXe-Arc
lamp (in Current Mode skt 8.5 Allmax 10.5A 149450 W)wasemployedto photoexcite the
samplescoupled with a Newport U@1 filter.
2. Colourability was determined by calculation of the molar extinction coeffiie@iy).

3. Bleaching kinetics which was recordasity, (s) andk .

The gectroscopic data is summarizedliable 2.11
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2.3 Photophysical Properties

Table 211 Tabularsummary of thespectroscopic data of the pyridyl substitutédi@aphtho[2,1b]pyrans

(in toluene).
Compounds

ka(M1s?h

Hss(Mt.cnm?)

2.36
2.48
2.50

2.57
2.59
2.65
2.77

2.110
2.98
2.214
2.215
2.170
2.70
2.72
2.74

*In a solution ofPhMe:DCM (1:).

10-(4-Py)
9-(4-Py)
9-(3-Py)

8-(4-Py)
8-(3-Py)
8-(2-Py)
8-(4-Py)

8-(PyTz)
7-(4-Py)
6-(4-Py)
6-(3-Py)

H
8-(4-MeOGCsH.)
8-Ph
8-(4-NO2CeHa)

4-MeOGCsH4
4-MeOGCsH4
4-MeOGCsH4

4-MeOGCsH4
4-MeOGCsH4
4-MeOGeH4
4-MeOGsH4

4-MeOGeH4
4-MeOGsH4
4-MeOGeH4
4-MeOGsH4
4-Py
4-MeOGsH4
4-MeOGeH4
4-MeOGsH4

OMe
OMe
OMe

OMe
OMe
OMe
OMe

OMe
OMe
OMe
OMe

OMe
OMe
OMe

OMe

I T T T T T I =T

458
464*
472
472
482
486*
476
No
490
480
486*
468
472
474
414
490
480
483

7149

125
10932
57740
25227
6643
N/A
94
5826
1204*
87220
3468
1206
<60
24643
3157
28064
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1.43x 10%

4.69% 102
1.71x 10*
2.31x 10°
1.08x 10
3.53x 10*
N/A
2.08x 102
3.63x 10
2.25x 10%*
N/A
1.09x% 10°
2.12x10°%
N/A
1.38x 10
3.29x 10*
4.66x 10°

206
261*
70
78
120
170*
65
N/A
18000
141
190*
140
67
29
3400
296
120
12303



2.3 Photophysical Properties

2.3.1.110-Pyridyl -3H-naphtho[2,1-b]pyran
By UV irradiation of the 10-pyridyl-3H-naphtho[2,1b]pyran 2.36 in solution the
photomerocyaning.252wasformed Scheme2.115.

Scheme 2L15Electrocyclic ringopeningof 3H-naphtho[2,3b]pyran2.36

The introduction of a 4yridyl substituent at €0 ( max 458 nm intolueng caused an
hypsochromic shift of Z nm when compared to the sim@e3-bis(4methoxyphenyl) substituted
3H-naphtho[2,Ib]pyran ( max475 nm in toluene)(Figure 2.12. It was rationalized that thielue
shift was a result of the steric clash between the bulyrdlyl groupat G10 and the hydrogens of
the dier 2.252 which led to a mordwisted conformationand consequentlyo a less efficient

conjugation.

0.8 |
©
(&)
c
S 06
= Absorbance of closed
§ form (1.1 mM in toluene)
< 04 Absorbance of PSS (1.1

(458 nm,0.227) mM in toluene)
0.2
0
380 480 580

Wavelength (nm)

Figure 2.12UV-Vis spectra oBH-naphtho[2,1b]pyran2.36(1.1 mM in toluene in the close(
form (black) and in the PSS (yellow)
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2.3 Photophysical Properties

The introduction of the 4yridyl substituent at €0 acceleratt TC +CF isomerization but
deceleratd the TT £TC isomerization drasticallyt,; = 7149 s in a mixture PhMe:DCM (1:))
(Figure 2.13. Thus, he very slow thermal isomerization reaction from the iBbmer to the TC

isomerwas a consequence of the laaygivation energy barrier towasdhe formation of the TC

isomer from the TT isomg6cheme 2.1@)

Scheme 2116 Thermal isomerization of TETC of photomerocyanin2.252

0.3

o
(N

Absorbance

(464nm, 0.099)

o
il

0
380 430 480 530 580 630

Wavelength (nm)

Figure 2.13UV-Vis spectra of the bleaching in the dark of the PS&38(0.38 mM in a mixture
of PhMe:DCM(1:1), after UV irradiation) with a 120 seconds scan interval.

2.3.1.29-Pyridyl -3H-naphtho[2,1-b]pyran
By UV irradiation of the 9-pyridyl-3H-naphtho[2,ib]pyrars 2.48 and 2.50 in toluenethe
correspondingghotomerocyanire2.253 and2.255wereformed(Scheme 2.17).
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2.3 Photophysical Properties

Scheme 2117 Electrocyclic ringopeningof 3H-naphtho[2,3b]pyran2.48and2.50

The incorporation oboth a 4 and 3pyridyl substituent athe C-9 ( max 472 nm intolueng
caused a small hypsochromic skt nm) (Figures 2.14 and2.15 when compared to the simple
3,3bis(4methoxyphenyl) substitute8H-naphtho[2,1b]pyran2.147( max475 nm in toluenge

1
0.8 — Absorbance of closed
o form (3.0 mM in toluene)
_CE 0.6 — Absorbance of PSS (3.0
s mM in toluene)
3
< 0.4
(472nm, 0.209)
0.2

\_

400 450 500 550 600 650
Wavelength (nm)

0

Figure 2.14 UV-Vis spectra o8H-naphtho[2,1b]pyran2.48(3.0 mM in toluengin the closed
form (black) and in the PSS (red)
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1
0.8
[
(&)
g
£ 06 (472nm, 0.532) Absorbance of closed
? form (6.8 mM in toluene)
Q
< 04 —— Absorbance of PSS (6.8
mM in toluene)
0.2
0
395 495 595

Wavelength (nm)

Figure 2.15UV-Vis spectra o8H-naphtho[2,1b]pyran2.50(6.8 mM in toluengin the closed
form (black) and in the PSS (red)

The absence of bathochromic shiftvas aconsequencef the poor electronicconjugation of
the pyridyl groups with thephotogenerated Ssystem(Scheme 2.18). On the other hand, the
observed small hypsochromnsbifts may have been a result of a small negative inductive effect that
pulls electron density towards the pyridyhit, as the nitrogen atom is relatively electronegative.
Furthermore, bth 3H-naphtho[2,3b]pyrans 2.48 and 2.50 produced similar colour inoluene

solutionunder UV irradiatior{ H= 70 and78 Mt.cmt, respectively).
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2.3 Photophysical Properties

Scheme 2118Resonance structures of photomerocyanihgsS3and2.255

It is noteworthy that the bleaching kinetics of B8S of9-pyridyl-3H-naphtho[2,1b]pyrans
2.48 and 2.50 were strikingly different(t, = 125 s and10932s, respectively) Figure 2.16 and
2.17).

y = 4.69ED2x + 3.70E+00
Rz = 9.96©1

I 25
S 03
@ 0
2o 3 20
5 (472nm, 0.209) <
802 = 15
<
10
0.1
5 13
0 — - 0
400 450 500 550 600 650 0 200 400 600
Wavelength (nm) Time/ s

Figure 2.16(a) UV-Vis spectra of the bleaching in the dark of the PS&4#8(3.0 mM in toluene
after UV irradiation) with a 40 seconds scan interval; (b) Linear regresstbor@r).
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Figure 2.17 UV-Vis spectra of the bleaching in the dark of the PS&53(6.8 mM in toluene,

after UV irradiation) with 120 seconds scan interval.

It was rationalized thaa hydrogen bond between tBegyridyl nitrogen and the hydrogen of
one of theOCH; groups ofthe photomerocyanin@.255(TC isomer)could be established? This
hypothesiswas supported by energy minimization by using ChemDraw 3D MM2 force field
method (Figure 2.18. After energy minimization, the distance between the hydrogen and the
nitrogen atom wasequal t02.5 A which is within the region of length for a #ond. As a
consequence of the -bbnd formation, the photomerocyanir®255 (from 9-(3-pyridyl)-3H-
naphtho[2,ib]pyran 2.50 was more efficiently stabilized in comparison withthe
photomerocyanin€.253 (from 9-(4-pyridyl)-3H-naphtho[2,ib]pyran 2.48) which led to slower

bleaching Kinetics.

25A

Figure 2.18 Minimized energy structure of photomerocyanh255by using ChemDraw 3D

MM2 force field method.
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2.3.1.38-Pyridyl -3H-naphthol[2,1-b]pyran
By UV irradiation of the 8-(4-pyridyl)-3H-naphtho[2,ib]pyran 257 in toluene the

photomerocyaning.257 was formed $cheme 2.19).

Scheme 2119Electrocyclic ringopeningof 3H-naphtho[2,ib]pyran2.57.

In the3H-naphtho[2,3ib]pyran2.57, theintroduction of a 4oyridyl substituent at @ ( max482
nm intolueng induced a small bathochromic shift (7 nwhen compared to the simpde3-bis(4
methoxyphenyl) substitute®H-naphtho[2,1b]pyran( max475 nm in toluenefFigure 2.19.

(482 nm,0.752)

0.8
3
= 0.6
2 Absorbance of closed
? form (6.0 mM in toluene)
'<Q( 0.4
—— Absorbance of PSS (6.0
mM in toluene)
0.2
0
390 490 590

Wavelength (nm)

Figure 2.19 UV-Vis spectra oBH-naphtho[2,1b]pyran2.57(6.0 mM in toluene in the closed
form (black) and in the PSS (red)

The observed red shift was due to the more extendedonjugated systenof the

photomerocyanin.257(Scheme 2.20).
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Scheme2.120Resonance structures of photomerocyafi2é?7.

Furthermore, the red coloattributed to the PS&f 3H-naphtho[2,1b]pyran 2.57 persisted for
avery longperiod of time (.= 57740s in tolueng (Figure 2.20) The slow kinetics was attributed
to the stabilization of the photomerocyanine by the delocalifEystem.As a result, thecolour
produced in toluene under UV irradiati¢t= 120 Mt.cmt) was approximately two times more

intense than for th@-pyridyl-3H-naphtho[2,1b]pyrans 2.48and2.50
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Figure 2.20UV-Vis spectra of the bleaching in the dark of the PS&® (6.0 mM in toluene,
after UV irradiation) with a 120 seconds scan interval.

By UV irradiation of the 8-(3-pyridyl)-3H-naphtho[2,ib]pyran 2.59 in toluene the

photomerocyaning.260 was formed $cheme 2.21).

Scheme 2121 Electrocyclic ringopeningof 3H-naphtho[2,1b]pyran2.59

In the3H-naphtho[2,1b]pyran2.59, theintroduction of a Joyridyl substituent at B ( max476
nm intolueng induceda very smalbathochromic shift (1 nmyvhen compared to the simpbe3-
bis(4methoxyphenyl) substitute8H-naphtho[2,1b]pyran ( max475 nm in toluenefFigure 2.21).
The negligible red shift was due tdwé poor electronic conjugation between the(Bpyridyl)
substituent with theSsystem of the photomerocyania260(Scheme 2.12p
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Figure 2.21 UV-Vis spectra o8H-naphtho[2,1ib]pyran2.59(6.6 mM in toluene) in the closed fol

(black) and in the PSS (red)
* Artefact duetoD GLIITUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHFYV

Scheme 2122 Resonance structures of photomerocyagi2éQ

Due tothe poor electronicconjugationbetween th&-pyridyl N-atomat G8 and the Ssystem
the bleaching of the PS& 3H-naphtho[2,1b]pyran 2.59 (t.. = 6643 s) was much faster when
compared tahe 3H-naphtho[2,1b]pyran 2.57 (t» = 57740s) (Figure 2.22. Thus, the red colour
generated ioluenesolution( H= 65 Mt.cnmt) wasweaker andsimilar to the one produced by the

9-pyridyl-3H-naphtho[2,1b]pyrars 2.48and2.50.
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Figure 2.22 UV-Vis spectra of the bleaching in the dark of the PS&58(6.6 mM in toluene,

after UV irradiation) with a 120 seconds scan interval.

By UV irradiation of the 8-(2-pyridyl)-3H-naphtho[2,ib]pyran 2.65 in solution the

photomerocyanin.262 was formed $cheme 2.23).

Scheme 2123 Electrocyclic ringopeningof 3H-naphtho[2,b]pyran2.65

In the 3H-naphtho[2,1b]pyran2.65, the introduction of a-pyridyl substituent at € produced
a very weak photochrome as not evedistinct maxwas detectedeven though a broad weak

absorption band was noted in tlamge (400600 nm)(Figure 2.23.
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Figure 2.23UV-Vis spectra o8H-naphtho[2,1b]pyran2.65(5.2 mM in toluene) in the closec
form (black) and in the PSS (yellow)

In the photomerocyaning2.262 the 2pyridyl at G8 is electronially conjugated with the
Ssystem, therefore it can be enwvised that resonance structuge263in whichthe nitrogen has a
negative chargand thereforecontainstwo filled 2p orbitalscan be presente(Scheme 2.24).
Considering the proximity of the nitrogen to the naphthalene tirvgas rationalized thahe two
fill ed nitrogen2p orbitalscould donateelectron density to theUMO (of antibondingnature of the
naphthalene ringand consequentlyvould destabilizethe photomerocyanine formatiaffFigure
2.24).
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Scheme 2124 Resonance structures of photomerocyagi2é?2

Figure 2.24 p-Electron donation to the LUMO of naphthalen@d63

By UV irradiation ofthe trimethoxy substitute& (4-pyridyl)-3H-naphtho[2,1b]pyran 2.77 in

toluenethe photomerocyaning 265 wasgeneratedScheme 2.25).
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Scheme 2125Electrocyclic ringopeningof 3H-naphtho[2,ib]pyran2.65

In the 3H-naphtho[2,ib]pyran 2.77, the incorporation of a 4$yridyl at G8 ( max 490 nm in
tolueng produced a bathochromic shift of 14 nm when comparé@Htoaphtho[2,1b]pyran2.265

( max476 nm in toluenefFigure 2.25.
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Figure 2.25UV-Vis spectra oBH-naphtho[2,1b]pyran2.77(0.033 mM in toluene in the close
form (black) and in the PSS (red)
* ArtefactduetoD GLIIUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHFYV

177



2.3 Photophysical Properties

The observed red shift was due to the more extendeédonjugated systenof the
photomerocyanin2.265 (Scheme 2.26).

Scheme 2126 Resonance structures of photomerocyagi2és

As a result of thextramethoxy grougat C-2 «of 2.77, the colour produced in toluene under UV
irradiation (H= 18000 M.cm) was 150 times more intense than for ti&(4-pyridyl)-3H-
naphtho[2,ib]pyran 2.57. On the other hand, tH#eaching in the daréf the PSSof 8-(4-pyridyl)-
3H-naphtho[2,ib]pyran 2.77 (t. = 94 s) was 33 times faster than the P$% 8-(4-pyridyl)-3H-
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naphtho[2,ib]pyran2.57 (t.» = 32280 s) (Figure 2.26. It has been reported thiay increasinghe
steric demand made by substituentat G2 «the thermal ring closure of the phoetenerated
colouredspecies to the colourless pyralows down (Iongertl/z) Considering that the methoxy
group atC-2 eis bulkier than hydrogen, it was rationalized, that for this examplecdh#ined
effect of the electronic conjugation on the photomerocyaRi?@5 coupled withthe effect of the
extra methoxy group &-2 *might have constrained the isomerizatafrthe TC isometo the TT
isomer.By doing so, and considering that tiermal ring absureof the TC isomer is much faster

than the thermal isomerization of the #lthe TC, they, would besubstantiallysmallet

0.8

(490 nm,0.596)

Absorbance
o o
I o)}

o
[N

0
310 360 410 460 510 560 610

Wavelength (nm)

Figure 2.26 UV-Vis spectra of the bleaching in the dark of the PS&767(0.033 mM in toluene

after UV irradiation) with a 20 seconds scan interval.
* ArtefactduetoD GLIIUDFWLRQ JUDWLQJdEtEdA@.JH IRU ORQJ UHJILRQ

Furthermore, themaxfor 2.77was bathochromic shifted by 8 nm relative to thatX&?7. This
must have been a result of the extra electronic donation. It was rationalized that the aryl group could
adopt a more planar orientation due to thesttwf the (MeO)CeH3z unit due to the steric clash
between th@rtho OMe and the hydrogen of the dierigédgure 2.27). Consequently, the aryl group

would be a slightly better electron donor resulting in an 8 nm red shift ofthe
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Figure 2.27 Transoidcis (TC) of isomer2.265

2.3.1.48-(Pyridyl -triazole)-3H-naphtho[2,1-b]pyran
By UV irradiation of the8-(pyridyl-triazole}3H-naphtho[2,1b]pyran 2.110 in toluene the
photomerocyaning.269was formed $cheme 2.12)

Scheme 2127 Electrocyclic ringopeningof 3H-naphtho[2,1b]pyran2.110Q

In the 3H-naphtho[2,1b]pyran 2.110, the incorporation of a pyridittiazole substituent at-8
( max480 nm intolueng induced a small bathochromic shift (5 nwhen compared to the simple
3,3bis(4methoxyphenyl) substitutedH-naphtho[2,1b]pyran ( max 475 nm in toluene)lFigure
2.28).
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Figure 2.28 UV-Vis spectra o8H-naphtho[2,1b]pyran2.110(1.9 mM in toluengin the closed
form (black) and in the PSS (red)
* ArtefactduetoD GLIIUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHFWLR

The observed red shift was due to the more extendEdonjugated systenof the

photomerocyanin.269 (Scheme 2.28).

Scheme 2128 Resonance structure of photomerocyar@rg9

Thus, the generated red colour attributed to the PS8-ofaphtho[2,1b]pyran2.110 persisted
for a shorter period of timét,, = 5826 s in tolueng when compared to th8-(4-pyridyl)-3H-
naphtho[2,ib]pyran 257 (t. = 57740 s in tolueng. The faster bleaching kinetics was a direct
consequence of the presence of the triazole substituént b Potentially, theeesonance structure
2.271could act as a disruptirfgrce of the stabilizing electronic conjugation describecsoheme
2.128 leading to a more unstable PSSurthermore, thecolour produced irtolueneunder UV
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irradiation (H= 141 Mt.cm?) was of similar intensity when compared te(48pyridyl)-3H-
naphtho[2,1b]pyran2.57 ( H= 120 Mt.cm?).

2.3.1.57-Pyridyl -3H-naphthol[2,1-b]pyran
By UV irradiation of the 7-(4-pyridyl)-3H-naphtho[2,ibjpyran 2.98 in toluene the
correspondinghotomerocyaning.272 was formed $cheme 2.29).

Scheme 2129 Electrocyclic ringopeningof 3H-naphtho[2,1b]pyran2.98

The incorporation of a-pyridyl substituent at the € ( max468 nm intolueng caused a small
hypsochromic shift{ nm) when compared to the sim@g-bis(4methoxyphenyl) substitutegH-
naphtho[2,3b]pyran( max475 nm in toluenejFigure 2.29.
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Figure 2.29 UV-Vis spectra o8H-naphtho[2,3b]pyran2.98(6.7 mM in toluene) in the closec
form (black) and in the PSS (red)

The N-atom of the4-pyridyl substituent at the -€ of the photomerocyanin2272is poorly
electronically conjugated wittihe photegeneratedSsystem(Scheme 2.30). However, there could
be a small negative inductive effect that pulls electron density towards the pgadiie nitrogen

atom is relatively electronegative, which could explain the small blue shift in heidyl

substitutedH-naphtho[2,b]pyran2.98

Scheme 2L30Resonance structures of the photomerocya2ipé2
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2.3.1.66-Pyridyl -3H-naphtho[2,1-b]pyran
By UV irradiation of the6-pyridyl-3H-naphtho[2,ib]pyrarns 2.214 and 2.215 in toluene the
corresponding photomerocyangiz 274 and2.275wereformed Scheme 2.31).

Scheme 2131 Electrocyclic ringopeningof 3H-naphtho([2,1b]pyrans2.214 and2.215.

The incorporation ofa 4-pyridyl ( max 472 nm intolueng or a 3pyridyl ( max 474 nm in
tolueng at the G6 caused a small hypsochromic shift3 and 1 nm, respectively, when compared
to the simple3,3-bis(4methoxyphenl)y substituted 3H-naphtho[2,1b]pyran ( max 475 nm in
toluene)(Figures 2.30and2.31).

0.8

0.6 Absorbance of closed

form (4.0 mM in toluene)

0.4 (472 nm,0.267) — Absorbance of PSS (4.0
mM in toluene)

397 497 597
Wavelength (nm)

Absorbance

Figure 2.30 UV-Vis spectra o8H-naphtho[2,1b]pyran2.214 (4.0 mM in toluene) in the close
form (black) and in the PSS (red)
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Figure 2.31UV-Vis spectra o8H-naphtho[2,1b]pyran2.215 (14 mM in toluene) in the closec
form (black) and in the PSS (red)

The 4 and 3pyridyl substituerg at G6 arepoorly electronically conjugatewith the photo
generatedSsystem(Scheme 2.132 and 2.133). The small blue shift in themax was probably a
consequence of small negative inductive effect that pulls electron density towards the pyridyl, as
the nitrogen atom is relatively electronegatiuaterestingly, the presence of strong electron
donating goups(e.g.MeO and morpholinoat G6 also leads torahypsochromic shift of themax

coupled with increased colourability?
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Scheme 2132 Resonance structures of the photomerocyapifé4
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Scheme 2L33Resonance structures of the photomerocyaipés

Furthermorethe orientation of the pyridyl moietgt G6 had a smallyet relevant effect in both
the bleaching kinetics and the colourabildlthe PSS Hence, the PSS dhe 6-(4-pyridyl)-3H-
naphtho[2,ib]pyran2.113was sloweto bleach .= 3468s) andproducedstronger coloration
67 Mt.cmt) when compared to the PS8 the 6-(3-pyridyl)-3H-naphtho[2,3b]pyran 2.114 (t, =
12065s; H 29 Mt.cmil) (Figures 2.32and2.33.
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Figure 2.32UV-Vis spectra of the bleaching in the dark of the PS&1# (4.0 mM in toluene,
after UV irradiation) with a 120 seconds scan interval.
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Figure 2.33UV-Vis spectra of the bleaching in the dark of the PS& 1 (14 mM in toluene,

after UV irradiation) with a 80 seconds scan interval.

2.3.1.73-Pyridyl -3H-naphtho[2,1-b]pyran
By UV irradiation of the 3-(4-pyridyl)-3H-naphtho[2,ib]pyran 2.170 in toluene the
corresponding photomerocyaniae€80 was formed $cheme 2.34).
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Scheme 2134 Electrocyclic ringopeningof 3H-naphtho[2,1b]pyran2.170Q

It is well documented thatlectronwithdrawing group at G3 cause an hypsochrooshift in
the max Of the photomerocyani Thus, thesubstitutionof a phenyl group foran electron
withdrawing4-pyridyl groupat G3 caused an hypsochromic shift nm when compared to the
simple 3,3-diphenylsubstitutedBH-naphtho[2,1b]pyran( max432 nmin tolueng (Figure 2.34).
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Figure 2.34UV-Vis spectra o88H-naphtho[2,1b]pyran2.170(0.19 mM in toluene) in the close
form (black) and in the PSS (yellow)

*Artefactdue toD GLITUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHFW

Furthermore, the pale yellow coloattributed to the PSS of ti8#-naphtho[2,1b]pyran2.170
persisted for a shat period time {.< 60sin toluene) with a stroreg intensity( H= 3400 Mt.cm?)

when compared to othegridyl substituted 8i-naphtho[2,1b]pyrans(Figure 2.35. However the
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lack of aparamethoxy group in the other phenyl at3Gnakes this compi@onsomehow biased, as
its absence or2.170 was critically important for the faster bleaching kinetasd increased

colourability.
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Figure 2.35UV-Vis spectra of the bleaching in the dark of the PS&1f0(0.19 mM in toluene

after UV irradiation) with a 30 seconds scan interval.

* ArtefactduetoD GLIIUDFWLRQ JU D Wreghh dete®@enJH IRU ORQJ

2.3.1.88-Aryl -3H-naphtho[2,1-b]pyrans

In addition tothe pyridyl substituted B-naphtho[2,ib]pyrans all containing the electren
withdrawing pyridyl group in different positions of the naphthopyran scaffotiall series of8-
aryl substituted B-naphtho[2,ib]pyrans was studied. Thus, three targstse analysedl) 3H-
naphtho[2,ib]pyran 2.70 containng an electromdonating 4MeOGsH4 group 2) 3H-naphtho[2,1
blpyran2.72 containing theelectronicallyneutral phenygroupand 3) 3-naphtho[2,1b]pyran2.74
containing the electrewithdrawing 4-NO-CsHs group All target molecules produced the

corresponding photomerocyanines under UV irradiat®héme 2.13p
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Scheme 2L35Electrocyclic ringopeningof 3H-naphtho[2,ib]pyrans2.70 2.72and2.74

The PSS of thet3-naphtho[2,3b]pyrans2.70 2.72and2.74had max valuesof 490 nm, 48
nm and 488 nm, respectively. These correspondoetteochromic shifof 15 nm,7 nm and 13 nm,
respectively, when compared the simple3,3-bis(4methoxyphenyl) substituteBH-naphtho[2,1

blpyran ( max475 nmin tolueng. The resulting red shift was a consequence of the more extehded

system of thecorrespondingphotomerocyanine®.281, 2.282 and 2.283, irrespective of the

electronic nature of the terminal group a8C
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Figure 2.36 UV-Vis spectra oBH-naphtho[2,1b]pyran2.70(0.78 mM in toluene) in the close
form (black) and in the PSS (red)

* ArtefactduetoD GLIIUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHFV
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Figure 2.37 UV-Vis spectra o8H-naphtho[2,1b]pyrans2.72(5.4 mM in toluene) in the close:
form (black) and in the PSS (red)

* ArtefactduetoD GLIIUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHFWLR
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Figure 2.38 UV-Vis spectra o8H-naphtho[2,1b]pyrans2.74(0.062 mM in toluene) in the close
form (black) and in the PSS (red)

The red colour attributed to the PSS of 8ftnaphtho[2,1b]pyrans 2.70 and2.74 persisted for
a long period of timgFigures 2.39and 2.40. On the other hand, the PSS of thehHgnyl3H-
naphtho[2,3b]pyran2.72faded much faster ioomparison ¢ = 3157s) (Figure 2.41).
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Figure 2.39 UV-Vis spectra of the bleaching in the dark of the PS&®f(0.078 mM in toluene,
after UV irradiation) with 240seconds scan interval.
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Figure 2.40UV-Vis spectra of the bleaching in the dark of the PS&64(0.062 mM in toluene,
after UV irradiation) with 240seconds scan interval.
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Figure 2.41UV-Vis spectra of the bleaching in the dark of the RS2(5.4 mM in toluene, afte

UV irradiation) with a 120 seconds scan interval.
* ArtefactduetoD GLIIUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHFWLR

It is noteworthy that theolour produced by th@8H-naphtho[2,1b]pyran 2.74 ( H= 12303 M-
1 ecm?) was several times more intense than the one produced Bifthaphtho[2,1b]pyran 2.70
(H= 296 Mtcm?) and the 3H-naphtho[2,ib]pyran 2.72 (H= 120 Ml.cm?). The strong
colourability of the 3H-naphtho[2,ib]pyran 2.74 was attributed to thestabilization of the
photomerocyaning.283by the delocalizedBystem §cheme 2.136
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Scheme 2L36 Resonance structures of the photomerocyaRip@3

2.3.2Photochromism and Photoswitchingof the Rhenium(l) Complexes

The fac[Re(N*N)(CO}xNP]PFs complexes, with NP = PyridyH-naphtho[2,b]pyran and
NAN = BPy, PyTzor BTz, all exhibited photochromismat room temperatureby generating
coloured solutions after UV irradiation. Thus, tlyeneratectolour was attributed to the formation
of the corresponding photomerocyanir{@:heme 2.13)( Furthermore, by either irradiating the
photomerocyanines at thdimax Or by thermalbleaching the colourles closed forns were estored

which showed that the rhenium(l) complexes exhibited betn& T-type photochromism.
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Scheme 2137 Electrocyclic ringopeningof fac-[Re(N*N)(COlNP]PF complexes, with NP =
Pyridyl-3H-naphtho[2,1b]pyran and N*N = BPy, PyTz or BTz.

Furthermore,most of thefac[Re(N*N)(COxNP]PFs complexes exhib#d bidentateligand
sensitive®MLCT phosphorescence. By changing the bidentate lighedenergyof the LUMO for
the IMLCT transitionwas modified Logically, the HOMO +LUMO energy gap fothe *MLCT
transition also changedwhich consequentlyaffectedthe emissionenergymaxima (em) of the
SMLCT phosphorescencélence, the Evo (BTz) > ELumo (PyTz) > ELumo (BPY) and therefore

em (BTz) < em (PYyTz) < Eem (BPy). For example when comparing the fac
[Re(N"*N)(COXNP]PFs complexes2.232 2.239 and 2.245 where only the bidentate ligand was
changed, there waslarge shift(132 nm)in the emwhen comparin@.232(BPy, &m 594 nn) and
2.2 (PyTz em 462 nnj. Moreover, here waonly small shift(3 nm) between2.23® (PyTz em
462 nm)and2.245(BTz, em 459 nm) as the LUMO (BTz) and LUMO (PyTz¥eremuchcloser in

energy.
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The 3MLCT emission of all Re(l) complexes showed a typical blue shift in emission energy
with decreasing solvent dielectric constélRigure 2.42. The foregoingsolvent dependence was
due to the increase in the dipole moment of the excited state, which is more stddyilz@dlar

solvent medium in comparison to its ground state.

1.2
462nm  490nm Emission of closed form
(0.034 mM in degassed
_E toluene)
3
= 0.8
L
3 —— Emission of closed form
N (0.016 mM in a degassed
g mixture of
5 0.4 dichloromethane:toluene
z (1:1))
—— Emission of closed form
(0.019 mM in degassed
0 acetonitrile)
398 448 498 548 598
Wavelength (nm)
Figure 2.42 Normalized spectra of emission 2239 PO LQ GHJDYV Veki EB8WIx
green), emission ¢1.239 PO LQ D GHJDVVHG PL[WXUH RI Glk
394 nm, red) and emission 22239 PO LQ GHJDVV H Gy BOR HiWIRED L V
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The emissionof thefac[Re(N*N)(COlNP]PFscomplexeshad a lifetime of 50+171ns which
is similar to the experimentally measuredphosphorescencelifetime of the fac
[Re(N"N)(COXPyriding PFs (129 n3.

As stated beforén Section 1.1 the photochromic reaction involvindd3naphtho[2,1b]pyrans
follows a onephoton absorptioiilPA) mechanism. The absorption of an UV photon generates the
first or second singleexcitedstates (5and S) which rapidly relax @ the lowest energy excited
state (2 %\ IROORZLQJ .DVKDfV UXOH LW LV IURBS thédtktheV IJHQ}
photochromic reactiomccurs Remarkably, Wen irradiatingthe photochromidRe(l) complexes
with violet light (45 QP ! 400 nn) a PSS was generated which corresponded ta88% of
the PSS reached with UWradiationat 365 nm Considering that th@yridyl-3H-naphtho[2,1
blpyrars themselvesdo not absorb in the visible region, it was assumed that the photochromic
reactionwas occurringdue toa triplet photosensitization mechanism. It wasvisionedthat after
exciting in the!MLCT absorption bandintersystem crossingauld populate the MLCT excited
state Hence therewould be an intramoleculagnergy transfefrom the3MLCT excited state t@
3IL excited state localized in the naphthopyran scaff@dnsequently, the photochromiimg-
openingreaction wouldbe triggeredrom this °IL excited statgFigure 2.43. Another important
observation was that the PSS was reached much faster under UV irradiation (1 min) when
compared to the simpl@-pyridyl-3H-naphtho[2,b]pyrans (10 min) which indicate that possibly
two synergic mechanisms were triggering the photochrageaction under UV irradiation: one

from a singlet excited singlet stateY&nd a second from3L excited state.

A yY ’\6:& 0/&7

T~ ! - Photoproduct

Figure 2.43 Energy transfer pathway ftinefac-[Re(N*N)(CO}NP]PF complexes.
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Thus, the photochromic properties of tif@c-[Re(N*N)(CO}NP]JPFs complexes, besides
depending on typical effectike inductive, resonancandstericeffects would also depend on the
nature of thébidentate ligand and how efficiently the energy transfer froniNHeCT excited state

to the®IL excited state would occur.

2.3.2.1 Photochromismand Photoswitching of fac-[Re(BPy)(CO)sNP]PFs, NP = 10-Pyridyl -
3H-naphtho[2,1-b]pyran

Upon UV irradiation, theRe(l) complex2.229 generated the photomerocyarsriz288 in a
solution of DCM:PhMe (1:1jScheme 2.38).

Scheme 2138 Electrocyclic ringopeningof Re(l) complex2.229

The resulting PSS was characterized bywof 472nm (Figure 2.44). When compared to the
10-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.36, there was asmall bathochromic shifof 8 nmand
faster bleaching kineticfly, = 3398 s) (Table 2.19. Strikingly, the colourability increased by a
factor of42 ( H= 11000 Mi.cmt). Possibly, the increase in colourability was due to energy transfer
from the3MLCT excited state to thélL excited statefrom which the photochromic reactiovas
driven Considering the buik coordinating 4pyridyl groupat G10, he slow bleaching kinefs
reflectedthe slow thermal isomerizationf T +TC which wasa consequence of the largetivation

energy barrier towasthe formationof the TC isomer from the TT iso
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Figure 2.44UV-Vis spectra of the Re(l) compl&229(0.014 mM in a mixture of

toluene:dichloromethan@:1)) in the closed form (black) and in the PSS (red)

Table 212 Spectroscopic data ¢dc-[Re(BPy)(CO}NP]PF, NP = 10
Pyridyl-3H-naphtho[2,1b]pyran intoluene.

Entry Compounds  ass(nm)  tw (S) ka Hss(M.cnr?) em (NM) Zm (ns)
1 2.36 458 7149 1.43x10°M1ls? 206 N/A N/A
. 464* 261*
2.229 472* 3398 1.67x 104 s¥* 11000 N/A N/A

*In PhMe:DCM (1:1)

Another important observation was that the Re(l) comp@®29 was not emissive in
acetonitrile at room temperatu(Eigure 2.45). This was possibly due tihe steric clash between
the luminescent unit and the naphthopyran maigdtich could have disturbettie MLCT emissive
excited state. Considering the increase in the photochromic colourability, possibly the energy from
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the perturbed®MLCT excited state was quicklylost by energy transfer to th#lL excited state and

by internal conversion.

80000
60000
n
o
O 40000 — Emission of closed form
(0.024 mM in degassed
acetonitrile)
20000

OAI\M"’W“"‘N

425 475 525 575 625
Wavelength (nm)

Figure 2.45Emission spectrum de(l) complex2.229 Z L W K400 nm(0.024 mM in degasse
acetonitrile) in the closed form.
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2.3 Photophysical Properties

2.3.2.2 Photochromism and Photoswitching dac-[Re(N*N)(CO)sNP]PFs, NP = 9-Pyridyl -3H-
naphtho[2,1-b]pyran and N*N = BPy, PyTz

Upon UV irradiation, thdac-[Re(N*N)(CO3NP]PFs, NP = 3Pyridyl-3H-naphtho[2,1b]pyran
and NN = BPy, PyTzgenerated theorresponding photomerocyanines solution (Scheme
2.139).

Scheme 2L39Electrocyclic ringopeningof Re(l) complexe2.23Q 2.231and2.238

By comparingto the simple 9-pyridyl-3H-naphtho[2,1b]pyrars 2.48 and 2.5Q0 the fac
[Re(N"N)(COXNP]PFs (N*N = BPy, PyT2 generatedphotostationary statethat were slightly
bathochromic shifted (28 nm)(Table 2.13. Furthermore, the colourdhy increased by a factor
of 64 =85 which was a consequence of the triplet photosensitization mechaligsnworth
mentioning that the bleaching of the PSS of Re(l) com@l@81 (Entry 4, Table 2.13 was 90
times faster than the-@-pyridyl)-3H-naphth¢2,1-bjpyran 250 (Entry 2, Table 2.13 partly
because the coordination thfe rhenium atonpreventedhe formation of thehypothesizedd-bond
between the -pyridyl nitrogen and the hydrogen of one of the Q@rbups of the corresponding
photomerocyaninél C).
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2.3 Photophysical Properties

Table 213 Spectroscopic data fdc-[Re(N*N)(CO3NP]PFs, NP = 9Pyridyl-3H-
naphtho[2,ib]pyran and N*N = BPy, PyTz itoluene.

Entry Compounds N~N Py

2.48 No 4Py 472 125 4.69x102M1ls? 70 N/A

2.50 No 3Py 472 10932 1.71x10*M<1ls? 78 N/A

3 2.230 BPy 4Py 474 200 3.24x 103 s? 4300 571*
480* 5000*

2.231 BPy 3Py 480 122 4.57x 103s? 4200 577*

2.238 PyTz 4Py 475 15324 1.64x10*M1s? 5952 486

491*

* In PhMe:DCM (1:1)

It is noteworthy that changing the bidentate ligand not affigctedthe colourability but also
the bleaching kinetics. Thus, the Re(l) compleRe230 and 2.231 that contained &8Py ligand
produced less intense coloured solutions that bleached faster when compared to Re(l) complex
2.23 thatcontaineda PyTz ligandAs stated before, by changing the bidentate ligand the energy of
the phosphorescence from #LCT excited state shift Whenthe BPy ligand wasncorporated
theemission of the Re(l) complexessmuch lower in energy than the absorbance of the BE&
overlap of the emission spectra of the Re(l) complexestlamdbsorbance of the PS&s very
limited (Figures 2.46 and2.47). Assuming that thélL excited state, from which the photochromic
reactionwas driven was higherin energythan theenergy of the absorbance of the PSS, it was
rationalized thatwhen the BPy ligand was employatie MLCT excited state was too lom
energy, therefore the energy transfer to the higyfieg °IL excited statealthough still occurring, it
was not favoure@Figure 2.48).

203



2.3 Photophysical Properties

480 nm

1 \
0.8
e —e— Absorbance of PSS (0.03
9 mM in a mixture of
T 0.6 toluene:dichloromethane
= (1:1))
o
Z 04
Emission of closed form
0.2 (0.017 mM in a degassed
mixture of
toluene:dichloromethane
0 (1:1))
410 510 610

Wavelength (nm)

Figure 2.46 Normalized spectra of absorbance of the PSE280(0.033 mM in a mixture of

toluene:dichloromethane (1:1), after UV irradiation, red) and emissiar280 (0.017 mM in a

GHJDVVHG PL[WXUH RI WRO X 36D @rlyéllisi).RURP H V

480nm
1
——— Absorbance of PSS (0.064
0.8 mM in toluene)
=]
Q
N
= 06
£ Emission of closed (0.034
5 . .
Z 04 (r)nfM in a degassed mixture
toluene:dichloromethane
0.2 (1:1))
0
400 500 600 700

Wavelength (nm)

Figure 2.47 Normalized spectra of absorbance of the PSE281(0.064 mM in toluene, after L
irradiation, blue) and emission 2f231(0.034 mM in a degassed mixture of

WROXHQH GLFK O Reki 38R hhwWetld H
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2.3 Photophysical Properties

Figure 2.48 Energy transfer pathway féaic-[Re(BPy)(CO}NP]PF 2.230and2.231, NP =9
Pyridyl-3H-naphtho[2,1b]pyran.

In contrast,for the Re(l) complex2.238 that contained a PyTz liganithe overlap of the
emission spectrum and the absorbance spectrum of the PSS in toluene wasashplete(Figure
2.49). As a result, the’lL and 3MLCT excited states were much closer in energy which

consequently led tanimprovedenergy transfer from th#MLCT to the®lL excited statgFigure
2.50).

475 nm 486 nm

0.8
©
_qﬁ —— Absorbance of PSS
(_éi 06 (0.027 mM in toluene)
S
Z 04 — Emission of closed
form (0.027 mM in
0.2 degassed toluene)
0
375 475 575

Wavelength (nm)

Figure 249 Normalized spectra of absorbance of the PSE288(0.027 mM in toluene, after L
irradiation, red) and emission of compl2:238 PO LQ GHJDYV Vek 834Wrbe).
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A - ~ 0/8&7 /

Figure 2.50 Energy transfer pathway féac-[Re(PyTz)(COINP]PFs 2.238 NP = 9Pyridyl-3H-
naphtho[2,1b]pyran

As a result of the more efficient triplet = triplet energy transfer pathway the fac
[Re(PyTz)(COINP]PFs 2.238 produced a more intense coloured solution that persisted for a longer
period of timewhen comparetb [Re(BPy)(CO)}NP]PFs 2.230 and2.231

It is worth mentioning that the quantum yigl&r) of the>MLCT phosphorescence of the PyTz
ligand containingRe(l) complex2.238 (Entry 3, Table 2.14 washigherthan the ¥ of the BPy
ligand containindRe(l) complexs2.230 (Entry 1, Table 2.14 and2.231(Entry 2, Table 2.14.

Another very important implication of the triplettriplet energytransfer pathway is that it
effectively depopulates the emissiWBILCT excited state and populates the ssonissiveIL
excited stateConsequentlythe photobromic reactioreads to theeversible photoswitéhg of the
SMLCT phosphorescence. It was rationalized that the effectiveness of the photwsydepends
on how efficient thetriplet =+ triplet energy transfer pathway is and on the amount of
photomerocyanine in the photostationaryesi@olourability) Understandablyby UV irradiating a
solution of thefac[Re(PyTz)(COJNP]PFs 2.23 the phosphorescencguench (68%) was 36
times higher than thefac-[Re(BPy)(CO}NP]PFs 2.230 and 2.231 (12% and 24%, respectively)
(Table 2.14. The emission bands of the P&8d ofthe closedforms had the same wavelength
maxima which showed that the phosphorescence derived from the ¥di@T excited state
(Figures 2.51 +2.53).
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2.3 Photophysical Properties

Table 214 Spectroscopic data fdc-[Re(N*N)(COxNP]PF, NP = 3Pyridyl-3H-
naphtho[2,3b]pyran and N*N = BPy, PyTz in toluene.

Entry Compounds N”N Py Abs (Nm) em(Nm)  ¥%r(%)  Yess(nm) Quench (%)**

1 2.230 BPy 4-Py 474 571* 0.068* 0.039* 12*
480*

2.231 BPy 3-Py 480 577* 0.032* 0.023* 24*

3 2.238 PyTz 4Py 475 486 13 2.2 68
491*

*In PhMe:DCM (1:1) ** Quench (%) was calculated by the ratio betweerethissionintensityof the closed

form and PS%&t themaxima of emission

2000000
1500000 —— Emission of closed form
(0.017 mM in a degassed
0 mixture of
Q. 1000000 toluene:dichloromethane
© (1:1)
—— Emission of PSS (0.017
500000 mM in a degassed
571 nm mixture of
toluene:dichloromethane
(2:1))
0
390 490 590

Wavelength (nm)

Figure 2.51 Emission spectra of rhenium(l) compl2xX230 Z L WK360 nm(0.017 mM in a

degassed mixture of toluene:dichloromethane (1:1)) in the closed form (blue) and in the P:
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30000
577nm
25000
—— Emission of closed form

20000 (0.034 mM in a degassed
" mixture of
% 15000 toluene:dichloromethane

(1:2))

10000 —— Emission of PSS (0.034
mM in a degassed
mixture of

5000 toluene:dichloromethane
(2:1))
0

485 535 585 635 685
Wavelength (nm)

Figure 2.52 Emission spectra of rhenium(l) compl2x31 Z L WK384 nm(0.034 mM in a

degassed mixture of toluene:dichlorometh@ng)) in the closed form (blue) and in the PSS (i

2500000
486 nm
2000000
o, 1200000 —— Emission of closed form
o (0.027 mM in degassed
O toluene)
1000000
—— Emission of PSS (0.027
mM in degassed toluene)
500000
0

400 450 500 550 600 650
Wavelength (nm)

Figure 2.53 Emission spectra of rhenium(l) compl2x238 Z L WxK384 nm(0.027 mM in
degassed toluene) in the closed fornu¢pbnd in the PSS (after UV irradiation, red).
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2.3.23 Photochromism and Photoswitching ofac-[Re(N”*N)(CO)sNP]PFs, NP = 8Pyridyl -3H-
naphtho[2,1-b]pyran and N*N = BPy, PyTz, BTz

Upon UV irradiation, thdac-[Re(N"N)(CO3NP]PFs, NP = 8Pyridyl-3H-naphtho[2,1b]pyran
and N*N = BPy, PyTz, BTzjenerated the corresponding photomerocyanines in sol&rene
2.140).

Scheme 2L40Electrocyclic ringopeningof Re(l) complexe2.293

By comparing tathe simple8-pyridyl-3H-naphtho[2,1b]pyrars 2.57, 2.59 and 2.77, the fac-
[Re(N*N)(COxNP]PFs (N*N = BPy, PyTz BTz) generated photostationary states that were
slightly bathochromially shifted (0.4 nm) with better colourabilityn solution Remarkably for
the BPy ligand containinghenium(l)complexs2.232and2.233there was a simultaneous increase
in the colourability and the rate of bleaching. For examgié)V irradiation ofa PhMe:DCM (1:1)
solution of the rhenium(l) complexX.232 (Entry 4, Table 2.15, a photostationary state was
generatedhat was31 times more coloured arib82 times faster to bleaclft. = 15 s) than the
corresponding §4-pyridyl)-3H-naphtho[2,1b]pyran 2.57 (Entry 1, Table 2.15. The increase in
colourability was attributed to th&riplet photosensitization mechanisrivioreover, the faster
bleaching kinetics waascribedo thedisturbanceof the electronic conjugation of thielocalized E
system of the photomerocyanine, upon coordination to the rhenium atom, which destabilized the
photomerocyanineHence, tiplet photosensitizedaphthopyranghat generate photomerocyanines,
upon UV irradiation, that aredestabilized by electroniand/or stericeffects may prove to be a

promising design for very fast photochromes with good colourability in solution.
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2.3 Photophysical Properties

Table 215 Spectroscopic data fdc-[Re(N*N)(COxNP]PFs, NP = 8Pyridyl-3H-naphtho[2,1b]pyran and N*N = BPy, PyTz, BTz in toluene.

Compounds

NN

2.233

2.234

.

2.240

. .

* In PhMe:DCM (1:1) ** In MeCN. *** In MeCN ( Q> 400 nm).

BPy
BPy

PyTz

PyTz

BTz

4-Py
3-Py
4-Py

4-Py

3-Py
4-Py

4-Py

4-Py

4-Py

H

OMe

OMe

OMe

Abs (NM)
482

486*
476
490

500*

486*
496
496*
492

492**

490**

492
490**

ts. (S)
57740

25227*
6643
94
15*

84*
790

3747+

1399*

4058

210

2.31x 10°M1st?

1.08x 10* M1s?

3.53x10*M1s?

2.08x 10?M1s?
N/A

7.36x 108s?
N/A

5.67x 10* Mgl

N/A

N/A

120
170*
65
18000
5200*

4000*
16000
14000*
24000**
8700***

32000**
14000***
5900
8700**

N/A

N/A

N/A
602*
599**
583*
603*

444
462*
490**
500**

444
459*
490**



2.3 Photophysical Properties

In contrast tahe other BPyigand containing rhenium(l) complexes, the PS2@34 (Entry
6, Table 2.15 showed slower bleaching kinetieghen compared to the correspondBigyridyl-
3H-naphtho[2,ib]pyran 2.77. It was hypothesized that the effect of the electronic conjugation on
the photomerocyaning.265 (from 8-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.77) in addition to the
effect of having an extra methoxy groupCag smight have constrained the TC isomerization to the
TT isomer leading to relative fast bleaching kineties the thermal ring closure of the TC isomer
is much faster than theomerizationof the TT to the TC isomer. Thus, upon coordination to the
UKHQLXP DWRP WKH HOHFWURQLF FRQMXdiuWwbedRaowimg avVKH G
more extended isomerization of the TC to the TT ison@ansidering that thateric demand
imposedby the methoxy group at-2 slows down significantly ththermalisomerization of the TT
to the TC isometthe t, (s) hadnecessarilyo increase.

Upon UV irradiation to a photostationary statiee Re(l) complexe2.239 (PyTz) (Entry 7,
Table 2.19 and 2.245 (BTz) (Entry 9, Table 2.15 showed better colourability and slower
bleaching kineticsn solutionthanthe Re(l) complex2.22 (BPy). Thus, theRe(l) complex2.239
(PyTz) produced a red colour in acetonitrile that was 5 times stramge250 times slower to
bleach when compared tthe BPy containing Re(l) complek.232 in PhMe:DCM (1:1) As
discussed before, the difference in spectrokinetics between the BPy ani@PzdontainingRe(l)
complexeswas attributedo a difference in the efficiency of the triplettriplet energytransfer
pathway. For theRe(l) complex 2.232 (BPy) there was only a small overlap between the
absorbance band of the PSS and the emission band of thefdosd@igure 2.4). Therefore the
3MLCT excited statewas lower in energy than thélL excited state whichestrictedthe energy
transferfrom the brmer to the lattetOn the other handpr the Re(l) complexe®.239(PyTz) and
2.245(BTz) the overlap between thabsorbance band of the PSS and the emission band of the
closedform in acetonitrilewas almost completéFigures 2.55 and 2.56). Therefore the SMLCT
and thée’lL excited states were much closer in energy which leanmre efficient energy transfer
from the former to the lattelt washypothesizedhat theeffect of having a very efficierttiplet +
triplet energypathwayfor the R€l) complexes2.239 (PyTz) and2.245 (BTz) overpoweredthe
GHVWDELOL]DWLQJ HIITHFW RI WKH GLVUXSWLRQ RI Wé&fH HOH

the photomerocyanine, ultimatdBading to longer(s).
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500 nm
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0.2 mixture of
' toluene:dichloromethane
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0
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Figure 2.54 Normalized spectra of absorbance of the PS5282(0.039 mM in a mixture of
toluene:dichloromethane (1:1), after UV irradiation, red) and emissiar282(0.041 mM in a
GHIJDVVHG PL[WXUH RI WR O X 2468 1@rl, 6rEmMge. U R P HW

* Artefact duetoD GLIIUDFWLRQ JUDWLQJ FKDQJH IRU ORQJ UHJLRQ GHWHEFV

1.1 490nm
492nm
0.9
—— Absorbance of PSS
(0.016 mM in
0.7

acetonitrile)

Normalized
o
[6)]

—— Emission of closed

0.3 form (0.016 mM in
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0.1 acetonitrile)

.0.1406 506 606
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Figure 2.55Normalized spectra of absorbance of the PSE289(0.016 mM in acetonitrile, afte
UV irradiation, blue) and emission 8f239(0.016 PO LQ GHJDV V H G RDIDHWRA).!
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0.8
\
o \
I \ —— Absorbance of PSS (0.03!
C_EG 06 \\ mM in acetonitrile)
S
< 04 Emission of closed form
(0.035 mM in degassed
0.2 acetonitrile)
0
390 490 590

Wavelength (nm)

Figure 2.56 Normalized spectra of absorbance of the PSE52#5(0.035 mM in acetonitrile, afte
UV irradiation, blue) and emission 8245 PO LQ GHJD VYV H Gy BBF HiY\gREN)

It is worth mentioning that the quantum yigl&r) of the3MLCT phosphorescence of tiRe(l)
compledes varied with the nature of the bidentate liga¥dl: > ¥%,7.> ¥py (Table 2.16.

The triplet xtriplet energytransfer pathway effectively dkgped to a variabledegreethe
emissive®MLCT excited state and populatéhe nonemissive’lL excited state. Consequently, the
photochromic reaction led to the reversible photoswitching ofNHeCT phosphorescencét was
rationalized that theercentage ofuminescencequenchwould be higher if the triplet ztriplet
energy pathwaywvas more efficient For example, upon UV irradiation of a PhMe:DCM (1:1)
solution of the BPYigand containing Re(l) comple2.232to a photosttionary statepnly 13% of
the SMLCT phosphorescence was quenchad thetriplet +triplet energy pathway was very
ineffective Figure 2.57). On the other handior acetonitrile solutions of thee(l) complers2.239
(PyTz) and 2.245 (BTz), 80% and 75% of thé MLCT phosphorescence was quenched,
respectively, upon UV irradiation to a photostationary stdtigufes 2.58 and 2.59). The
improvement of the percentage of luminescence quenched reflected the better energy transfer from
the 3MLCT excited state to th&8L excited state as tkewere much closer in energy. Overdtir
the Re(l) complexes containingyPz and BTz ligandsthe reversible photoswitalg of the
phosphorescenceas substantially higher (5280%) thanthe Re(l) complexes containing BPy
ligands (11+£19%) (Table 2.16.
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800000
602 nm
600000 —— Emission of closed form
(0.041 mM in a degassed
0 mixture of
% 400000 toluene:dichloromethane
(1:2))
—— Emission of PSS (0.041
200000 mM in a degassed
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toluene:dichloromethane
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0
478 578 678
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Figure 2.57 Emission spectra of thee(l) complex2.232 Z L W,)K403 nm(0.041 mM in a
degassed mixture of toluene:dichloromethane (1:1)) in the closed form (red) and in the PS

1200000
490nm
1000000
800000
0 —— Emission of closed form
% 600000 (0.019 mM in degassed
acetonitrile)
400000 —— Emission of PSS (0.019

mM in degassed

il
200000 acetonitrile)

408 458 508 558 608
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Figure 2.58 Emission spectra of tHee(l) complex2.239 Z L WyK392 nm(0.019 mM in degasse

acetonitrile) in the closed form (blue) and in the PSS (after UV irradiation, red).
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300000 490 nm

v 200000 —— Emission of closed form
(0.035 mM in degassed
acetonitrile)
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acetonitrile)
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0
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Figure 2.59 Emission spectra of thee(l) complex2.245 Z L W,K387 nm(0.035 mM in degasse¢
acetonitrile) in the closetbrm (blue) and in the PSS (red).
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Table 216 Spectroscopic data tdc-[Re(N*N)(COxNP]PFs, NP = 8Pyridyl-3H-naphtho[2,3b]pyran and N*N = BPy, PyTz, BTz in toluene.

Compounds N~N

2.232 BPy
2.233 BPy
2.234 BPy

2.239 PyTz

2.240 PyTz

- 2.245 BTz

4-Py

3-Py

4-Py

4-Py

4-Py

4-Py

OMe

OMe

500*

486*

496

496*

492

492**

490**

492
490**

16000
14000
24000+
8700*

32000+

14000**
5900
8700

602*
599**
583*

603*

444
462*
490**
500**

444
459*
490**

Zm
(ns)

110, 12, 3
(1.044)

4,27,55
(1.303)

6, 8, 68
(1.270)

¥
(%)
0.091*

0.22**
0.091*

0.030

15
0.83**

0.57**

PAE

Yoss
(nm)
0.073*

0.046*

0.024

0.38
0.13**

0.26**

7.9%*

Quench (%)****

13*

19*

11+

75
80**

72**

57
71**

* In PhMe:DCM (1:1) ** In MeCN. *** In MeCN ( Q> 400 nm). **** Quench (%) was calculated by the ratio betweerthission intensity of the

closed form and PS& themaxima of emission
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It was rationalized thathe design ofphotochromic Re(l) complexes with efficient triplet
triplet energy pathways and good colourability woulddléo an improvedphotoswitciing of the
SMLCT phosphorescenc@hus the PyTzligand containing Re(l) complex.240that had an extra
methoxy group at € ewas prepared aneffectively produced the strongest colour acetonitrile
after UV irradiation(Entry 5, Table 2.16. Upon reaching a photostationary statee MLCT
phosphorescence quenelas justy72% yet practicallyall the initial green phosphorescence
disappearedqFigure 2.60). Considering that themission bandvas slightly redshifted (10 nm)
when compared to the absorbance band of the P&&etonitrile,the 3MLCT excited state might

have beeslightly low in energy foranidealenergy transfer to thL excited statéFigure 2.61).

800000
500 nm
600000
%) — Emission of closed form
% 400000 (0.011 mM in degassed

acetonitrile)

— Emission of PSS (0.011
200000 mM in degassed
acetonitrile)

400 500 600 700
Wavelength (nm)

Figure 2.60 Emission spectra of tHee(l) complex2.240 Z L WyK382 nm(0.011 mM in degasse

acetonitrile) in the closed form (green) and in the PSS (red).
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490nm 500 nm

0.8
3
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g : mM in degassed
5 acetonitrile)
< 04 —— Emission of closed form
(0.011 mM in degassed
0.2 acetonitrile)
0
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Wavelength (nm)

Figure 2.61 Normalized spectra of absorbance of the PSE25#0(0.013 mM in degassed
acetonitrile, after UV irradiation, red) and emissior2#40(0.011 mM in degassed acetonitril

exc 382 nmgreen).

As stated beforahe 3MLCT emission of the Re(l) complexes showed a typical red shiften
emission energyy increasingthe solvent dielectric constant. Thus, teeergy of the’MLCT
emission of the Re(l) complexes can be modulatesiraply changing the solveniterestingly,an
improved luminescenceguenchwas attained when the solvesglectedallowed abetteroverlap
between the absorbance band of the PSS and the emissrofodoe rhenium(l) complex. For
example, for the PyTigand containing Re(l)complex2.239there was a small increase of the
luminescence quendhom toluene (75%) to acetonitrile (80%Fjigure 2.62). A largerincreaseof
the luminescence quenctras attained for the BThkgand containing Re(l) comple®2.245 from
toluene (57%) to acetonitrile (71%dHi¢ure 2.63).
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1.1 490nm
492nm
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Figure 2.62 Normalized spectra of absorbance of the PS5289(0.016 mM in acetonitrile, afte
UV irradiation, blue), emission &.239(0.016 PO LQ GHJDVYVHGgRIHMRA bW
emissionof 2.239 PO LQ GHJDV Veki 888yt Q H

490nm
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—— Absorbance of PSS
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©
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Figure 2.63Normalized spectra of absorbance of the PSE2:#5(0.035 mM in acetonitrile, aft:
UV irradiation, blue), emission &.245 PO LQ GHJD YV Vi B16WriRgexn-aQa-
emission o2.245 PO LQ GHJDVVH GBBF HWWVRIQ LW UL O
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Notably, the PyTz ligand containindRe(l) complexe2.239 and 2.24Q that displayed very
good photoswitching abilt showed no fatigueafter ten absorbance and emission cyates
acetonitrile at room temperatu(gigures 2.64 +£2.67). Each cycleinvolved generatinghe PSS
upon UV irradiation (365 nm, 20 sec) followed fyrced restoration of the closefdrm upon

irradiationwith visible light ( > 450 nm).

Absorbance Cycles
0.5

I

0.2

NARENENE

Figure 2.64 Absorbance cycles of the Re(I) compl239(CF +PSS) after UV irradiation (0.®:
mM in degassed acetonitrile).

Absorbance at 490 nm
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Figure 2.65Emission cycles of the Re(l) compl2xX239(CF +PSS) after UV irradiation (0.®1
mM in degassed acetonitrile).
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Absorbance Cycles
0.5

0.4 N
0.3
0.2

o.ll M

0

Absorbance at 490 nm

Figure 2.66 Absorbance cycles of the Re(l) compl240(CF +PSS) after UV irradiation (0.0:
mM in degassed acetonitrile).
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Figure 2.67 Emission cycles of the Re(l) compl2xX240(CF £PSS) after UV irradiation (0.01:

mM in degassed acetonitrile).
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2.3.2.4 Photochromism and Photoswitching dac-[Re(N*N)(CO)sNP]PFs, NP = 7-Pyridyl -3H-
naphtho[2,1-b]pyran and N*N = BPy, PyTz

Upon UV irradiation, thdac-[Re(N*N)(CO3NP]PFs, NP =7-Pyridyl-3H-naphtho[2,1b]pyran
and NN = BPy, PyTz, generated the corresponding photomerocyanines in softloeme
2.141).

Scheme 2141 Electrocyclic ringopeningof Re(l) complexe®.235and2.241

In comparisorto the photochromic performance of trsemple 7-(4-pyridyl)-3H-naphtho[2,1
blpyran2.98 (Entry 1, Table 2.17%, the Re(l) complegs2.23% (BPy) and2.241 (PyTz) produced
slightly bathochromic shifted8( £14 nm) photostationary stateéa solutionunder UV irradiation
Furthermorethe spectrokinetiproperties of the Re(l) complexes were modifiedchgnging the
bidentateligand Hence, pon UV irradiationof an acetonitrile solution of the PyTz containing
Re(l) complex2.241 (Entry 3, Table 2.17, a photostationary state was generatedwlaa? times
more coloured anil3 times slower to bleach thdhe photostationary state from tB€y containing
Re(l) complex2.235 in toluene(Entry 2, Table 2.17. It is relevantto mentionthat for a more
accurate comparison of the spectrokinepegpertiesof the Re(l) complexe2.235and 2.241 it
would havebeen necessary tperformthe analysis in the same solveleverthelessthe variation
in the spectrokinetics properties of theyBkhd PyTz containin®e(l) complexes ereattributed to
a good degree tdifferences irnthe efficiency of the tripletttriplet energytransfer pathwayThus,
for theRe(l) complex2.23% (BPy) there was only a small overlap between the absorbance band of
the PSS and the emission bandttoé closeedform (Figure 2.68). Therefore, thé MLCT excited

state was lower in energy than the excited state which restricted the energy transfer from the
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former to the latter. On the other hafaf,the Re(l) comple2.241 (PyTz) the overlap between the
absorbance band of the PSS and the emission band of the fosedh toluenewas almost
complete Figure 2.69). Therefore, theMLCT and the®IL excited states were much closer in
energy which led to a more efficient energy trangfathwayand ultimately to an increase in
colourability and i (S).
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2.3 Photophysical Properties

Table 217 Spectroscopic data édc-[Re(N*N)(COxNP]PFs, NP = 7(4-Pyridyl)-3H-naphtho[2,1b]pyran and N*N = BPy, PyTz in toluene.

Entry Compounds N~N Abs a Ycr ¥%ss  Quench (%)***
(hm) (%) (nm)
2.98 No 468 87220 N/A 140 N/A N/A N/A N/A N/A
2 2.235 BPy 480 807 7.71x 10%s? 7100 566* 171, 16,4 0.027* 0.015* 37*
. 482* (1.248)*
3 2.241 PyTz 476~ 10609*  3.48 x 10*M L.l 16097** 475 4,20,59 (1.137) 2.3 0.16 81
479* 0.48** 0.13** 71x*
509**

* In PhMe:DCM (1:1) ** In MeCN. *** Quench (%) was calculated by the ratio betweerthission intensity of thelosed form and PS& themaxima of emission
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482 nm
1
0.8
Absorbance of PSS (0.024
o X .
@ mM in a mixture of
= 0.6 toluene:dichloromethane
é (1:1))
o
< 04 .
Emission of closed form
(0.024 mM in a mixture of
0.2 toluene:dichloromethane
(1:1)
0
410 510 610

Wavelength (nm)

Figure 2.68 Normalized spectra of absorbance of the PS5285(0.024 mM in a mixture of
toluene:dichloromethane (1:1), after UV irradiation, red) and emissiar28%5(0.024 mM in a
GHIJDVVHG PL[WXUH RI WR O X E&387 1@, fekdvVRURP H YV

475nm
475 nm

0.8
ks
N 06 —— Absorbance of PSS (0.01¢
g : mM in acetonitrile)
S
Z 04 —— Emission of closed form
(0.029 mM in degassed
0.2 toluene)
0
390 490 590

Wavelength (nm)

Figure 2.69 Normalized spectra of absorbance of the PSE2%#1(0.016 mM in degassed
acetonitrile, after UV irradiation, red) and emissior2 41 PO LQ GHJDV Vek !
394 nmblue).
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It is worth mentioning that the quantum yigl&r) of the>MLCT phosphorescence of the PyTz
ligand containingRe(l) complex2.241 was higher than the¥r of the correspondin@Py ligand
containingRe(l) complex2.235

Upon UV irradiation of solutions of thRe(l) complexe.235and 2.241], the corresponding
photostationary states were generated. Asrsequencef the photochromic reactiothe*MLCT
phosphorescenagas quenchetb a variable degredecause th8MLCT excited state was partially
depleted by energy transfer to tRk excited state.The amount of luminescence queimgh
depended on the efficiency of the triplettriplet energytransfer pathway. Thus, for thee(l)
complex 2.235the luminescence quench was oelyual t037% in a PhMe:DCM (1:1) solution
(Figure 2.70). Hitherto, for theRe(l) complex2.241the luminescence quenghsolutionwas much
higher and equal to 7381%, reflecting the more proficietriplet +triplet energy transfer process
(Figure 2.71).

30000 566 nm
25000
—— Emission of closed form
20000 (0.024 mM in a degassed
0 mixture of
Q. 15000 toluene:dichloromethane
O (1:1))

10000 Emission of PSS (0.024
mM in a degassed
mixture of

5000 toluene:dichloromethane
| (1:1))
0
420 520 620

Wavelength (nm)

Figure 2.70 Emission spectra of rhenium(l) compl2x235 Z L WuK397 nm(0.024 mM in a
degassed mixture of toluene:dichloromethéng)) in the closed form (red) and in the PSS

(green).
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600000
475 nm
450000
0 —— Emission of closed
% 300000 form (0.029 mM in

degassed toluene)

—— Emission of PSS
150000 (0.029 MM in

degassed toluene)
0 /f_\‘

410 460 510 560 610
Wavelength (nm)
Figure 2.71 Emission spectra of rhenium(l) compl2x41 Z L W K394 nm(0.029 mM in
degassed toluene) in the clodedn (blue) and in the PSS (red).

The 3MLCT emission of the Re(l) compleX.241showed a typicabathochromicshift in the
emission energy by increasing the solvent dielectric constantm@iroved luminescence quench
was attained when toluene wased as solvenas it allowed a better overlapetween the
absorbance band of the PSS and the emission band of the rhenium(l) car@gligfFigure 2.72).
Thus, there was a small increase of the luminescence quench from acetonitrile (71%) to toluene
(81%).
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475nm
509 nm

0.8 —— Absorbance of PSS (0.01¢
2 mM in acetonitrile)
N
< 0.6
§ Emission of closed form
3 04 (0.029 mM in degassed
toluene)
0.2 ——Emission of closed form
' (0.016 mM in degassed
acetonitrile)
0
390 490 590

Wavelength (nm)

Figure 2.72Normalized spectra of absorbance of the PS52%#1(0.016 mM in degassed
acetonitrile, after UV irradiatiorhlue), emission 02.241(0.029P0 LQ GHJDVV R&&8WW
nm greer) and emission a2.241 PO LQ GHJDVVH G882 HyYeR)Q L W

Notably, the PyTz ligand containing Re(l) compl&241, that displayed very good
photoswitching abilityshowed no fatigue after ten absorbance and emission ayelestonitrile at
room temperatureHgures 2.73 and 2.74). Each cycle involved generatirthe PSS upon UV
irradiation (365 nm, 20 sec) followed by restoration of the clkdeed upon irradiatiorwith visible
light ( > 450 nm).

03 AbsorbanceCycles
s rtrttrrnt
HHMHH

Figure 2.73 Absorbance cycles of rhenium(l) comp@2241(CF +PSS) after UV iradiation (0.01

mM in degassed acetonitrile).
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Emission Cycles at 509 nm
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Figure 2.74Emission cycles of rhenium(l) compl@241(CF £PSS) after UV irradiation (0.01

mM in degassed acetonitrile).

2.3.2.5 Photochromism and Photoswitching ofac-[Re(PyTz)(COxNP]PFs, NP = 6Pyridyl -
3H-naphtho[2,1-b]pyran

The UV irradiation of the fac[Re(PyTz)(COJNP]PFs, NP = 6Pyridyl-3H-naphtho[2,1
blpyran generated theorresponding photomerocyanines in solutiSoheme 2.42).

Scheme 2142 Electrocyclic ringopeningof Re(l) complexe2.242and2.243
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Upon UV irradiationin toluene the PyTz ligand containing Re(l) compleXx2242 and2.243
generated bathochromic shifted (384 nm) photostationary states when compareithéosimples-
pyridyl-3H-naphtho[2,ib]pyrans 2.214 and 2.215 (Table 2.18. Furthermore, theolourability of
the Re(l) complexe®.242 and2.243 increased by a factor of 88234 which was a consequence of

the triplet photosensitization mechanism.
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Table 218 Spectroscopic data &dc-[Re(PyTz)(COINP]PFs, NP = 6Pyridyl-3H-naphtho[2,1b]pyran in toluene.
Entry Compounds

Quench (%)***

2.214 4Py 470 3468 N/A 67 N/A N/A N/A N/A N/A
2.215 3Py 474 1206  2.12x 103M1s? 29 N/A N/A N/A N/A N/A
3 2.242 4Py 494 123 5.58x 103 s? 5900 469 10,50 (1.165) 2.5 1.7 33
490%* 470* 1.4 0.47* 69
. 477**
2.243 3Py 49 80 7.92x 103s? 6800 442 N/A 025 0.3 47
444*

* In PhMe:DCM (1:1) ** In MeCN. *** Quench (%)was calculated by the ratio between ¢maission intensity of thelosed form and PS& themaxima of emission
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Very interestingly, the photostationaryatd from theRe(l) complex2.242 (Entry 3, Table
2.18 bleached & times faster than the corresponditigands 6-(4-pyridyl)-3H-naphtho[2,1
blpyran2.214 (Entry 1, Table 2.18 while the photostationary state from tRe(l) complex2.243
(Entry 4, Table 2.18 bleached 15 times faster than the correspondif(@-@Bridyl)-3H-
naphtho[2,ib]pyran 2.215 (Entry 2, Table 2.1§. The fast bleaching kineticsasinterpreted in
light of the destabilization of the photomerocyanines upon coordination to themhatom. As
stated before, if the triplettriplet energy transfer pathway is efficient, the bleaching of the PSS
becomes slower, even considering the destabilization effect of the photomerocyaninest For th
case, there is a good overlap between thesgon band of the Re(l) complex and the absorbance
band of the PSS. However, if the tripleitriplet energy transfer pathway is not effectiviee
bleaching of the PSS becomes faster, as a result of the destabilization effeabe Foenium(l)
complexe2.242 and2.243, there is only a partial overlap between the emission band of the Re(l)
complex and the absorbance band of the P®8. overlap between the emission band and the
absorbance band of the PSS is not as good as Rjyferligand containinghenium(l) complexes
(Figures 2.5 and2.76). Thus,it was hypothesizethat the tripletttriplet energy pathway was not
efficient enough to generate thermally stable photostationary states. Interestingly, the emission
band of the rrenium(l) complexe2.242 and 2.243 were blue shifted when compared to the
absorbance band of the PSS. Consequehty?MLCT excited state was higher in energy than the
3IL excited state. However, both excited states were quite different in terms of energy. Possibly, the
degree of energy transfer from t#LCT excited state to the lowdying 3IL excited state depends
on the energy difference between both excited st#ftebe difference is todarge the energy
transfer is less efficient.
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Figure 2.75Normalized spectra of absorbance of the PS52%2(0.018 mM in toluene, after L
irradiation, blue) and emission 2242 PO LQ GHJDYV Vekd @2WRr€X H C

442 nm 490 nm

0.8
8
N 0.6 —— Absorbance of PSS (0.04
g ’ mM in toluene)
S
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Figure 2.76 Normalized spectra of absorbance of the PS52%3(0.045 mM in toluene, after L
irradiation,blue) and emission d2.243 PO LQ GHJDYV Veki B8WRRréX H C

Another indicationof the relatively poor energy transfer from tLCT excited state to the
lower-lying 3IL excited state was the comparatively poor photoswitching of 3&CT
phosphorescence. Thuggon UV irradiation otoluenesolutiors of the Re(l) complegs2.242and

2.243 only 33% and 47%of the 3MLCT phosphorescence was quenchebpectively Figures
2.77 and2.78).
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Figure 2.77 Emission spectra of rhenium(l) compl2x@42 Z L Wy K402 nm(0.018 mM in
degassed toluene) in the closed form (blue) and in the PSS (red).
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Figure 2.78 Emission spectra of rhenium(l) compl2xX43 Z L W,K358 nm(0.020 mM in
degassed toluene) in the closed form (blue) and in the PSS (red).

The 3MLCT phosphorescence of the Re(l) compR42showed a typical bathochromic shift
in the emission energy by increasing the solvent dielectric constanimproved luminescence
guench was obtained when acetonitrile was used as solvent as it allowéer a\eiap between
the absorbance band of the PSS and the emission band of the rhenium(l) ca24ibfigure
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2.79). Thus,there was a considerable increase of the luminescence quench from toluene (33%) to
acetonitrile(69%).

1.4
1.2
1 arrnm 492 nm —— Absorbance of PSS
D (0.018 mM in toluene)
N
T 0.8
£ Emission of closed form
§ 0.6 (0.018 mM in degassed
toluene)
0.4

—— Emission of closed form
0.2 (0.024 mM in degassed
acetonitrile)
0

410 460 510 560 610
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Figure 2.79 Normalized spectra of absorbance of the PSE2%2(0.018 mM in toluene, after L
irradiation, blue), emission @&.242 PO LQ GHJD YV Vek @2WrRgtenHQoH
emission o2.242 PO LQ GHJDVVH GBS HWHRIQLWULO
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2.3.2.7 Photochromism and Photoswitching offac-[Re(PyTzNP)(COXCI]°>, NP = 3H-
naphtho[2,1-b]pyran

Upon UV irradiation, the rhenium(l) complex 2.247 generated the corresponding
photomerocyanine2.301in a PhMe:DCM (1:1) solutiofScheme 2.43).

Scheme 2143 Photoisomerization of Re(l) compl&47

By comparing theresponse of thaimple 8-(pyridyl-triazole)}3H-naphtho[2,1b]pyran 2.110
with the fac rhenium(l) complex2.247 a photostationary stateas generatednder UV irradiation
that was slightly bathochromic shifted (14 nmijable 219). Furthermore, the colourability
increased by a factor of 132 which was a consequence of a triplet photosensitization process. Thus,
the red coloured produced in solution jpeesd for a shorter period of timé,(= 83 s) (Entry 2,
Table 19) when compared to the simple(®yridyl-triazole}3H-naphtho[2,1b]pyran 2.110 (t, =
1204 s) (Entry 1, Table 219). It was rationalized that the faster bleaching kinetics were a
consequence of the destabilization of the photomerocyanine upon coordination to the rhenium atom,

as it disturbed the electronic conjugation of deéocalized Bystem.
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Table 219 Spectroscopic data tdc-[Re(PyTzNP)(COXCI]° with NP = 3H-naphtho[2,1b]pyran in toluene.

Entry Compounds a Ycr
(%)
1 2.110 480  1204* 2.25x10%* M-is?! 160 N/A N/A N/A N/A N/A
- 486* 190*
514 (Closed form, under air)*
2 2.247 500* 83* 8.44x 103 s 25000* 561 (Closed form, degassed) 160,4672 (1.114) 0.038 0.021 90 (under air)**

574 (PSS, under air)* [degassed] (degassed)* (degassed)* 45 (degassed)***
576 (PSS, degassed)*
* In PhMe:DCM(1:1). ** Quench (%) was calculated by the ratio between the emission intensity of the closed form anBll@S3fnat* *Quench (%) was calculated by

the ratio between thguantum yieldf the emission of thelosed form €enterecat 561 nm) anthe quantum yield of the emission of tR8S ¢enterecat 576 nm).
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The rhenium(l) complexX.247 in an aerated PhMe:DCM (1:Eplutionshowed a emission
band centered at 514 nmby excitation into the MLCT transition (Figure 2.80). Upon UV
irradiation to a photostationary state, thimission bandat 514 nmdisappearedinterestingly, a
small emission band centered at 574 nm was vigiblee emission spectrum of the PSG#47,

corresponding to the emission from a different excited state.

400000
300000 Emission of closed form
(0.043 mM in a aerated
0 mixture of
Q. 200000 toluene:dichloromethane
© (1:1))
Emission of PSS (0.043
100000 n}M in a aerated mixture
0
toluene:dichloromethane
(1:2))
0
435 535 635

Wavelength (nm)

Figure 2.80 Spectra of emission @&.247(0.043 mM in a aerated mixture of
WROXHQH GLFKO Reld P rihwydfden) khd emission of the PS3.847(0.043 mM ir
D DHUDWHG PL[WXUH RI WR O X3Q@hnGyefo D RURP F

Curiously, by degassing a PhMe:DCM (1:1) solution of thenium(l) complex2.247 the

emission band centered 514 nm disappeared, being replaced by a new emission band centered at

561 nm(Figure 2.8)) &RQVLGHULQJ WKH YHU\ ORQJ OLRB)wd ke RI
insensitivity of the emission enerdg the n&ure of the bidentate ligandt waspropasedthat the
emission was originating from &Lcr excited state. Furthermore, upon generation of the
photostationary stateinder UV irradiation, themission band bathochromic shifted 15 nm with a
45% drop inthe quantumyield (¥ (Figure 2.82). Curiously, the®lLpss emission band under
GHJIJDVVHG FRQBBLAMML Ra@similar to the emission bandf the PSSunder aerated
FR Q G L \AhERI@M) most probably corresponding to emission from the same excited state.
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Figure 2.81 Normalized spectra of emission2247(0.043 mM in a aerated mixture of
WROXHQH GLFKO Reld P khwWiiue)Q@itl emission 247(0.021 mM in a degasst
PLIWXUH RI WROXHQH G&AKIORUKRPHWKDQH
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Figure 2.82 Emission 0f2.247(0.021 mM in a degassed mixture of toluene:dichloromethane
exc411 nm, green) and emission of the PS3.247(0.021 mM in a degassed mixture of
WROXHQH GLFKO RekdRLP rWyelDW)H
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It was rationalized, thatinder aerated conditiongjplet oxygen (302) quenched to darge
degreethe 3IL cr excited stateMost probably, energy transfer did oc¢ara small extenbetween
the 3MLCT and the3lL cr excited statgstherefore mostikely the emission bandierivedfrom a
3MLCT excited statemixed with somée®IL character.Upon generation of the PS8e original
emission band disappeared with #eolution of a new emission band peakings@® nm.The
insensitivity of the emission enerdyg the néure of the bidentate ligand was indicative that the
emission derived from 3L pssexcited stateHence the quenching othe emission(90%)at 514 nm
was attributed to intramolecular energy transfer freme 3MLCT/?IL excited state to thower-
lying 3ILpss excited statgFigure 2.83). Furthermore, considering thieproved colourability in
solution, it was likely that the drop in the intensity of the emission band (78%) #f #heexcited
state when compared to the emission band of*MeCT/°IL excited statewas partially due to the

depletion dthe3lLpssexcited steeby promoting the photochromic reaction.

0/&7s)

~ /366

Figure 2.83 Energytransfer pathway for Re(l) compl&x247before and after photoisomerizatic

under air.

Under degassed conditioribe 3IL cr excited state was not partially quenclaey longer Thus,
the SMLCT excited state fully populated th#Lcr excited stge, which explained the 47 nm
bathochromic shift of the emission band. Upon generation of the PSS, there was energy transfer
from the3lLcr excited state to the lowdying 3L psswhich was accompaniday a1l5 nm red shift
in the emission bandr{gure 2.84). The improved colourability in solution, suggested that the drop
in thequantum yield( ¥ of the emission band (45%) of tRk pssexcited state, when compared to
the emission band of ti#_ cr excited statewas partially due to the depletion of thiepssexcited

stateby promoting the photochromic reaction.
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Figure 2.84 Energytransfer pathway for Re(l) compl@x247before and after photoisomerizati

under degassed conditions.

2.3.2.6 Photochromism and Photoswitching dac-[Re(N*N)(CO)sNP]PFs, NP = 3-Pyridyl -3H-
naphtho[2,1-b]pyran and N*N = BPy, BTz
Upon UV irradiation, théac[Re(N*N)(COxNP]PFs, NP = 3Pyridyl-3H-naphtho[2,1b]pyran

generated the corresponding photomerocyanines in sol@&ahee 2.44).

Scheme 2144Electrocyclic ringopeningof Re(l) complexe®.236and2.246

The UV irradiation of the BPYigand containing Re(l) comple®.236 (Entry 2, Table 220)
generated a slightly hypsochromic shifted (4 nm) photostationary state in toluene when compared to
the simple3-pyridyl-3H-naphtho[2,ib]pyran 2.170 (Entry 1, Table 220). In contrast, the BTz
ligand containing Re(l) complex246 (Entry 3, Table 220) generated a bathochromic shifted (12
nm) photostationary state in toluene when comparegtdg8-pyridyl-3H-naphtho[2,3b]pyran2.170
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(Entry 1, Table 220). Furthermore, the colour produced toluene was 1.1+1.8 times more
intense than the-Byridyl-3H-naphtho[2,3b]pyran2.170as a result of the triplet photosensitization
mechanism. Thus, the colour produced by the photostationary states from the rhenium(l) complexes
2.236and2.246 persistel for comparatively longer periods of timdote that nat,, was presented

for the rhenium(l) complex.236due to an unsatisfactohygarithmic fit. however the.,was longer

than 60s (&, > 60 s).The comparatively slower bleaching kinetics of thenium(l) complexes
2.236and2.246were attributed to the disruption of the destabilizing electronic withdrawing effect

of the pyridyl group upon coordination of the nitrogen to the rhenium atom, \dddo relatively

more stable and lorkiyed photomerocyanines. Possibly, population of teexcited state by
energy transfer from thiMLCT excited state might have also contributed to a small degree to the

longerty (S).
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Table 220 Spectroscopic data tdc-[Re(N*N)(COxNP]PFs, NP =3-Pyridyl-3H-naphtho[2,1b]pyran in toluene.

Entry Compounds N~N Abs

HM1.cm?)

em CF ¥cr Yoss Quench (%)**

(nm)

2.170 No 414
2.236 BPy 410
2.246 BTz 422

<60
> 60
117

3.56x 10°
N/A
N/A

0.650
0.206
0.229

3400
6100
5300

(nm) (%) (nm)

N/A N/A N/A N/A
562*  0.058* 0.050* 2*
N/A N/A N/A N/A

* In PhMe:DCM (1:1) ** Quench (%) was calculated by the ratio betweerethission intensity of thelosed form and PS& themaxima of emission
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The BPy ligand containing rhenium(l) comple®.236 showed a typical MLCT
phosphorescence band centered at 562 nm in PhMe:DCM (1:1) with a very poor quanturgsyield (
= 0.058) Figure 2.85). The absorbance band of the PSS, centered at 410 nm, and the emission
band of the closed form were separated by 152 nm. ConsequleefyLCT excited state was too
low in energy for a significant energy transfer to the hidiieig °IL excited state, which was

reflected by the very poor phosphorescence quench upon formation of the photostationary state
(2%) (Figure 2.86).

0.8 Absorbance of PSS (PSS

3 (0.034 mM in toluene)

N

< 0.6

€

[®)

Z 04 Emission of closed form
(0.017 mM in a degassed

0.2 mixture of
toluene:dichloromethane
0 (1:1))
350 450 550 650

Wavelength (nm)

Figure 2.85 Normalized spectra of absorbance of the PS5286(0.034 mM in toluene, after L
irradiation, yellow) and emission @236(0.017 mM in a degassed mixture of
WROXHQH GLFKO Reld B8P hhwdtden).H
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100000
562 nm
80000
—— Emission of closed form
(0.017 mM in a degassed
" 60000 mixture of
% toluene:dichloromethane
(1:1)
40000
——— Emission of PSS (0.017 mM
in a degassed mixture of
20000 toluene:dichloromethane
(1:1)
0

450 500 550 600 650 700
Wavelength (nm)

Figure 2.86 Emission spectra of rhenium(l) compl22236 Z L WK381 nm(0.017 mM in a

degassed mixture of toluene:dichloromethane (1:1)) in the closed form (blue) and in the P:

By exciting the BTz ligand containing rhenium(l) comp2246 with exc 330, 363 and 400
nm in acetonitrile no typical broad and stucturele¥4LCT emission band was present in the
emission spectraF{gure 2.87). Clearly, the observed structured high energy emission bands

suggested that they had a singlet excited statenppgbbablyarisingfrom the organic ligands.

2.50E+06

366 nm
2.00E+06
—— Emission of complex
(0.043 mM in degassed
%) 1.50E+06 acetonitrile, exc 330 nm)
o
@) —— Emission of complex
1.00E+06 417 nm (0.043 _m_M in degassed
acetonitrile, exc 363 nm)
5 00E+05 Emission of_ complex
(0.043 mM in degassed
acetonitrile, exc 400 nm)
0.00E+00 —
350 450 550 650

Wavelength (nm)

Figure 2.87 Emission spectra ahenium(l) complexX.246 Z L WxK330, 363 and 400 n(0.043

mM in degassed acetonitrile).
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2.4 Ringcontraction of Naphthopyrans

2.4 Ring-contraction of Naphthopyrans

2.4.1 Preanble
The ringcontractionof benzopyrans and naphthopyrans bhaen previously reported in the

Iiteratur Dmitrieva et al, have reported the oxidative rimpntraction of thel,2-
dihydrospiro[benzd]chromene3,9-xanthene] 2.302 to the 9-(naphtho[2,1b]furan-2-yl)-9H-
xanthene2.303in 3457% yield(Scheme2.145.2%°

Scheme 21450xidative ringcontraction of the 1;8ihydrospiro[benzd]chromene3,9-xanthene
2.302

Sastryet al, have reported the ringontraction of the A-naphtho[1,2o]pyran 2.304 to the

naphthofuran2.305 under basic conditions through an additiardehydrobrominatiorreaction

(Scheme2.146.22¢

Scheme 2146Ring-contraction of the @-naphtho[1,2b]pyran2.304
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2.4 Ringcontraction of Naphthopyrans

According to the authors, the reaction is initiated by@I&ctrocyclicring-openinggenerating
the dienone2.306 (Scheme 2.14)f Hence, the allylic hydrogen of the diendh806 is abstracted
by the baseyeneratingthe intermediate2.307. The phenolatdunction of 2.307 intramolecularly
attacks the double bond which is activated by the elesWthrdrawing group. In a final stepthe
addition +dehydrobromination results in thermation ofthe naphthofuan2.305.

Scheme 2147Mechanism of the ringontraction of the B-naphtho[1,20]pyran2.304

According toGabbuttet al, the presence of very stromgectronwithdrawing groups at the
saturated carbon of the pyran moiety favours the-cgraction reactiﬁ The authorshave
reportedthe thermaland the photochemical rirgpntraction ofthe spiro(31-naphtho[2,1b]pyran

-thioxanthen€l0,10dioxide) 2.309to the 9(naphtho[2,1b]furan-2-yl)-9H-thioxanthenel0,10
dioxide2.310(Scheme2.148.
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2.4 Ringcontraction of Naphthopyrans

Scheme 2148Ring-contraction of the spirof3-naphtho[2,ib]pyran-  -thioxanthen€el0,10
dioxide)2.309

In the samepublication the authors also noted that upon heating a sampikeeofsomeric
spiro(H-naphtho[1,20]pyran  -thioxanthen€l0,10dioxide) 2.311 afforded the ringcontraced
product 2312 in 72% yield (Scheme 2.14P Furthermore, the reaction could also be driven
photochemicallyunderUV irradiation.

Scheme 2149Ring-contraction of the spirof2-naphtho[1,2b]pyran  -thioxanthenel0,10
dioxide)2.311

According to the authors, first the thermal or photochemid@léctrocyclicring-opening of
the pyran unit generates the dieno2¢%l3 and 2.314 (Scheme 2.150 Hence,the geometry of
2.314 favours thes-exotrig ring closure generig the aromatic thiaanthrace@816 and thence
the thioxanthen2.312upon proton transfer.
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2.4 Ringcontraction of Naphthopyrans

Scheme 2150Mechanism of the ringontraction of the spiro-naphtho[1,2b]pyran- ¢
thioxanthenel0,10dioxide)2.311

The authors also noted thite bis-sulfone 2.317 ring-contracted to the naphthofur@&B318
upon UV irradiation in 85% yield, yet the thermal contraction was not obsebeberfie 2.151

Scheme 2151 Ring-contraction of the bisulfone2.317

Palladiumdriven ring contraction of the pyran motif has also been described in the literature.

Zinth et al, have reorted the ringcontraction of the B-naphtho[2,ib]pyran 2.319 to the
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2.4 Ringcontraction of Naphthopyrans

naphthofurar2.320during an attempt to perform a palladioatalysed cyanation reactioBgheme
2.1).227

Scheme 2152Ring-contraction of the B-naphtho[2,1b]pyran2.319

Gabbuttet al, haveprepared a-Zdiarylmethyl}5-styrylbenzofurar2.322from styrene and 6-
bromeo2,2-diaryl-2H-[1]benzopyrar2.321in 30% yieldvia an unexpectetandem Heclcoupling =

ring-contractiorreaction Scheme 2.158 228

Scheme 2153 Synthesis of Zdiarylmethyl}5-styrylbenzofurar.322

The authors proposethat in the presence of dimethylacetamide at high temperature,
nanoparticulate Pds generatedh situ (Scheme 2.158 Hence, addition of nucleophilic Pth CG-4
of the benzopyra.321, a process compared to many examples of addition%bRdlylic acetates
with displacement of acetate ion leading $allyl Pdspecie€?® proceeds witlring-opening and
subsequent capture of the palladium to generate the pallada@&teDeprotonation by the action
of the base, regenerated °Pahd forms an allenylphend.326 which undergoes a-&xodig
cyclization to the benzofura@.322 The ringcontraction sequence operates in tandem with the

expected Heckrosscouplingreaction.
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2.4 Ringcontraction of Naphthopyrans

Scheme 2154 Mechanism of the synthesis of(@arylmethyl)}5-styrylbenzofurar2.322

2.4.2 Discussion

During the Suzukicrosscoupling reactiondetweenthe halo or pseudbalo substituteH-
naphtho[2,ib]pyrans2.327 andthe pyridineboronic acid pinacol estes4Q the ring-contraction
of the pyran motif was observedffording the correspondingveakly fluorescent(on TLC) non
photochromic naphthofurar’s329 as byproducs (Scheme2.155). Ther formationimplied a very
concrete practical problenas the purification by flash column chromatography weastremely
difficult due to the similar Rof both structural isomers iboth a variety ofmobile phasesand
stationary phase€onsequentlya kinetic study was developed in order to gather more information
about the ringcontraction process aradso todetermine the experimental conditions to perform the

Suzukicrosscouplingreactions without the competisgde reaction.
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2.4 Ringcontraction of Naphthopyrans

Scheme 2155Generic Suzukerosscoupling reaction between the halo or psebhdm substitute
3H-naphtho[2,1b]pyran2.327and the pyridine boronic acid pinacol e2e40

The ing-contraction of the3,3-bis(4methoxyphenyl) substitute@H-naphtho[2,1b]pyran
2.330 under different experimental conditions was analyssthéme?2.156). The reactions were
monitored by'H NMR analysis by collectingliquots from the reaction mixtus®ver time The
UDWLR eIXUDQ ©eS\UDQ @IXUDQ Z D V3Bnaph@oldl R FDOF
blpyran 2.3300ver time An NMR interpulse delaypf 2s wasenoughto acquire experimental data

that was sufficieny robust to give statigcally reliable exgrimental fits

Scheme 2156 Ring-contraction of 8I-naphtho[2,1b]pyran2.330Q

The first fewreactionswere performedin order to evaluate the overall stability thfe 3H-
naphtho[2,1b]pyran2.330. Thus there was no ringontractionafter:

1) stirring2.330in DCM at room temperature for 18h;

2) stirring2.330in DCM with Pd(PPh)4 (5 mol%)at room temperature for 23h;

3) stirring2.330in toluene at room temperature for 17h.

When using KCOs (1.5 equiv)and Pd(PP$s (5 mol%) in PhMe:EtOH (1:1)at reflux a
typical Suzuki crossoupling reagent combinatidq&ntry 1, Table 2.21), ring-contraction occurred
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2.4 Ringcontraction of Naphthopyrans
at a relatively slow ratetafter 80h, 74% othe 3H-naphtho[2,1b]pyran 2.330had ringcontracted

to the naphthofura@.331(Figure 2.83).

Rate Plot
60

N
o

y =-0.61x + 51.98
Rz = 0.99

[2.330] (mM)

20

10
0 10 20 30 40 50

Time (h)
Figure 2.88 Rate plot of the ringontraction o2.330by using KCOs (1.5 equiv) and Pd(PR)a (5
mol%)in PhMe:EtOH (1:1) at reflux.

Surprisingly, the ring-contractionof the 3H-naphtho[2,3b]pyran 2.330 occurred without the
addition ofthe palladium catalyst Thus, when using KoCOs (1.5 equiv)in PhMe:EtOH (1:1)at
reflux, 67% of the 3H-naphtho[2,1b]pyran 2.330 had ring-contracted tahe naphthofurar2.331
after 80hof reaction(Entry 2, Table 2.217).

Notably, in the absence d€2COs, but employingPd(PPh)4 (5 mol%)in PhMe:EtOH(1:1) at
reflux, no ringcontractionof the 3H-naphtho[2,1b]pyran2.330was observedfter 48hof reaction
which stronglyindicaedthat the base plaga pivotal rolein the ringcontractionprocesgEntry 3,
Table 2.2)).

Additionally, it was determinedthat the rate of the ringontractionof the 3H-naphtho[2,1
blpyran 2.330depended on thstoichiometryof K2COzs: by doubling themolar quantity of KCGOs
(3 equiv), the rate constant of the reaction incredsg@3% (Entry 4, Table 2.2]). Thus,thering-
contractionof the 3H-naphtho[2,1b]pyran2.330was completafter 74h of reactio(Figure 2.89).
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2.4 Ringcontraction of Naphthopyrans

Rate Plot

y =-0.44x + 52.52
R2=1.00

® K2CO3 (1.5 equiv)
@ K2CO3 (3 equiv)

[2.330 (MM)

y =-0.57x + 42.04
R2=10.99

0 20 40 60
Time (h)

Figure 2.89 Rate plot of the ringontraction of th&H-naphtho[2,1b]pyran2.330by using kCO3
(1.5 and 3 equivin PhMe:EtOH (1:1) at reflux.

Thekineticsof thering-contractionof the 3H-naphtho[2,b]pyran 2.330variedwith the nature
of the carbonate basgg$igure 2.90). A similar rate constant was observed betweesCOsand
K2COs (Entries 2 and6, Table 2.27). On the other hanadyhen employind.i2COzs, the rate constant
was twotimes smaller when compared te®0O: (Entry 4, Table 2.21). Hence when using
NaCOg, thering-contraction occurrethster tharLi>COz yet slower thaiK.COz;andCsCOs *after
83h only 45% of th&H-naphtho[2,1b]pyran 2.330had ringcontractedEntry 5, Table 2.2]). The
differences in the kineticof the ring-contraction of the 3H-naphtho[2,1b]pyran 2.330 by
employing differentcarbonate baseuld be attributed to differences in solubility PhMe:EtOH
(1:1) £Li.CGsis less soluble in PhMe:EtOH (1:dhen compared tE2CO; andCsCOs.
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2.4 Ringcontraction of Naphthopyrans

Rate Plot
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Figure 2.90 Rate plot of the ringontraction of th&H-naphtho[2,1b]pyran2.330by using
different carbonate bases (1.5 equivPhMe:EtOH (1:1) at reflux.

Bases with different pKb were also testedienusing KsPQs (1.5 equiv) which is a stronger
basethan KCQOs, in PhMe:EtOH(1:1) at reflux,a mixture 0f2.3302.331(73:27)was formedafter
14hof reaction(Entry 7, Table 2.27). WhenemployingK2CGOs (1.5 equiv) only 13% ofthering-
contracted produc®.331was formed after 14h of reactiomherefore the kinetics of the ring
contraction of the8H-naphtho[2,b]pyran 2.330whenusing KzsPQ; were faster ircomparison to
K2COCs.

Suzuki crosscoupling reactionsby employing KF as a base have been reported in the
literature?*° Considering that the strength of the base affected the rate of theoritrgctionand
that the rate of the Suzuki cressupling reaction was generally much faster than the rate of the
ring-contraction it was envisioed thatif a weaker basevas usede.g.KF, it could lead to Suzuki
crosscoupling reactions witmo ring-contraction Thus, wherusing KF (1.5 equiv)and Pd(PPB)4
(5 mol%) in PhMe:EtOH (1:1) at reflu8-bromo3H-naphtho[2,1b]pyran 2.56 was successfully
coupled to 4pyridineboronic acid pinacol ester35 affording the8-(4-pyridyl)-3H-naphtho[2,1
blpyran 2.57 in 67% yield, without the formation of the corresponding naphthofuran as a by
product Scheme2.157).
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2.4 Ringcontraction of Naphthopyrans

Scheme 2157 Selective coupling 02.56and2.35to give 3H-naphtho[2,1b]pyran2.57.

The same conditions were also employed toSbeuki crossoupling reaction between 40
iodo-3H-naphtho[2,3b]pyran 2.34 and 4-pyridineboronic acid pinacol est@r35 affording thel0-
(4-pyridyl)-3H-naphtho[2,1b]pyran 2.36in 66% yield without the formation of the corresponding
naphthofuran§cheme 2.%8). It is worth mentioning that one implication of the mechanism of the
Suzki crosscoupling reaction is that at least 2 equiv of a monobasic base like KF would be
required for a fully successful cycle. However, only 1.5 equiv of KF were used in these reactions
which could rationalisethe fair yields obtained (66 67%). On the other handit must be
considered that the absence of the formation of the corresponding naphthofurans might have been a
consequence of the consumption of Kfe in the Suzuki crossoupling reactionswhich would
leave no KF available to promotehé ringcontraction Nonethelessthe developed procedure
allowedSuzuki crossoupling reactionso be performeavith 3H-naphtho[2,1b]pyranswithout the

ring-contraction side reaction.

Scheme 2158 Selective synthesis df0-(4-pyridyl)-3H-naphtho[2,1b]pyran2.36
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Entry

2.4 Ringcontraction of Naphthopyrans

Table 221 Experimental conditions and rate constant for the-cmigtraction of théH-naphtho[2,1b]pyran2.330Q
[2.3300/mM

53
53
53
42
51
51
51
51

Pd Catalyst

Pd(PPB)4 (5 mol%)
No
Pd(PPB)4 (5 mol%)
No
No
No
No
No

K2COs (1.5 equiv)
K2COs (1.5 equiv)
No
K2COs(3 equiv)
LioCO3 (1.5 equiv)
NaxCO;z (1.5 equiv)
C3C03(1.5 equiv)
K3sPQy (1.5 equiv)

* After 48h.**After 83h. ***After 14h.

pKb in water

3.75
3.75
No
3.75
3.75
3.75
3.75
1.62
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Solvent

PhMe:EtOH (1:1)
PhMe:EtOH (1:1)
PhMe:EtOH (1:1)
PhMe:EtOH (1:1)
PhMe:EtOH (1:1)
PhMe:EtOH (1:1)
PhMe:EtOH (1:1)
PhMe:EtOH (1:1)

Temp.

reflux
reflux
reflux
reflux
reflux
reflux
reflux

reflux

k/M.ht

0.61
0.44

0.57
0.21
0.31
0.41
N/A

Conversion after 80h (%)

74
67
0*
100
34
45+
67
27***



2.4 Ringcontraction of Naphthopyrans

Moreover, the effect o18-crown-6 was tested as it could act as a pHasesfer catalyst®!
Thus whenusing18-crown6 (3 equiv)and KCOsz (1.5 equiv) in toluene at refluferate constant
of the ringcontractionincreased by one order of magnitud@try 1, Table 2.22. Consequently
the 3H-naphtho([2,1b]pyran 2.330fully ring-contracted to the naphthofurar831after only 10h of

reaction(Figure 2.91).

Rate Plot
60.0
50.0
y =-5.4x + 50.9
40.0 R2=1.0

@ K2CO3 (1.5 equiv) and 18
crown-6 (3 equiv)

[2.330 (MM)

0.0
0 2 4 6 8

Time (h)
Figure 2.91 Rate plot of the ringontraction of th&H-naphtho[2,1b]pyran2.330by using kCO3
(1.5 equiv) and 1&rown-6 (3 equiv) in toluene at reflux.

Hence, wherusing KCOs (1.5 equiv), Pd(PPu (5 mol%) and 1&rown6 (3.1 equiv) in
toluene at reflux for 19h, th&bromo3H-naphtho[2,1b]pyran2.56 was successfully coupled te 4
pyridineboronic acid pinacol est@:35 affording the8-(4-pyridyl)-3H-naphtho[2,1b]pyran 2.57
that rapidly ringcontracted to the corresponding naphthofu?as8 The latter wassolated as the
single product of the reaction and was attaimed7% vyield after flash column chromatography
(Scheme2.159). The foregoing reaction conditions constitute an effective protimcsklectively

prepare naphthofuranga a tandem Suzulkgoupling tring-contraction process.
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2.4 Ringcontraction of Naphthopyrans

Scheme 2159 Synthesis of theaphthofurar2.58

Leadbeateet al. have reported Rftee Suzuki crossoupling reaction$? and subsequently
the authorseassessetthese initial publicatiors by stating thathere was palladium contamiian in
the commercially available carbonate ms®wn to a level of 50 ppkt2.5 ppm which catalysed
the Suzuki reaction$3Given this prior work, it was deemed importato establishthe palladium
content in the bases employed in this work.

By ICP-MS it was determined that th&COs (supplied by Alfa Aesar) employead the ring
contractionreactionscontained 24 ppm (per @5 of samplé of amorphous palladiunit was
rationalized that there might have been freak contamination with amorphous palladiosbly
arising from the bases, which catalysed the-gdagtraction reactions. Iorder to determine if
palladium was involved in themng-contraction process, twaactionswere performed by using a
new bottle ofNaCOs (supplied by Alfa Aesar2.20 ppb of amorphous palladiuper 0.9 g of
samplg. When using NzCOs (1.5 equiv)and 15crown5 (3 equiv) in toluene at reflyxo ring-
contraction was observed after 8if reaction(Entry 2, Table 2.22). However, by adding Pd(PBh
(5 mol%) the reaction rate increased dramaticéiitytry 3, Table 2.22). Consequently, th&H-
naphtho[2,ib]pyran 2.330 fully ring-contracted to the naphthofurgh331 after only 12h of
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2.4 Ringcontraction of Naphthopyrans

reaction Figure 2.92). This resultwas a strong indicatiothat the ring-contraction ofthe 3H-

naphtho[2,ib]pyran2.330wasa palladiumdriven reaction.

Rate Plot
60.0
50.0 &
40.0 ® Na2CO3 (1.5 equiv), 15
: crown-5 (3 equiv) and
= y=-4.6x+51.5 Pd(PPh3)4 (5%)
c R2=1.0
< 30.0 Na2CO03 (1.5 equiv), 15-
% crown-5 (3 equiv)
o, 20.0
Linear (Na2CO3 (1.5
equiv), 15-crown-5 (3
10.0 equiv) )
0.0
0.0 2.0 4.0 6.0 8.0

Time (h)
Figure 2.92 Rate plot of the ringontraction of th&H-naphtho[2,1b]pyran2.330by using

Na&COs (1.5 equiv) and 1srown5 (3 equiv) in PhMe at reflux, in the presence and in the ab
of Pd(PPB)4 (5 mol%).

In order to g#herfurther insight on the involvement of the basehe ringcontractionprocess
a reaction was performed which 10 mol% ofK2COs [containing24 ppmof amorphous Pdper
0.50 g of samplg] and 18crown6 (20 mol%)wereemployed in toluene at refll(Entry 4, Table
2.22). Consequentlythe ing-contractionof the 3H-naphtho[2,1b]pyran 2.330 occurred(Figure
2.93), yet at aslowerratewhen compared to using.COs (1.5 equiy and 18crown6 (3 equiy
(Entry 1, Table 2.22). This result shoed that theK2COs basewas not being consumed in the

reactionand was insteabeing regenerated in a catalytic fashion.
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Rate Plot
40.0

35.0

y =-1.6x + 37.6
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Figure 2.93 Rate plot for the ringontraction othe 3H-naphtho[2,b]pyran2.330by using
K2COz (0.1 equiv) and 18rown-6 (0.2 equiv).

Table 222 Experimentatonditions and rate constant of the rirwntraction of th&H-naphtho[2,1
b]pyran2.330using differenttrown ethers

Entry  [2.3300 Palladium Crown Ether Solvent
/mM Source

1 51 - 18crown6 (3  KCOs (1.5 equiv) PhMe reflux 5.4
. equiv)

2 51 - 15crown5 (3 Na&COs' (1.5 equiv) PhMe reflux 0
. equiv)

3 51 PdOAc). (5 15crown5 (3 Na&COs' (1.5 equiv) PhMe reflux 4.6
. mol%) equiv)

4 38 - 18-crownb6 (0.2 KoCOs' (0.1equiv) PhMe reflux 1.6
. equiv)

*24 ppmof palladium (per 0.50 g of sampje2.20 ppb of amorphous palladiymper 0.50 g of samp)e

Based on the data collectea, mechanism for theing-contractionof the 3H-naphtho[2,1
blpyran2.330was proposedirst the thermal &lectrocyclic ringopeningof the pyran uniof the
3H-naphtho[2,ib]pyran 2.330 led to the formation of thalienone 2.332 = reaction mixture
acquired a orangecolour once heatedqScheme 2.60). Oxidative insertionof amorphous Pn

betweenC-1 and oxygerled to the formation ofhe 5membereding palladate2.334. Hence,the

261



2.4 Ringcontraction of Naphthopyrans

reductive elimination promoted bthe base afforded the allene2.335 and regeneratedhe
amorphous P In a final stepthe5-exodig cyclizationof theallene2.335 led to the formation of

thenaphthofurar2.331and regeneration of the base

Scheme 2160Proposed mechanism for the ringntraction of th&H-naphtho[2,1b]pyran2.33Q

In order toextend the scope of the riogntraction, a variety of pyran containing substrates that
were to hand were subjected to the optimized-cogtraction conditions. Thudy refluxing
multiple naphthopyransand benzoquinolines in toluene in the presence &f dgquiv of K2COs
[containing24 ppmof amorphous P@oer 0.® g of sample)] and 1-8rown6 (3 equiv),a series of
naphthofurans, naphthodifurans and befused indolesvere prepared igenerally good yields
with short reaction times and easy purificatiproceduregTable 2.23. It is noteworthy that
although palladium was not added to the reaction mixture, it was p@EEsentontaminant of the
base.Even though the ringontraction requiresaultralow palladium concentrationgor a good

reproducibility, the addition of a catalytic amount of palladium would be recommended
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2.4 Ringcontraction of Naphthopyrans

Scheme 2161 Synthesis ohaphthofurans, naphthodifurans and befused indoles.

Table 223 Synthesis ohaphthofurans, naphthodifurans and befused indoles.

Starting Material Product Key Yield
NMR (G (%)
G -H)
G -H)
1 G6.76 (tH) 80
@ -H)
G -H)
@ 6.68 (XH)
2 76
G -H)
G -H)
3 49
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2.4 Ringcontraction of Naphthopyrans

Table 2.23Synthesis ohaphthofurans, naphthodifurans and befused indolegcontinuation).

Entry Starting Material Key Yield

NMR ( G (%)

G561(., EH)
G49.8 (. EH)
4 G 6.81(1, 10H) 88
G .EH)
G .EH)
G 6.75 (3, 8H)
5 48
@ .EH)
G .EH)
& 6.68 (1, 6H)
74
@ “H)
G48.1 -H)
& 6.56 (H)
7 80
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2.4 Ringcontraction of Naphthopyrans

It is noteworthy that the slower rate of reaction (64h) and lower yield (49%) of the ring
contraction of the B-naphtho[2,1b]pyran 2.340 (Entry 3, Table 2.23 was possibly due to the
increased steriencumbermendf the phenyl at €1.

Furthermore, the developegrotocol was successfully applietb both electronrich
naphthopyrangEntry 2, Table 2.23 and more electronicallyneutral naphthopyrangEntry 1,
Table 2.23.

The developed conditions werds@ employedin the ring-contracton of the benzoel,2-
dihydroisoquinoline2.348which afforded the corresponding berfeged indole2.349in very good
yield (Entry 7, Table 2.23.

The developedmethodology waslso applied to the ringontractionof the 2H-naphtho[1,2
blpyrars 2.350 and 2.362, affording the corresponding naphthofurans in poor yield £131%)
(Table 2.29. It is generally established that théd-Baphtho[2,ib]pyrans are more prone to

degradation when compared td-Baphtho[2,1b]pyrans, and this feature might have contributed to
the lower yieldﬂ
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2.4 Ringcontraction of Naphthopyrans

Scheme 2162Ring-contraction of the @-naphtho[1,2b]pyrans2.350and2.352

Table 224 Ring-contraction of the B-naphtho[1,2b]pyrans2.350and2.352
Entry Starting Material

In summary an efficient methodology has been developed for the transformation of
naphthopyrans and dihydroquinolines to naphthofurans and {esed indoles, respectively. The
method can be adapted to a tandem process in which heteroarylation can beedonithi ring
contraction.
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3. EXPERIMENTAL



3.1 Equipment and Reagents

3.1Equipment and Reagents

Reagents were purchased from Alfa Aesar, Apollo Chemicals, Fluorochem, Manchester
Organics andigma Aldrich and were used as supplied.

Reactions were heated using Heidolph MR3001K and Asynt ADSNHRotplates, with
Asynt DrySyn heating blocks.

In all SuzukiMiyaura coupling reactions solvents were degassed previously under a flaw of N
for 15 80 min, prior to running the reaction under add Ar atmosphere.

Masses were measured on Ohaus Voyager Pro (Max 110 g, d = 0.1 mg) andbaus
Pioneer (Max 2100 g, d = 0.01 g) balances.

TLC was performed on either Merck TLC Aluminium sheets (silica6geA F254), or on
Alugram precoated TLC sheets (silica gel 60 A F25d) on Fluorochem aluminium backed TLC
sheets (silica gel 60 A F254), using a range of eluent systems of differing polarity.
Chromatographic separations were performed on eitherohdilica gel (60 A, 23@00 mesh, 40

P RU RQ $OGULFK \230 inédh, G3H O P, orcon Fluorochem silica gel (60
A, 40 P, oron Merck Silica gel 60 Fs4 plates or onAcros Organicsl 203 (50-200 um 60 A)
Al>Os was activated by mixing ADs (300 g) with HO (9 mL) prior to flash column
chromatographyeparationsFor the rheniurfl) complexesCDClz was neutralized by passing
through a plug of basic ADs.

NMR spectra were recorded on a Bruker Avance 400 instrurteéntq0 MHz,*C 100 MHz,
19F 376 MHz 3P 162 MHz). FT-IR spectra were recorded on a Nicolet 380IRTequipped with a

diamond probe ATR attachment (neat sampleturate mass measurements weléained from

theglnnovative Physical Organic Solutioi®OS) centre at the University of Huddersfiditelting

points were determined in capillary tubes, using a Stuart SMP10 melting point apparatus, and are
uncorreted. UV-visible spectra were recorded for PhMe, DCM, PhMe:DCM (1:1) or MeCN
solutions of the samples (10 mm path length quartz cuvette, PTFE capped, concentration in the
range 1¢ +10° moldn®). A bespoke Shimadzu U®600 Plus UWis-NIR spectrophotometer

was used andquipped with a single cell Peltier temperature controll8¢( stirred fluorescence

cell holder attachment. The spectrophotometer sample chamber door was modified to accept
adivating irradiation delivered from the light source by liquid light guides (Newport 77557,
Newport 77569). Irradiation was provided by a xenon ozone free arc lamp (Newport 6255) powered
by an Oriel 300Watt xenon arc lamp source (Newport 66908t inCurrent Mode 4et 8.5 Allmax

10.5A 149450 W). An in-line destilled water liquid filter (Newport 6177), multiple filter holder
(Newport 62020),UG11 filter (Newport FS@JG11), fibre optic coupler (Newport 77799)

completed the irradiation equipment. Spe¢880 +650 nm) were recorded prior to (ground state)
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

and immediately after cessation of activating irradiation to a steady stat&0(Inin irradiation).
Activation of the colourless closed forms of the photochromic compounds and rignium
complexes to @hotostationary state was achieved by using UV irradiatsimg different Newport
filters (UG11, BG3) Bleaching of the coloured (opened forms) when required was effected by
irradiation with visible lightusing different Newport filter¢GG420, GG420, GG45%)oncerning
the fatigue cycles, activation of the colourless closed forms of the photochromic r{ignium
complexes to a photostationary statas attained by usingV irradiation (365 nm, 20 susing a
Spectroline UV Lamp BF-280C/FE (8 watts, 230 voltsEmission spectra were acquired on a
Horiba Scientific Fluoromax Spectrophotometer. Emission lifetimes were recorded mon a
Edinburgh Instruments EP405. Photographs were taken usingany ILCE7RM2 A7R ii with a
Samyang AF 35mm F1.4 FE lens

QuaQWXP \LHOGV N ByagplyingbheeguamnD W H G

- OFUEm ™ 0

U EL £: ;H+ : ;H UFU@mATMHC;U: ;

The standardR) used wasRu(bpy}®** NR) = 1.8% in MeCN under air; excitation window:
380 #530 nm)»** LV WKH UHIUDFWLYH LQGH[ RI WKH VROYHQW

3.2 Synthesis ofPyridyl Substituted 3H-Naphtho[2,1-b]pyrans

3.2.1Strategy A +By a Suzuki crosscoupling reaction after chromenization

3.2.11 Preparation of 10-Pyridyl -3H-Naphtho[2,1-b]pyrans

3.2.1.11 Experimental Procedure for the Synthesis of 8odo-2-naphthol (2.29) a stirred
mixture of 8aminc2-naphthol (10.00 g, 62.82 mmol) in water (200 mL) was cooled#50°C and

then a solution of k5O (9508%, 11 mL) in water (20 mL) was added at such a rate that the
internal temperature never exceeded 5 °C. To the resutixtgre was added a solution of NapO
(4.34 g, 62.9 mmol) dissolved in water (200 mL) over a period of 30 mimkat@. The resulting
reaction mixture was stirred atf® °C for further 30 min. A solution of Kl (10.43 g, 62.83 mmol)
dissolved in water (12 mL) was added to the reaction mixture over a period of 30 minkat®©

and stirred for 3. After completion, the reaction mixture was allowed to reach room temperature,
diluted with water (200 mL) and extracted with EtOAc (3 x 500 mL). The combineshiorayers

were washed with brine (2 x 500 mL). The organic layer was dried with anhydrous sodium sulfate
and evaporated to dryness under reduced pressure, giving the corresponding product that was used

without further purification.
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

8-lodo-2-naphthol (2.29: black powder (12.37 g, 73%); m.p. = 1886 °C[lit. m.p. = 109 €9

max (N€at) 3254 (br), 1621, 1590, 1504, 1440, 1371, 1335, 1222, 1168, 1122, 970, 898, 819, 648
cmt; 'H NMR (400 MHz, CDCY) 4 5.19 (s, 1H, OH), 7.04 (t, 1H,= 7.7 Hz, 6H), 7.13 (dd, 1H,
J=8.8,2.3 Hz, #), 7.44 (d, 1H,J = 2.3 Hz, 1H), 7.70 (d, 1H,) = 8.8 Hz, 4H), 7.76 (d, 1H, =
7.7 Hz, 5H), 8.03 (d, 1H,J = 7.7 Hz, 7H) ppm *3C NMR (100 MHz, CDG)) /c 97.3, 114.2,

118.5, 124.7, 128.8, 129.4, 130.9, 135.8, 138.0, 1§Hm; HRMS (ESI) found [M+H] =
270.9616 GoH7IO requires [M+H] = 270.9614.

3.2.11.2 Experimental Procedure for the Synthesis of Hodo-3,3-bis(4-methoxyphenyl)}3H-
naphtho[2,1-b]pyran (2.34) 1,1-bis(4methoxyphenyl)proj2-yn-1-ol (1.04 g, 3.88 mmol) and-8
iodo-2-naphthol (1.00 g, 3.70 mmol) in the presence of PPTS (0.05 g, 0.2 mmol) and trimethyl
orthoformate (0.80 mL, 7.3 mmol) in 2[2CE (21.0 mL) were refluxed for B under N. Solvent
wasremoved under reduced pressure, the residue dissolved in EtOAc (100 mL), washed with water
(3 x 100 mL), dried with anhydrous sodium sulfate and evaporated to dryness. Flash column
chromatography [Aldrich silica gel (60 A, 40 P HOXHQW (WReR&nhes, fraction 2]

led to the corresponding produggpproximately 83% pure ty4 NMR analysis+and it was used

in the next step without further purification.

10-lodo-3,3-bis(4-methoxyphenyl)}3H-naphtho[2,1-b]pyran (2.34) brown powder (0.90 g,
39%); m.p. =5&  f &max (Neat) 2922, 2852, 1606, 1506, 1460, 1246, 1171, 1031, 995, 821, 708
cml; 'H NMR (400 MHz, CDGY) /4 3.76 (6H, s, OMg 5.97 (1H, dJ = 9.7 Hz, 2H), 6.826.85
+ P« eeH), 6.92¢lH, tJ=7.7 Hz, 8H), 7.21 (1H, d,J = 8.8 Hz, 5H), 7.424.45 (4H,
P« e -H)7.55q1H, dJ = 8.8 Hz, 6H), 7.65#7.67 (1H, m, 7H), 8.088.13 (2H, m, 1, 9
H) ppm; 3C NMR (100 MHz, CDGJ) /c 55.2, 81.6, 89.7, 113.3, 116.9, 119.2, 122.6, 124.4, 124.6,
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

128.6, 129.5, 130.9, 131.0, 131.8, 136.5, 141.5, 152.7, PEBIOHRMS (ESI) found [M+H] =
521.0610C27H21103 requires [M+H] = 521.0608.

3.2.11.3 Experimental Procedure for the Synthesis of 3;Bis(4-methoxyphenyl}10-(4-

pyridyl) -3H-naphtho[2,1-b]pyran (2.36) a mixture of 16iodo-3,3-bis(4methoxyphenyh3H-
naphtho[2,ib]pyran (83%) (200.3 mg, 0.3195 mmol}p#ridineboronic acid pinacol est¢98.3

mg, 0.479 mmol), KF (27.8 mg, 0.478 mmol) and Pd@gpRk8.6 mg, 0.0161 mmol) in PhMe (5.0

mL) and EtOH (5.0 mL) was heated at reflux undefdd 5 days. After this time, the mixture was
evaporated to dryness. Afterwards, the residue was dissohN2@M (50 mL), washed with water

(3 x 50 mL), the organic layer dried with anhydrous sodium sulfate and the solvent removed under
reduced pressure. Flash column chromatography [Aldrich silica gel (60 -A, 40P HOXHQW
EtOAc (50%) in hexanes, fracti@l led to the corresponding product as a hghilow powder.

3,3Bis(4-methoxyphenyl)-10-(4-pyridyl) -3H-naphtho[2,1-b]pyran (2.36} light-yellow powder
(99.8 mg, 66%); m.p. =50  f &max (neat) 1607, 1593, 1507, 1452, 1245, 1172, 1032, 998, 819,
732 cml; Photomerocyaninemax = 458 nm (PhMe; '*H NMR (400 MHz, CDCJ) 4 3.77 (6H, s,

OMe), 5.64 (1H, dJ = 9.7 Hz, 2H), 6.01 (1H, dJ = 9.7 Hz, tH), 6.84 (4H, app. d] +] .
e e«H), 7517 (2H, app. dJ +]  eekl), 72647.37 (7TH, m, AH), 7.737.76 (2H, m,
Ar-H), 8.67 (2H, app. dJ +]  ««M) pprg3C NMR (100 MHz, CDQ) /c 55.3, 81.6,

1132, 115.3, 119.0, 123.2, 123.9, 124.4, 125.0, 128.4, 129.5, 130.0, 130.5, 130.9, 135.3, 136.7,
149.6, 151.7, 152.9, 1598 HRMS (ESI) found [MH]* = 472.1906Cs:HosNOs requires
[M+H]* = 472.1907.
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

3.21.2 Preparation of 9-Pyridyl -3H-Naphtho[2,1-b]pyrans

3.21.2.1Experimental Procedure for the Synthesis of -Bromo-2-naphthol (2.38):

Method A =Bromine (1.0 mL, 20 mmol) was added dropwise to a cold (0 °C) to a suspension of
triphenylphosphine (5.00 g, 19.1 mmol) in MeCN (14.0 mL). The reaction mixture was allowed to
reach room temperature and -2lijlydroxynaphthalene (2.55 g, 15.9 minelas added in one
portion. The mixture was heated to 70 °C for 30 min, after which the solvent was removed under
reduced pressure. The flask was equipped with a gas trap and the black residue was heated to 25C
°C for 45 min. After cooling to room tempeuag, the mixture was dissolved in DCM (32 mL) and
filtered through a plug of silica. The crude was purified by flash column chromatodvalplnizh

silica gel (60 A, 40 P eluent: DCM/hexane (1:1)]. Fractions 5 and 6, obtained from the first
purificafon, were purified by flash column chromatography: fractio\Blrich silica gel (60 A,

40- P eluent: EtOAc/hexane (1:4)] and fractiofddrich silica gel (60 A, 40 P eluent:

DCM]. Subsequent recrystallizations from EtOAc/hexane led to thesmonding products.

Method B +Bromine (3.4 mL, 66 mmol) was added slowly over 30 min to a cold (0 °C) vigorously
stirred suspension of triphenylphosphine (17.01 g, 64.85 mmol) in MeCN (3.0 mL). The mixture
was warmed to room temperature anddf¥draxynaphthalene (10.39 g, 64.87 mmol) was added
in one portion. Afterwards, the reaction was heated to 85 °C forThe resulting brown tar was
heated, slowly, to 250 °C for 6 h. Upon cooling, the mixture was purified by flash column
chromatography[Aldrich silica gel (60 A, 40 P eluent: EtOAc/hexane (3:7)], with
subsequent recrystallization from EtOAc/hexane, affording the corresponding product.

3,7-Dibromo-2-naphthol (2.44): from method A (fraction 3 from the purification of the crude)
provided the title compound as a brown powder (0.63 g, 18%); m.p. 4887CJlit. m.p. =185+

186 °C%Y max (neat) 3419, 1615, 1506, 1412, 1355, 1213, 1169, 1061, 923, 878, 796, 550 cm
IH NMR (400 MHz, CDC}) /i 5.74 (s, 1H, OH), 7.29 (s, 1H;H), 7.42 (dd, 1H,) = 8.8 Hz, 1.6

Hz 6-H), 7.56 (d, 1HJ = 8.8 Hz, 5H), 7.86 (d, 1HJ = 1.6 Hz, 8H), 8.00 (s, 1H, 4) ppm;3C

NMR (100 MHz, CDC}) /c = 109.9, 113.0, 121.2, 127.8, 128.0, 128.4, 128.6, 131.3, 135.1, 150.3
ppm;HRMS (APCI) found [MH] = 298.8697C10Hs"°Br.0 requires [MH] = 298.8713.
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

7-Bromo-2-naphthol (2.38) from method A (fraction 1 from the purification of fraction 5)

provided the title compound as a brown powder (0.0180 g, 0.4%); From method B (fraction 2)

provided the title compound as a brown powder (7.01 g, 48%); m.p. 329C[lit. m.p. =132+

133°C®7  max (neat) 3626, 3046 (br), 1649, 1573, 1500, 1435, 1351, 1206, 1062, 919, 855, 827,

736, 596 crit; *H NMR (400 MHz, CDCJ) k4 5.35 (s, 1H, OH), 7.06app.s, 1H, 1H), 7.11 (dd,

1H,J=8.8, 2.1 Hz, &), 7.39 (d, 1H,) = 8.7 Hz, 6H), 7.63 (d,1H, J = 8.7 Hz, 5H), 7.71 (d, 1H,

J = 8.8 Hz, 4H), 7.84 (s, 1H, &) ppm; **C NMR (100 MHz, CDQ) /c 108.7, 118.2, 120.8,
127.0, 127.3, 128.3, 129.4, 129.9, 135.8, 154.1 pgRMS (APCI) found [MH] = 220.9604

C10H7"BrO requires [MH] = 220.9608.

3,6-Dibromo-2,7-dihydroxynaphthalene (2.45) from method A (fraction 2 from the purification
of fraction 6) provided the title compound abrawn powder (0.04 g, 0.6%); m.p. = 1847 °C
[lit. m.p. =1554A59 °C?8 186490 °C3, 188490 °C*° @ max (neat) 3447, 3161 (br), 1620, 1586,
1514, 14221348, 1166, 1012, 887, 860, 734, 553¢ctH NMR (400 MHz, CDCJ) h 5.67 (s,
2H, OH), 7.23 (s, 2H, 1,-Bl), 7.86 (s, 2H, 4, #) ppm;C NMR (100 MHz, CDGJ) /c 109.4,
110.9, 125.6, 130.1, 134.9, 150.4 ppHRMS (APCI) found [MH] = 314.8657 GHs °Br202
requires [MH] = 314.8662.

3.2.1.2.2 Experimental Procedure for the Synthesis of Bromo-3,3-bis(4-methoxyphenyl)}3H-
naphtho[2,1-b]pyran (2.39) 1,1-bis(4methoxyphenyl)proj2-yn-1-ol (5.69 g, 21.2 mmol) and-7
bromao2-naphthol (4.50 g, 20.2 mmol) ime presence of PPTS (0.25 g, 1.0 mmol) and trimethyl

orthoformate (4.5 mL, 41 mmol) in 22CE (41 mL) was refluxed for B under N atmosphere.

Solvent was removed under reduced pressure and the residue taken in DCM (150 mL), washed with

water (3 x 300 mL) and the organic layer dried with anhydrous sodium sulfate. The residue was

crystallized from DCM/hexane giving the title compowasda brick red crystalline solid.
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

9-Bromo-3,3-bis(4-methoxyphenyl}3H-naphtho[2,1-b]pyran (2.39) brick red crystalline solid

(8.24 g, 86%); m.p. = 124 f &max (Neat) 1606, 1581, 1505, 1441, 1301, 1249, 1172, 1031,
1017, 822, 721, 589 cin Photomerocyaninemax = 456 nm PhMeé; *H NMR (400 MHz, CDCY)

h 3.77 (s, 6H, OMe), 6.21 (d, 1K,= 9.9 Hz, 2H), 6.84 (app. d, 4H] +] ¢ e-H)pe e
7.15%.20 (m, 2H, 1, 8H), 7.35% P+ o -M), 756 (d2H,) = 8.7 Hz, #H), 7.60

(d, 1H,J = 8.8 Hz, 6H), 8.09 (s, 1H, 1) ppm; 3C NMR (100 MHz, CDGJ) /c 55.3, 82.4,
113.3, 113.4, 118.75, 118.84, 121.1, 123.9, 126.8, 127.7, 128.6, 128.6, 130.1, 131.0, 136.9,
151.3, 159.0 ppmHRMS (ESI) found [M+H] = 473.0746 GH21"°BrOs requires [M+H] =
473.0747.

3.2.1.2.3 Experimental Procedure for the Synthesis of $Hydroxy-3,3-bis(4-methoxyphenyl)
3H-naphtho[2,1-b]pyran (2.42) 1,1-bis(4methoxyphenyl)proj2-yn-1-ol (5.04 g, 18.8 mmol) and
2,7-dihydroxynaphthalene (3.01 g, 18.8 mmol) in the presence of PPTS (0.24 g, 0.96 mmol) and
trimethyl orthoformate (4.2 mL, 38 mmol) in 1[XCE (38.0 mL) was refluxed for B under N
atmosphere. Solvent was removed under reduced pressure and the residue purified by flash column
chromatography [Aldrich silica gel (60 A, 40 P HOXHQW '&0@ WR JLYH WZR

Fraction 1 =+ 3,3,10,1@Tetraki s(4methoxyphenyl}3,10H-naphtho[2,1-b]pyran (2.52) off-
white powder 2.11 g, 17%)m.p. = 220t f &max (neat) 1608, 1509, 1298, 1251, 1172, 1034,
985, 954, 836, 729, 580 cmPhotomerocyaninemax = 448 nm PhMe&; *H NMR (400 MHz,
CDCl) h 3.77 (s, 12H, OMe), 6.00 (d, 2d,= 9.6 Hz, 2, 13H), 6.83 (app. d, 8H] +] e
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

o e ee  eee _H)pe7.00e(¢ls 2HJ xe8.¥ Hz, 5, 8H), 7.11 (d, 2H,J = 9.6 Hz, 1, 1H),
7.40 (app. d, 8HJ +] . . oo soee oeosld) 7.49¢eds 2HJI = 8.7 Hz, 6, H)
ppm; C NMR (100 MHz, CDGJ) /c 55.2, 81.8, 113.3, 114.7, 115.8, 124.4, 124.7, 125.6, 128.5,
128.5, 130.9, 137.0, 152.8, 158.9 pgRMS (ESI) found [M+H] = 661.2585 GuH3:Os requires
[M+H]* = 661.2585.

Fraction 2 =+ 9-Hydroxy-3,3-bis(4-methoxyphenyl)}3H-naphtho[2,1-b]pyran (2.42) brown
powder .16 g, 28%)m.p. = 154t f &max (Neat) 3390, 1622, 1505, 1452, 1243, 1172, 1082,
1008, 830, 723, 566 cfn Photomerocyaninemax = 444 nm (PhMe; *H NMR (400 MHz,CDCl)
h3.77 (s, 6H, OMe), 4.88 (s, 1H, OH), 6.17 (d, I, 9.9 Hz, 2H), 6.83 (app. d, 4H] = 8.8 Hz,
. «-H), 6290 (dd, 1HJ = 8.8, 2.4 Hz, &), 7.01 (d, 1H,J = 8.8 Hz, 5H), 7.14 (d, 1HJ =
9.9 Hz, tH), 7.24#.26 (m, 1H, 1€H), 7.37(app. d, 4H,) +] ¢ +-H)s73.56 ¢, 1H,)
= 8.8 Hz, 6H), 7.61 (d, 1H,J = 8.8 Hz, 7H) ppm; C NMR (100 MHz, CDGJ) /c 55.3, 82.2,
104.0, 112.8, 113.4, 115.0, 116.0, 119.2, 124.8, 127.6, 128.3, 129.7, 130.5, 131.3, 137.3, 151.3,
154.3 158.9 ppmHRMS (ESI) found [M+H] = 411.1591 @/H2.04requires [M+H] = 411.1591.

3.2.1.2.4 Experimental Procedure for the Synthesis of 3;Bis(4-methoxyphenyl)9-triflyloxy -
3H-naphtho[2,1-b]pyran (2.43) triflic anhydride (0.64 mL, 3.9 mmol) was added dropwise to a
solution of Shydroxy-3,3-bis(4methoxyphenyh3H-naphtho[2,1b]pyran (1.56 g, 3.80 mmol) and

EtN (1.2 mL) in DCM (11.5 mL) at 0° C. After i the resulting solution was washed with HCI (1

M) (50 mL), a saturated NaHCOsolution (50 mL), dried with anhydrous sodium sulfate and
evaporated to dryness. Flash column chromatography [Aldrich silica gel (60 A, 4% HOXHQW
EtOAc/hexane (3:7), fraction 1]deo the title compound.
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3,3-Bis(4-methoxyphenyl)-9-triflyloxy -3H-naphtho[2,1-b]pyran (2.43) canary yellow powder
(1.80 g, 87%)m.p. = 90+ f &max(neat) 1609, 1509, 1401, 1215, 1173, 1122, 1033, 866, 831,
640, 584 crit; *H NMR (400 MHz, CDCJ) /4 3.78 (s, 6H, OMe), 6.25 (d, 1H,= 10.0 Hz, 2H),

6.85 (app. d, 4H) +] o «-H)#%.15 ¢a, 1HJ = 10.0 Hz, 1H), 7.19 (dd, 1H, = 8.9,

2.4 Hz, 8H), 7.23 (d, 1HJ = 8.9 Hz, 5H), 7.36 (app. d, 4H] +] o ¢-H)e¥.67¢d,
1H,J = 8.9 Hz, 6H), 7.77#.80 (m, 2H, 7, 14) ppm;**C NMR (100 MHz, CDGJ) /c 55.3, 82.7,
113.3, 113.5, 114.2, 116.9, 11729.1 (1C, gJ = 318.8 Hz, Ck) 119.8, 128.2, 128.3, 128.9,
129.6, 130.3, 131.1, 135.148.1, 151.9, 159.1 ppri®F NMR (376 MHz, CDQ) /r -72.8 ppm
HRMS (ESI) found [M+H] = 543.1072 @sH21F:06S requires [M+H] = 543.1084.

3.2.1.2.5 Experimental Procedure for the Synthesis 0f3,3-Bis(4-methoxyphenyl)}9-pyridyl -
3H-naphtho[2,1-b]pyran:

Method A + A mixture of 9bromeo3,3-bis(4methoxyphenyb3H-naphtho[2,ib]pyran (3.17
mmol), the appropriate pyridineboronic acid pinacol ester (4.8 mmaolJOK(4.8 mmol) and
Pd(PPh)4(0.16 mmol) in PhMe (37 mL) and EtOH (37 mL) was heated at reflux ungfar N6+

19 h. After this time, the mixture was cooled and water added (150 mL). Afterwards, the residue
was extracted with DCM (3 x 200 mL), washed with water (3 x 200 mL), the iortpeyer dried

with anhydrous sodium sulfate and the solvent removed under reduced ptesHtoed the target

compounds after purification.

Method B +A mixture of 3,3-bis(4methoxyphenyho-triflyloxy -3H-naphtho[2,1b]pyran (0.3692
mmol), the appropria pyridineboronic acid pinacol ester (0.5520 mmopC&s (0.559 mmol) and
Pd(PPB)4 (0.0189 mmol) in PhMe (5 mL) and EtOH (5 mL) was heated at reflux undier 6 h.

After this time, the mixture was cooled and added water (50 mL). The residue wateskinith

DCM (3 x 50 mL), washed with water (3 x 50 mL), the organic layer dried with anhydrous sodium
sulfate and the solvent removed under reduced pressuaéford the target compounds after

purification.
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Fraction 1 +2-(Bis(4-methoxyphenyl)methyl)-8-(4-pyridyl)naphtho[2,1-b]furan (2.49}) from &
broma3,3-bis(4methoxyphenyb3H-naphtho[2,3b]pyran  (Method A: 150 g¢g) and4-
pyridineboronic acid pinacol ester after h6of reaction Flash column chromatograpildrich
silica gel (60 A, 40 P eluent: ELO/DCM (9:1)] provided the title compound as a brown
powder (0.15 g, 10%). From 3I8s(4methoxyphenyho-triflyloxy -3H-naphtho[2,3b]pyran
(Method B: 200.3 mg) and-pyridineboronic acid pinacol esteFlash column chromatography
[Aldrich silica gel (60 A, 40 P eluent:EtO /DCM (9:1)] provided the title compound as a
brown powder (54.8 mg, 31%). m.p. = 166 [ & max (Neat) 1607, 168, 1462, 1301, 1244,
1173, 1030, 992, 816, 550 dmH NMR (400 MHz, CDCY) / 3.82 (s, 6H, OMe), 5.62 (s, 1H;

H), 6.77 (s, 1H, H), 6.90 (app. d, 4H] +] o o-H)#%.18 ¢app. d, 4H] +] .
o eeH), 7563+ P+ -H)e7.704 74 (m, 2H, 5, H), 8.03 (d, 1HJ = 8.5 Hz,
6-H), 8.28 (d, 1HJ = 1.7 Hz, 9H), 8.70 (d, 1HJ +]  eeb) ppm;#3C NMR (100 MHz,

CDCls) Ic 49.9, 55.3, 104.4, 113.414.0, 121.9, 122.1, 123.0, 124.0, 124.2, 127.7, 129.7, 129.8,
130.3, 133.5, 135.6, 148.4, 150.3, 152.9, 158.6, 160.7 ppRMS (ESI) found [M+H] =
472.1914 GoH2sNOs requires [M+H] = 472.1907.

Fraction 2 +3,3-Bis(4-methoxyphenyl}9-(4-pyridyl) -3H-naphtho[2,1-b]pyran (2.48) from 9
broma3,3-bis(4methoxyphenyb3H-naphtho[2,ib]pyran (Method A: 150 g) and4-
pyridineboronic acid pinacol ester after h6of reaction Flash column chromatograptxldrich
silica gel (60 A, 40 P eluent:EttO/DCM (9:1)] provided the title compound as a salmon pink
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powder (0.85 g, 57%). From 3l8s(4methoxyphenyho-triflyloxy -3H-naphtho[2,1b]pyran
(Method B: 200.3 mg) and-pyridineboronic acid pinacol esteFlash column chromatography
[Aldrich silica gel (60 A, 40 P eluent:ELO/DCM (9:1)] provided the title compound as a
salmon pink powder (36.9 mg, 21%). m.p. =389 f &max (Neat) 1597, 1506, 1440, 1302, 1247,
1172, 1088, 1007, 945, 820, 688, 587’ . Photomerocyanineémax = 472 nm PhMe; *H NMR

(400 MHz, CDC%) h 3.77 (s, 6H, OMe), 6.26 (d, 1H,= 10.0 Hz, 2H), 6.85 (app. d, 4H] = 8.9

+] ¢ ¢ -H)#7.23¢d, 1HJ=8.8 Hz, 5H), 7.36 (d, 1HJ = 10.0 Hz, iH), 7.39 (app. d, 4H,

J +] o «-H)#$.57 ¢ad, 1H) = 8.4, 1.7 Hz, &), 7.62 (d, 2H,] +]  eell), e
7.69 (d, 1HJ = 8.8 Hz, 6H), 7.82 (d, 1H,) = 8.4 Hz, 7H), 8.19 (s, 1H, 14H), 8.70 (d, 2HJ = 6.1

+] e e -k} ppm; 13C NMR (100 MHz, CDGJ) /c = 55.3, 82.4, 113.4, 114.5, 118.9, 119.4,
120.1, 122.0, 122.3, 128.4, 128.6, 129.3, 129.50, 129.53, 129.9, 136.2, 137.0, 148.7, 150.3, 151.3,
159.0 ppmHRMS (ESI) found [M+H] = 472.1907 &H2sNOs requires [M+H] = 472.1907.

Fraction 1 +2-(Bis(4-methoxyphenyl)methyl)-8-(3-pyridyl)naphtho[2,1-b]furan (2.51) from &
bromao3,3-bis(4methoxyphenyb3H-naphtho[2,b]pyran (Method A: 150 g) and3-
pyridineboronic acid pinacaster after 1% of reaction Flash column chromatograptxldrich
silica gel (60 A, 40 P eluent: EO/DCM (9:1)] provided the title compound as a brown
powder (0.17 g, 11%). FronmB,3-bis(4methoxyphenyho-triflyloxy -3H-naphtho[2,b]pyran
(Method B: 204.7 mg) an@-pyridineboronic acid pinacol estelash column chromatography
[Aldrich silica gel (60 A, 40 P eluent:ELO/DCM (9:1)] provided the title compound as a
brown powder (15.7 mg, 9%); m.p. =126  f &max(neat) 1607, 1583, 1507, 1461, 1301, 1244,
1173, 1110, 1030, 994, 804, 710, 554%cAH NMR (400 MHz, CDCY) 4 3.81 (s, 6H, OMe), 5.61
(s, 1H, .-H), 6.77 (s, 1H, H), 6.89 (app. d, 4H] +] e «-H)e¥.18 tapp. d, 4H] =

+] ¢ e -H) 7.404€d, 1H,) = +]-H)#»#%.62 (d, 1H,) = 8.9 Hz, 4H), 7.67+
7.72 (m, 2H, 5, H), 8.00+ P + -H), 820(d, 1H,J= 1.6 Hz, 9H), 8.62 (dd, 1H,] =

+]-H)»898 (d, 1HJ +] -H3 ppm; *C NMR (100 MHz, CDGJ) /c 49.9,

55.3, 104.4, 113.0, 114.0, 121.9, 123.5, 123.6, 123.9, 124.2, 127.8, 129.6, 129.7, 129.8, 133.6,
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

134.7, 135.4, 136.7148.5, 148.7, 152.9, 158.6, 160.5 pphiRMS (ESI) found [M+H] =
472.1909 GoHosNO3 requires [M+H] = 472.1907.

Fraction 2 +3,3-Bis(4-methoxyphenyl)}9-(3-pyridyl) -3H-naphtho[2,1-b]pyran (2.50} from 9-
bromao3,3-bis(4methoxyphenyb3H-naphtho[2,b]pyran (Method A: 150 g) and3-
pyridineboronic acid pinacol ester after b%f reaction Flash column chromatograpi#ldrich
silica gel (60 A, 40 P eluent:EttO/DCM (9:1)] provided the titleompound as a salmon pink
powder (1.05 g, 70%). From 3I8s(4methoxyphenyho-triflyloxy -3H-naphtho[2,3b]pyran
(Method B: 204.7 mg) an@-pyridineboronic acid pinacol esteFlash column chromatography
[Aldrich silica gel (60 A, 40 P eluent:ELO/DCM (9:1)] provided the title compound as a
salmon pink powder (99.7 mg, 56%); m.p. =80 [ &max (Neat) 1604, 1505, 1451, 1440, 1378,
1302, 1246, 1172, 1088, 1030, 1003, 945, 824, 711, 588 Bhotomerocyanineémax = 472 nm
(PhM&; *H NMR (400MHz, CDCk) /4 3.77 (s, 6H, OMe), 6.25 (d, 1H,= 10.0 Hz, 2H), 6.85

(app. d, 4H,) +] +  e-H)p7.21 ¢t 1H,) = 8.8 Hz, 5H), 7.35 (d, 1HJ = 10.0 Hz, &
H), 7.38+ P+ « « -M9 7.53(dds2e]=8.4, 1.6 HzB-H), 7.69 (d, 1HJ = 8.8
Hz, 6H), 7.82 (d, 1H,J = 8.4 Hz, 7H), 7.98 (dt, 1H] +]-H),*8.22 (s, 1H, 104),
8.63 (dd, 1HJ +1-H),+8.96 (d, 1H, +] -HY ppm; 3C NMR (100 MHz,

CDCl) /c55.3,82.3,113.4, 113, 118.96, 119.00, 119.9, 122.8, 123.6, 128.4, 128.5, 128.7, 129.5,
129.5, 130.0, 134.7, 135.9, 137.0, 137.1, 148.56, 148.63, 151.2, 158. HRMS (ESI) found
[M+H] " =472.1906 GxH2sNOs requires [M+HT = 472.1907.

3.21.3 Preparation of 8-Pyridyl and 8-Aryl Substituted Naphthopyrans

3.2.1.3.1 Experimental Procedure for the Synthesis of 8romo-3,3-bis(4-methoxyphenyl)3H-
naphtho[2,1-bjpyran (2.56} 1,1-bis(4methoxyphenyl)proj2-yn-1-ol (9.47 g, 35.3 mmol) and-6
bromo2-naphthol (7.50 g33.6 mmol) in the presence of PPTS (0.43 g, 1.7 mmol) and triethyl
orthoformate (11.2 mL, 67.3 mmol) in IXCE (67.2 mL) was refluxed for & under N
atmosphere. Solvent was removed under reduced pressure, the residue taken in DCM (400 mL),
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3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

washed with water (3 x 300 mL) and the organic layer dried with anhydrous sodium sulfate.
Subsequently, after solvent evaporation, the residue was recrystalloradDICM/hexane (3:2)

giving the corresponding product as a beige crystalline solid in excellent yield.

8-Bromo-3,3-bis(4-methoxyphenyl}3H-naphtho[2,1-b]pyran (2.56} beige crystalline solid
(15.48 g, 97%)m.p.= 175+ f &max(neat) 1607, 1578, 1508, 1248, 1175, 1033, 999, 834, 812,
596 cm’; Photomerocyaninemax = 474 nm (PhMe; *H NMR (400 MHz, CDCJ) k 3.77 (s, 6H,
OMe), 6.21 (d, 1HJ = 10.0 Hz, 2H), 6.84 (app. d, 4HJ +] o e-H)sB.17 ¢cb, 1H,J

= 8.9 Hz, 5H), 7.21 (d, 1HJ = 10.0 Hz, 1H), 7.36 (app. d, 4H] +] ¢ e-H)#¥50¢-
(dd, 1H,J =9.0, 2.0 Hz, HH), 7.54 (d, 1HJ = 8.9 Hz, 6H), 7.81 (d, 1HJ = 9.0 Hz, 16H), 7.85

(d, 1H,J = 2.0 Hz, 7H); **C NMR (100 MHz, CDGJ) /c 55.3, 82.4, 113.4, 114.1, 117.2, 118.7,
119.5, 123.2, 128.3, 128.6, 128.7, 129.7, 130.37, 130.44, 137.0, 150.8, 159.DIRWISE; (ESI)
found [M+H]" = 473.0745 @H21"°BrOs requireM+H] * = 473.0747.

3.2.1.3.2 Experimental Procedure for the Synthesis of Z3,3-Bis(4-methoxyphenyl)}3H-
benzoffJchromen-8-yl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2.62)
a) Method A. Metallation Strategyn-BuLi (6.5 mL, 2.5 M in hexanes) waslded dropwise over
10 min to a solution of Brome3,3-bis(4methoxyphenyb3H-naphtho[2,1b]pyran (7.00 g,
14.8 mmol) in anhydrous THF (120 mL)-&8 °C under Natmosphere. The resulting solution
was stirred for 1, after which B(@Pr) (4.2 mL, 18 mmol) was added dropwise over 10 min.
The resulting solution was stirred foh2vhilst warming to room temperature. The reaction was
stopped by adding water (100 mL) aag. HCI (2M, 12 mL). The phases were separated, the
aqueous layer extreed with EtOAc (3 x 100 mL), the combined organic extracts dried with
anhydrous sodium sulfate and then evaporated to dryness under reduced pressure. Afterwards,
pinacol (1.90 g, 16.1 mmol) was added in one portion to a mixture of the former residue in
PhMe (110 mL) and heated under reflux (Destark). After 2h, the mixture was allowed to
cool to room temperature and the solvent removed under reduced pressure to give the title

product after purification.
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b) Method B. PeMediated Borylation Strategy + A mixture of 8bromo3,3-bis(4
methoxyphenyh3H-naphtho[2,1b]pyran (1.00 g, 2.11 mmol), bis(pinacolato)diboron (0.81 g,
3.2 mmol), NaOAc (0.70 g, 8.5 mmol) and Pd(BE®I2 (0.08 , 0.1 mmol) in DMF (50 mL)
was stirred at 90 °C under ldtmosphere for 16. After this time, the mixture was cooled and
the residue evaporated to dryness. The residue was dissolved in DCM (200 mL), washed with
water (3 x 100 mL), the organic layer dried with anhydrous sodium sulfate and the solvent

removed under reduced pressure torafjpure products after purification.

2-(2-(Bis(4-methoxyphenyl)methyl)naphtho[2, tb]furan -7-yl)-4,4,5,5tetramethyl-1,3,2
dioxaborolane (2.63) from method Bflash column chromatograplldrich silica gel (60 A, 40

P eluent:hexane/EtOAc (9:1), fraction 3] provided the title compoasda brown powder
(0.03 g, 3%); m.p. = 16868 °C;'H NMR (400 MHz, CDC4) h 1.39 (s, 12H, Ch), 3.80 (s, 6H,
OMe), 5.59 (s, 1H,-H), 6.72 (s, 1H, HH), 6.88 (app. d, 4H] +] o e-H)#3.17 fapp.
d, 4H,J +] ¢ «-H)#3.57 ¢, 1HJ = 8.9 Hz, 4H), 7.71 (d, 1H,) = 8.9 Hz, 5H), 7.88
(d, 1H,J = 8.2 Hz, 8H), 7.99 (d, 1HJ = 8.2 Hz, 9H), 8.43 (s, 1H, &); 1°C NMR (100 MHz,
CDCl) Ic 250, 49.8, 55.3, 83.9, 104.5, 112.4, 114.0, 122.6, 123.4, 125.3, 129.3, 129.6, 129.8,
130.9, 133.7, 136.9, 153.2, 158.5, 160.0 pg#RMS (ESI) found [MH2+H]" = 519.2340
Cs3H33BOs requires [MHo+H] " = 519.2457.
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2-(3,3-Bis(4-methoxyphenyl}3H-benzof]chromen-8-yl)-4,4,5 5tetramethyl-1,3,2
dioxaborolane (2.62) from method AFlash column chromatograplldrich silica gel (60 A, 40

P eluent:DCM/hexane (1:1), fraction 2] and recrystallization from a mixture of DCM/hexane
provided the title compound as a pale white crystalline solid (3.74 g, 49%). From metRladB;
column chromatographjAldrich silica gel (60 A, 40 P eluent:hexane/BDACc (9:1), fraction
4] and recrystallized from a mixture of DCM/hexane provided the title compound as a pale white
crystalline solid (0.02 g, 2%); m.p. = 240  Z &max (Neat) 1607, 1509, 1464, 1369, 1324, 1298,
1246, 1173, 1138, 1078, 1031, 999, 9541,,828, 655, 596 cr) Photomerocyaninemax= 474 nm
(PhMe; *H NMR (400 MHz, CDGJ) h 1.38 (s, 12H, Ch), 3.77 (s, 6H, OMe), 6.19 (d, 1d,=
10.0 Hz, 2H), 6.84 (app. d, 4H] +] o «-H)#%.15 ¢a, 1HJ = 8.8 Hz, 5H), 7.29 (d,
1H, J = 10.0 Hz, 1H), 7.38 (app. d, 4H) +] ¢  +-H)#%.68 ¢d, 1H,) = 8.8 Hz, 6H),
7.81 (dd, 1H,J = 8.5, 1.0 Hz, HH), 7.92 (d, 1H,J = 8.5 Hz, 16H), 8.22 (s, H, 7-H) ppm;*C
NMR (100 MHz, CDC4) Ic 24.9, 55.3, 82.4, 83.8, 113.4, 113.8, 118.3, 119.1, 120.5, 127.9, 128.4,
128.7, 130.7, 131.3, 131.5, 136.9, 137.2, 151.6, 158.9 ptRMS (ESI) found [M+H] =
520.2501C33H33BOs requires [M+H] = 520.2530.

3.2.1.3.3 Experimental Procedure for the Synthesis of 3;Bis(4-methoxyphenyl)8-pyridyl -
3H-naphtho[2,1-b]pyran (2.57)

Method A + A mixture of 8bromo3,3-bis(4methoxyphenyb3H-naphtho[2,ib]jpyran (3.B

mmol), the appropriate pyridineboronic acid pinacol ester (4.8 mmaolJOK(4.8 mmol) and
Pd(PPBh)4(0.16 mmol) in PhMe (37 mL) and EtOH (37 mL) was heated at reflux ungfar N6+

19 h. After this time, the residue was cooled and added water (200Tiné yesidue was extracted

with DCM (3 x 200 mL), washed with water (3 x 200 mL), the organic layer dried with anhydrous
sodium sulfate and the solvent removed under reduced pressure to afford the target compounds after

purification.

Method B + A mixture of 4-bromopyridine hydrochloride (1.4 mmol), -(3,3-bis(4
methoxyphenyh3H-benzof]chromen8-yl)-4,4,5,5tetramethyll1,3,2dioxaborolane (0.96 mmol),
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K2COz (2.2 mmol) and Pd(PR)a (0.05 mmol) in PhMe (8 mL) and EtOH (8 mL) was heated at
reflux under N for 16 h. After this time, the mixture was cooled and added water (50 mL). The
residue was extracted with DCM (4 x 50 mL), washed with water (3 x 50 mL), the organic layer
dried over anhydrous sodium sulfate and the solvent removed under reduced poeafard the

target compounds after purification.

Method C £ A mixture of 2bromopyridine (1.4 mmol), -23,3-bis(4methoxyphenyh3H-
benzoflchromen8-yl)-4,4,5,5tetramethyll,3,2dioxaborolane (0.96 mmol), KOs (1.4 mmol)

and Pd(PP$)4(0.05 mmol) inPhMe (8 mL) and EtOH (8 mL) was heated at reflux undeioN16

h. After this time, the mixture was cooled and added water (50 mL). The residue was extracted with
DCM (4 x 50 mL), washed with water (3 x 50 mL), the organic layer dried over anhydrousisodiu
sulfate and the solvent removed under reduced pressure to afford the target compounds after

purification.

2-(Bis(4-methoxyphenyl)methyl)7-(4-pyridyl)naphtho[2,1-b]furan (2.58) from 8bromo3,3
bis(4methoxyphenyhB3H-naphtho[2,ib]pyran (Method A: 1.50 g) and-pyridineboronic acid
pinacol ester after 16 of reaction Flash column chromatograptigldrich silica gel (60 A, 4663

P eluent:EtO/EtOAc(9:1), fraction 1] provided the title compound as a brown powder (0.05 g,
3%). From 2(3,3bis(4methoxyphenybl8H-benzoflchromen8-yl)-4,4,5,5tetramethyil,3,2
dioxaborolane (Method B: 0.50 g); flash column chromatogrdpldrich silica gel (60 A, 4663

P eluent:EO/DCM (9:1), fraction 1] provided the title compound as a brown powder (0.05 g,
12%); m.p. = 16& f & max (neat) 1594, 1507, 1462, 1301, 1244, 1174, 1031, 994, 805, 727,
586 cm'; 'H NMR (400 MHz, CDCJ) /4 3.81 (s, 6H, OMe), 5.61 (4H, .-H), 6.76 (s, 1H, H),

6.89 (app. d, 4H) +] e «-H)s¥.18 fapp. d, 4H] +] o ¢-H)s¥.64d ¢
P+ -+ 7.75 ¢d, 1HJ = 9.0 Hz, 5H), 7.80 (dd, 1H,J = 8.5, 1.7 Hz, &), 8.13
(d, 1H,J=85 Hz, 9H), 8.21 (d, 1HJ = 1.7 Hz, 6H), 8.70 (d, 2H,] +]  eei) ppm;+C

NMR (100 MHz, CDCY) /c 49.9, 55.3, 104.4, 113.3, 114.0, 121.8, 123.6, 124.57, 124.63, 124.9,
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127.3,127.7, 129.8, 130.4, 133.5, 133.8, 148.6, 150.1, 153.0, 158.6, 16018RI%;(ESI) found
[M+H] * = 472.1908 @H2sNOs requires [M+H] = 472.1907.

3,3Bis(4-methoxyphenyl)-8-(4-pyridyl) -3H-naphtho[2,1-b]pyran (2.57) from 8bromo3,3
bis(4methoxyphenyh3H-naphtho[2,ib]pyran (Method A: 1.50 g) and-pyridineboronic acid
pinacol ester after 16 of reaction Flash column chromatograpligldrich silica gel (60 A, 4663
P eluent: EO/EtOAC (9:1), fraction 2] followed by recrystallization from DCM/hexane

provided the title compound as a pale white crystalline solid (0.92 g, 63%). F(8B-lds(4
methoxyphenyh38H-benzof]jchromen8-yl)-4,4,5,5tetramethyl,3,2dioxaborolane (Method B:
0.50 g); Flash column chromatograplfldrich silica gel (60 A, 40 P eluent: E;tO/DCM
(9:1)] provided the title compound as a pale yellow powder (0.30 g, 67%); m.p.£= 18 &max
(neat) 1581, 1505, 1462, 1303, 1250, 1173, 1032, 999, 955, 810, 287,532 crmt;
Photomerocyaninemax = 482 nm (PhMe; *H NMR (400 MHz, CDC4) /4 3.78 (s, 6H, OMe), 6.25
(d, 1H,J = 10.0 Hz, 2H), 6.85 (app. d, 4H] +] + e-H)*%.23¢d 1H)=8.8Hz, 5
H), 7.30 (d, 1HJ = 10.0 Hz, 1H), 7.39 (app. d, 4H) +] o «-H)s7.60 ¢d, 2HJ =

+]  eeH), 72334.75 (m, 2H, 6, H), 8.00 (d, 1HJ = 1.6 Hz, #H), 8.06 (d, 1HJ = 8.8
Hz, 10H), 8.68 (d, 2HJ +] o «pf) ppm+°C NMR (100MHz, CDCh) /c 55.3, 82.5,
113.4, 114.0, 118.9, 119.3, 121.5, 122.5, 125.1, 127.0, 128.4, 128.5, 129.3, 129.9, 130.3, 133.0,
137.0, 148.1, 150.3, 151.4, 159.0 pptRMS (ESI) found [M+H] = 472.1900 GH2sNO;z requires
[M+H]* = 472.1907.
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2-(Bis(4-methoxyphenyl)methyl)-7-(3-pyridyl)naphtho[2,1-b]furan (2.60) from 8bromo3,3
bis(4methoxyphenyhB3H-naphtho[2,ib]pyran (Method A: 1.50 g) an@-pyridineboronic acid
pinacol ester after 16 of reaction Flash column chromatograpligldrich silica gel (60 A, 4663

P eluent:EO/DCM (9:1), fraction 1] provided the title compound as a brown powder (0.09 g,
6%); m.p. = 166& f &max (neat) 1606, 1582, 1507, 1462, 1302, 1243, 1173, 1029,8021,
708 cm®; 'H NMR (400 MHz, CDC4) /i 3.73 (s, 6H, OMe), 5.53 (s, 1H;H), 6.67 (s, 1H, H),

6.81 (app. d, 4HJ +] e *-H)e7.10 {app. d, 4H) +] . * -H)p7.320
(dd, 1H,J +]-H), ¢/55 (d, 1HJ = 9.0 Hz, 4H), 7.64%7.68 (m, 2H, 5, &), 7.92 (dt,
1H,J +]-H),®.028.04 (m, 2H, 6, H), 8.53 (d, 1H,] +] -H9,28.90 (s, 1H,

) ppm;3C NMR (100 MHz, CDG) /c 49.9, 55.3, 104.4, 113.2, 114.0, 123.5, 123.6, 124.5,
124.7, 125.1, 127.0, 129.8, 130.5, 133.6, 133.7, 134.6, 148.3, 148.5, 152.8, 158.6, 160.4 ppm;
HRMS (ESI) found [M+H] = 472.1921 @H2sNOs requires [M+H] = 472.1907.

3,3 Bis(4-methoxyphenyl)}8-(3-pyridyl) -3H-naphtho[2,1-b]pyran (2.59) from 8bromo3,3
bis(4methoxyphenyhB3H-naphtho[2,ib]pyran (Method A: 1.50 g) an@-pyridineboronic acid
pinacol ester after 16 of reaction Flash column chromatograpl#ldrich silica gel (60 A, 4663

P eluent:Et,O/DCM (9:1)] provided the title compound as a pale yellow powder (1.05 g, 70%);
m.p. = 174+ f & max (neat) 1608, 1582, 1505, 1413, 1307, 1248, 1173, 1030, 9997810,
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709, 551 cnit; Photomerocyaninemax= 476 nm (PhMe; *H NMR (400 MHz, CDCY) /1 3.78 (s,

6H, OMe), 6.25 (d, 1HJ = 9.9 Hz, 2H), 6.85 (app. d, 4H] +] e e-H)#F.22 ¢ 1H,
J = 8.8 Hz, 5H), 7.30 (d, 1H,]J = 9.9 Hz, 1H), 7.38% P+ o o 9 7.697. 740
(m, 2H, 6, 9H), 7.92 (d, 1H,) = 1.8 Hz, 7H), 7.96 (dt, 1H,] +]-H), €06 (d, 1H,) =
8.8 Hz, 16H), 8.60 (d, 2H,] +] ees se V  -H) ppm3C NMR (100 MHz,

CDCls) /c 55.3, 82.4, 113.4, 114.0, 119.0, 119.2, 122.4, 123.6, 125.6, 126.7, 128.4, 128.5, 129.3,
129.5, 130.1, 132.8, 134.3, 136.4, 137.1, 148.3, 148.4, 151.1, 159.0HRS (ESI) found
[M+H] " = 472.191 Cg2H2sNOz requires [M+HT = 472.1907.

2-(Bis(4-methoxyphenyl)methyl)-7-(2-pyridyl)naphtho[2,1-b]furan (2.66) from 2-(3,3-bis(4
methoxyphenyh3H-benzof]lchromen8-yl)-4,4,5,5tetramethyll,3,2dioxaborolane (Method C:
0.50 g); Flash column chromatograpidrich silica gel (60 A, 40 P eluent:Etz2O/hexane
(3:2), fraction 1] provided the title compound as a brown powder (0.02 g, 4%); m.p.#514Q;

max (Neat) 1608, 1582, 1506, 1462, 1439, 1300, 1240, 1174, 1028, 991, 785, 586icNMR
(400 MHz, CDC%) /4 3.81 (s, 6H, OMe), 5.61 (s, 1HsH), 6.75 (s, 1H, HH), 6.89 (app. d, 4H] =

+] . o -H) ¢7.19<(app. d, 4H] +] o eeH), ¥e24+ P + -H)poe

7.61 (d, 1 HJ=8.9 Hz, 4H), 7.77+ P + -H), 789(d, 1H) +] -H3,+8.11 (d,
1H,J = 8.6 Hz, 9H), 8.19 (dd, 1H,J = 8.6, 1.5 Hz, &), 8.56 (d, 1HJ =1.5 Hz, 6H), 8.75 (d, 1H,
J +] -Hj ppm; *C NMR (100 MHz, CDG) /c 49.9, 55.3, 104.5, 112.9, 114.0, 120.8,
122.0, 123.5, 124.1, 124.7, 125.3, 127.2, 127.8, 129.8, 130.4, 133.6, 135.1, 136.9, 149.7, 153.0,
157.4, 158.5, 160.3 ppnjRMS ESI) found [M+H]" = 472.1906 GxH2sNOs requires [M+HT =
472.1907.
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3,3Bis(4-methoxyphenyl)-8-(2-pyridyl) -3H-naphtho[2,1-b]pyran  (2.65) from 2-(3,3-bis(4
methoxyphenyh3H-benzof]chromen8-yl)-4,4,5,5tetramethyll1,3,2dioxaborolane (Method C:
0.50 g); Flash column chromatograpl#ydrich silica gel (60 A, 40 P eluent:Et:O/hexane
(3:2), fraction 2] provided the title compound as a salmon pink powder (0.41 g, 84%); m®p+= 17

f &max(neat) 2951, 2833, 1607, 1582, 1506, 1471, 1462, 1304, 1248, 1173, 1088, 1031, 1001,
955, 837, 771, 734, 726, 586 ¢ntH NMR (400 MHz, CDCY) /4 3.77 (s, 6H, OMe), 6.22 (d, 1H,

J=10.0 Hz, 2H), 6.84 (app. d, 4H] +] o e-H)sF.18%e P + -H), 730
(d, 1H,J = 10.0 Hz, 1H), 7.39 (app. d, 4H] +] o e-H)sF.73%e P+ - e
H), 7.82 (d, 1H,] +] -H38.04 (d, H, J= 8.9 Hz, 16H), 8.12 (dd, 1H] = 8.9, 1.5 Hz, 9
H), 8.35 (d, 1H,J = 1.5 Hz, 7H), 8.71 (d, 1H,J +] -Hy pm; 2°C NMR (100 MHz,

CDCl) Ic 55.3, 82.4, 113.4, 113.8, 118.9, 119.1, 120.5, 121.9, 125.2, 126.9, 128.2, 128.4, 129.4,
130.1, 1305, 134.4, 136.8, 137.2, 149.7, 151.2, 157.2, 158.9 pRMS (ESI) found [M+H] =
472.1907 GoH2sNOs requires [M+H] = 472.1907.

3.21.3.4 Experimental Procedure for the Synthesis of (2 Dimethoxyphenyl)(4
methoxyphenyl)methanone(2.80} p-anisic acid(31.99 g, 0.2103 mmol), I-@dmethoxybenzene

(26.0 g, 0.200 mmol) and polyphosphoric acid (214 mL) were stirred and heated to 90 °C for 17h.
After this time, further 1,@limethoxybenzene (13.0 mL, 0.100 mmol) was added and the reaction
mixture stirred a0 °C for 5h. The mixture was then poured into ice water. The product was
extracted into DCM. The combined organic extracts were washed with 2M NaOH (2 x 250 mL),
the organic layer dried with anhydrous sodium suléatd evaporated to dryness giving a red oil.
The desired product was obtained by crystallization frorOE&at -20 °C, followed by

recrystallization from hot EtOH, giving the corresponding product as a cream crystalline solid.
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(2,4-Dimethoxyphenyl)(4methoxyphenyl)methanone(2.80) cream crystalline solid (32.76 g,
57%); m.p. = 7671 °C[lit. m.p. = 7071 °C*] max (neat) 1633, 1592, 1249, 1212, 1170, 1102,
1020, 954, 835, 770, 6a@im?; *H NMR (400 MHz, CDGJ) ki 3.69 (3H, s, OMe), 3.88.83 (6H,

m, OMe), 6.516.53 (2H, m, 3, #), 6.88 (2H, dJ =8.7 Hz,3¢5H), 7.32 (1H, dJ=8.2 Hz, 6

H), 7.77 (2H, dJ = 8.7 Hz,2 +6 «H) ppnt 13C NMR (100 MHz, CDGJ) /c 55.4, 55.46, 55.55, 98.8,
104.6, 113.3, 121.9, 131.4, 131.5, 132.1, 159.1, 162.9, 163.2, pprh3HRMS (ESI) found
[M+H] * = 273.11209C16H1604 requires [M+H] = 273.11214

3.2.1.3.5 Experimental Procedure for the Synthesis of 42,4Dimethoxyphenyl)-1-(4-
methoxyphenyl)prop-2-yn-1-ol (2.79}) n-BuLi (54.0 mL, 2.5 M in hexanes, 135 mmol) was added
dropwise via a syringe to a coleb(°C) stirred solution of TMS acetylene (19.0 mL, 137 mmol) in
anhydrous THF (500 mL) under.NThe solution was stirred for 30 min-&t°C. Afterwards, (2,4
dimethoxyphewl)(4-methoxyphenyl)methanone (32.01 g, 117.6 mmol) was added in a single
portion and the cooling bath was removed and the mixture stirred at room temperature for 4h. The
solution was recooled to 0 °C and a solution of powdered KOH (85%, 15.5 g) in MEDHML)

was added in a single portion, after which the cooling bath was removed and the mixture stirred for
30 min. Upon completion, the mixture was diluted with water (100 mL) and the layers separated.
The aqueous layer was extracted with EtOAc (3 x 130 and the combined organic layers
washed with water (2 x 150 mL), dried with anhydrous sodium sulfate and evaporated to dryness,

leading to the corresponding product as a yellow oil, which solidified upon standing.

1-(2,4-Dimethoxyphenyl)-1-(4-methoxyphenyl)prop-2-yn-1-ol (2.79) vyellow solid (35.23 g,
quant); m.p. =80t  f &max (neat) 3269, 1607, 1582, 1502, 1299, 1250, 1208, 1168, 1127, 1027,
830, 699cm?; 'H NMR (400 MHz, CDCGd) k4 2.81 (1H, s, &), 3.80 (3H, s, OMe), 3.83H, s,
OMe), 3.83(3H, s, OMe), 4.79 (1H, s, OH), 6.46 (1H, dd, +]H), 6.53 (1H, dJ =

288



3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

+] -H) 6.89 (2H, d,) +]  «M), 7423 (1H, d) +]-H)s7.49 (2H, d,) = 8.7

+]  ee-H) ppm °C NMR (100 MHz, CDGJ) /c 55.3, 55.4, 55.8, 73.6, 74.4, 86.2 100.1, 104.0,
113.3, 125.1, 127.6, 129.1, 136.4, 157.8, 159.0, 16p/& HRMS (ESI) found [MNa* =
321.1084C18H1804 requires [M-Na]* = 321.1097

3.2.1.3.6 Experimental Procedure for the Synthesis of @8romo-3-(2,4-dimethoxyphenyl)-3-(4-
methoxyphenyl}3H-naphtho[2,1-b]pyran (2.78) 1-(2,4-dimethoxyphenyhl-(4-
methoxyphenyl)proj2-yn-1-ol (2.81 g, 9.42 mmol) anderoma2-naphthol (2.00 g, 8.97 mmol) in

the presence of PPTS (0.12 g, 0.48 mmol) and trimethyl orthoformate (2.0 mL, 18 mmob in 1,2
DCE (50 mL) was refluxed for & underN». Solvent was removed under reduced pressure and the
residue was taken in DCM (100 mL), washed with water (3 x 200 mL) and the organic layer dried
with anhydrous sodium sulfate. Subsequently, the residue was crystallized from a DCM/hexane

mixture givingthe corresponding product as a brown powder.

8-Bromo-3-(2,4-dimethoxyphenyl)-3-(4-methoxyphenyl}3H-naphtho[2,1-b]pyran (2.78)
brown powder (3.98 g, 88%); m.p. = 121  f &max (neat) 1606, 1584, 1505, 1248, 1172, 1028,
1000, 827, 80Zm!; Photomerocyaninemax = 486 nm (PhMe; *H NMR (400 MHz, CDC}) M

3.57 (3H, s, OMe), 3.75 (3H, s, OMe), 3.76 (3H, s, O 6.47 + P -H), 651 (1H, d,
J=10.1 Hz, 2H), 6.78+ + P -+¥,7.23(1H, dJ=10.1 Hz, 1H),7.18 (1H, dJ=8.9

Hz, 5H), 7.31+ + P -+¥), 7.48 (1H, ddJ = 9.0, 2.1 Hz, H), 7.52 (1H, d,) = 8.9 Hz,

6-H), 7.55#.58 (1+ P -H) 7.78 (1H, dJ = 9.0 Hz, 16H), 7.84 (1H, dJ = 2.1 Hz, #H) ppm;

13C NMR (100 MHz, CDC}) /¢ 55.2, 55.3, 55.5, 81.9, 100.2, 103.7, 113.2, 114.1, 117.1, 117.7,
119.4, 123.3, 124.7, 128.0, 128.1, 128.30, 128.33, 128.4, 129.6, 130.3, 130.4 136.7, 150.6, 156.8,
158.8, 160.6 ppmHRMS (ESI) found [M+H] = 503.0849 C2sH23"°BrOs requires [M+H] =
503.0%2.

3.2.1.3.7 Experimental Procedure for the Synthesis of J2,4Dimethoxyphenyl)3-(4-

methoxyphenyl)}8-(4-pyridyl) -3H-naphtho[2,1-b]pyran (2.77) a mixture of 8-bromo3-(2,4-

dimethoxyphenyh3-(4-methoxyphenyb3H-naphtho[2,ib]pyran (1.00 g, 1.99 mmol), 4
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pyridineboronic acid pinacol ester (0.61 g, 3.0 mmobC®&;: (0.41 g, 3.0 mmol) and Pd(P£h
(0.11 g, 0.095 mmol) in PhMe (23.0 mL) and EtOH (23.0 mL) wagdukat reflux under N After

15h of reaction, the crude was evaporated to dryness. The residue was dissolved in DCM (100 mL),

washed with water (3 x 200 mL), the organic layer dried with anhydrous sodium sulfate and the

solvent removed under reduced gwere. Afterwards, the residue was purified two times by flash

column chromatography [Aldrich silica gel (60 A,-40 P H O X #0Dtw/ giveWivo pure

fractions.

Fraction 2 = 4-(2-((2,4Dimethoxyphenyl)(4methoxyphenyl)methyl)naphtho[2,tb]furan -7-
yhpyridine (2.89} brown powder (0.11 g, 11%); m.p.1:63467 °C; max (neat) 1583, 1508, 1460,
1437, 1417, 1259, 1242, 1207, 1116, 1039, 995, 803 #hNMR (400 MHz, CDC}) / 3.69
(3H, s, OMe), 3.72 (6H, s, OMe), 5.90 (1H,.), 6.37 (1H app. dJ = 8.4 Hz,5+H), 6.44 (1H, d,

J=1.6 Hz,3+H), 6.62 (1H, s, H), 6.79 (2H, d,J +]  «M), 6487 (1H, dJ +]-H e
), 7.10 (2H, d,J +]  ~H), 7:54+ + P -H),®.03 (@H, d,J = 8.5 Hz,
9-H), 8.11 (1H, sp-H), 8.61 (2H, d,] +] s b)) ppm3C NMR (100 MHz, CDCH) /c

43.0, 55.3, 55.4, 55.7, 98.8, 1041D4.2, 113.3, 113.9, 121.8, 122.5, 123.7, 124.5, 124.6, 124.7,
127.2, 127.6, 129.9, 130.0, 130.3, 133.4, 133.7, 148.5, 150.3, 152.9, 157.8, 158.4, 160.0, 160.9

ppm;HRMS (ESI) found [M+H] = 502.2A.3 Ca3H27NO4 requires [M+H] = 502.2013
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Fraction 3 = 3-(2,4Dimethoxyphenyl)-3-(4-methoxyphenyl)8-(4-pyridyl) -3H-naphtho[2,1-
blpyran (2.77} trituration with cold EfO gave the corresponding product asflawhite powder
(0.59 g, 60%); m.p. = 179 f &max (Neat) 1606, 1584, 1506, 1465, 1286, 1251, 1206, 1175,
1027, 999, 828, 81dm; Photomerocyaninemax = 490 nm (PhMe); *H NMR (400 MHz, CDC#)
h 3.59 (3H, s, OMe), 3.7B.78 (6H, m, OMe), 6.4 + P -H),6.54 (1H,dJ=10.1
Hz, 2H), 6.81 (2H, app. d] +]  «H), 7¢30%.25 (2H, m, 1, 81), 7.35 (2H, app.d]) =

+] o), %59+ + P eeeH), 371774 (2H, m, 6, H), 7.99 (1H, app. s,-7
H), 8.05 (1H, d,J = 8.8 Hz, 16H), 8.67 (2H, dJ +] + sH); 3G +NMR (100 MHz,
CDCls) /c 55.2, 55.3, 55.5, 82.0, 100.2, 103.8, 113.2, 113.9, 117.8, 119.2, 121.5, 122.5, 124.8,
124.9, 126.9, 127.99, 128.03, 128.3, 129.3, 129.91, 129.92, 132.8, 136.8, 148.1, 150.3, 151.3,
156.9, 158.9, 160.6 ppnRMS (ESI) found [M+H] = 502.2004C33H27NO4 requires [M+H]" =
502.2013

3.2.1.3.8General Procedure for the Synthesis of -&ryl Substituted Naphthopyrans: a mixture

of 8-bromao3,3-bis(4methoxyphenyh8H-naphtho[2,ib]pyran (0.42 mmol), the appropriate
boronic acid (0.95 mmol), ¥C0Os (0.64 mmol) andPd(PPh)4 (0.022 mmol) in PhMe (5 mL) and

EtOH (5 mL) was heated at reflux underfir 16 +17 h. After this time, the mixture was cooled to
room temperature and water (100 mL) was added. The residue was extracted with DCM (3 x 100
mL), washed with watef3 x 150 mL), the organic layer dried with anhydrous sodium sulfate and

the solvent removed under reduced pressure to afford the target compounds after purification.
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3,3,8Tris(4-methoxyphenyl)}3H-naphtho[2,1-b]pyran (2.70) from 4-methoxyphenylboronic
acid (150.8 mg) after 1B of reactionfFlash column chromatograpl#ldrich silica gel (60 A, 40

P eluent: EtOAc/hexane (1:9), fraction Zpllowed by recrystallization from DCM/hexane
providal thetitle compoundas a pale pink crystalline solid (94.5 mg, 44%)p. = 223225 °C;
max (Neat) 1604, 1505, 1451, 1439, 1302, 1245, 1171, 1088, 1023, 1002, 822, 712,588 cm

Photomerocyaninemax = 486 nm (PhMe; *H NMR (400 MHz, CDC4) My V + - .

20H V -GMe),*6.22 (d, 1HJ = 9.9 Hz, 2H), 6.84 (app. d, 4H] +] o e .
«H), 7.00 (d, 2H,) +]  eed), 748¢(d, 1H,) = 8.8 Hz, 5H), 7.30 (d, 1HJ = 9.9 Hz, &

H), 7.39 (app. d, 4H] +] o *-H)#%.61 ¢, 2H) +]  eedl), 764.71 (M,

2H, 6, 9H), 7.85 (d, 1H,J 1.6 Hz, 7H), 7.99 (d, 1H,J = 8.8 Hz, 16H); 13C NMR (100 MHz,
CDCls): /c55.3, 55.4, 82.3, 113.4, 113.9, 114.3, 118.8, 119.2, 121.9, 1Z%4, 1128.2, 128.3,
128.4, 128.6, 129.6, 129.9, 133.5, 135.9, 137.2, 150.5, 158.9, 159.1 HRWS (ESI) found
[M+H] " = 501.2053 G4H2804 requires [M+H] = 501.2060.

3,3-Bis(4-methoxyphenyl}8-phenyl-3H-naphtho[2,1-b]pyran (2.72) from phenylboronic acid
(78.4 mg) after 1'h of reaction; Recrystallization from DCM/hexane providedtithe compound

as a brown crystalline solid (116.5 mg, 58%)p.= 190+ f & max (neat) 1608, 1583, 1506,
1462, 1303, 1248, 1173, 1087, 1030, 998, 955, 825, 809, 756, 695, 594, 570, 553 cm
Photomerocyaninemax = 480 nm (PhMe; *H NMR (400 MHz, CDCY) /4 3.77 (s, 6H, OMe), 6.23
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(d, 1H,J = 9.9 Hz, 2H), 6.84 (app. d, 4H] +] +  e-H)#7.19¢d, 1HJ=8.8 Hz, 5
H), 7.31 (d, 1H,J = 9.9 Hz, 1H), 7.34+ P+ o o ¥ 7.46( 349=7.6 Hz,
ooe -Hy 7267 P+ -H)s 791 ¢d,»1H,J = 1.6 Hz, 7H), 8.02 (d, 1HJ = 8.9

Hz, 16H) ppm;**C NMR (100 MHz, CDGCJ): /c 55.3, 82.3, 113.4, 113.9, 118.9, 119.2, 121.9,
126.2, 126.4, 127.1, 127.2, 128.3, 128.4, 128.8, 129.0, 129.5, 130.0, 136.3, 137.2, 141.1, 150.7,
158.9 ppmHRMS ESI) found [M+H] = 471.1949 GzH2603 requires [M+H] = 471.1955.

3,3 Bis(4-methoxyphenyl)-8-(4-nitrophenyl) -3H-naphtho[2,1-b]pyran (2.74) from 4
nitrophenylboronic acid (158.6 mg) after h6of reaction;Flash column chromatograplldrich
silica gel (60 A, 40 P eluent:EtOAc/hexane (1:4), fraction 2jrovided the title compound as
a yellow powder (145.0 mg, 66%)).p. = 142 f &max (neat) 1593, 1506, 1462, 1338, 1302,
1245, 1173, 1031, 999, 82752, 594 cm; Photomerocyaninemax = 488 nm (PhMe; 'H NMR
(400 MHz, CDC%) h 3.77 (s, 6H, OMe), 6.25 (d, 1K,= 9.9 Hz, 2H), 6.85 (app. d, 4H) = 8.8
+] o o -H)#7.23¢d, 1HJ=8.8 Hz, 5H), 7.29 (d, 1HJ = 9.9 Hz, tH), 7.39 (app. d, 4H]

+] ¢ *-H)s¥.70#s/3 (M, 2H, 6, H), 7.81 (d, 2H,] +]  eebl), 796+(d,
1H,J = 1.7 Hz, 7H), 8.05 (d, 1H,J = 8.8 Hz, 16H), 8.30 (d, 2HJ +] oo -H)eppm;13C
NMR (100 MHz, CDC3) [c 55.3, 82.5, 113.4, 113.9, 118.8, 119.4, 122.5, 124.2, 125.5, 127.4,
127.7, 128.3, 128.6, 129.3, 129.7, 130.3, 133.6, 137.0, 146.9, 147.4, 151.5, 1591RMB;
(ESI) found [M+H] = 516.1804 @3H2sNOs requires [M+H] = 516.1805.

3.21.4 Preparation of 7-Pyridyl -3H-Naphtho[2,1-b]pyrans

3.2.1.4.1 Experimental Procedure for the Synthesis of 8Bromo-2-naphthol (2.93) 5-amino2-
naphthol (10.00 g, 62.82 mmol) was ground to a fine powder and heated taB8&Ca stream of

N2. Sulfuric acid (95%, 13.0 mL, 232 mmol) was added in one portion and mixed rapidly with the
solid. Stirring was continued until the mixture became too viscous to stir. The heat was removed,

the reaction covered and allowed to stand overnight. The soBdsuspended in water (300 mL)
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and collected by filtration, washed with acetone andlaed. The resulting product (13.00 g, 54.34
mmol), NaOH (2.24 g, 56.0 mmol) and NaN@.75 g, 54.3 mmol) were dissolved in water (93
mL). This solution was added droja& to a solution of b5 (95898%, 9.6 mL) in water (20.0

mL) at such a rate that the internal temperature never exceeded 5 °C. The yellow diazonium sulfate
precipitate was collected by filtration and washed several times with ice cold water. The moist*
filter cake was transfered to a mixture of CuBr (7.80 g, 54.4 mmol), CLBA4 g, 54.35 mmol),

HBr (6.0 mL) and water (200 mL). The mixture was warmed to 70 °C foadd then filtered by
gravity. The filtrate was saturated with NaCl (105 g) and thetisol stirred overnight. The
precipitate was collected by filtration. The black solid wasda&d giving the corresponding 5
broma2-hydroxynaphthalené-sulfonic acid (7.02 g, 37%). Afterwards, the-bfomo2-
hydroxynaphthalené-sulfonic acid (6.80 g,24 mmol) was mixed with 20% aq.8s (153 mL).

The slurry was heated to reflux for 20 min. After the reaction cooled, it was extracted @tkBEt

x 200 mL). The ether layers were combined, washed with water (3 x 200 mL), dried with
anhydrous sodium dalteand evaporated to dryness, giving the desired product.

*Hazard- Many diazonium salts are explosive/shagnsitive when dried. The diazonium salt must

be kept damp with water at all times.

5-Bromo-2-naphthol (2.93) dark brown powder (3.51 g, 70%); m.p. = H8&0 °C[lit. m.p. =
110411 °C* @max (neat) 3200 (br), 1636, 1561, 1501, 1424, 1343, 1300, 1251, 1229, 1152, 1131,
963, 860, 801, 770, 738, 655, 543 tmMH NMR (400 MHz, Methanetl) /1 4.90 (s, 1H, OH),

7.13 (d, 1HJ = 2.4 Hz, 1H), 7.18 (dd, 1HJ) = 9.1, 2.4 Hz, &), 7.23 (dd, 1H)=8.2, 7.5 Hz, 7

H), 7.54 (dd, 1H,) = 7.5, 0.9 Hz, &), 7.64 (d, 1H,) = 8.2 Hz,8-H), 8.05 (d, 1H,) = 9.1 Hz, 4H)
ppm;**C NMR (100 MHz, Methanetls) /c 110.9, 121.2, 123.8, 128.0, 128.2, 128.4, 128.5, 130.0,
138.2, 157.9 ppmHRMS (ESI) found [M+H] = 222.9757 @H;"°BrO requires [M+H] =
222.9753.

3.2.1.4.2Experimental Procedure for the Synthesis o¥-Bromo-3,3-bis(4-methoxyphenyl)3H-
naphtho[2,1-b]pyran (2.94) 1,1-bis(4methoxyphenyl)proj2-yn-1-ol (3.78 g, 14.1 mmol) and-5
broma2-naphthol (3.00 g, 13.4 mmol) in the presence of PPTS (0.17 g, 0.68 mmol) and trimethyl
orthoformate (3.0 mL, 27 mmolhil,2DCE (27 mL) was refluxed for B under N atmosphere.

Solvent was removed under reduced pressure, the residue taken in DCM (3 x 200 mL), washed with
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water (3 x 200 mL) and the organic layer dried with anhydrous sodium sulfate. Subsequently, after
solvent evaporation, the residue was crystallizednf DCM/hexane giving the corresponding

product as a brown solid.

7-Bromo-3,3-bis(4-methoxyphenyl}3H-naphtho[2,1-b]pyran (2.94) brown crystalline solid
(3.94 g, 62%); m.p. = 18b f & max (neat) 1606, 1506, 1458, 1248170, 1092, 1032, 1021,
963, 841, 756, 572 ct 'H NMR (400 MHz, CDCY) /i 3.77 (s, 6H, OMe), 6.24 (d, 1H,= 10.0

Hz, 2H), 6.84 (app. d, 4H] +] o ¢-H)e¥.24%30 (m, 3H, 1, 5,H), 7.37 (app. d,

4H, J +] ¢ ¢-H)#%.60 ¢, 1HJ = 7.3 Hz, 8H), 7.93 (d, 1H,) = 8.6 Hz, 16H), 8.08

(d, 1H,J = 9.2 Hz, 6H) ppm;C NMR (100 MHz, CDQ) /c 55.3, 82.4, 113.4, 114.2, 119.0,
119.6, 121.3, 123.6126.8, 127.68, 127.71, 128.3, 128.8, 129.0, 131.1, 136.9, 151.2, 159.0 ppm;
HRMS (ESI) found [M+H] = 473.0749 GH21"BrOs requires [M+H] = 473.0747.

3.2.1.4.3Experimental Procedure for the Synthesis of @yridineboronic acid (2.97) n-BulLi

(30.0 mL, 2.5 M in hexanes) was added dropwise by syringe ohetola stirred solution of-4
bromopyridine (10.04 g, 63.54 mmol) [frombfomopyridine hydrochloride (30 g) dissolved in
saturated NaHC€(300 mL), extracted with ED (4 x 150 mL), the organic layer dried with
anhydrous sodium sulfate and the@evaporated at temperature bellow 30 °C] and'B(e(17.6

mL, 76.3 mmol) in PhMe (92.0 mL) and THF (23.0 mL)-&8 °C under MNatmosphere. The
resulting solution was stied for 30 min, warmed for 20 min, and HCI (2 M, 55 mL) added. The
phases were separated and the aqueous phase neutralised with NaOH (5 M) [pH = 7]. The resulting
precipitate was filtered and washed with water and air dried to give the corresponding asoauct
white powder.
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4-Pyridineboronic acid (2.97) ZKLWH SRZGHU J male(n8at) 3295 (Krk
1621, 1535, 1421, 1270, 1208, 1146, 1067, 949, 766, 740, 656, 5§74dnMNMR (400 MHz,
DMSO-ds) h 7.66 (d, 2HJ = 5.6 Hz, 3, BH), 8.49 (s, 2H, B(OH), 8.56 (d, 2HJ=5.6 Hz, 2, 6
H) ppm *C NMR (100 MHz,DMSO-ds) /c 128.8, 149.30pm HRMS (ESI) found [M+H] =
123.0604 GHeBNO: requires [M+H] = 123.0601.

3.2.1.4.4 Experimental Procedure for the Synthesis of 4Pyridineboronic acid pinacol ester

(2.35) a mixture of 4pyridineboronic acid (4.20 g, 34.2 mmol) and pinacol (4.05 g, 34.3 mmol) in
PhMe (36.0 mL) was heated under reflux (D&ark) for 2h. The mixture was allowed to cool,

the solveat reduced and hexane added. The mixture was heated to dissolution and allowed to cool.
The resulting precipitate was filtered and washed with cold hexane to give the corresponding
product as a white powder (6.46 g, 92%).

4-Pyridineboronic acid pinacol ester(2.35} white powder (6.46 g, 92%); m.p. = 1863 °CJlit.

m.p. =151 °C* @ max (neat) 1618, 1423, 1383, 1361, 1197, 1151, 1030, 873, 797, 717, 647 cm
'H NMR (400 MHz, CDC4) /i 1.36 (s, 12H, Ch), 7.63 (d, 2H,]) = 5.6 Hz, 3, &), 8.64 (d, 2H,J

= 5.6 Hz, 2, 6H) ppm **C NMR (100 MHz, CDGJ) /c 24.9, 84.5, 128.7, 149%m HRMS (ESI)
found [M+H]" = 205.1383 @H16BNO> requires [M+H] = 205.1383.

3.2.1.4.5Experimental Procedure for the Synthesis of 3;Bis(4-methoxyphenyl)7-(4-pyridyl) -
3H-naphtho[2,1-b]pyran (2.98) a mixture of fbromao-3,3-bis(4methoxyphenyh3H-naphtho[2,1
b]pyran (1.00 g, 2.11 mmol),-gyridineboronic acid pinacol ester (0.65 g, 3.2 ohmK>COs (0.66

g, 3.2 mmol) and Pd(PBha (0.19 g, 0.11 mmol) in PhMe (25 mL) and EtOH (25 mL) was heated at
reflux under N for 16 h. After this time, the mixture was cooled and added water (150 mL).
Afterwards, the residue was extracted with DCM (308 2nL), washed with water (3 x 200 mL),
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the organic layer dried with anhydrous sodium sulfate and the solvent removed under reduced
pressure. The residue was then recrystallized from a mixture of DCM/hexane leading to the

corresponding product as a grejico

3,3Bis(4-methoxyphenyl)-7-(4-pyridyl) -3H-naphtho[2,1-bjpyran (2.98) grey powder (0.64 g,

66%); m.p. = 229232 °C; max (neat) 1604, 1585, 1509, 1463, 1406, 1298, 1249, 1174, 1082, 1033,

953, 838, 767, 592, 561 cmPhotomerocyanineémax = 470 nm PhMe; *H NMR (400 MHz,

CDCl) h 3.78 (s, 6H, OMe), 6.26 (d, 1H,= 10.0 Hz, 2H), 6.84 (app. d, 4H] +] e e
oo -H3,¢7.15 (d, 1HJ = 9.2 Hz, 5H), 7.23 (d, 1HJ = 7.8 Hz,8-H), 7.33 (d, 1H,J=10.0 Hz, 1

H), 7.36+ P+ o o ee _H)ed.52¢b<1HJe> 7.8 Hz, 9H), 7.62 (d, 1HJ = 9.2

Hz, 6:H), 8.04 (d, 1H,J = 7.8 Hz, 16H), 8.70 (d, 2H, +] <) ppm:3C NMR (100

MHz, CDCk) /c 55.3, 82.3, 113.4, 114.3, 118.9, 119.1, 122.1, 124.6, 125.0, 126.1, 126.6, 127.1,

128.4, 128.6, 130.3, 137.0, 138.0, 148.9, 14%D,7, 159.0 ppmHRMS (ESI) found [M+H] =

472.1907 GoH2sNO3 requires [M+HT = 472.1907.

3.21.5 Preparation of 5Pyridyl -3H-Naphtho[2,1-b]pyrans

3.2.1.5.1 Experimental Procedure of the Synthesis of Blydroxy-3-(2,4-dimethoxyphenyl)-3-
(4-methoxyphenyl)}3H-naphtho[2,1-b]pyran (2.101) 1-(2,4-dimethoxyphenyhl-(4-
methoxyphenyl)prof2-yn-1-ol (18.65 g, 62.51 mmol) an#,3-dihydroxynaphthalene (10.00 g,
62.43 mmol) in the presence of PPTS (0.78 g, 3.1 mmol) and trimethyl orthoformate (14.0 mL, 128
mmol) in 1,2DCE (126 mL) was refluxed for 8 under N atmosphere. Solvent was removed
under reduced pressure and the residiken in EtOAc (200 mL), washed with water (2 x 150 mL)

and the organic layer dried with anhydrous sodium sulfate. Subsequently, the residue (30 g) was

purified in 10 g portions by flash column chromatographigrich silica gel(60 A 230400 mesh
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40-63 P), eluent 20% EtOAc in Petroleum Ethegiving the corresponding product as a red
powder

5-Hydroxy -3-(2,4-dimethoxyphenyl)-3-(4-methoxyphenyl}3H-naphtho[2,1-b]pyran  (2.101)

red powder (9.91 g, 36%in.p. =697 3 °C; max (neat) 3365 (br), 2930, 2834, 1606, 1508, 1452,
1247, 1206, 1173, 1028, 999, 831, ®8; 'H NMR (400 MHz, CDC4) /k 3.59 (3H, s, OMe),

3.77 (3H, s, OMe), 3.79 (3H, s, OMe), 6.14 (1H, bs, OH), 6.34 (18=d,0.1 Hz, 2H), 6.43 (1H,

dd,J = 8.5, 2.3 Hz, 5H), 6.46 (1H, dJ = 2.3 Hz, 3H), 6.84 (2H, dJ = 8.8 Hz, 3,5k, 7.18

(1H, s, 6H), 7.23 (1H, d,J = 10.1 Hz, 1H), 7.2947.33 (4H, m, 3,648, 9H), 7.44 (1H, dJ= 8.6

Hz, 6H), 7.26 (1H, d,J= 8.1 Hz, 7H), 7.88 (1H, dJ = 8.1 Hz, 16H) ppm *C NMR (100 MHz,

CDCls) /c 55.25, 55.34, 55.6, 82.8, 100.5, 103.6, 110.3, 113.3, 114.7, 118.7, 121.2, 123.4, 124.0,
124.2, 124.7, 127.2, 127.9, 128.37, 128.42, 129.8, 136.6, 140.1, 144.7, 157.7, 158.9pa60.9
HRMS (ESI) found [M+H] = 441.1656C2sH240s requireM+H] * = 441.1697

3.2.15.2 Experimental Procedure of the Synthesis of -82,4Dimethoxyphenyl)-3-(4-
methoxyphenyl}5-triflyloxy -3H-naphtho[2,1-b]pyran (2.104) triflic anhydride (1.1 mL, 6.5

mmol) was added dropwise to an aerated solution-bydsoxy3-(2,4-dimethoxyphenyh3-(4-
methoxyphenyh3H-naphtho[2,1b]pyran (2.69 g, 6.11 mmol), BN (1.9 mL, 14 mmol) in DCM at

0 °C. After stirring for 1h at 0 °C,triflic anhydride (0.4 mL, 2.4 mmol) was added dropwise to
force the reaction to completion. After stirring for 30 mirDatC, the organic phase was washed

with HCI (1M, 50 mL). The phases were separated, the organic phase washed with a saturated
solution of N&COz (100 mL), dried with anhydrous sodium sulfate and evaporated to dryness,
giving the corresponding product as a red powder that was used in the next step without further

purification
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3-(2,4-Dimethoxyphenyl)-3-(4-methoxyphenyl)-5-triflyloxy -3H-naphtho[2,1-b]pyran  (2.104)

m.p. =64 67 °C (darkened at 57 °C) max (neat)1418, 1245, 1204, 1173, 1135, 1103, 1022, 999,
889, 824, 806, 620m™; 'H NMR (400 MHz, CDCJ) / 3.55 (3H, s, OMe), 3.75 (3H, s, OMe),

3.80 (3H, s, OMe), 6.44 (1H, d,= 2.4 Hz, 3H), 6.536.57 (2H, m, 25+H), 6.78 (2H, dJ = 8.8

Hz, 3+ 5+H), 7.24 (1H, dJ = 10.2 Hz, 1H), 7.35%.41 (3H, m, & 6+ 8-H), 7.507.54 (2H, m, 6,

9-H), 7.71 (2H, app. d.J = 8.6 Hz, 7, &H), 7.98 (1H, dJ = 8.5 Hz, 16H) ppm 3C NMR (100

MHz, CDCls) /c 55.1, 55.3, 55.4, 82.9, 100.2, 103.8, 113.0, 117.4, 117.8, 120.1, 121.6, 124.2,
125.0, 127.5, 127.95, 128.01, 128.2, 128.58, 128.62, 129.2, 135.7, 138.1, 142.3, 156.9, 158.7, 160.7
ppm; *F NMR (376 MHz, CDG) f -73.8 ppmy HRMS (ESI) found [M+H] = 573.1189
CooH23F307S requireM+H] * =573.1163

3.215.3 Suzuki crosscoupling reactions between 3-(2,4dimethoxyphenyl)-3-(4-
methoxyphenyl)-5-triflyloxy -3H-naphtho[2,1-b]pyran (2.1049 and different boronic acids
under multiple conditions (Table 2.2)

3.2.1.53.1 Entry 1 A degassed mixturef 3-(2,4-dimethoxyphenyh3-(4-methoxyphenyhs-
triflyloxy -3H-naphtho[2,3b]pyran .50 g 4.37 mmol), 4pyridineboronic acid pinacol estet.B4
g, 6.55 mmol), KF (0.38 g, 6.6 mmol), Pd(PP$)s4 (0.25g, 022 mmol) in PhMe (52.0 mL) and
EtOH (52.0 mL)was refluxed under Nor 23 h. *H NMR analysis had shown that theaction
afforded a mixture db-(4-pyridyl)-3H-naphtho[2,1b]pyran2.106naphthofurar2.107(90:10)

3.2.1.53.2 Entry 2 +3-(2,4-Dimethoxyphenybh3-(4-methoxyphenyhs-triflyloxy -3H-naphtho[2,1
blpyran 200.5mg, 0.3502mmol), 4pyridineboronic acid pinacol estetq7.9mg, 05262 mmol),
KF (66.8 mg, 1.15 mmol) and Pd(OAq®.2 mg, 0.019 mmol) were addédla dry 25 mL twe
neck rounebottom flask.Once the air was evacuated and the flask flushed withrittydrousrHF
(6 mL) was adde@nd the mixture degassed &0 min. PCy (5.8 mg, 0.021 mmol) was added to a
dry 10 mLroundbottom flask Once the air was evacuated and ldager flask flushed with N,
anhydrousTHF (3 mL) was addednd the mixture degassed f80 min. Subsequentlythe PCy

solution was transferred to therfioer mixture by cannulation. The resulting mixture was stirred at
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room temperature under the dark. After 4hthe reaction was stopped. TLC analysis had shown

no reaction.

3.2.1.53.3 Entry 3 =3-(2,4-Dimethoxyphenybh3-(4-methoxyphenyhs-triflyloxy -3H-naphtho[2,1
blpyran (199.5 mg, 0.3484 mmol), benzeneboronic acid (65.0 mg, 0.533 nidd}, (4.5 mg,

0.025 mmol) KF (66.9 mg, 1.15 mmol) were added to a dry 25 tmb-neckroundbottom flask.

The flask was then sealed, the air evacuated and flushedNwiknhydrous DMAc (4.0 mL) was
added and the mixture degassed for 30 min.sRC4.5 mg, 0.0517 mmol) was addedatdried 25

mL roundbottom flask. The latter flask was then sealed, the air evacuated and flushédb.with
Anhydrous DMAc (4.0 mL) was then added to the latter and the mixture degassed for 30 min. The
latter was added to the former by cannulation anartixéure stirred for 5 days at 38 °C in the dark
under N. After this time, water was added (100 mL), the residue extracted with EtOAc (4 x 75
mL), dried with anhydrous sodium sulfate and evaporated to dryness (0.21 g). The resulting residue
was purified byflash column chromatography [Aldrich silica gel (60 A 2810 mesh 40 P

eluent: 10% EtOAc in hexanes, fraction 1] giving the corresponding product.

3-(2,4Dimethoxyphenyl)}-3-(4-methoxyphenyl)5-phenyl-3H-naphtho[2,1-b]pyran (2.108) red

powder (44.0 mg, 25%)n.p. = 5660 °C; max (neat)1606, 1504, 1247, 1206, 1172, 1030, 1000,
829, 804, 763, 746, 698m%; 'H NMR (400 MHz, CDCJ) /4 3.46 (3H, s, OMe),3.718(3H, s,

OMe), 3.724 (3H, s, OMe), 6.36.37 (2H, m, « -H9, 6.51 (1H, dJ = 10.0 Hz, 2H), 6.70 (2H,

app. d,J=8.8 Hz, ¢+ -H},+7.23#7.47 (9H, m, IH, Ar-H), 7.55%.57 (2H, m, ArH), 7.65 (1H, s,

6-H), 7.72 (1H, d,J = 8.0 Hz, 7H), 7.98 (1H, dJ = 8.4 Hz, 9H) ppm; *C NMR (100 MHz,

CDCl) /c 55.1, 55.27, 55.30, 81.5, 100.0, 103.6, 112.8, 115.0, 119.1, 121.3, 123.8, 125.2, 126.3,
127.1, 127.4, 127.7, 127.8, 128.2, 128.5, 129.0, 129.3, 129.7, 129.9, 131.6, 136.4, 138.1, 147.8,
156.8, 158.4, 160.2 ppnyRMS (ESI) found [M+H] = 501.2025C34H2804 requires[M+H] " =
501.2060
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3.2.1.53.4 Entry 4 3-(2,4-Dimethoxyphenybh3-(4-methoxyphenyhs-triflyloxy -3H-naphtho[2,1
blpyran 00.6mg, 0.3504mmol), 4pyridineboronic acid pinacol estet(7.8mg, 05257 mmol),

KF (69.6 mg, 120 mmol) and P€&l> (4.8 mg, 0.27 mmol) were added ta dry 25 mL tweneck
roundbottom flask.Once the air was evacuated and the flask flushed witlamMhydrousDMAC
(4.0mL) was adde@nd the mixture degassed for 30 min. P@y%.5mg, 0.6617 mmol) was added

to a dry25 mL roundbottom flask Once the air was evacuated andldtterflask flushed with N,
anhydrousDMAc (4.0 mL) was addedand the mixture degassed for 30 min. Subsettyyetie

PCy; solution was transferred to the former mixture by cannulation. The resulting mixture was
stirred at38 °Cunder N in the dark. Afterl6 h, the reaction was stopped. TLC analysis had shown

no reaction.

3.2.1.53.5Entry 5 +3-(2,4-Dimethoxyphenyh3-(4-methoxyphenyhs-triflyloxy -3H-naphtho[2,1
blpyran 199.9mg, 0.3491 mmol), 4pyridineboronic acid pinacol esté85.2mg, 0530 mmol), KF
(67.0mg, 115 mmol) and PdGI(4.2 mg, 0.02 mmol) were added ta dry 25 mL tweneck round
bottom flask.Once the air was evacuated and the flask flushed wittamhydrousDMAc (10.0

mL) was adde@nd the mixture degassed for 30 min. PA¥%.6 mg, 0.021 mmol) was added to a
dry 25 mLroundbottom flask Once the air was evacuated and lduger flask flushed with N,
anhydrousDMAc (2.0 mL) was addedand the mixture degassed fbb min. Subsequently, the
PCy; solution was transferred to the former mietury cannulation. The resulting mixture was
stirred at38 °Cunder N in the dark. After23 h, the reaction was stopped. TLC analysis had shown

no reaction.

3.2.1.53.6 Entry 6 £3-(2,4Dimethoxyphenyh3-(4-methoxyphenybb-triflyloxy -3H-naphtho[2,1

blpyran (1994 mg, 03483 mmol), 4pyridineboronic acid pinacol este8g§.5 mg, 0422 mmol),

K3sPQy (128.2mg, 0.6039mmol), Pd(PP$)4 (21.0mg, 0.a.82 mmol) were added to a dry 25 mL
two-neck rounebottom flask. Once the air was evacuated and the flask flushed wi#imiN/drous

DMACc (3.0mL) was added. The mixture was degassed for 15 min and then stirred at 110 °C under
N.. After 3 h, the reaction wastopped!H NMR analysis had shown that the reactafforded a
mixture of5-(4-pyridyl)-3H-naphtho[2,1b]pyran2.106naphthofurar2.107(9:89).

3.2.1.53.7 Entry 7 +3-(2,4Dimethoxyphenyb3-(4-methoxyphenyhs-triflyloxy -3H-naphtho[2,1

b]pyran (500.0 mg, 0.8733 mmol),-gyridineboronic acid pinacol ester (196.9 mg, 0.9602 mmol),
K3sPQy (213.1 mg, 1.004 mmol), Pd(P$h(50.5 mg, 0.0437 mmol) were added to a dry 25 mL
two-neck rounebottom flask. Once the air was evacuated and the flask flushled\wjianhydrous

DMAc (7.5 mL) was added. The mixture was degassed for 15 min and then stirred at 110 °C under

N.. After 20 min of reaction, the crude was poured into water (50 mL) and the residue extracted
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with DCM (4 x 50 mL). The organic phase was washwith water (2 x 100 mL), dried with
anhydrous sodium sulfate and evaporated to dryness. The resulting red oil was purified by flash
column chromatography [Aldrich silica gel (60 A 2800 mesh 40 P HOXHQW (W2%

hexanes] giving the correspaing product as a red powder.

3-(2,4-Dimethoxyphenyl)}-3-(4-methoxyphenyl)5-(4-pyridyl) -3H-naphtho[2,1-b]pyran (2.106)
red powder (225.2 mg, 51%n.p. =747 °C; max (neat) 1605, 1506, 1461, 1246, 1172, 1030,
1000, 824, 742m™;'H NMR (400 MHz, CDC4) /4 3.45 (3H, s, OMe), 3.74@8H, s, OMe) 3.753
(3H, s, OMe), 6.3%.40 (2H, m35+H), 6.49 (1H, dJ = 10.1 Hz, 2H), 6.74 (2H, dJ = 6.8 Hz,
3¢ 5eM), 7.1947.26 (2H, m, ¢+ -H},*7.31#.37 (3H, m, 1, 86+H), 7.494.53 (3H,m,9, ese - soe
H), 7.68 (1H, s, #H), 7.75 (1H, d,J = 8.0 Hz, 7H), 8.01 (1H, d,J = 8.5 Hz, 16H), 8.65 (2Hd,J =

+] + o4); 136 NMR (100 MHz,CDCl) /c 55.1, 55.2, 55.3, 81.9, 100.1, 103.6, 112.9,
115.2, 118.8, 121.4, 124.1, 124.6, 127.1, 127.8, 128.0, 128.2, 128.6, 128.75, 128.84, 129.1, 129.7,
129.9, 136.1, 146.0, 147.4, 149.45619, 158.6, 160.4pm; HRMS (ESI) found [M+H] =
502.1991C33H>7NO4 require§M+H] * = 502.2013.

3.21.6 Preparation of &(Pyridyl -triazole)-3H-Naphtho[2,1-b]pyran

3216.1 Experimental Procedure for the Synthesis of Bromo-2-
((trimethylsilyl)ethynyl)pyridine (2.112)
Method A *A degassed solution of TM&cetylene (0.88 mL, 6.4 mmol), 2ddbromopyridine
(2.00 g, 4.22 mmol)i-PrNH (0.59 mL, 4.2 mol), Pd(OAc} (0.05 g, 0.2 mmol), PRH0.11 g,
0.42 mmol), Cul (0.04 g, 0.2 mmol) anhydroudMeCN (21.0 mL) was reflwaunder N. After 1
day, the solvent was removed under reduced pressure. The reaction mixture was dissolved in DCM
(200 mL), washed with water (2 x 100 mL), dried with anhydrous sodium sulfate and evaporated to
dryness. The resulting residue was filted@tgh a plug of silicfFluorochem silica gel (60 A, 40

P eluent: PhMe (100%)giving the corresponding product that was used in the next step

without further purification
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Method B +A degassed mixture of 2dibromopyridine (10.00 g, 42.21 mmol)MS acetylene

(22.0 mL, 86.6 mmol), Pd(PB}aCI> (0.31 g, 0.44 mmol), PRI(1.66 g, 6.33 mmol), Cul (0.60 g,

3.2 mmol) in EIN (65.0 mL; freshly distilled from NaH) was heated at reflux Toln under N.

After this time, the crude was filtered and evaporated to dryness. The residue was dissolved in
EtOAc (100 mL), washed with water (2 100 mL), dried with anhydrous sodium sulfate and
evaporated to dryness. Flash column chromatograshy[Aldrich silica gel (60 A, 40 P
HOXHQW 3KOH LQ K;FRTD:QAHiNCh: siBdd @&l (60 A, 40 P eluent: 20%

EtO in hexandsgave4-bromao2-((trimethylsilyl)ethynyl)pyridineas a yellow oil.

4-Bromo-2-((trimethylsilyl)ethynyl)pyridine (2.112) yellow oil (0.25 g, 23%) from method A,
\HOORZ RLO J | KaR(iReaD b8V KIR33, 2452, 1368, 1249, 876, 837, 759,
693, 657cm*; *H NMR (400 MHz, CDCY) /i 0.27 (9H, s, Si(Ch)s), 7.42 (1H, ddJ = 1.8, 5.4 Hz,
5-H), 7.65 (1H, d,J = 1.8 Hz, 3H), 8.38 (1H, d,J = 5.4 Hz, 6H) ppm; *C NMR (100 MHz,
CDCl) /c-0.0018, 97.1, 102.6, 126.8, 130.8, 133.0, 144.5, 150.8 HRWS (ESI) found [M+H]

= 253.9999C10H12"°BrNSi requires [M+H] = 253.9995.

2,4-Bis((trimethylsilyl)ethynyl)pyridine (2.115) \HOORZ RLO J |UWBP PHW
(neat)1583, 1531, 1460, 1379, 1249, 1162, 945, 836, 758, 700, 662n649H NMR (400 MHz,

CDCls) /4 0.25 (9H, s, Si(Ch)3), 0.26 (9H, s, Si(CH)3), 7.22 (1H, dJ = 1.5, 5.1 Hz, H), 7.49

(1H, app. s, ), 8.50 (1H, dJ = 5.1 Hz, 6H) ppm;**C NMR (100 MHz, CDG)) /c -0.36,-0.32,

95.6, 100.8101.2, 103.0, 124.9, 129.5, 131.6, 143.1, 149.9 ppm; HRMS (ESI) found [M=H]
272.1292C15H21NSi> requires [M+H] =272.1285.

3.2.1.6.2 Experimental Procedure for the Synthesis of (Azidomethyl)benzen€.113) NaNs
(6.56 g, 101 mmol) was added slowly to a solutiorbefzyl bromide (8.00 mL, 67.3 mmol) in
acetone:wate(8.0:20.0 mL) and stirred at 45 °C. After BDthe acetone was removed and water

(50 mL) was added. The agueous phase was extracted wdh(Ex 50 mL), washed with brine
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(50 mL), dried with anhydrous sodium sulfate and evaporated to dryness. Thgpcodiag
product was obtained as a colourless oil and was used in the following step without further

purification.

(Azidomethyl)benzene(2.113) FRORXUOHVV RL GQax(neat)2090, 1496, 1455, 1349,
1252, 1201, 875, 735, 696, 56/; 'H NMR (400 MHz, CDCY) /4 4.33 (2H, s, Ch), 7.2447.41
(5H, m, PhH) ppm;13C NMR (100 MHz, CDC}) /c 54.8, 128.26, 128.35, 128.9, 135.4 ppm.

3.2.1.6.3 Experimental Procedure for the Synthesis of 2(1-Benzyl1H-1,2,3triazol-4-yl)-4-
bromopyridine (2.111) 4-bromo2-((trimethylsilyl)ethynyl)pyridine (3.01 g, 11.8 mmol),
(azidomethyl)benzene (1.58 g, 11.9 mmolCK» (1.96 g, 14.2 mmol), CuSBH:0 (1.47 g, 5.89
mmol), ascorbic acid (28 g, 11.8 mmol)t-BuOH (60.0 mL), pyridine (9.0 mL) in THF (180 mL)

and water (180 mL) were stirred for 28 +reaction mixture colour changed from orange to
turquoise. After this time, the organic solvent was evaporated under reduced pressure. Afterward
CHCI3 (450 mL) and conc. NE36 mL, 25% w/w) were added, and the mixture stirred rapidly for

1 h. Subsequently, the phases were separated, the yellow organic phase washed with diluted NH
(200 mL, 10% w/w), brine (% 200 mL), dried with anhydrous sodium sulfate and evaporated to
dryness. Crystallization from EtOH &0 °C gave the corresponding product in very good yield as

an offwhite crystalline solid.

2-(1-Benzyt1H-1,2,3triazol-4-yl)-4-bromopyridine (2.111) off-white crystalline solid (3.00 g,
81%); m.p. = 8183 °C; max (neat) 1582, 1456, 1344, 1071, 1039, 817, 753, 698,c678 H
NMR (400 MHz, CDC}) h5.59 (2H, s, CH), 7.324.42 (6H, m, 5, Pi), 8.03 (1H, s, 5H), 8.34
(1H, d,J = 5.3 Hz, 6H), 8.38 (1H, dJ = 1.6 Hz, 3H) ppm;*C NMR (100 MHz, CDC}) /c 54.5,
122.4,123.6, 126.1, 128.4, 129.0, 129.3, 133.7, 134.2, 147.5, 150.1, 151 4Ria%;(ESI) found
[M+H]* = 3150216C14H11"°BrN4 requiregM+H] * = 315.0240
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3.2.1.6.4 Experimental Procedure for the Synthesis of Z1-Benzyl1H-1,2,3triazol-4-yl)-4-
(3,3bis(4-methoxyphenyl)}3H-benzof]chromen-8-yl)pyridine (2.110) Pd(PPh)s (0.09 g, 0.1
mmol) was added to a degassed mixture @i-Benzyt1H-1,2,3triazol4-yl)-4-bromopyridine
(0.50 g, 1.6 mmol),2-(3,3-bis(4methoxyphenyh3H-benzofjchromen8-yl)-4,4,5,5tetramethy
1,3,2dioxaborolane (0.91 g, 1.7 mmol),®0z(0.33 g, 2.4 mmol) in PhMe (19.0 mL) and EtOH
(19.0 mL), and refluxed for 1B under N. After this time, the crude was evaporated toness,
dissolved in EtOAc (100 mL) and filtered through a plug of celite. The organic phase was then
reduced to 100 mL, washed with brine (2 x 100 mL), dried with anhydrous sodium sulfate and
evaporated to dryness. The resulting brown foam was purifiedably tolumn chromatography
[Aldrich silica gel (60 A 236400 mesh 40 P HOXHQW (W2$%$F LQ KH[DQHYV
in hexanes]. In order to separate the naphthopyran from the naphthofuran, the obtained red residue
was purified again by flash column chratography [Aldrich silica gel (60 A 23800 mesh 4®3

P H O X #DQPM0%)V g sample: 150 g SIOSuccessive triturations from cold-Bthexane
(1:1) +to remove the BHT from the sampigyave the corresponding product.

Fraction 2 + 2-(1-Benzyt1H-1,2,3triazol-4-yl)-4-(3,3-bis(4-methoxyphenyl)3H-
benzoffJchromen-8-yl)pyridine (2.110) pink powder (0.31 g, 31%)n.p. = 107411 °C; max

(neat) 1605, 1506, 1246, 1172, 1089, 1031, 1000, 810, 71@&n592Photomerocyaninemax= 480

nm PhMé&); *H NMR (400 MHz, CDC$) h 3.77 (6H, s, OMe)5.60 (2H, s, Ch), 6.25 (1H, dJ =

9.9 Hz, 2sH), 6.86 (4H, dJ = 8.6 Hz, 3,35 5e44), 7.227.41 (11H, m1s5s 226G e

PhH), 7.53 (1H, dJ = 3.9 Hz, 5H), 7.74 (1H, dJ = 8.8 Hz, &H), 7.84 (LH, d,J = 8.6 Hz, %H),
8.058.12 (3H, m, 37 # 10sH), 8.558.59 (2H, M6, 4+ «H) ppm;13C NMR (100 MHz, CDC}) /c

54.5, 55.3, 82.5, 113.5, 113.9, 117.9, 118.9, 119.3, 120.6, 122.1, 122.4, 125.1, 127.2, 128.4, 128.5,
128.9, 129.2, 129.3, 130.0, 130.4, 132.7, 134.3, 137.0, 148.8, 149.0, 149.9, 150.7, 151.5, 159.0
ppm; HRMS (ESI) found [M+H]= 629.2547C41H32N40s requires [M+H]" = 629.2547
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3.2.2Strategy B By a Heck crosscoupling reaction protocol

3.2.2.1Preparation of 3-Pyridyl -3H-Naphtho[2,1-b]pyrans

3.2.2.1.1 Experimental Procedure for the Synthesis ofl-Phenyl1-(4-pyridyl)prop -2-en-1-ol

(2.126) vinylmagnesium chloride [1.6 M in THF] (56.0 mL, 89.6 mmol) was addea mixture of
phenyl(pyridin4-yl)methanone (98%(8.00 g, 42.8 mmol) undé&» in anhydrous THF (200 mL) at

such a rate that the temperature did not rise above TR€ resulting mixture was stirred for 30

min at this temperature and then allowed to reach room temperature. After stirrindhfadhe
reaction was quenched by theddibn of a saturated aqueous solution of &H(65 mL), after

which THF was evaporated under reduced pressure. The aqueous layer was extracted with EtOAc
(2 x 200 mL). The organic phase was reduced to 200 mL, washed with water (3 x 200 mL), dried
with antydrous sodium sulfate and evaporated to dryness. The desired product was obtained by

crystallization from an EtOAc/hexane mixture.

1-Pheny}1-(4-pyridyl)prop -2-en-1-ol (2.126) brown microcrystal{7.76 g, 86%); m.p. = 13&
133 °C[lit. m.p. = 135837 °C*; max (neat) 3061 (br), 2795 (br), 1597, 1488, 1446, 1223, 1194,
1004, 919, 764, 69dm?; *H NMR (400 MHz, Acetonels) /i 5.26 (1H, s, OH), 5.2%.35 (2H, m,
3-Hcis, 3-Htrang), 6.59 (1H, ddJ = 17.0, 10.6 Hz, -H), 7.23+ + P-H),*#304#.34 (2H, m,

oo -Hy7.36+ + P e eH), 847+ + P -H) ppm C NMR (100
MHz, Acetoneds) /c 77.9, 113.8, 121.6, 126.9, 127.2, 128.0, 143.1, 145.7, 149.4, ppB3
HRMS (ESI) found [M-H]* = 212.1077C14H13NO requires [MH]" = 212.1070.

3.2.2.1.2Experimental Procedure for the Synthesis of 1;Bis(4-methoxyphenyl)prop-2-en-1-ol
(2.129) vinylmagnesium chloride [1.6 M in THF] (42.0 mL, 67.2 mmol) was added dropwiae
mixture ofbis(4methoxyphenyl)methanor(®.00 g, 33.0 mmol) in anhydrous THF (160 mL) at O
°C undem2. The resulting mixture was stirred for 30 min at tti@sperature and then allowed to
reach room temperature. After stirring forh2 the reaction was quenched by the addition of a
saturated aqueous solution of MH (50 mL), after which THF was evaporated under reduced

pressure. The aqueous layer was extchatith EtOAc (2 x 100 mL). The organic phase was
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reduced to 100 mL, washed with water (4 x 100 mL), dried with anhydrous sodium sulfate and
evaporated to dryness. The resulting crude allyl alcohol was obtained as a pale yellow oil and was

used in the nexdtep without further purification.

1,1-Bis(4-methoxyphenyl)prop-2-en-1-ol (2.129) pale yellow oil (8.87 g, 99%);max (Neat) 3486
(br), 2955, 2835, 1607, 1582, 1506, 1462, 1299, 1242, 1172, 1036n826H NMR (400 MHz,
CDCls) h 2.24 (s, 1H, OH), 3.79 (6H, s, OMe), 58530 (2H, m, 3Hcis, 3-Hwans), 6.45 (1H, dd)
=17.0, 10.6 Hz, -H), 6.82+ + P e epl), 725+ 00 + P« ep)ppny e
13C NMR (100 MHz, CDQ) /c 55.3, 78.9, 113.4, 128.2, 138.2, 143.9, 158 HRMS (ESI)
found [M+Na]* = 293.1142C;7H1503 requires [MNa]* = 293.1148.

3.2.2.1.3Attempted Heck crosscoupling reactions between dbromo-2-naphthol (2.137)and

different Heck partners under multiple conditions (Table 2.3)

3.2.2.1.31 Entry 1 +1-bromo2-naphthol(0.30 g, 1.3 mmol)1-phenyt1-(4-pyridyl)prop-2-en-1-ol
(0.62g,2.9mmol), TBAB (1.47 g, 4.56 mmol), NaHC{00.38 g, 4.5 mmol), Pd(OA£)0.03 g, 0.1
mmol) were added t@ dry 50 mL two-neck rounebottom flask.Once the air was evacuated and
the flask flushed with By anhydrousDMF (10.0 ml) was added and the mixture degassed for 30
min. Subsequentlyhe mixture was stirred at 90 @der N for 24 h.*H NMR analysis had shown

no reaction.

3.2.2.1.R Entry 2 £1-bromo2-naphthol(200.5 mg, 0.8988 mmol}-phenytl-(4-pyridyl)prop-2-
enl-ol (246.3mg, 1.166 mmol), PPk (8.2 mg, 0.03 mmol), Pd(OAc) (6.5 mg, 0.027 mmol) were
added toa dry 25 mL two-neck rounebottom flask Once the air was evacuated and the flask
flushed with N, previously driedEtN (0.29 mL, 2.1 mmol) andnhydrousMeCN (2.5 mL) were
added and the mixture degassed for 20 18ubsequently,hie mixture was stirred at reflunder

N2 for 21 h. *H NMR analysis had shown no reaction.

3.2.2.1.3B Entry 3 +1-bromo2-naphthol (200.4 mg, 0.8984 mmol}phenyt1-(4-pyridyl)prop-2-
enl-ol (2469 mg, 1.1® mmol), CCO:(292.1mg, 08965mmol) andPd(OAc) (16.3mg, 0.0/r26
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mmol) were added to a dry 25 mL tweck rounebottom flask. Once the air was evacuated
the flask flushed with B anhydrous MeCN (2.5 mL) asadded and the mixture degassed for 20
min. Subsequentlyhie mixture was stirred at reflunder N for 16 h. *H NMR analysis had shown

no reaction.

3.2.21.3% Entry 4 + 1-bromo2-naphthol (200.7 mg, 0.8997 mmol), 1,1-bis(4-
methoxyphenyl)proj2-en-1-ol (329.0 ng, 1.217mmol), PPh (8.6 mg, 0.033 mmol), F@Ac) (6.1
mg, 0.027 mmol) were added ta dry 25 mL two-neck rounebottom flask Once the air was
evacuated and tHeask flushed with N, previously driecEtsN (0.29 mL, 2.1 mmol) andnhydrous
MeCN (2.5 mL) were added and the mixture degassed for 20 Suibsequently,he mixture was
stirred at reflusunder N for 25h. *H NMR analysis had shown no reaction.

3.2.2.1.35 Entry 5 +1-bromo2-naphthol(200.8 mg, 0.9002 mmolf-methoxystyrené157.8 ny,
1.176mmol), PPh (8.6 mg, 0.033 mmol), Pd(OAM)6.5 mg, 0.029 mmol) were addedaalry 25
mL two-neck rounebottom flask Once the air was evacuated and flask flushed with N,
previously dried BN (0.29 mL, 2.1 mmol) and anhydrous MeCN (2.5 mL) were added and the
mixture degassed for 20 miBubsequentlyhie mixture was stirred at reflunder N for 16 h. *H

NMR analysis had shown no reaction.

3.2.2.1.4Experimental Procedure for the Synthesis ofl-lodo-2-naphthol (2.143) H>SQs (95%,

1.8 mL, 32 mmol) was dissolved in MeOH (108 mL) at 0 °*@&aphthol (3.00 g, 20.8 mmol) and

Kl (3.45 g, 20.8 mmol) were added and stirred for 5 rBinbsequently, ¥D> (35%, 3.6 mL, 42

mmol) was added underz:Mt such a rate the temperature did not rise over 0 °C. The reaction
mixture was stirred for b at 0 °C, heated to room temperature and left stirring fdr Gdder N.

After this time, the crudevas diluted with DCM (200 mL), washed with 0.1 M NaHS@00 mL)

and water (2 x 200 mL). Subsequently, the organic phase was dried with anhydrous sodium sulfate
and evaporated to dryness, giving the desired product as a brown powder (5.43 g). Thadatter w

crystallized from a DCM/hexane mixture as brown needles.

1-lodo-2-naphthol (2.143) brown needles (5.19 g, 92%); m.p. =#47 [ &max(neat) 3230 (B¢

1621, 1593, 1495, 1429, 1345, 1207, 1190, 912, 806 cit#4 'H NMR (400 MHz, CDCY) M

5.78 (1H, s, OH), 7.25 (1H, d,= 8.8 Hz, 3H), 7.364.39 (1H, m, eH), 7.52#.56 (1H, m, 7H),
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7.7247.75 (2H, m, 4, 8), 7.92 (1H, d,J = 8.5 Hz, 8H) ppm;**C NMR (100 MHz, CDGJ) /c 86.3
(C-1), 116.5, 124.2, 128.2, 128.3, 129.7, 130.3, 130.6, 134.8, 153.8 WRMS (ESI) found
[M+H]" =268.9458C10H7IO requires [M+H] = 268.9469.

3.2.2.1.5 Attempted Heck crosscoupling reactions between iiodo-2-naphthol (2.143) and

different Heck partners under multiple conditions (Table 2.4)

3.2.2.1.51 Entry 1 *1-iodo-2-naphthol (20@ mg, 07405 mmol), :phenytl-(4-pyridyl)prop-2-
enl-ol (340.5mg, 0.9634 mmol), CsCOs (241.8 mg, 07421 mmol) and Pd(OAe@)(13.7 mg,
0.0610mmol) were added to a dBO mL two-neck rounebottom flask. Once the air was evacuated
and the flask flushed with ANanhydrous MeCN10.0mL) was added and the mixture degassed for
20 min. Subsequently,he mixture was stirred at reflunder N for 15 h. *H NMR analysis had

shownno reaction

3.2.2.1.52 Entry 2 *1-iodo-2-naphthol (208 mg, 07417 mmol), :phenytl-(4-pyridyl)prop-2-
en1-ol (340.5mg, 0.9634mmol), CsCOs (241.3 mg, 07406 mmol), Pd(OAc} (13.8 mg, 0.@15
mmol) and TBAB (238.9 mg, 0.7411 mmoNlere added to a dry0 mL two-neck rounebottom
flask. Once the air was evacuated and the flask flushed wjtarilydrous MeCN10.0 mL) was
added and the mixture degassed for 20 r8ubsequently,he mixture was stirredt reflux under

N2 for 15h. 'H NMR analysis had shown no reaction

3.2.2.1.53 Entry 3 #l-iodo-2-naphthol (200.1 mg, 0.7409 mmol), dyis(4methoxyphenyl)prop
2-enl-ol (276.6 mg, 1.023 mmol), &80z (241.3 mg, 0.7406 mmol) and Pd(OA€)3.8 mg,
0.0615 mmol) were added to a dry 50 mL {m&ck rounebottom flask. Once the air was evacuated
and the flask flushed with ANanhydrous MeCN (10.0 mL) was added and the mixture degassed for
20 min. Subsequently,he mixture was stirred at reflnder N for 28 h. Afterwards, the crude
was diluted with DCM (100 mL), passed through celite, washed with water (3 x 200 mL), dried
with anhydrous N£50Os and evaporated to dryness. The reaction mixture was purified by flash
column chromatographyF[uorochem silica gel (60 A, 40 P H O20% @VAC in hexanes,

fraction 3], leading to the corresponding product as a brown powder.
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3,3Bis(4-methoxyphenyl)}3H-naphtho[2,1-b]pyran (2.147) from method C as hrown powder
(8.3 mg, 3%)m.p. = 174477 °C; max (neat) 1508, 1247, 1174, 1029, 1000, 827, 813, 805, 746,
724, 590cm®; 'H NMR (400 MHz,CDCl) /i 3.77 (6H, s, OMe), 6.20 (1H, d,= 9.9 Hz, 2H),

6.84 (4H, app. d)=8.7Hz, ¢ <5¢5+H), 7.16 (1H, dJ = 8.8 Hz, ArH), 7.24%.32 (2H, m, 1

H, Ar-H), 7.38 (4H, app. d] = 8.7 Hz,2 s 246 6 +M), 7.45 (1H, tJ = 7.6 Hz, ArH), 7.64 (1H, d,

J = 8.8 Hz, ArH), 7.71 (1H, dJ = 8.2 Hz, ArH), 7.95 (1H, dJ = 8.5 Hz, ArH) ppm; HRMS
(ESI) found [M+H" = 395.1649C27H2203 requires M+H]" = 395.1642.

3.2.2.1.6Experimental Procedure for the Synthesis oR-Acetoxy-1-bromonaphthalene(2.149)
aceticanhydride (1.4 mL, 15 mmol) was added dropwise at 0 °C ungtr &lsolution of dbromo
2-naphthol (3.00 g, 13.4 mmol) andsEt(6.0 mL, 43 mmol) in DCM (74 mL). The reaction
mixture was then warmed to room temperature and left stirring for A&er ths time, the mixture

was diluted with water (13.5 mL) and aq. HCI (4M, 13.5 mL). The resulting mixture was shaken
carefully, the organic phase separated and the aqueous phase extracted with DCM (13.5 mL). The
combined organic phases were washed first Withe (3 x 75 mL) and then with water (3 x 150

mL). Subsequently, the organic phase was dried with anhydrous sodium sulfate and evaporated to
dryness, giving a yellow oil that solidified upon standing (3.42 g). The latter was crystallized from

an EtO/acebne mixture giving the desired product as paow rhombic plates.

2-Acetoxy-1-bromonaphthalene (2.149) paleyellow rhombic plates (2.85 g, 81%); m.p. =568
f & max (Neat) 1760, 1371, 1356, 1188, 1152, 1013, 937, 881, 811, 762n663H NMR (400
MHz, CDCk) /i 2.43 (3H, s, Me), 7.26 (1H, d,= 8.8 Hz, 3H), 7.51#.55 (1H, m, &), 7.60+
7.64 (1H, m, H), 7.83#7.86 (2H, m, 4, #), 8.26 (1H, app. dJ = 8.5 Hz, 8H) ppm;*C NMR
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(100 MHz, CDC4) Ic 20.9, 115.1, 121.9, 126.4, 127.0, 127.9, 128.2, 128.9, 132.5, 132.7, 146.4,
168.8 ppmHRMS (ESI) found [M-H]* = 264.9857C12Hq"°BrO; requires [M+H] = 264.9859.

3.2.2.1.7 Attempted Heck crosscoupling reactions between2-acetoxy-1-bromonaphthalene
(2.149)and different Heck partners under multiple conditions (Table 2.5)

3.2.2.1.71 Entry 1 *2-acetoxyl-bromonaphthalen¢2006 mg, 07567 mmol), 1-phenyt1-(4-
pyridyl)prop-2-ent1-ol (207.0mg, 0.9798mmol), Pd(PPB)4 (44.5mg, 0.0385mmol) were added to

a dry50 mL two-neck rounebottom flask Once the air was evacuated and the flask flushed with
N2, previously dried EN (0.5 mL, 1.8 mmol) and anhydrous MeCNL.Q.0 mL) were added and
the mixture degassed f80 min. Subsequently hie mixture was stirred at reflunder N for 15 h.

TLC and'H NMR analysis had shown no reaction.

3.2.2.1.72 Entry 2 *2-acetoxyl-bromonaphthalen€199.8 mg, 0.7536 mmol}l-phenyt1-(4-
pyridyl)prop-2-en-1-ol (207.4mg, 0.9817mmol), PdC} (7.2 ng, 0.041mmol) were added ta dry

50 mL two-neck rounebottom flask Once the air was evacuated and the flask flushed with N
previously dried BN (0.25 mL, 1.8 mmol) and anhydrous MeCN (10.0 mL) were added and the
mixture degassed for 30 migBubsequently,hie mixture was stirred at reflux undep for 15 h.

TLC and'H NMR analysis had shown no reaction.

3.2.2.1.73 Entry 3 t2-acetoxyl-bromonaphthalen€200.3 mg, 0.7555 mmol),-dhethoxystyrene
(139.3mg, 1.038mmol), PPh (8.4 mg, 0.032 mmol), Pd(OAc]5.8 ng, 0.026mmol) were added

to a dry25 mL two-neck rounebottom flask Once the air was evacuated andfthsk flushed with

N2, previously dried EN (0.25 mL, 1.8 mmol) and anhydrous MeCN (2.5 mL) were added and the
mixture degassed for 20 miBubsequently,hie mixture was stirred at reflux undeg for 26 h.

TLC and'H NMR analysis had shown no reaction.

3.2.2.1.8 Experimental Procedure for the Synthesis of dodo-2-trimethylsiloxynaphthalene

(2.155) a solution of %iodo-2-naphthol (3.00 g, 11.1 mmol) and HMDS (4.2 mL, 20 mmol) in
THF (54.0 mL) were refluxed for 90 min undes. Mfter the reaction was completed, the crude was
poured into water (50 mL), extracted with DCM (50 mL), washed with water §6 mL), dried

with anhydrous sodium sulfate and evaporated to dryness. TLC analysis shown that the residue
consisted of a mixture ofibdo-2-trimethylsiloxynaphthalene andi@édo-2-naphthol formed by the
hydrolyses of the silyl ether during the wark. Purification by flash column chromatography
[Fluorochem silica gel (60 A, 40 P H O XOPb@WM in hexanes, fraction 1]deo the

corresponding product as an orange oil.
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1-lodo-2-trimethylsiloxynaphthalene (2.155: RUDQJH RLO max (deat) 1620, 1593,
1497, 1459, 1352, 1241, 996, 942, 839, 809, ¢42; *H NMR (400 MHz, CDC}) /4 0.38 (9H, s,
Me), 7.08 (1H, dJ = 8.7 Hz,3-H), 7.38 (1H, app. t) = 7.5 Hz, 6H), 7.51#.55 (1H, m, 7H),
7.704.74 (2H, m, 4, H), 8.12 (1H, d,J = 8.5 Hz, 8H) ppm;*C NMR (CDCk) /c -0.0018, 91.8
(C-1), 119.2,123.7, 127.1, 127.3, 129.1, 129.2, 130.8, 135.1, 153.2 ppimart halflife at room

temperature.

3.2.2.1.9 Experimental Procedure for the Synthesis of Z4-Methoxyphenyl)naphtho[2,1-

bJfuran (2.159) a mixture of liodo-2-trimethylsiloxynaphthalene (199.0 mg, 0.5814 mmo#), 4
methoxystyrene (119.2 mg, 0.8884 mmol}CiKz (121.3 mg, 0.8776 mmol), Pd(OAd)L0.6 mg

0.0472 mmol), TBAB (282.4 mg, 0.8760 mmol), KCI (43.6 mg, 0.5848 mmol) in MeCN (10.0 mL)
was heated at reflux undep kbr 17 h. The crude was filtered through celite, diluted with DCM (50

mL), washed with brine (100 mL) and water (150 mL), dried withydnous sodium sulfate and
evaporated to dryness. The reaction mixture was purified by flash column chromatography
[Fluorochem silica gel (60 A, 40 P HOXHQY LQ KH[DQHYV : '&0 LQ KH]
fraction 2], leading to the corresponding prodiecaavhite powder.

2-(4-Methoxyphenyl)naphtho[2,1-b]furan (2.159) white powder (21.5 mg, 13%); m.p. = 153
f &max (neat) 1604, 1495, 1463, 1439, 1249, 1179, 1022, 801¢mi73'*H NMR (400 MHz,

CDCl) /n 3.85 (3H, s, OMe), 6.99 (2H, app. &, +]  H), %36 (1H, s, H), 7.457.49
(1H, m, ArH), 7.55#.59 (1H, m AfH), 7.66 (1H, d,J = 9.1 Hz, 5H), 7.68 (1H, dJ = 9.1 Hz, 4
H), 7.84 (2H, app. dJ +] ), 293 (1H, dJ = 8.1 Hz, ArH), 8.14 (1H, app. d] = 8.2

Hz, Ar-H) ppm;%C NMR (100 MHz, CDGJ) /c 55.4, 98.9, 112.2, 114.3, 123523.6, 124.5,
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124.6, 124.8, 126.1, 126.2, 127.5, 128.8, 130.4, 152.1, 155.6, 159.8HRMS (ESI) found
[M+H]* = 275.1065C19H1402 requires [M+H] = 275.1067.

32.2.1.10 Experimental Procedure for the Synthesis of -Bromo-2-
(methoxymethoxynaphthalene (2.162) MOMCI (3.3 mL, 43 mmol) was added dropwise to a
degassed mixture dfbromao2-naphthol (97%, 5.00 g, 21.7 mmol) angd03(9.30 g, 67.3 mmol)

in anhydrous MeCN (500 mL) at5 °C under M The reaction mixture was ledtirring for 30 min,

after which it was warmed to room temperature and left stirring overnight. Afterth@ crude was
filtered through celite and evaporated to dryness. The resulting red oil was dissolved in EtOAc (50
mL), washed with water (¥ 50 mL) dried with anhydrous sodium sulfate and evaporated to
dryness. The residue was then distilled by datbulb distillation (impurity distilled at 80 °C at 2.5

x 102 torr), giving the corresponding product asrck red oil that was used in the next gte

without further purification

1-Bromo-2-(methoxymethoxy)naphthalene(2.162) brick red oil (5.72 g, 99%);max (neat)1624,
1595, 1501, 1464, 1352, 1240, 1148, 1082, 1007, 889, 803, 743HMNMR (400 MHz, CDCJ)
h 3.57 (3H, s, ChH), 5.35 (2H, s, Ch), 7.397.43 (2H, m, 3, &), 7.54%.58 (1H, m, H), 7.76%
7.78 (2H, m, 4, §1), 8.23 (1H, app. d] = 8.6 Hz,8-H) ppm *C NMR (100 MHz, CDCJ) /c 56.6,
95.6, 110.5, 117.0, 124.9, 126.4, 127.7, 128.1, 128.9, 130.5, 133.1, 151 BR!S; (ESI) found
[M+H]" = 268.9992C;,H1:3'BrO, requiregM+H] * = 269.0000.

3.2.2.1.11Heck crosscoupling reactions betweenl-bromo-2-(methoxymethoxynaphthalene
(2.162)and 1,1-bis(4-methoxyphenyl)prop-2-en-1-ol (2.129)under multiple conditions (Table
2.6).

3.2.2.1.111 Entry 1 +Pd(OAc}» (15.9 mg, 0.0708 mmol) was added to a degassed mixture of 1
bromo2-(methoxymethoxy)naphthalene (199.2 mg, 0.7457 mmol)bis(#methoxyphenyl)prop
2-en1-0l (245.2 mg, 0.9070 mmol), KOz (153.0 mg, 1.107 mmol), TBAB (364.4 mg, 1.130
mmol), KCI (59.7 ng, 0.801 mmol) in anhydrous DMA[12.0 mL, dried under activated 4A
molecular sieves] and heated at 100 °C unddoN28 h. After this time, brine (50 mL) was added,
the residue extracted with EtOAc (3 x 50 mL), washed with brine (50 mL), dried witldranisy

sodium sulfate and evaporated to dryness. The resulting residue was purified by flash column
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chromatography [Aldrich silica gel (60 A 230 mesh 40 P HOXHQW (W2$F LQ
fraction 3] giving the corresponding product.

3.2.2.1.112 Entry 2 +Pd(OAc}» (8.5 mg, 0.038 mmol) was added to a degassed mixture of 1
bromeo2-(methoxymethoxynaphthalene (199.4 mg, 0.7465 mmol),-kid(4methoxyphenyl)prop
2-en1-ol (248.3 mg, 0.9185 mmol), anhydroNsmethyldicyclohexylamine [(0.24 mL, 1.1 mmol),
distilled over calcium hydride], TBAC (23.7 mg, 0.0853 mmol), triphenylphosphine (19.7 mg,
0.075L mmol) in anhydrous DMA[1.4 mL, dried under activated 4A molecular sieves] and heated

at 80 °C under Nfor 25 h. After this time, brine (50 mL) was added to the crude, the residue
extracted with EtOAc (2 x 50 mL), washed with brine (50 mL), dried aithydrous sodium
sulfate and evaporated to dryness. The resulting residue was purified by flash column
chromatography [Aldrich silica gel (60 A 230 mesh40 P HOXHQW (W2$F LQ

fraction 3] giving the desired product.

3.2.2.1.113 Entry 3 *Pd(dba) (8.4 mg, 0.015 mmol) was added to a degassed mixture of 1
bromao2-(methoxymethoxynaphthalene (200.4 mg, 0.7502 mmol),-&id(4methoxyphenyl)prop

2-ent1-ol (244.5 mg, 0.9045 mmol), anhydroNsmethyldicyclohexylamine [(0.24 mL, 1.1 mmol),
distiled over calcium hydride], TBAC (20.6 mg, 0.0740 mmol)-téri-butylphosphonium
tetrafluroborate (8.5 mg, 0.029 mmol) in anhydrous DdVJA.4 mL, dried under activated 4A
molecular sieves] and heated at 80 °C undefoN20 h. After this time, brine (50 mL) was added

to the crude, the residue extracted with EtOAc (2 x 50 mL), washed wit (%@ mL), dried with
anhydrous sodium sulfate and evaporated to dryness. Flash column chromatography [Aldrich silica
gel (60 A 236400 mesh40 P HOXHQW (W2$F LQ KH[DQHV@ JDYH V

(E)-3-(2-(Methoxymethoxy)naphthalen1-yl)-1,1-bis(4-methoxyphenyl)prop-2-en-1-ol (2.166)
from entry lasyellow oil (31.5 mg, 9% Fromentry 2as a yellow oil (25.8 mg, 8%); Froemtry 3
as a yellow oil that solidified upon standing (120.0 mg, 35%); m.p. 8BIC; max (neat) 1606,
1505, 1242, 1172, 1148, 1031, 1014, 996, 929, 811, 746;r580'*H NMR (400 MHz,CDCh) /4
2.53 (1H, s, OH), 3.43 (3H, s, GKI3.80 (6H, s, OMe), 5.2(PH, s, CH), 6.826.89 (5H, m, 2 <-*

314



3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

259 5e44), 6.98 (1H, d (AB)J = 16.1 Hz, 1H), 7.33#7.41 (3H, m, AtH), 7.44 (4H, app. d] =
8.9 Hz,2¢2e¢6 64+, 7.71 (1H, dJ = 9.0 Hz, ArH), 7.76 (1H, dJ = 7.6 Hz, ArH), 7.99 (1H,
d, J = 8.5 Hz, ArH) ppm;**C NMR (100 MHz,CDCl) /c 55.3, 56.3, 79.4, 95.4, 113.5, 116.7,
121.4, 121.9, 124.0, 124.3, 126.4, 128.2, 128.4, 128.6, 129.8, 132.8, 138.7, 142.4, 151.9, 158.7
ppm;HRMS (ESI) found [MNa]" = 479.1833C29H2¢0s requirefM+Na]* = 479.1829

3,3Bis(4-methoxyphenyl)}3H-naphtho[2,1-b]pyran (2.147) from entry 3 as abrown powder
(30.3 mg, 10%)m.p. = 174477 °C; max(neat) 1508, 1247, 1174, 1029, 1000, 827, 813, 805, 746,
724, 590cm™; 'H NMR (400 MHz,CDCk) / 3.77 (6H, s, OMe), 6.20 (1H, d,= 9.9 Hz, 2H),

6.84 (4H, app. d)J=8.7 Hz, ¢ <¢%Ss5+H), 7.16 (1H, dJ = 8.8 Hz, ArH), 7.24%.32 (2H, m, 1

H, Ar-H), 7.38 (4H, app. d] = 8.7 Hz,2$ 2+ 66 +M), 7.45 (1H, tJ= 7.6 Hz, ArH), 7.64 (1H, d,

J = 8.8 Hz, ArH), 7.71 (1H, dJ = 8.2 Hz, ArH), 7.95 (1H, dJ = 8.5 Hz, ArH) ppm; HRMS
(ESI) found [M+H" = 395.1649C,7H2203 requires M+H]" = 395.1642.

32.21.12  Experimental Procedure for the Synthesis of €)-3-(2-
(methoxymethoxy)naphthalenl-yl)-1-phenyl-1-(4-pyridyl)prop -2-en-1-ol (2.165) a mixture of
1-bromo2-(methoxymethoxy)naphthalene (250.3 ndg®370 mmol), dphenytl-(4-pyridyl)prop-

2-ent1-ol (217.2 mg, 1.028 mmol), &0z (193.9 mg, 1.403 mmol), Pd(OAcj17.0 mg, 0.0757

mmol), TBAB (452.7 mg, 1.404 mmol), KCI (69.9 mg, 0.938 mmol) in DMF (16.0 mL) was heated

at 100 °C under Nfor 24 h. After this time, the crude was poured into water (250 mL) and the pH
adjusted to 7. The residue was extracted with DCM (3 x 200 mL) and the organic phase reduced to
100 mL. The latter was washed with brine (100 mL), water (2 x 150 mL), dried with anhydrous
sodiun sulfate and evaporated to dryness. Purification by flash column chromatography [Aldrich
silica gel (60 A, 40 P eluent: (W23$F LQ 3KOH : (W2$F LQ 3KOH |

followed by crystallization from hot PhMe, led to the corresponding produatf-avhite needles.
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(E)-3-(2-(Methoxymethoxy)naphthalen1-yl)-1-phenyl-1-(pyridin -4-yl)prop -2-en-1-ol  (2.165)
off-white needles (150.9 mg, 41%); m.p. = 202 f &max (neat)1595, 1445, 1231, 1192, 1148,
1068,1000, 991, 752, 698 ctn'H NMR (400 MHz, CDCJ) /4 2.92 (1H, s, OH), 3.43 (3H, s,
CHs), 5.24 (2H, s, Ch), 6.87 (1H, dJ = 16.1 Hz, 2H), 7.07 (1H, dJ = 16.1 Hz, 3H), 7.33#7.42
(6H, m, ArH), 7.48 (2H, app. d +] «H), 7¢53 (2H, app. d) = 7.3 Hz, ArH), 7.73%
7.79 (2H, m, ArH), 7.92 (1H, dJ = 8.4 Hz, ArH), 8.58 (2H, app. d) +] H) ppm;
13C NMR (100 MHz, CDGJ) /c 56.3, 79.2, 95.3, 116.4, 120.9, 121.8, 123.2, 124.0, 124.16,126
127.1, 128.0, 128.3, 128.6, 129.1, 129.8, 132.6, 140.2, 145.1, 149.7, 152.0, 15418RiB;
(ESI) found [M+H]" = 398.1752C26H23NOs requiregM+H] " = 398.1751.

3.2.2.1.13 Experimental Procedure for the Synthesis of 3-Phenyl3-(4-pyridyl) -3H-
naphtho[2,1-b]pyran (2.170) TFA (2.1 mL, 27 mmol) was added dropwise to a mixtureE{3
(2-(methoxymethoxy)naphthalelryl)-1-phenyt1-(pyridin-4-yl)prop-2-enr1-ol  (0.35 g, 0.88
mmol) in DCM (45 mL). After 2h, the crude was washed with a saturated aqueous solution of
NaHCQ (100 mL). The resulting yellow solution was washed with water 200 mL), dried with
anhydrous sodium sulfate and evaporated to dryness. The residue was triturategQyitltéred

and dried under reduced pressure giving the desired product asvamitefpowder (0.16 g, 54%).
The resulting filtrate was crystalkd from EfO/acetone as ofivhite crystalline plates (0.02 g, 7%).

3-Phenyl-3-(4-pyridyl) -3H-naphtho[2,1-b]pyran (2.170) off-white solid (0.18 g; 61%); m.p. =
147+ f & max (neat) 1633, 1588, 1246, 1206, 1192, 1015, 812, 754, 733, ci0?2
316



3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

Photomerocyaninemax = 414 nm (PhMe); *H NMR (400 MHz, CDCY) /4 6.21 (1H, dJ = 9.9 Hz,

2-H), 7.21 (1H, d,J = 8.8 Hz,5-H), 7.25#.50 (9H, m, AtH, 1-H), 7.67#.73 (2H, m, 6, #H), 7.95

(1H, d,J = 8.5 Hz, 16H), 8.56 (2H, app. d] +]  -H) ppm;*C NMR (100 MHz, CDG))

Ic 81.5, 114.0, 118.1, 120.8, 121.3, 121.6, 124.0, 126.2, 126.9, 127.0, 128.1, 128.4, 128.6, 129.5,
129.8, 130.3, 143.3, 149.8, 150.2, 153.6 ppiRMS (ESI) found [M-H]* = 336.1383C24H17NO
require§M+H] " = 336.1383.

3.2.3Strateqy C +By a Suzuki crosscoupling reaction before chromenization

3.23.1Preparation of 5-Pyridyl -3H-Naphtho[2,1-b]pyrans

3.2.3.11 Experimental Procedure for the Synthesis of 2ethoxy-3-(4-pyridyl)naphthalene

(2.175)

Method A £A mixture of 3bromo2-methoxynaphthalene (2.00 g, 8.44 mmotpyidineboronic

acid pinacol ester (2.60 g, 12.7 mmolpQQOs (1.75 g, 12.7 mmol), Pd(PBa(0.49 g, 0.42 mmol)

in PhMe (42 mL) and EtOH (42 mL) was degassed, and heated at reflux undeted 18h of
reaction, the crude was cooled to room temperature, the mixture filtered through celite and the
filtrate evaporated to dryness. The resulting residue was dissolved in DCM (100 mL), washed with
water (2 x 100 mL), the organic layer dried witthgdrous sodium sulfate and the solvent removed
under reduced pressute afford anoil which was filtered through a plug of silica [Fluorochem
silica gel (60 A, 40 P (W2$F LQ KH[DQHV : (W2$F @ 7KH U
was purified by flah column chromatography [activatecb®@4, eluent:EtOAc (50%) in hexanes,
fraction 1]. The resulting yellow oil solidified as an -@fhite powder upon addition dt.O and

cooling to-78 °C. Subsequent crystallization from a mixture of DCM/hexane at 3 °C provided the
desired product as a white powder

Method B = Pd(PPB)s (1.95 g, 1.69 mmol) was added to a degassed mixture-bobric2-
methoxynaphthalene (8.00 g, 33.7 mmoBpyidineboronic acid pinacol ester (10.40 g, 50.72
mmol), K2COz (6.99 g, 50.6 mmol), Pd(PBa(1.95 g, 1.69 mmol) in PhMe (167 mL) a&dOH

(167 mL), and refluxed underoNor 25 h. After cooling to room temperature, the mixture was
filtered through celite and the filtrate evaporated to dryness. The resulting residue was dissolved in
EtOAc (100 mL), washed with water (3 x 100 mL), theamig layer dried with anhydrous sodium
sulfate and the solvent removed under reduced pressure. The resulting yellow oil was filtered
through a plug of alumina [activated 8k, EtOAc (50%) in hexanes, fraction 1] and then

recrystallized from an EtOAc/hexamixture giving the corresponding product as a white pawder
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2-Methoxy-3-(4-pyridyl)naphthalene (2.175) white powder (1.20 g, 60%) from Method Y/hite
powder (5.55 g, 70%) from Method B; m.p.188410 °C; max (neat) 1592, 1468, 1410, 1254,
1205, 1176, 1034, 836, 746, 674, 602, 45 'H NMR (400 MHz,CDCl) /i 3.95 (3H, s, OMg

7.25 (1H, s, H), 7.39 (1H, app. tJ = 7.5 Hz, 6H), 7.49 (1H, app. tJ = 7.5 Hz, 7H), 7.55 (2H,

app. d,J=6.1 Hz,2s6+H), 7.77#.82 (3H, m, 4, 5, &), 8.67 (2H, app. dJ = 6.1 Hz,3¢ 5+H)
ppm;2C NMR (100 MHz, CDCl) /c 55.6, 106.1, 124.3, 124.5, 126.5, 127.1, 127.9, 128.6, 129.5,
130.2, 134.6, 146.2, 149.5, 154.8 ppgiRMS (ESI) found [M+H] = 236.1073C16H13NO requires
[M+H]*=236.1070

3.2.3.12 Experimental Procedure for the Synthesis of2-Methoxy-3-(3-pyridyl)naphthalene

(2.178) n-BuLi [2.5 M in hexanes] (80.0 mL, 200 mmol) was added droptase mixture of2-
methoxynaphthalengl5.00 g, 94.82 mmol) in anhydrous THF (120 mL)}# °C undeN2. The
resulting mixture was stirred for 3@in at this temperature and then allowed to reach room
temperature and further stirred foh1After this time, the reaction was-ceoled to-78 °C and 1,2
dibromoethane (9.0 mL, 1.0 x 2@mol) was added dropwise. The reaction mixture was allowed to
reach room temperature and stirred for 20h. Afterwards, the crude was poured into a saturated
agueous solution of Ni&I (100 mL) and extracted with EtOAc (2 x 100 mL). The organic phase
was washed with water (3 x 100 mL), dried with anhydrous sodium swdfsporated to dryness

and used in the next step without further purification. Pd§RPh26 g, 1.96 mmol) was added in

one portion to a degassed mixture e@brdmao2-methoxynaphthalene (aprox. 50% pure) (18.63 g,
39.29 mmol), Jpyridineboronic acid pinad ester (12.08 g, 58.91 mmol),.8Os (8.14 g, 58.9

mmol) in PhMe (198 mL) and EtOH (198 mlgnd refluxed under Nfor 17 h. After cooling to

room temperature, the mixture was filtered through celite and the filtrate evaporated to dryness. The
resulting residue was dissolved in EtOAc (100 mL), washed with water (3 x 100 mL), the organic
layer dried with anhydrous sodium sudaand the solvent removed under reduced pressure. The
resulting oil was filtered through a plug of silica [Fluorochem silica gel (60 A, 40 P eluent:
(W23$F LQ KH[DQHYV : aN§d2kempurified b@bulbto-bulb distillation giving an

ambe oil (231 °C at 9.9 x 18 torr) that solidified upon standing. The resulting residue was
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crystallized from benzene/cyclohexane-20 °C, rinsed with cold IPA, giving the corresponding
product as an ofivhite crystalline solid5.05 g, 23%) A 2"¢ and 3 crop were attained from hot
EtOH giving the corresponding product as anwilfite crystalline solid0.93 g, 4%).

2-Methoxy-3-(3-pyridyl)naphthalene (2.178) off-white crystalline solid (5.98 g, 27%m.p. =
112414°C; max(neat) 1408, 1254, 1174, 1024, 904, 868, 834, 757¢@t0H NMR (400 MHz,

CDCls) h 3.93 (3H, s, OMe), 7.24 (1H, s;H), 7.34#7.40 (2H, m, 6, 3H), 7.48 (1H, app. t) =

7.5 Hz, 7H), 7.76#%.81 (3H, m, 4, 5, &), 7.93 (1H, dtJ = 1.9, 7.9 HzH +H), 8.60 (1H, dd,] =

1.6, 4.8 Hz4 +H), 8.84 (1H, d,) = 1.6 Hz,2 sH) ppm;*C NMR (100 MHz, CDCls) /c 55.6, 105.9,

122.9, 124.2, 126.5, 126.8, 127.8, 128.4, 128.8, 130.2, 134.1, 134.4, 137.1, 148.3, 150.4, 155.0
ppm;HRMS (ESI) found [M+H] = 236.10D C16H13NO requires [M+H] = 236.107.

3.2.3.13 Experimental Procedure of the Synthesis of3-(4-Pyridyl)-2-naphthol (2.180)
hydrobromic acid (45% wi/v solution in AcOH) (34.0 mL) was added dropwise to a solutien of 2
methoxy3-(4-pyridyl)naphthalene (2.60 g, 11.1 mmol), AcOH (33.0 mL) and water (19.0 mL), and
refluxed for 28h. The reaction mixire was then cooled, poured into water (200 mL) and the
solution neutralized (pH = 7) with theredul addition of NaHCQ. As a result, a beige precipitate

was formed, filtered, rinsed with water (100 mL) and dried under reduced pressure. The latter was
triturated with coldet2O, filtered, rinsed with col&EtO (50 mL) and dried under reduced pressure,
providing the corresponding product as a beige powder

3-(4-Pyridyl) -2-naphthol (2.180) beige powder (2.21 g, 90%in.p. =238242 °C; max (Neat)
2546 (br), 1604, 1595, 1411, 1010, 862, 841, 823, 804, 735, 684n520H NMR (400 MHz,
DMSO-ds) /i 7.294.33(2H, m, 1, 6H), 7.44 (1H, app. t) = 7.5 Hz, 7H), 7.71#.73 (3H, m, 2
6 8H), 7.86 (1H, dJ = 8.1 Hz, 5H), 7.95 (1H, s, 4), 8.65 (2H, app. s, 85+H), 10.5 (1H, bs,
OH) ppm; °C NMR (100 MHz, DMSQds) /c 110.2, 123.6, 124.6, 126.0, 127.3, 128.2, 128.48,
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128.51, 130.4, 134.9, 146.3, 149.8, 153.5 pHRMS (ESI) found [M+H] = 222.0913C15H1:NO
requires [M+H] = 22.0913

3.2.3.14 Experimental Procedure of the Synthesis of -83-Pyridyl)-2-naphthol (2.181)
hydrobromic acid (45% w/v solution in AcOH) (63.0 mL) was added dropwise to a solutin of
methoxy3-(3-pyridyl)naphthalene (4.94 g, 21.0 mmol), AcOH (61.8 mL) and water (30.9 mL), and
refluxed for 3 days. The reaction mixture was then cooled, the crude poured into water (200 mL)
and the solution neutralized (pH = 7) with terefuladditionof NaHCQ. As a result, an ofivhite
precipitate was formed, filtered, rinsed with water (2 x 100 mL) and dried under reduced pressure.

Recrystallization from hot EtOH provided the corresponding product as a brown crystalline solid

3-(3-Pyridyl) -2-naphthol (2.181) brown crystalline solid (2.93 g, 63%).p. =204208 °C; max
(neat) 3026 (br), 2590 (br), 1629, 1589, 1421, 1176, 1054, 867, 751, 70am635H NMR (400

MHz, DMSO-ds) /1 7.294.33 (2H, m, 1, @), 7.43 (1H, dJ = 7.0 Hz, 7H), 7.48#.50 (1H, m, 5

H), 7.73 (1H, d,J = 8.2 Hz, 8H), 7.85 (1H, d,J = 8.1 Hz, 5H), 7.91 (1H, s, 4), 8.06 (1H, dJ =

7.9 Hz, 6+H), 8.58 (1H, app. s, «H), 8.85 (1H, app. s, sH), 10.2 (1H, bs, OH) ppm?C NMR

(100 MHz, DMSQde) /c 109.9, 123.6, 126.0, 127.0, 128.0, 128.3, 128.4, 130.3, 134.7, 137.2,
148.4, 150.2, 153.3 ppntiRMS (ESI) found [M+H] = 222.0905C1sH11NO requires [M+HT =
221.M13.

3.2.3.15 General Methodfor the Synthesis of 6(4-Pyridyl) -2-naphthol (2.183)

Method A A mixture of 6bromao2-naphthol (1.00 g, 4.48 mmol);gyridineboronic acid pinacol

ester (1.38 g, 6.73 mmol),.R03(0.93 g, 6.7 mmol), Pd(PBa(0.26 g, 0.22 mmol) in PhMe (20.0

mL) and EtOH (20.0 mL) was heated at reflux underAldter 14 h, the crudevas evaporated to
dryness. Afterwards, MeOH (200 mL) was added and glacial AcOH (120 mL) was slowly added
until complete dissolution of the residue. The resulting solution was filtered through celite and
evaporated to drynesghe solidwasfiltered off and rinsed with waterThe filtrate was evaporated

to dryness, added water and filtered off. The resulting two solids were mixed and crystallized from
methylated spirits (200 mL) leading to the corresponding product as a brown powder (0.53 g, 54%).
The motfer-liquor was purified by flash column chromatogragRiuorochem silica gel (60 A, 40
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P H O20BbQMOH in EtOAc, fraction |3 with subsequent recrystallization from EtOH,
leading to the corresponding product as anndfite crystalline solid (0.0@, 7%).

Method B +A mixture of 6broma2-naphthol (5.00 g, 22.4 mmol);gyridineboronic acid pinacol
ester (6.90 g, 33.6 mmol),,R0z(4.65 g, 33.6 mmol), Pd(PBA(1.29 g, 1.12 mmol) in PhMe (100

mL) and EtOH (100 mL) was heated at reflux under After 16 h, the crude was evaporated to
dryness. Afterwards, MeOH (250 mL) was added and glacial AcOH (300 mL) was slowly added
until complete dissolution of the residue. The resulting solution was filtered through celite and
evaporated to dryness. Water wihaen added and the solid filtered off. The resulting two solids
were mixed and crystallized from hot methylated spirits (500 mL) with a small quantity of AcOH,
filtered, rinsed with water and dried under reduced pressure, leading to the correspondioggsrod

a brown powder (1.81 g, 37%). The mothiquor was crystallized from hot methylated spirits (300
mL) with AcOH, filtered, rinsed with water and dried under reduced pressure, leading to the

corresponding product as a brown powder (0.75 g, 15%).

Method C - Pd(PPB)s (1.29 g, 1.12 mmol) was added to a degassed mixturebobrio2-
naphthol (5.00 g, 22.4 mmol)-pyridineboronic acid pinacol ester (6.89 g, 33.6 MMobC®s

(4.65 g, 33.6 mmol), Pd(PBa (1.29 g, 1.12 mmol) in PhME00.0 mL) and EtOH (100.0 mL),

and heated at reflux under.NAfter 18 h, the crude was filtered hot and the filtrate evaporated to
dryness. The resulting brown residue was triturated witd E50 mL), collected by filtration,
rinsed with water (100 mLand dried under reduced pressure. Afterwards, the residue was triturated
in hot EtOH, cooled to 0 °C, filtered off and rinsed with cold EtOH, giving the corresponding
product as a yellow powder (2.88 g, 58%). The filtrate was reduced, cooled to Oet€dfoff and

the precipitate rinsed with cold EtOH, giving the corresponding product as a yellow powder (0.17 g,
3%).

6-(4-Pyridyl) -2-naphthol (2.183) from method Aas a brown powdd0.60 g, 61%); From method
B as abrown powder(2.56 g, 52%); From methodC a yellow powdel(3.05¢, 61%); m.p. = 284t
f &max (neat) 2513 (br), 1599, 1545, 1494, 1420, 1261, 1156, 902, 864, 822m796H
NMR (400 MHz, DMSQds) /1 7.15#7.19 QH, m, 1, 3H), 7.79+ + P+ -H),7.89
(1H, d,J = 8.8 Hz, 4H), 8.28 (1H, s, #), 8.64 (2H, app. dJ +]  -<H), 20.0 (1H, bs,
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OH) ppm;3C NMR (100 MHz, DMSQds) /c 109.0, 119.8, 121.5, 124.9, 126.5, 127.5, 128.2,
130.7, 131.5, 135.4, 147.5, 150156.8 ppmHRMS (ESI) found [M-H]* = 222.0913C1sH11NO
requires [M+H] = 222.0913.

3.2.3.16 Attempts to Synthesize 3,3-Bis(4-methoxyphenyl)8-(4-pyridyl) -3H-naphtho([2,1-
blpyran (2.57)from the acid-catalysed condensation betwee-(4-pyridyl) -2-naphthol (2.183)
and 1,1-bis(4-methoxyphenyl)prop-2-yn-1-ol (2.33)

15t Attempt + 1,1-Bis(4-methoxyphenyl)prof2-yn-1-ol (0.64 g, 2.4 mmol) and 6-(4-pyridyl)-2-
naphthol(0.50g, 2.3mmol) in the presence of PPTS(B8g, 01 mmol) and trimethyl orthoformate
(2.00 mL, 9.22mmol) in 1,2DCE (40.0mL) was refluxed forl6 h under N. TLC analysis had

shown no reaction.

2" Attempt +1,1-Bis(4-methoxyphenyl)proj2-yn-1-ol (0.64 g, 2.4 mmd) and 6-(4-pyridyl)-2-
naphthol(0.50g, 2.3mmol) in the presence of PPTS8g, 2.5 mmol) and trimethyl orthoformate
(0.50mL, 4.6 mmol) in 1,2DCE (5.0 mL) was refluxed for3 daysunder N. TLC analysis had
shown no reactiorSolvent was removed under reduced presancethe crude subjected to flash
column chromatographjAldrich silica gel (60 A, 40 P eluent: 10%EtOAC in hexandsbut

the desired product was not isolated.
3.2.3.17 General Method for the Synthesis of 1Bromo-6-(4-pyridyl) -2-naphthol (2.186)

Method A £N-Bromosuccinimide (0.32 g, 1.8 mmol) was added in a single portion to a sajfition
6-(4-pyridyl)-2-naphthol (0.40 g, 1.8 mmol) in DMF (24 mL) and stirred for 160n at room
temperatureAfter this time, the crude was evaporated to dryness and purified two times by flash
column chromatographyFluorochem silica gel (60 A, 40 P H O X461 Qe®H in DCM

giving the corresponding product

Method B +N-Bromosuccininide (0.60 g, 3.4 mmol) was added in a single portion to a solotion
6-(4-pyridyl)-2-naphthol (0.75 g, 3.4 mmol) inrDMF (25 mL) and stirred for 30 min at room
temperatureAfter this time, the solvent was reducadd the crude poured into water (250 mL).

The resulting precipitate was filtered off and rinsed with water (100 mL). The filtrate was
evaporated to dryness and water added (200 mL). The resulting precipitate was filtered off, rinsed
with water (100 mL) ath mixed with the former precipitate. Purification by flash column
chromatographyFluorochem silica gel (60 A, 40 P H O4¢41NpE@H in DCM, fraction |

led to the corresponding product
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Method C £N-Bromosuccinimide (1.97 g, 11.1 mmol) was addedsimgle portion to a solutioof
6-(4-pyridyl)-2-naphthol(2.45 g, 11.1 mmol) in DMF (130 mL) and stirred for 28 min at room
temperature After this time, the crude was poured into water (1.3 L). The resulting colloidal
solution was filtered through celisnd extracted with a solution of DCM and MeOH. The filtrate
was evaporated to dryness and crystallized from a boiling solution of EtOH (150 mL) with a small
guantity of AcOH, filtered, rinsed with water ancb@t and dried under reduced pressilgading

to the corresponding produc

1-Bromo-6-(4-pyridyl) -2-naphthol (2.186) from method A as @&@rown powder (0.05 g, 11%);
From method B as a tan powdé57 g, 56%)From method C as a brown powder (1.76 g, 53%);
m.p. = 1974 f &max (neat) 1619, 1597, 1561, 1417, 1388, 1193, 1174, 1151, 1002, 806, 702
cm’; 'H NMR (400 MHz, DMSQde) /1 7.35 (1H, dJ = 8.8 Hz, 3H), 7.85 (2H, app. d] = 5.9 Hz,

e -H, 7.95 (1H, d,J = 8.8 Hz, 4H), 8.03 (1H, ddJ = 8.9, 1.6 Hz, ), 8.13 (1H, dJ = 8.9 Hz,
8-H), 8.39 (1H, dJ = 1.6 Hz, 5H), 8.67 (2H, dJ +] ), 20.8 (1H, bs, OH) ppntiC
NMR (100 MHz, DMSQds) /c 104.6, 119.5, 121.6, 126.3, 126.5, 127.1, 129.2, 130.2, 132.3,
133.5, 146.8, 150.8, 153.8 pptHRMS (ESI) found [M-H]* = 300.0019CisH10"°BrNO requires
[M+H]" =300.0019.

Experimental Procedure for the Synthesis ofl,3-Dibromo-6-(4-pyridyl) -2-naphthol (2.185)
molecular broming(0.10 mL, 1.9 mmol) was added in a single portion to a solutfof-(4-
pyridyl)-2-naphthol(0.40 g, 1.8 mmol) in AcOH (8.0 mL) and water (15.0 ndr)dstirred at room
temperatureAfter 21 h, the crude was diluted with water, filtered and the filtrand purified by flash
column chromatographjfFluorochem silica gel (60 A, 40 P H O X461 Ra@H in DCM,
fraction 1] giving the corresponding product asrawn powder (0.12 g, 18%).
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1,3-Dibromo-6-(4-pyridyl) -2-naphthol (2.185) brown powder (0.12 g, 18%); m.p. = 2834 °C;

max (neat) 1604, 1585, 1557, 1420, 1378, 1137, 1067, 1022, 1004, 79¢m7184 NMR (400

MHz, DMSO-ds) /1 7.824.84 (2H, m,  -H9, 8.058.12 (2H, m, 7, &), 8.408.41 (2H, m, 4,

5-H), 8.70 (2H, d,] +] ), 10.4 (1H, bs, OH) ppnt3C NMR (100 MHz, DMSGds) /c

107.9, 114.7, 121.7, 126.3, 126.9, 127.1, 129.9, 132.3, 132.7, 133.7, 146.6, 150.0, 150.7 ppm;
HRMS (ESI) found [M-H]" = 379.9107C15Hs®'BroNO requires [M+H] = 379.9108.

3.2.3.18 Experimental Procedure for the Synthesis of Bromo-2-methoxymethoxy-6-(4-
pyridyl)naphthalene (2.188) MOMCI (0.03 mL, 0.4 mmol) was added to a degassed misture of 1
bromao6-(4-pyridyl)-2-naphthol (48.3 mg, 0.161 mmol) and KOs (68.9 mg, 0.499 mmol) in
anhydrous DMF (4.0 mL) atl5 °C under M The reaction mixture was left stirring for 30 min,
after which it was warmed to room temperature and left stirring overnight. Aftertih® crude was
diluted with DCM (100 mL), washed with brine (100 mL) and water (100 mL), dried with
anhydrous sodium sulfaéed evaporated to dryness. Flash column chromatogfébdirych silica

gel (60 A, 40 P eluent: 10% MeOH in DCM, fraction 1] gave the correspoggroduct.

1-Bromo-2-methoxymethoxy-6-(4-pyridyl)naphthalene (2.188) orange oil (35.2 mg, 63%§H

NMR (400 MHz, CDC4) /4 3.59 (3H, s, ChH), 5.39 (2H, s, Ch), 7.50 (1H, dJ = 9.0 Hz, 3H),

7.63 (2H, app. dJ=5.7 Hz, « -H9, 7.824.88 (2H, m, 4, H), 8.07 (1H, dJ = 1.7 Hz, 5H),

8.35 (1H, dJ = 8.9 Hz, 8H), 8.71 (2H, d,J = 5.7 Hz,3 *5 «H) ppm;3C NMR (100 MHz, CDC})

Ic 56.6, 95.5, 110.3, 117.6, 121.7, 126.2, 126.5, 127.6, 129.4, 130.5, 133.3, 134.3, 147.7, 150.4,
152.5ppm,;

3.2.3.19 Experimental Procedure of the Synthesis of -Bromo-3-(4-pyridyl )-2-naphthol
(2.189) N-bromosuccinimided.61 g,14.7 mmol) was added in a single portion to a solubio®

(4-pyridyl)-2-naphthol (3.25 g,14.7 mmol) in DMF (39.0 mL) and stirred for 35 min at room
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temperature under INAfter this time, the crude was evaporated to dryn€ks resulting reaction
mixture was purified by flash column chromatograpRjuprochem silica gel (60 A, 40 P
eluent 4% MeOH in DCM, fraction }, followed by recrystallization from hot ethantdading to

thecorresponding product as a yellow crystalline solid

1-Bromo-3-(4-pyridyl) -2-naphthol (2.189) yellow crystalline solid(3.21 g, 73%)m.p. =194+

195 °C (darkened at 187 °C)max (neat) 2615 (Br 1602, 1590, 1356, 1191, 822, 761, 739, 691,
619, 559cm™; 'H NMR (400 MHz, DMSQds) /1 7.48 (1H, app. tJ = 7.5 Hz, 6H), 7.64+7.68

(3H, m, 7,26 +H), 7.97 (1H, d,J = 8.0 Hz, 5H), 8.01 (1H, s, 4), 8.05 (1H, d,J = 8.5 Hz, 8H),

8.68 (2H, app. dJ = 6.0 Hz, 35+H), 9.73 (1H, bs, OH) ppnt3C NMR (100 MHz, DMSGds) /c

108.6, 124.8, 125.0, 125.5, 129.0, 129.2, 129.3, 130.2, 130.3, 132.8, 145.9, 149.8, 150.0 ppm;
HRMS (ESI) found [M+H] = 300.0018C1sH10"*BrNO requires [M+H] =300.0019

3.2.3.110 Experimental Procedure of the Synthesis of -Bromo-3-(3-pyridyl )-2-naphthol
(2.190) N-bromosuccinimide4.50 g,11.3 mmol) was added in a single portion to a solubdi3-
(3-pyridyl)-2-naphthol(2.01 g, 11.3mmol) in DMF 9.0 mL) and stirred fod66 min at room
temperaturaunder N. After this time, the crude wasvaporated to dryness. The reactioixture
was passed through a plug of sil[uorochem silica ggl60 A, 46 P, eluent:100% EtOAc,
fraction 1, followed by recrystallization from hot ethantéadng to the corresponding product as

an orangerydalline solid

1-Bromo-3-(3-pyridyl) -2-naphthol (2.190) orange crystalline solid (1.20 g, 35%); m.p. = %/8
180 °C (darkened at 175 °Chax (neat) 2971 (Br 1159, 1142, 1126, 1099, 1030, 886, 736, 703,
649, 627cm™; *H NMR (400 MHz, DMSQds) /1 7.47 (1H, app. t) = 7.5 Hz, 6H), 7.52 (1H, dd]

= 4.8, 7.8 Hz, 5H), 7.64 (1H, app. t) = 7.7 Hz, 7H), 7.95#.98 (2H, m, 4, 8), 8.028.05 (2H,

325



3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

m, 8, 6eH), 8.61 (1H, dJ = 3.9 Hz,4+H), 8.81 (1H, s2H), 9.66 (1H, bs, OHppm; 3C NMR

(100 MHz, DMSQde) /c 108.4, 123.7, 124.9, 125.5, 128.7, 129.0, 129.4, 129.7, 130.2, 132.6,
134.1, 137.4, 148.9, 150.1, 150.2 ppHRMS (ESI) found [M+H] = 300.0013CisH10"*BrNO
requires [M+H] =300.0019

3.2.3.111 General Experimental Procedure of the Synthesis of-Bromo-2-methoxymethoxy
3-pyridylnaphthalene (2.191) MOMCI (1.7 mmol) was added dropwise to a dried 100 mL-two
neck rounebottomed flask containing a degassed mixturg-bfomao 3-(4-pyridyl)-2-naphthol (1.7
mmol) and KCOs (3.5 mmol) in anhydrous DMF (38.0 mL) at0 °C under M The reaction
mixture was then waned to room temperature. After 139 min, the crude was poured into water
(100 mL) and the residue extracted with DCMx(300 mL). The organic phase was washed with
water (2x 200 mL), dried with anhydrous sodium sulfate and evaporated to dryness. Flash co
chromatographyAldrich silica gel (60 A, 40 P eluent: 3% MeOH in DCM, fraction]lgave

the corresponding products.

1-Bromo-2-methoxymethoxy-3-(4-pyridyl) naphthalene (2.191) from 1-bromo3-(4-pyridyl)-2-
naphthol (3.10 g, 10.3 mmol); Yellow oil that solidified upon standing as antofé powder(1.17

g, 33%);m.p. =90+ f &max(neat) 1598, 1409, 1351, 1141, 1132, 1080, 946, 904, 842, 740, 616,
502cmt; *H NMR (400 MHz,CDCl) /i 3.16 (3H, sCHs), 4.89 (2H, s, Ch), 7.53#7.58 (6, 226+

H), 7.64 (1H, app. t) = 7.7 Hz, 7H), 7.81 (1H, s, 41), 7.85 (1H, d,J = 8.1 Hz, 5H), 8.29 (1H, d,

J = 8.5 Hz, 8H), 8.72 (2H, app. s3¢ 5-H) ppm *C NMR (100 MHz, CDCk) /c 57.8, 100.3,

117.2, 124.5, 126.5, 127.0, 128.3, 128.4, 129.8, 131.4, 133.0, 133.7, 146.3, 149.9, 150.1 ppm;
HRMS (ESI) found [M+H] = 344.0281C17H14"*BrNO; requires [M+H] = 344.0281

1-Bromo-2-methoxymethoxy3-(3-pyridyl) naphthalene (2.192) from 1-bromao3-(3-pyridyl)-2-

naphthol (1.10 g, 3.66 mmol); Yellow oil that solidified upon standing as anlofé powder (0.31
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g, 25%):m.p. = 82+ [ & max (N€at)1479, 1430, 1352, 1180, 1148, 1132, 1084, 947, 905, 741,
711cm?; H NMR (400 MHz,CDCk) /4 3.13 (3H, s, Ch), 4.89 (2H, s, Ch), 7.40 (1H, dd,) =

4.8, 7.8 Hz, BH), 7.52 (1H, app. t) = 7.5 Hz, 6H), 7.62 (1H, app. t} = 7.7 Hz, 7H), 7.79 (1H, s,

4-H), 7.84 (1H, d,) = 8.1 Hz, 5H), 7.96 (1H, dtJ = 1.8, 7.9 HzH +H), 8.28 (1H, d,J= 8.5 Hz, 8

H), 8.64 (1H, ddJ = 1.3, 4.7 HzA+H), 8.87 (1H, dJ = 1.7 Hz,2 +H) ppm 3C NMR (100 MHz,

CDCl) /c 57.8, 100.1, 117.1, 123.1, 126.4, 127.0, 128.0, 128.2, 129.8, 131.5, 132.8, 133.0, 134.2,
137.1, 148.7, 150.3, 150.4 pplRMS (ESI) found [M+H] = 344.0279C17H14/°BrNO; requires
[M+H]* = 344.0281

3.2.3.112 Attempt to Synthesize3,3-Bis(4-methoxyphenyl}5-(4 or 3-pyridyl) -3H-naphtho([2,1-
blpyran by a Heck Cross£oupling Reaction: a mixture of tbromo2-(methoxymethoxyg-(4

or 3-pyridyl)naphthalene (1 mmol), 3[ds(4methoxyphenyl)proj2-en-1-ol (1.1 mmol), KCOs

(2.5 mmol), Pd(O&). (7 mmol%), TBAB (1.5 mmol), KCI (D mmol) in DMF (16.0 mL) was
heated at 100 °C undenNAfter 24 h of reaction, the crude was poured into water (250 mL) and
the pH adjusted to 7. The residue was extracted with DCM (3 x 200 mL) and the organic phase
reduced to 100 mL. The latter was washed with brine (100 mL), water (2 x 150 mL), dried with
anhydrous N£5Qy and evaporated to dryneskaus, 3,3-bis(4-methoxyphenyhs-(4-pyridyl)-3H-
naphtho[2,ib]pyran2.193was formed but not isolated after flash column chromatogrgjdyich

silica gel (60 A, 40 P eluent:50% EtOAc in Petroleum EthleiOn the other hand,3-bis(4-
methoxyphenyhs-(3-pyridyl)-3H-naphtho[2,3b]pyran 2.194 was isolated as a mixture (0.04 g, <
11%) after flash column chromatogragiydrich silica gel (60 A, 40 P eluent: 3% MeOH in
DCM, fraction5].

3.23.2Preparation of 6-Pyridyl -3H-Naphtho[2,1-b]pyrans

3.2.3.21 Experimental Procedure for the Synthesis of Acetyl chloridefreshly distilled thionyl

chloride (73.0 mL, 1.01 mol) was added dropwise to glacial AcOH (48.0 mL, 0.839 mol) in a 250
mL threeneck raund-bottomed flask, connected to a condenser with an endcap @Qaflg tube,

and cooled by immersion in a water bath. The temperature of the bath was then raised to 50 °C for 1
h as the evolution of hydrogen chloride slackened and liberation p&t8@ped. Acetyl chloride

was distilled from the latter flask, as the fraction passing over 52 °C and 56 °C was collected
separately, giving a colourless oil which fumed strongly in air, and was used in the next step
without further purification.

Acetyl chloride: colourless oil (41.59 g, 63%);
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3.2.3.22 Experimental Procedure for the Synthesis of 3dvethoxy-1-naphthol (2.197) a

solution of methanolic hydrogen chloride was prepared by the dropwise addition of acetyl chloride
(18.5 mL) to MeOH (184.0 mL) & °C. Solid 1,3dihydroxynaphthalene (9.22 g, 57.6 mmol) was
added in one portion to the foregoing methanolic HCI solution and the resulting solution stirred for
24 h at room temperature. The mixture was poured into water (300 mL) and extracted with DCM (3

x 100 mL). The extracts were washed with water (3 x 200 mL), the organic layer dried with
anhydrous sodium sulfate and the solvent removed under reduced pressure. The resulting mixture
was purified by flash column chromatograpfluorochemsilica gel (60 A, 40 P HOXHQW
(W2%$F KH[DQH : twa@umaffactns R U G

Fraction 1 +1,3-Dimethoxynaphthalene (2.197) yellow oil (1.25 g, 14%); max (neat) 1628,
1585, 1451, 1406, 1285, 1214, 1153, 1107, 1048, 813ciA#5'H NMR (400 MHz, CDC}) h
3.88 BH, s, OMe), 3.94 (3H, s, OMe), 6.48 (1HJds 1.9 Hz, 2H), 6.71 (1H, dJ = 1.9 Hz, 4H),
7.30 (1H, app. t) = 7.6 Hz, 6H), 7.43 (1H, app. t) = 7.5 Hz, 7H), 7.66 (1H, d,J = 8.2 Hz, 8H),
8.13 (1H, d,J = 8.3 Hz, 5H) ppm;**C NMR (100 MHz, CDC4) /c 55.4, 55.6, 97.6, 97.9, 121.8,
122.0, 123.0, 126.5, 127.1, 135.1, 156.6, 158.2 pp@MS (EI) found [M]" = 188.1 C12H1202
requires [M* =188.1.

Fraction 2 +3-Methoxy-1-naphthol (2.196) pale brown oil that solidified upon standing (8.59 g,
86%); m.p. = 9698 °C (lit. m.p. = 9900 °C* nax (neat) 3383 (br), 1632, 1588, 1408, 1262,
1236, 1137, 1084, 817, 748, 6&9*; 'H NMR (400 MHz, CDC}) 1 3.87 BH, s, OMe), 5.58 (1H,

s, OH), 6.51 (1H, dJ = 1.9 Hz, 2H), 6.76 (1H, dJ = 1.9 Hz, 4H), 7.32 (1H, tJ = 7.6 Hz, 6H),

7.44 (1H, tJ = 7.5 Hz, 7H), 7.68 (1H, dJ = 8.2 Hz, 8H), 8.06 (1H, d,J = 8.3 Hz, 5H) ppm;C

NMR (100 MHz, CDC3) /c 55.4, 8.9, 101.5, 120.6, 121.7, 123.0, 126.7 127.1, 135.5, 152.7, 157.8
ppm;HRMS (ESI) found [M+H] = 175.07541C11H1002 requires [M+H] = 175.07536
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3.2.3.23 Experimental Procedure for the Synthesis of3-Methoxy-1-triflyloxynaphthalene
(2.203) triflic anhydride (10.9 mL, 64.9 mmol) was added dropwise to a solutionnaétBoxy1-
naphthol (10.94 g, 62.80 mmol) ancs&(22.5 mL, 161 mmol) in DCM (134.0 mL) at°@ under

N2. After 90 min, the resulting solution was washed with HCI (1M) (50 mL), with a saturated
NaHCOs (100 mL), dried with anhydrous sodium sulfate and the solvent removed under reduced
pressure. The residue was purified by flash column chromatogf&piorochem silica gel6Q A,

40- P H OBt®elQ@/Méxane (1:9), fraction] leading to the corresponding product gsaée

yellow oil.

3-Methoxy-1-triflyloxynaphthalene (2.203) paleyellow oil (15.55 g, 81%); max (neat) 1638,
1605, 1418, 1202, 1129, 1046, 1007, 952, 815, 746¢600H NMR (400 MHz, CDC$) /1 3.94
(3H, s, OMe), 7.16&.174 (2H, m, H and 4H), 7.464.50 (1H, m, &H), 7.52#.56 (1H, m, H),
7.79 (1H, dJ = 8.2 Hz, 8H), 7.97 (1H, dJ = 8.3 Hz, 5H) ppm;1C NMR (100 MHz, CDC}) /c
55.8, 106.4, 111.3, 120.8, 121®®2.1 (1C, qJ = 320.8 Hz, Ck), 125.3, 127.0, 128.0, 135.3,
146.1, 156.7 ppm*°F NMR (376 MHz CDCk) / -733 ppm; HRMS (APCI) found [M]* =
306.0171C12HgF304S requires [M] = 306.0174.

3.2.3.24 Experimental Procedure for the Synthesis of 2ethoxy-4-(4-pyridyl)naphthalene
(2.204)

Method A = A mixture of 3-methoxyl-triflyloxynaphthalene (5.00 g, 16.3 mmol),4-
pyridineboronic acid pinacol ester (5.02 g, 24.5 mmobC®&: (3.39 g, 24.5 mmol), Pd(PBPh

(0.94 g, 0.81 mmol) in PhMe (190.0 mL) and EtOH (190.0 mL) were mixed at reflux under N
After 14 h of reaction, the mixture was evaporated to dryness, théueegixtracted with EtOAc

(200 mL), washed with water (3 x 150 mL), the organic layer dried with anhydrous sodium sulfate
and the solvent removed under reduced pressure, resulting in the formation of a brown oil which
solidified under reduced pressure. Tesidue was triturated with £ (20 mL), the solid filtered

off, rinsed with cold EO (10 mL), cold MeOH (10 mL) and dried under reduced pressure,
resulting in the formation of a light grey powd@r08 g, 54%)The filtrate was crystallized from
EtOH, filtered off, rinsed with cold EO (10 mL), cold MeOH (10 mL) and dried under reduced

pressure, giving a crystalline light grey sai@d70, 18%)
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Method B + A mixture of 3-methoxyl-triflyloxynaphthalene (7.21 g, 23.5 mmol),4-
pyridineboronic acid pinacol ester (7.22 g, 35.2 mmobC®: (4.86 g, 35.2 mmol), Pd(PBh

(12.36 g, 1.18 mmol) in PhMe (274 mL) and EtOH (274 mL) were mixed at reflux undéxftsr

16 h of reaction, the mixture was evaporated to dryness, the residaeted with EtOAc (100

mL), washed with water (3 x 100 mL), the organic layer dried with anhydrous sodium sulfate and
the solvent removed under reduced pressure. The resulting brown oil was filtered through a plug of
silica [Fluorochem silica gel (60 A40- P (W2$F LQ KH[DQHV : (W23$F

recrystallized from hot EtOH, giving the corresponding product as a beige crystalline solid

2-Methoxy-4-(4-pyridyl)naphthalene (2.204) light grey solid (2.78 g,/2%) from Method A,

Beige crystalline solid (4.37 g, 79%) from MethodmB,p. = 128 f &max (Neat) 1619, 1592,

1543, 1398, 1194, 1166, 1038, 1023, 824, @0; 'H NMR (400 MHz, CDC#) /4 3.95 @H, s,

OMe), 7.09 (1H, dJ = 1.8 Hz, 3H), 7.20 (1H, app. s,-H), 7.31 (1H, tJ = 7.6 Hz, 6H), 7.41 (2H,

app. d,J +] ), 247 (1H, tJ = 7.4 Hz, 7H), 7.71 (1H, d,J = 8.4 Hz, 5H), 7.81 (1H,

d,J= 8.2 Hz, 8H), 8.72 (2H, dJ +] <) ppm;*3C NMR (100 MHz, CDC}) /c 55.4,

106.6, 119.6, 124.3, 124.9, 125.2, 126.5, 126.7, 127.4, 135.2, 139.0, 148.2, 149.8, 156.9 ppm;
HRMS (ESI) found [M-H]* = 236.1070C16H13NO requires [M+H] = 236.1070.

3.2.3.25 Experimental Procedure for the Synthesis of2-Methoxy-4-(3-pyridyl)naphthalene

(2.205) a mixture of 3-methoxyl-triflyloxynaphthalene(3.50 g, 11.4 mmol), -pyridineboronic

acid pinacol ester (3.52 g, 17.2 mmolpQQOs (2.37 g, 17.1 mmol), Pd(PBk(0.66 g, 0.57 mmol)

in PhMe(130.0 mL) and EtOH (130.0 mL) were mixed at reflux undgrAdter 16 h of reaction,

the mixture was evaporated to dryness, the residue dissolved in EtOAc (100 mL), washed with
water (3 x 100 mL), the organic layer dried with anhydrous sodium sulfathesdlvent removed
under reduced pressure, resulting in the formation of a brown oil that solidified upon standing. The
residue was triturated with £ (10 mL), the solid filtered off, rinsed with coldBt (10 mL), cold

MeOH (10 mL) and dried under naced pressure, giving the corresponding product as amhité

powder (1.07 g, 40%) The filtrate was purified by flash column chromatography [Fluorochem
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silica gel (60 A, 40 P (W2$F LQ KH[DQHV IUDFWLRQ @ OHD
productas an offwhite powder(1.38 g, 51%)

2-Methoxy-4-(3-pyridyl)naphthalene (2.205) off-white powder (2.45 g, 91%in.p. = 7274 °C;
max (Neat) 1622, 1603, 1589, 1565, 1398, 1220, 1167, 1042, 1022, 826m728H NMR (400
MHz, CDCk)  3.97 (3H, s, OMe)7.11 (1H, dJ = 2.4 Hz, 3H), 7.21 (1H, dJ = 2.4 Hz, 1H),
7.304.34 (1H, m, éH), 7.42+ + P -H), 7470 (1H, dJ = 8.4 Hz, 5H), 7.80#.83 (2H,

P -HYy, 8.69 (1H, dd)] +]H), 8.747+ + P-H) ppm;¥*C NMR (100
MHz, CDCk) /c55.4, 106.3, 120.1, 123.1, 124.2, 125.3, 126.7, 127.2, 127.4, 135.2, 1383, 1
138.0, 148.8, 150.5, 156.9 ppiRMS (ESI) found [M-H]" = 236.1070CiH1aNO requires
[M+H]*=236.10D.

3.2.3.26 Experimental Procedure for the Synthesis of 44-Pyridyl) -2-naphthol (2.206)

Method A tHydrobromic acid (45% wi/v solution in AcOH) (13.0 mL) was added slowly to a
solution of2-methoxy4-(4-pyridyl)naphthalené1.00 g, 4.25 mmol), AcOH (13.0 mL) and water
(6.0 mL), and refluxed for 2B. The reaction mixture was then cooled, added wa@r (2.) and

the solution neutralized (pH = 7) with tlsautiousaddition of NaHCQ. As a result, an offvhite
precipitate was formed, filtered, the solid rinsed with water (2 x 10 mL) and DCM (2 x 10 mL)
giving the correspondingroduct(0.69 g, 73%)The iltrate was evaporated to dryness, addeter

(5 mL), the offwhite precipitate filtered, the solid rinsed witlater (5 mL) andCM (2 x 5 mL)
affordingthe corresponding produ@.19 g, 20%,)

Method B +Hydrobromic acid (45% w/v solution in AcOH) (51rL) was added slowly to a
solution of 2methoxy4-(4-pyridyl)naphthalene (4.00 g, 17.0 mmol), AcOH (50.0 mL) and water
(25.0 mL), and refluxed for 24. The reaction mixture was then cooled, added water (200 mL) and
the solution neutralized (pH = 7) withe cautiousaddition of NaHCQ. As a result, a precipitate
was formed, filtered and the solid rinsed with water (2 x 100 mL). Recrystallization from

DMF/EtOH provided the corresponding product as amdiite powder
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4-(4-Pyridyl) -2-naphthol (2.206) off-white powder (0.88 g, 93% from Method A; 2.93 g, 78%
from Method B); m.p. = 275% f & max (neat) 2580 (br), 1592, 1383, 1208, 1178, 1069, 833,
762, 665, 622, 598m?; *H NMR (400 MHz, DMSGds) / 7.06 (1H, d,J = 2.1 Hz, 3H), 7.26+
7.29 (2H, m, 1, &), 7.45 (1H, tJ = 7.4 Hz, 7H), 7.51 (1H, d,) +] ), %62 (1H, d)

= 8.4 Hz, 5H), 7.81 (1H, dJ = 8.2 Hz, 8H), 8.72 (2H, dJ +] ), .99 (1H, s, OH)
ppm;C NMR (100 MHz DMSO-ds) /c 110.1, 119.9, 124.0, 125.1, 125.2, 125.4, 126.9, 127.3,
135.7, 138.9, 147.9, 150.2, 155.0 ppgiRMS (ESI) found [M-H]* = 222.0913C15H1:NO requires
[M+H]*=222.0913.

3.2.3.27 Experimental Procedure for the Synthesis of4-(3-Pyridyl)-2-naphthol (2.207)
hydrobromic acid (45% wi/v solution in AcOH) (58.0 mL) was added slowly to a soluti@ of
methoxy4-(3-pyridyl)naphthalen€4.50 g, 19.1 mmol), AcOKB8.0 mL) and water (29.0 mL), and
refluxed for 21h. The reaction mixture was then cooled, added water (200 mL) and the solution
neutralized (pH = 7) with theautiousaddition of NaHCQ@. As a result, a precipitate was formed,
filtered and rinsed with war (2 x 100 mL). Recrystallization from hot EtOH provided the

corresponding product as a grey crystalline solid

4-(3-Pyridyl) -2-naphthol (2.207) grey crystalline solid3.16 g, 75% m.p. = 193t [ & max
(neat) 3020 (br), 2741 (br), 2579 (br), 1587, 1348, 1294, 1205, 1190, 866, 822714 NMR
(400 MHz, DMSQds) /1 7.056%.062 (1H, m, &), 7.24+%.28 (2H, m, 1, &), 7.44 (1H, app. t)
= 7.5 Hz, 7H), 7.55%.57 (2H, m,  -Ml), 7.80 (1H, d,J = 8.2 Hz, 8H), 7.91 (1H, dtJ=7.8, 1.8
+] -+ + DS S-H)Y9.99% (1Hs bs, OH)*C NMR (100 MHz, DMSGds) /c 109.7,
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120.3, 123.9, 124.0, 125.2, 126.1, 126.9, 127.3, 135.7, 135.9, 137.6, 138.0, 149.1, 150.2, 155.1
ppm;HRMS (ESI) found [M+H]* =222.0918C15sH1:NO requires [M+H] = 222.0913.

3.2.3.28 Experimental Procedure for the Synthesis of Bromo-4-(4-Pyridyl) -2-naphthol

(2.208) N-bromosuccinimidg€2.17 g, 12.2 mmol) was added in a single portion to a solofidn
(4-pyridyl)-2-naphthol(2.70 g, 12.2 mmol) in DMF (164.0 mL) and stirred for 110 min at 52 °C
under N. The solvent was reduced to 20 mL and the crude poured into cold water (400 mL). Th
resulting orange precipitate was filtered off, rinsed with water (100 mL) and dried under reduced
pressure. Purification by flash column chromatograjfiyorochem silica gel (60 A, 40 P

eluent:4% MeOH in DCM, fraction Bled to the correspondingoduct as a yellow powder

1-Bromo-4-(4-Pyridyl) -2-naphthol (2.208) yellow powder (1.97 g, 34); m.p. =219222 °C;

max (Neat) 1604, 1541, 1514, 1379, 1224, 1213, 1003, 828, 75%m617*H NMR (400 MHz,
DMSO-de) 1 7.23 (1H, s, H), 7.39 (1H, app. tJ = 7.56 Hz, ArH), 7.51 (2H, app. d] = 5.8 Hz,

e -H9, 7.6247.66 (2H, m, AH), 8.16 (1H, d,J = 8.6 Hz, 8H), 8.74 (2H, d,) +]  H), .
10.8 (1H, s, OH) ppmiC NMR (100 MHz, DMSQds) /c 105.6, 119.4, 124.8, 125.1, 125.9, 126.0,
126.4, 128.6, 133.5, 138.3, 147.2, 150.3, 152.3 pdRMS (ESI) found [M-H]* = 300.0026
Ci15H10"°BrNO requires [M+H] = 300.0019.

3.2.3.29 Experimental Procedure for the Synthesis of Bromo-4-(3-Pyridyl) -2-naphthol
(2.209) N-bromosuccinimidg2.42 g, 13.6 mmol) was added in a single portion to a solofidn
(3-pyridyl)-2-naphthol(3.00 g, 13.6 mmol) in DMF (35.0 mL) and stirred for 110 min at 52 °C
under N. After this time, the crude was poured into cold water (400 mL). The resulting beige
precipitate was filtered off, rinsed with water (100 mL) and dried under reduced pressure.
Purification by flash column chromatographtuorochem silica gel (60 A, 40 P HO44H QW
MeOH in DCM, fraction ] led to the corresponding product as anvafite powder
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1-Bromo-4-(3-Pyridyl) -2-naphthol (2.209) off-white powder (2.34 g, 3%8); m.p. = 227228 °C;

max (Neat) 2536 (Yy 1440, 1385, 1315, 1230, 945, 867, 808, 753, 708,c646 'H NMR (400

MHz, DMSO-ds) H 7.23 (1H, s, &), 7.39 (1H, app. ) = 7.1 Hz, 6H), 7.57#.66 (3H, m, 5, 7,

5+H), 7.92 (1H, dtJ = 7.8, 1.9 Hz, 6H), 8.16 (1H, d,) = 8.4 Hz, 8H), 8.67 (1H, dJ= 1.8 Hz, 2

H), 8.71 (1H, dd,) = 4.8, 1.6 Hz, 4H), 10.8 (1H, bs, OHppn °C NMR (100 MHz, DMSQds):

Ic 105.2, 119.9, 124.0, 124.7, 126.0, 126.1, 127.1, 128.5, 133.5, 135.2, 137.4, 137.6, 149.5, 150.1,
152.3ppm HRMS (ESI) found [M-H]* = 300.0011C1sH10"°BrNO requires [M+H] = 300.0019.

3.2.3.210 General Experimental Procedure for the Synthesis of 1-Bromo-2-
(methoxymethoxy}4-pyridyl -2-naphthol (2.210 and 2.211) MOMCI (5.3 mmol) was added
dropwise to a dried 250 mL twaeck rounebottom flask containing a degassed mixture of 1
bromo4-pyridyl-2-naphthol(5.00 mmol) and KCO3(10.5 mmol) in anhydraaiDMF (81.0 mL) at

0 °C under M. The reaction mixture was warmed to room temperature. Afterwhater (100 mL)

was added and the residue extracted with DCM {B0 mL). The organic phase was washed with
water (2x 200 mL), dried with anhydrous sodium sulfate and evaporated to dryness. Flash column
chromatographyAldrich silica gel (60 A, 40 P eluent: 4% MeOH in DCM, fraction 1¢d to

the pure products.

1-Bromo-2-methoxymethoxy-4-(4-pyridyl)naphthalene (2.210) from I1-bromo(4-pyridyl)-2-
naphthol (1.50 g, 5.00 mmol); brown oil that solidified upon standing (1.34 g, 8%),=104+
107 °C; max (neat)1159, 1142, 1126, 1099, 886, 736, 703, 649, 627, 'H NMR (400 MHz,
CDCl3) h 3.57 (3H, s, Ch), 5.37(2H, s, CH), 7.36%.41 (4H, m, 3, 6, 26+H), 7.59 (1H, tJ =

7.6 Hz, 7H), 7.72 (1H, d,J = 8.4 Hz, 5H), 8.34 (1H, dJ = 8.6 Hz, 8H), 8.73 (2H, d,J = 5.8 Hz,
334



3.2. Synthesis of Pyridyl SubstitutedH3qNaphtho[2,1b]pyrans

3+ 5+H) ppm: 3C NMR (100 MHz,CDCl) /c 56.6, 95.6, 111.3, 117.8, 124.9, 125.5, 125.6, 127.0,
127.9, 133.3, 138.3, 147.6, 149.9, 151.1 ppARMS (ESI) found [M+H] = 344.0276
C17H14"°BrNO; requires [M+HT = 344.0281.

1-Bromo-2-methoxymethoxy-4-(3-pyridyl)naphthtalene (2.211) from 1-bromo4-(3-pyridyl)-2-
naphthol(1.70 g, 5.66 mmol); brown oil (1.44 g, 74%);ax (neat)1344, 1228, 1149, 1086, 1042,
1015, 976, 921, 886, 756, 7tb*; 'H NMR (400 MHz,CDCl) 4 3.58 (3H, s, Ch), 5.38 (2H, s,

CH,), 7.38#.45 (3H, m, 3, 6, &), 7.60 (1H, tJ = 7.7 Hz, 7H), 7.70 (1H, d,J = 8.4 Hz, 5H),

7.80 (1H, dtJ = 7.8, 1.9 Hz, 6H), 8.35 (1H, d,J = 8.5 Hz, 8H), 8.71 (1H, dd,J = 4.8, 1.5 Hz, 4

H), 8.74 (1H, dJ = 1.8 Hz, 2H) ppm *C NMR (100 MHz, CDCl) /c 56.7, 95.7, 111.0, 118.4,
123.2, 125.4, 125.8, 127.0, 127.9, 128.8, 133.4, 135.5, 137.3, 137.5, 149.1, 150.4, 151.2 ppm
HRMS (ESI) found [M+H] = 344.0285C17H14"°BrNO; requires [M+H] = 344.0281.

3.2.3.211 General Experimental Procedure for theSynthesis of E)-3-(2-Methoxymethoxy-4-
pyridylnaphthalen-1-yl)-1,1-bis(4-methoxyphenyl)prop-2-en-1-ol ~ (2.212) Pd(OAcy (7
mmol%), Ebromo2-methoxymethoxyd-pyridylnaphthalene (1 mmol), Ldis(4
methoxyphenyl)prof2-en-1-ol (2 mmol), KCOs (1.5 mmol), TBAB (1.5 mmol), KCI (1 mmol)
were degassed in DMF (18.5 mL) and heated at 100 °C undeiftér 2 daysof reaction, the
crude was diluted with DCM (100 mL), filtered through celite, washed with water (2 x 200 mL),
dried with anhydrous sodium sulfate ancjerated to dryness, leading to the desired products after

purification.
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(E)-3-(2-Methoxymethoxy-4-(4-pyridyl)naphthalen -1-yl)-1,1-bis(4-methoxyphenyl)prop-2-en-

1-ol (2.212) from 1-bromo2-methoxymethoxyi-(4-pyridyl)naphthalene (0.92 g, 2.7 mmol); Flash
column chromatography [Aldrich silica gé80 A 230400 mesh 40 B, eluent: 40% EtOAc in
PhMe fraction 4] led the corresponding product as a yellow oil that solidified upon standing (0.36
g, 29%) m.p. =158463°C; max(neat) 1584, 1505, 1240, 1185, 1148, 1074, 1041, 1022, 993, 922,
815, 772, 58&m?; tH NMR (400 MHz,CDCls) /4 2.73 (1H, bs, OH), 3.45 (3H, s, G}K3.82 (6H,

s, OMe), 5.24 (2H, s, Ci 6.856.92 (5H, m, 2, 3593+ 5+4+), 7.04 (1H, dJ = 16.1 Hz, 3H),
7.327.36 (2H, m, 36+H), 7.417.47 (TH, m, B 262G o3¢ 6o ely 7.74 (1H, dJ=8.3

Hz, 5+H), 8.08 (d, 1H, dJ = 8.5 Hz, 8&H), 8.71 (2H, dJ = 5.8 Hz, 3+ ¢ 5= <M}y ppm; 1°C NMR

(100 MHz, CDCls) /Ic 55.3, 56.4, 79.3, 95.4, 113.5, 117.7, 120.8, 122.8, 124.7, 125.00, 125.05,
125.6, 126.7, 127.2, 128.4, 133.3, 137.9, 138.6, 143.1, 148.4, 149.8, 151.2, 15818RMB;
(ESI) found [M+H] = 534.2267C34H31NOs requires [M+H] =534.2275.

(E)-3-(2-Methoxymethoxy-4-(3-pyridyl)naphthalen -1-yl)-1,1-bis(4-methoxyphenyl)prop-2-en-

1-ol (2.213) from 1-bromo2-methoxymethoxyd-(3-pyridyl)naphthalene (1.00 g, 2.91 mmol);

Flash column chromatography [Aldrich silica gé0 A 236400 mesh 40 B, eluent: 40%
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EtOAc in PhMe fraction 4] giving the corresponding product as a yellow powder (0.8%%);5

m.p. =682 °C; max (Neat) 1606, 1582, 1506, 1244, 1172, 1150, 1001, 919, 828, 757, 714, 580
cm’; 'H NMR (400 MHz,CDCL) /4 2.80 (1H, bs, OH), 3.44 (3H, s, GH3.81 (6H, s, OMe), 5.23

(2H, s, CH), 6.8656.91 (5H, m, 2, 354354, 7.04 (1H, dJ = 16.1 Hz, 3H), 7.307.34

(2H, m, 3s 6+H), 7.417.48 (6H, m, % 2 G2+ +6s5¢ M) 7.70 (1H, dJ = 8.2 Hz,5+H), 7.80

(1H, dt,J = 1.9, 7.8 Hz, 6 sM), 8.08 (1H, d,J = 8.5 Hz, &H), 8.66 (1H, dd) = 1.3, 4.8 Hz, 4+

H), 8.71 (1H, dJ = 1.6 Hz, 2 M} ppm;3C NMR (100 MHz, CDCk) /c 55.3, 55.4, 79.3, 95.5,

113.5, 118.3, 120.9, 122.4, 123.2, 124.6, 124.9, 125.7, 126.6, 128.0, 128.4, 133.3, 136.2, 136.9,
137.4, 138.6, 143.0, 148.7, 150.5, 151.2, 158.8 pdRMS (ESI) found [M+H] = 534.2261
CasH31NOs requires [M+H] = 534.2275.

3.2.3.212 General Experimental Procedure for the Synthesis of 3;Bis(4-methoxyphenyl)}6-
pyridyl -3H-naphtho[2,1-b]pyran (2.214) TFA (17 mmol) was added dropwise at 0°C undgtoN

a mixture of (E)-3-(2-methoxymethoxyd-pyridylnaphthalefil-yl)-1,1-bis(4methoxyphenyl)prop
2-ent1-ol (0.56 mmol) in DCM (20.0 mL) and glacial AcOH (20.0 mL). The resulting fading blue
solution was warmed to room temperature and stirred fbr & it acquired a brown aulr.
Afterwards, the crude was diluted with DCM (100 mL), poured into water (100 mL), neutralized by
the addition of NaHC®and the phases separaf€de resulting yellow organic phase was washed
with water (2x 100 mL), dried with anhydrous sodium sulfated evaporated to dryness, leading to

the corresponding product after purification.

3,3 Bis(4-methoxyphenyl)}6-(4-pyridyl) -3H-naphtho[2,1-b]pyran  (2.214) from (E)-3-(2-

methoxymethoxyd-(4-pyridyl)naphthaleril-yl)-1,1-bis(4methoxyphenyl)proj2-en-1-ol (0.30 g,

0.56 mmol);Flash column chromatography [Aldrich silica 60 A 236400 mesh 40 P,

eluent: 50% EtOAc in hexandsaction 1] led to the correspondipgoduct as a pink powder (0.16

g, 61%);m.p. = 141443 °C; max (neat) 1605, 1507, 1246, 1172, 1032, 1002, 825, 716¢cHE6
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Photomerocyaninemax = 472 nm PhMe; *H NMR (400 MHz,CDCl) / 3.77 (6H, s, OMe), 6.25

(1H, d,J = 10.0 Hz, 2H), 6.85 (4H, app. d) = 8.9 Hz, 3 « « M), 7.13 (1H, s, &), 7.25+

7.34 (2H, m, 1, 8H), 7.377.41 (6H, m, 2 « e e oo o) 7.50 (1H, app. ) = 8.2 Hz, 9H),

7.71 (1H, dJ = 8.3 Hz, 7H), 8.04 (1H, dJ = 8.5 Hz 10-H), 8.70 (2H, app. d] = 6.0 Hz, = ==

H) ppm; 3C NMR (100 MHz, CDCl) /c 55.3, 82.4, 113.5, 114.5, 118.8, 119.3, 121.9, 124.2,
124.9, 125.8, 126.8, 126.9, 128.4, 128.8, 130.3, 137.0, 139.0, 148.2, 149.8, 149.9, 159.0 ppm;
HRMS (ESl)found [M+H]" = 472.1894C3,H2sNOs requires [M+H] = 472.1907.

3,3Bis(4-methoxyphenyl)-6-(3-pyridyl) -3H-naphtho[2,1-b]pyran  (2.215) from (E)-3-(2-
methoxymethoxya-(3-pyridyl)naphthaleril-yl)-1,1-bis(4methoxyphenyl)proj2-en-1-ol (99.7 mg,
0.187 mmol); kash column chromatograptldrich silica gel(60 A 236400 mesh 40 B,
eluent: 50% EtOAc in hexangsaction 1 led to the corresponag product as a pink powder (60.4
mg, 69%);m.p. = 147449 °C; max(neat) 1606, 1506, 1246, 1172, 1032, 1002, 824, 716¢587
Photomerocyaninemax = 474 nm PhMe; *H NMR (400 MHz,CDCl;) /4 3.77 (6H, s, OMe), 6.25
(1H, d,J = 10.0 Hz, 2H), 6.85 (4H, app. d]=8.9 Hz, 3+ + e« M), 7.14 (1H, s, HH), 7.28 (1H,

app. tJ = 7.1 Hz, 8H), 7.33 (1H, dJ = 10.0 Hz, 1H), 7.377.41 (5H, m, 2 « e e ) 7.49

(1H, app. tJ = 7.1 Hz, 9H), 7.68 (1H, dJ = 83 Hz, #H), 7.77 (1H, dtJ +]eH),*
8.04 (1H, dJ=8.5 Hz, 16H), 8.66 (1H, ddJ = 1.6, 8.4 Hz, <), 8.71 (1H, d,J +] oH3y.
ppm; 3C NMR (100 MHz, CDCh) /c 55.3, 82.4, 113.5, 114.2, 118.9, 119.8, 121.8, 123.1, 124.1,
126.0, 126.8, 127.5, 128.4, 128.6, 130.3, 136.0, 137.1, 137.3, 138.1, 148.7, 149.9, 150.5, 159.0
ppm;HRMS (ESI) found [M+H] = 472.1903C32H2sNOs requires [M+H] = 472.1907.
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3.3 Synthesis of Photochromic Rhenium(l) Complexes

3.3.1 Synthesis ofac-[Re(N~N)(CO)sCl]° Complexes

3.3.11 General Experimental Procedure for the Synthesis offac-[Re(N*N)(CO)sCI]°
Complexes rhenium pentacarbonyl chloride (1.00 mmol) ataldentatdigand (1.00 mmol) were
mixed in anhydrous PhM@4 mL) and heated at reflux undes dr Ar in the dark. Upon cooling,
the precipitate was collected by filtration, rinsed first with cold PhMe and then with cgly] Bhd

dried under reduced pressure.

fac-Rhenium(l) tricarbonyl bipyridyl chloride (fac-[Re(BPy)(CO)sCI]°) (2.218) 16 h of
reaction; Yellow powde(1.22 g, 96%) m.p. > 300 °C; max (neat) 2022, 2013, 1870, 1601, 1470,
1444, 765, 732, 647, 631, 536 ¢mH NMR (400 MHz,DMSO-ds) 1 7.77 (t, 2H,J = 6.5 Hz, 5,
sH), 8.35 (t, 2HJ +] -H), 8.77 (d, 2H) +] -H),9.03 (d, 2HJ = 5.2 Hz, 6,
H) ppm; **C NMR (100 MHz,DMSO-ds) /c 124.8, 128.4, 140.8, 153.4, 155.6, 190.5, 198.3
ppm; HRMS (ESI) found [MCI]* = 427.0089C13Hs**CIN2Os'®'Rerequires [MCI]* = 427.0093

fac-Rhenium(l)  tricarbonyl  2-(1-benzyl1H-1,2,3triazol-4-yl)pyridyl  chloride  (fac-
[Re(PyTz)(CO)z3CI]9 (2.220) 15 h of reaction; Pale yellow powder (423.9 mg, 94%6)p. > 300
°C; max (neat) 3104, 2023, 1902, 1868, 1616, 1454, 1125, 777, 729'ehNMR (400 MHz,
DMSO-ds) /i 5.91 (2H, s, Ch), 7.454%.48 (5H, m, PH), 7.64 (1H, tJ = 5.9 Hz, 5H), 8.268.33
(2H, m, 3, 4H), 8.97 (1H, dJ = 4.9 Hz, 6+ + -N) ppm;¥C NMR (100 MHz,
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DMSO-ds) /c 55.2, 123.3, 126.4, 127.0, 129.1, 129.4, 129.6, 134.6, 141.1, 149.0, 149.1, 153.5,

190.0, 197.2, 198.1 ppr{RMS (ESI) found [M-NH4]* = 560.0475C17H12°CIN4Os'8’Rerequires
[M+NH4]* = 560.0499

fac-Rhenium(l) tricarbonyl 2-(1-benzyt1H-1,2,3triazol-4-yl)-4-bromopyridyl chloride (fac-
[Re@-BrPyTz)(CO)sCl]% (2.222) 21 h of reaction; Pale yellow powder (84.7 mg, 62%); m.p. >
300 °C; max(neat) 2020, 1921, 1888, 1604, 1574, 1454, 1099, 832, 695'ehNMR (400 MHz,
DMSO-ds) 1 5.90(2H, s, CH), 742+#.47 6H, m, PRH), 7.86(1H, dd, J= 1.8, 6.0 Hz, ¥), 8.73

(1H, d,J = 1.8 Hz, 3H), 8.78 (1H, dJ = 6.0 Hz, 6H), 9.20 (1H, s4+H) ppm; 3C NMR (100

MHz, DMSO-ds) /c 55.3, 126.4, 127.0, 129.3, 129.5, 129.6, 129.8, 134.3, 136.7, 148.1, 150.3,
154.1, 189.7, 197.1, 197pm; HRMS (ESI) found [MCI]* = 582.9548C;7H11"°Br®CIN4Os*¥'Re
requiregM-Cl]" = 582.9544.

fac-Rhenium(l) tricarbonyl  1,1'-dibenzyl-1H,1'H-4,4"-bi(1,2,3triazolyl)  chloride  (fac-

[Re(BTz)(CO)sCI]9) (2.224) 15 h of reaction;Pale yellow powder (313.2 mg, 91%i.p. > 300
°C; max (neat) 3134, 2019, 1907, 1871, 1448, 1422, 1292, 1109, 817, 743, 66tHcNIMR (400

MHz, DMSO-ds) H 5.88 (4H, s, ChH), 7.39#.47 (10H, m, Ph+ + \tH) ppme13C

NMR (100 MHz,DMSO-ds) /c 55.1, 123.9, 129.0, 129.3, 129.6, 134.8, 14089.8, 197.2 ppm;
HRMS (ESI) found [M-K]* = 661.0137C21H16*CINsOs'®'Rerequires [MK]* = 661.0167.
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fac-Rhenium(l) tricarbonyl 2-(1-pyrimidyl -1H-1,2,3triazol-4-yl)pyridyl chloride (fac-
[Re(PymTz)(CO)sCl]9) (2.226) 20 h of reacton; Yellow powder (217.8 mg, 70%)).p. > 300 °C;

max (Neat) 2021, 1886, 1584, 1411, 1274, 1121, 1024, 796, 704'%ehNMR (400 MHz,acetone
ds) 1595 (2H, s, CH), 740748 (3H, m,3 ¢4 S«H), 7.56 (2H, dJ = 6.6 Hz, 246 +H), 7.74
(1H, t,J = 53 Hz, 5H), 9.10 (1H, s4<H), 9.15 (1H, ddJ = 4.9, 2.1 Hz6-H), 9.29 (1H, dd,) =
5.6, 2.1 Hz4-H) ppm;*3C NMR (100 MHz,acetoneds) /c 55.5, 122.0, 127.3, 128.6, 129.1, 129.2,
134.1, 147.3, 159.5, 159.9, 16@gm

3.3.2 Synthesis ofac-[Re(BPy)(CO:NP]PFs Complexes

3.3.21 General Experimental Procedure for the Synthesis offac-[Re(BPy)(COxNP]PFs
Complexes fac-[ReBPyY)(CO)%CI]° (1.00 mmol), AgPF (1.00 mmol) and pyridylnaphthopyran
(2.00 mmol) were mixed in DCM (37 mL) and stirred under.aoNAr atmosphere in the dark at
room temperaturd.ater, the reaction mixture was filtered through a short pad of celite to remove

the Ag slts. Flash column chromatography or crystallization led to the corresponding pure product.

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl}10-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl bipyridine hexafluorophosphate (2.229): 6 days of reaction;Flash column
chromatography [activated ADs, eluent: 0H 2 + LQ '&0 : OH2+ LQ '&0 1UD
4], followed by crystallization from a mixture of DCMA&}, afforded the corresponding product as
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yellow crystalline needles57.3 mg, 45%); m.p. > 300 °C;max (neat) 2028, 1914, 1606, 1506,
1443, 1245, 1001, 821, 555 ¢mH NMR (400 MHz,acetoneds) /1 3.78 (6H, s, OMe)5.40 (1H,
d,J =9.6 Hz, 2H), 5.55 (1H, dJ = 9.6 Hz, 1H), 6.91 (4H, app. d) = 8.8 Hz, 3»3 5 5+H),
7.177.23 (6H, M2 22 Gs 69644, 7.34 (1H, dJ = 8.8 Hz, 5H), 7.407.41 (2H, m, 7, 9
H), 7.8847.92 (2H, m, 6, 84), 8.14 (2H, app. t) = 7.0 Hz,5+ ¢ 5= «}9+8.53 (2H, app. t) = 8.0
Hz, 4¢3 de «Hy8.63 (2H, dJ = 6.6 Hz,3++5+44), 8.88 (2H, dJ = 8.2 Hz,3 s 8= «}9+9.67
(2H, d,J=5.0 Hz,6 * ¢ 6= «H) ppnt 13C NMR (100 MHz,acetoneds) /c 54.7, 81.4, 113.4, 114.5,
119.1, 123.5, 124.1, 124.5, 124.9, 126. 9, 127.6, 127.8, 129.3, 130.4, 130.5, 130.7, 131.5, 132.9,
136.4, 141.7, 151.8, 153.3, 154.4, 154.9, 156.1, 1p82;'°F NMR (376 MHz,acetoneds) /r -
72.6 (d,J = 714 Hz) ppmHRMS (ESI) found [MPFs]* = 898.1917CasH33N306'8’'RePFs requires
[M-PFs]* = 898.192.

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)-9-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl bipyridine hexafluorophosphate (2.230) 6 days of reaction; Flash column
chromatography [activated ADs, eluent: MeOH (0.5%) in DCM, fraction 3] gave the
corresponding product as an orange powder (0.03 g, 14%); m.p. > 30Rax(yeat) 2030, 1907,
1611, 1506, 1446, 1246, 1173, 1092, 1066, 1025, 826, 763'EMNMR (400 MHz,CDCls) /1
3.73 (6H, s, OMe), 6.19 (1Hl, J = 10.0 Hz, 2H), 6.80 (4H,app.d, J +] o eeH), o oo
7.16 (1H, dJ = 8.8 Hz, 5H), 7.2647.37 (6H, m, AfH), 7.54 (1H, d.J = 8.8 Hz, 6H), 7.63#7.68
(5H, m, ArH), 8.108.15 (5H, m, AfH), 8.39 (2H, dJ +]  eeehl), 905 (@2H, dJ=5.3

+] e se-H) ppme $C NMR (100 MHz, CDCl;) /c 55.2, 82.4, 113.4, 115.0, 118.7, 120.3,
121.2, 121.3, 124.6, 125.4, 128.3, 128.8, 129.0, 129.2, 129.7, 129.8, 18322, 136.9, 141.5,
151.3, 151.5, 151.9, 152.7, 155.5, 158.9, 191.0, 195.7 ptRMS (ESI) found [MPR]* =
898.1913C4sH33N306'RePRs requires [MPFs]* = 898.1921.
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fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)9-(3-pyridyl) -3H-naphtho[2,1-
blpyranyl bipyridine hexafluorophosphate (2.231) 3 days of reaction; Flash column
chromatography [activated A3, eluent: MeOH (0.5%) in DCM, fraction 3] gave the
corresponding product @ orange powder (0.15 g, 67%); m.p. > 300 %ax (neat) 2029, 1909,
1603, 1506, 1446, 1246, 1173, 831, 764, 556;¢M NMR (400 MHz,DMSO-ds) /1 3.73 (6H, s,
OMe), 6.71 (1H, dJ = 10.0 Hz, 2H), 6.92+ + P e o), 7314734 (2H, m,1-H,
Ar-H), 7.384.42 (5H, m, AfH), 7.57 (1H, ddJ = 8.0, 5.8 Hz, AH), 7.8247.84 (2H, m, AfH),
7.924.99 (3H, m, ArH), 8.428.55 (5H, m, ArH), 8.75 (2H, d) +] e eell), 9B @2H,
app. d,J +] e «M) ppme¥C NMR (100 MHz,DMSO-ds) /c 55.6, 82.2, 114.0, 114.9,
119.3, 119.8, 121.3, 122.7, 125.5, 127.4, 128.2, 129.1, 129.5, 129.6, 129.7, 130.0, 130.1, 133.2,
137.2, 139.15, 139.24, 142.0, 149.6, 151.1, 151.5, 154.8, 155.7, 159.0, 192.6, 195-8Rpidn;
(ESI)found [M-PFs]* = 898.19 6 C4sH33N306'®'RePF requires [MPFs]* = 898.192.

fac-Rhenium(l) tricarbony! 3,3-bis(4-methoxyphenyl)8-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl bipyridine hexafluorophosphate (2.232) 5 days of reaction; Crystallization from a

mixture of DCM/hexane gave the corresponding product as an orange crystalline solid (0.23 g,
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69%); m.p. > 300 °C;max (Neat) 2018, 1927, 1908, 1608, 1506, 1247, 1174, 1025, 1002, 769, 729,
554, 532 crit; 'H NMR (400 MHz,DMSO-ds) /u 3.70 (s, 6 H, OMe), 6.52 (d, 18,= 10.1 Hz, 2

H), 6.89 (app. d, 4H] +] ¢ e-H)#eF3l:e P+ o -Bl), 7546 (de2H,

J=10.1 Hz, 1H), 7.84+ P+ -H)s 7.95 {ts 2H,J +] e ell), 85200 (c

1H, J = 9.0 Hz, 16H), 8.34 (s, 1H, ), 8.40z P+ eee  eat) 835(d, 2Hsle s
+]  eeet), 246 ¢d, 2H, +] oo =bf) ppmsSC NMR (100 MHz,DMSO-de) /c

55.5, 82.3, 113.9, 114.4, 119.1, 119.7, 123.5, 124.0, 125.1, 125.4, 128.2, 128.5, 129.2, 129.59,
129.64, 130.0, 130.5, 131.4, 137.1, 141.9, 150.3, 151.9, 152.5, 154.6, 155.6, 159.0, 192.7, 196.0
ppm;HRMS (ESI) foundM-PFs]* = 898.1927C4sHz3FsN30sP 8 'Rerequires [MPF]* = 898.1927.

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)-8-(3-pyridyl) -3H-naphtho[2,1-
blpyranyl bipyridine hexafluorophosphate (2.233) 12 days of reaction; Flash column
chromatography [activated ADs, eluent: MeOH (0.5%) in DCM, fraction 3] gave the
corresponding product as an orange powder (0.03 g, 38%); m.p. > 30Rax(yeat) 2030, 1903,
1511, 1472, 1445, 1241, 1171, 1094, 843,864 cm';'H NMR (400 MHz,CDCl) h 3.74 (6H,

s, OMe), 6.23 (1H, d) = 9.9 Hz, 2H), 6.82 (4H, app. d] +] . e «H), ¥.204+28

(3H, m, ArH), 7.34#.41 (5H, m, ArH), 7.57 (1H, app. s,-H), 7.65#7.72 (3H, m, ArH), 7.95

(2H, app. dJ = 5.92 Hz, ArH), 8.02 (1H, dJ = 8.8 Hz, 16H), 8.19 (2H, app. t) +] e
cocies + W), 8.4¥+(2H, d, +]  eeekl), 9:09@H, d, +]  eeee  eeee

H) ppm;*C NMR (100 MHz, CDCl) /c 55.3, 82.5, 113.5, 114.0, 118.7, 119.7, 123.3, 124.7,
125.5, 127.26, 127.34, 128.3, 128.8, 128.9, 129.2, 129.7, 129.8, 130.3, 136.9, 138.1, 140.0, 141.7,
149.3, 149.6, 151.7, 152.7, 155.6, 159.0, 190.8, 195.6 ptRMS (ESI) found [MPR]* =
898.1908C4sH33N306'RePRs requires [MPFs]* = 898.1921.
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fac-Rhenium(l) tricarbonyl 3-(2,4-dimethoxyphenyl)}-3-(4-methoxyphenyl)8-(4-pyridyl) -3H-
naphtho[2,1-b]pyranyl bipyridine hexafluorophosphate (2.234) 5 days of reaction; Flash
column chromatography [activated8k, eluent:MeOH (0.5%) in DCM, fraction 4] afforded the
corresponding product as a febwn powder (260.6 mg, 74%); m.p. > 300 °Gax (neat) 2030,
1904, 1606, 199, 1469, 1446, 1246, 1207, 1173, 999, 832, 763, 55§ #tNMR (400 MHz,

CDCl) /i 3.56 (3H, s, OMe), 3.73 (6H, s, OMe), 643 + P -Hy 6.78 (2H,dJ=

+]  eeH), .027.12 (2H, m, 1, §H), 7.31 (2H, d,] +]  «H), 7+45#7.64 (7H, m,
Ar-H), 7.8047.83 (2H, m, AfH), 8.07 (4H, app. s, AH), 8.29 (2H, d,J +]  eeell), 906 o
(2H, d,J +]  seebl) ppm#3G NMR (100 MHz,CDCh) /c 552, 55.3, 55.5, 82.1, 100.1,

103.8, 113.2, 113.8, 117.5, 119.4, 122.8, 123.9, 124.0, 124.6, 125.0, 127.86, 127.91, 128.2, 128.3,
128.93, 128.95, 129.5, 130.4, 130.5, 136.7, 141.4, 151.1, 151.5, 151.9, 152.8, 155.4, 156.8, 158.9,

160.6, 191.1, 195.5 ppnyRMS (ESI) found [MPF]* = 928.2036CasH3sN3078"RePFs requires
[M-PR]* = 928.2027.

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)7-(4-pyridyl) -3H-naphthol[2,1-

blpyranyl bipyridine hexafluorophosphate (2.235) 5 days of reaction;Flash column

chromatography [activated ADs, eluent: 0H 2 + LQ '&0 : OH2+ LQ '&0
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3], followed by trituration with EO, gave the corresponding product as an orange powder ¢0.
52%); m.p. > 300 °C;max (neat) 2028, 1906, 1604, 1507, 1445, 1247, 1173, 1029, 832, 806, 761,
556 cm’; *H NMR (400 MHz,DMSO-ds) /i 3.70 (6H, s, OMe), 6.52 (1H, d= 9.9 Hz, 2H), 6.88

(4H, app.d, J +] o eeH), 7.22928 (6H, m, ArH), 7.457.54 (5H, m, AfH), 7.95
(2H, t,J +]  eee4), 8.28(2M, dJ= 8.4 Hz, 16H), 8.448.51 (4H, m, ArH), 8.80 (2H,
d,J +]  eeel), 936:(@2H, d)] +] s embPppm:13C NMR (100 MHz,DMSO-

ds) /c 55.5, 82.0, 113.9, 115.0, 119.3, 119.6, 123.9, 125.5, 125.7, 125.9, 126.7, 126.9, 128.1, 128.2,
129.6, 129.9, 130.1, 135.8, 137.1, 142.0, 150.6, 151.9, 152.3, 154.5, 155.7, 159.0, 192.5, 196.0
ppm; HRMS (ESI) found [MPFs]* = 898.1916C4sH33N306'®'RePFs requires [MPFs]* = 898.1921.

fac-Rhenium(l) tricarbonyl 3-(4-methoxyphenyl)3-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl bipyridine hexafluorophosphate (2.236) 4 days of reaction;Flash column
chromatographyactivated AbOs, eluent: 0 H 2 + LQ '&0 : OH2+ LQ '&0 1UD
3], followed by trituration with EO, gave the corresponding product as a yellow powder (192.2
PJ max (Neat) 2031, 1938, 1904, 1888, 1610, 1444, 1010, 834, 766, 5561MMR (400
MHz, DMSO-de) /1 6.59 (1H, d,J = 10.0 Hz, 2H), 7.20#.38 (5H, m, ArH), 7.43%.56 (7H, m,
Ar-H), 7.794#.88 (4H, m, AfH), 8.06 (1H, dJ = 8.5 Hz, 16H), 8.338.39 (3H, m, AfH), 8.67
(2H, d,J = 8.2 Hz,3+ 5+H), 9.25 (2H, d,J = 5.4 Hz, 60,6+ sk} ppm; 1°C NMR (100 MHz,
DMSO-ds) /c 80.9, 114.0, 118.3, 121.3, 122.2, 124.0, 1242/.1,125.4, 126.2, 126.6, 127.7,
128.9, 129.1, 129.5, 129.6, 130.9, 141.9, 142.7, 149.6, 152.7, 154.5, 155.5, 155.619%4.,3,
195.9ppm;*°F NMR (376 MHz,DMSO-ds) /=-70.1 (d,J = 677 Hz) ppmt HRMS (ES]I) found [M

PFRs]" = 760.1%6 C37H25FsN304P*®Rerequires [MPF]* = 760.1369

3.3.3 Synthesis ofac-[Re(PyTz)(COxNP]PFs Complexes

3.3.3.1 General Experimental Procedure for the Synthesis dbac-[Re(PyTz)(COxNP]PFs

Complexes fac-[Re(PyTz)(COXCI]° (1.00 mmol),AgPFs (1.00 mmol) andpyridylnaphthopyran
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(2.00 mmol) were mixed in DCM (37 mL) and stirred under.aoNAr atmosphere in the dark at
room temperature.ater, the reaction mixture was filtered through a short pad of celite to remove

the Ag salts. Flash column chromatograjgdsto the corresponding pure product.

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)}9-(4-pyridyl) -3H-naphtho[2,1-

blpyranyl 2-(1-benzyk1H-1,2,3triazol-4-yl)pyridine hexafluorophosphate (2.238) 3 days of
reaction;Flash column chromatography [activated@d, eluent:MeOH (0.5%) in DCM, fraction

3] gave the corresponding product as an orange po&éend, 17%); m.p. > 300 °C; max (neat)

2030, 1915, 1609, 1508, 1028, 837, 778, 734, 557. ¢l NMR (400 MHz,CD.Cl») /i 3.77 (6H,

s, OMe), 5.77 (1H, d (AB)Y = 14.5 Hz, CH), 5.84 (1H, d (AB)J = 14.5 Hz,CH>), 6.33 (1H, dJ

= 9.9 Hz, 2H), 6.85 (4H, app. dJ=8.6 Hz, « ¢ <), 7.2¥ (1H, dJ = 8.8 Hz, 5H), 7.32+

7.58 (13H, m, HH, Ar-H), 7.64 (1Ht, J= 6.5 Hz, «sM)y, 7.71 (1H, tJ = 8.7 Hz, 6H), 7.84 (1H,

d,J = 8.6 Hz, ArH), 8.06 (1H, dJ = 7.8 Hz, ArH), 8.1688.23 (4H, m, AH), 8.71 (1H, s,4ee e

H), 9.13 (1H, dJ = 5.2 Hz, 6 k) ppnt *C NMR (100 MHz,CD,Cly) /c 55.2, 56.6, 82.4, 113.3,

114.9, 118.6, 120.2, 121.0, 121.5, 123.7, 124.5, 125.9, 127.3, 128.2, 129.0, 129.2, 129.4, 129.61,
129.64, 129.8, 129.9, 132.8, 133.3, 136.8, 141.5, 149.45, 149.50, 151.4, 151.7, 152.0, 152.8, 159.1,
196.1ppm;*°F NMR (376 MHz,acetoneds) /r -72.4 (d,J = 714 Hz) ppmHRMS (ESI) found [M

PFs]* = 978.2291C49H37Ns06'8'RePFs requires [MPFs]* = 978.2296.
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fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)-8-(4-pyridyl) -3H-naphtho[2,1-

blpyranyl 2-(1-benzyl1H-1,2,3triazol-4-yl)pyridine hexafluorophosphate (2.239) 4 days of
reaction; Flash column chromatography [activategDAleluent:MeOH (0.5%) in DCM, fraction
3] aforded the corresponding product as a yellow powder (0.24 g, 75%); m.p. > 30w Creat)
2032, 1910, 1608, 1506, 1456, 1247, 1174, 1091, 1024, 1000, 832, 383MMR (400 MHz,
CDCL) /4 3.71 (6H, s, OMe), 56 (1H, d(AB), J = 15.1Hz, CH), 6.00 (1H, d(AB), J = 15.1 Hz,

CHy), 6.53 (1H, d,J = 10.0 Hz, 2H), 6.90 (4H,app.d, J +] o esH), 7.344786 (5H,
P e eeH),7.47&50 (6H, m, PHH and tH), 7.817.89 (5H, m, ArH), 8.22:8.38 (6H,
m, Ar- + +  \H), 9:36 ¢1H, d,J +] -M)ppm;3C NMR (100 MHz,CDCl)

Ic 55.5 55.8, 82.3, 114.0, 114.4, 119.1, 119.8, 123.6, 123.9, 124.0, 125.1, 127.5, 128.2, 128.4,
129.1, 129.2, 129.5, 129.6, 129.7, 130.0, 130.3,413134.4, 137.1, 138.3, 142.3, 148.9, 149.6,
150.3, 152.0, 152.5, 154.7, 15%pm;'°F NMR (376 MHz,CDCls) /- -70.1 (d,J = 711 Hz) ppm:

31p NMR (162 MHz, CDCl) /b -144.2 (sept] = 711 Hz)ppm; HRMS (ESI) found [MPFRg]* =
978.2287C49H37Ns06'8'RePF requires [MPFRs] " = 978.2296.

348



3.3Synthesis of Photochromic Rhenium(l) Complexes

fac-Rhenium(l) tricarbonyl 3-(2,4-dimethoxyphenyl)-3-(4-methoxyphenyl)-8-(4-pyridyl) -3H-
naphtho[2,1-b]pyranyl 2-(1-benzyt1H-1,2,3triazol-4-yl)pyridine hexafluorophosphate
(2.240) 6 days of reaction; Flash column chromatography [activate@®sAkluent:MeOH (0.5%)

in DCM, fraction 3] afforded the corresponding product asra&ck-red powder 67.3 mg, 27%);
m.p. > 300 °C; max (Neat) 2033, 1914, 1609, 0%, 1246, 1174, 1026, 830, 776, 556 tHH NMR
(400 MHz, acetoneds) /1 3.61 (3H, s, OMe), 3.73 (3H, s, OMe), 3.76 (3H, s, OMe), BIY
(2H, m, CH), 6.51 (1H, ddJ = 2.3, 6.5 Hz, <H), 6.56 (1H, dJ = 2.3 Hz, 3H), 6.63 (1H, dJ =

10.2 Hz, 2H), 6.82 (2H, app. d) = 8.9 Hz, 3 5+«H), 7.27 (1H, dJ = 8.8 Hz, 5H), 7.33#.36
(3H, m, ArH), 7.444.59 (8H, m, ArH), 7.794.85 (4H, m, ArH), 7.89 (1H, tJ= 6.0 Hz,5 ¢ «H},
8.188.20 (2H, m, 7, 1), 8.29 (1H, dJ = 7.9 Hz,3 « <M}, 8.38 (1H, tJ = 7.3 Hz, 4» «H}, 8.50
(2H, d,J= 6.7 Hz, 3 +5+4+), 9.14 (1H, s, 4 «H929.47 (1H, dJ = 5.4 Hz, 6 «M} ppm;13C NMR
(100 MHz, acetoneds) /c 54.5, 54.6, 54.9, 55.9, 81.8, 99.7, 104.0, 112.8, 114.2, 117.6, 119.4,
122.9, 123.4, 123.5, 124.2824.34, 126.3, 127.4, 127.6, 127.9, 128.2, 128.5, 128.7, 129.10]129.2
129.22,129.9, 130.4, 130.5, 133.8, 136.4, 141.7, 149.3, 149.8, 150.8, 151.9, 152 B, 156.8,
159.0, 160.8 ppm?F NMR (376 MHz,acetoneds) /r -72.4 (d,J = 714 Hz)ppm; HRMS (ESI)
found [M-PFs]* = 1008.2398C50H39Ns07'8'RePFs requires [MPFg]* = 1008.2402.
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fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)-7-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl 2-(1-benzyl1H-1,2,3triazol-4-yl) hexafluorophosphate (2.241) 3 days of reaction;

Flash column chromatography [activated@d, eluent: 0 H 2 + LQ '&0 : OH2+ LQ
DCM, fraction 3], followed by trituration with ED/hexane gave the corresponding product as an
orange powderl59.7 ng, 79%); m.p. > 300 °C; max (neat) 2033, 1908, 1614, 1507, 1247, 1174,
1030, 833, 556 crhyH NMR (400 MHz,CD,Cl) /4 3.77 (6H, s,0OMe), 5.76(1H, d (AB), J =

14.5Hz, CH), 5.82(1H, d(AB), J = 14.5Hz, CH), 6.33 (1H, dJ = 10.0 Hz, 2H), 6.85 (4H, app.
d,J=86Hz, ¢« ¢ -H), 7.447.19 (2H, m, 5, 81), 7.334.55 (14H, m, AiH), 7.65 (1H, tJ

= 6.2 Hz, s}, 8.098.13 (2H, m, 102 « =M}y, 8.20 (1H, tJ = 7.5 Hz, 4 «M}y, 8.27 (2H, dJ =

6.2 Hz, eqsee4¥), 8.79 (1H, s, 4 «H929.14 (1H, dJ = 5.2 Hz, 6 <My ppm;3C NMR (100 MHz,

CD.Clo) Ic 55.2, 56.6, 82.2, 113.3, 114.8, 119.0, 11923.4, 123.7, 125.2, 125.7, 126.0, 126.2,
127.3, 127.8, 128.2, 128.9, 129.2, 129.4, 129.6, 130.2, 132.8, 135.4, 136.8, 141.6, 149.6, 150.8,
151.4, 152.7, 152.8, 159.1, 190.6, 193.9 pPfM:NMR (376 MHz,CD.Cl,) /r-72.2 (d,J = 714

Hz) ppm HRMS (ESI) found [M-PR]" = 976.2275Ca9H37/Ns06'®RePF requires [MPF]* =
976.2268.

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)}6-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl 2-(1-benzyt1H-1,2,3triazol-4-yl)pyridine hexafluorophosphate (2.242) 5 days of

reaction;Flash column chromatography [activated@d, eluent: 0 H 2 + LQ '&0 : OH2+
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(1%) in DCM, fraction 3], followed by trituration with &, gave the corresponding product as a
yellow powder (206.3 mg, 71%); m.p. > 300 °Gax (neat) 2032, 1911, 1613, 1506, 1248, 1174,
1002, 828, 556 crhy 'H NMR (400 MHz,CD.Cl,) /4 3.778.78 (6H, m, OMe), 5.77 (1H, d (AB),

= 14.5 Hz, CHj), 5.81 (1H, d (AB),) = 14.5 Hz, CH), 6.35 (1H, d,J = 10.0 Hz, 2H), 6.85 (4H, dd,
J=23,89Hz, ¢ eee -H}+7.04 (1H, s, 81), 7.31#.56 (15H, m, AH), 7.65 (1H, app. t) =

6.0 Hz, <MYy 8.07 (1H, dJ=8.5 Hz, 16H), 8.12 (1H, d,) = 7.9 Hz, 3+ M}, 8.19 (1H, app. ] =

7.8 Hz, 4 oil}, 8.28 (2H, dJ = 6.5 Hz, 3»= <), 8.81 (1H, s, 4 +M9.14 (1H, d.J = 5.4 Hz,

6+ «M» ppm;3C NMR (100 MHz,CD:Cl,) /c 55.2, 56.6, 82.4, 113.4, 115.9, 118.7, 119.6, 122.1,
123.8, 124.8, 124.9, 125.9, 126.0, 127137.4, 127.7, 128.2, 128.9, 129.4, 129.6, 130.0, 130.2,
132.9, 136.1, 136.7, 141.6, 149.6, B4D.149.58,151.5, 151.9, 152.8, 159,1194.0Q 196.0ppm,;

1% NMR (376 MHz,CD.Cl) / -72.2 (d,J = 714 Hz)ppm; HRMS (ESI) found [MPR]* =
978.2274C49H37NsOs*'RePFs requiregM -PFs]* = 978.2296.

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)-6-(3-pyridyl) -3H-naphtho[2,1-
blpyranyl 2-(1-benzyk1H-1,2,3triazol-4-yl)pyridine hexafluorophosphate (2.243) 5 days of
reaction;Flash column chromatography [activated@d, eluent: O H 2 + LQ '&0 : OH2+
(1%) in DCM, fraction 3], followed by trituration with gD, gave the corresponding product as an
off-white powder (251.8 mg, 83%); m.p. > 300 °Gax (ned) 2033, 1912, 1607, 1508, 1248, 1174,
1002, 829, 734, 556 ctH NMR (400 MHz,CD,Cl,) h 3.76(3H, s, OMe),3.78 (3H, s, OMe),
5.645.72 (2H, m, CH), 6.36 (1H, dJ=10.0 Hz, 2H), 6.856.92 (5H, m, 5, soe op) 7.14

(1H, d,J = 8.4 Hz, 7H), 7.26 (1H, tJ = 7.6 Hz, 8H), 7.32#.42 (11H, m, AH), 7.55%.69 (2H,

m, Ar-H), 7.93 (1H, dtJ = 1.5, 8.0 Hz6 «4¥), 8.098.24 (4H, m, ArH), 8.38 (1H, dJ = 1.4 Hz,
2+44), 8.78 (1H, s, 4 «H9+9.06 (1H, dJ = 5.4 Hz, 6 «M) ppm;*C NMR (100 MHz,CDCl,) /c
55.2,56.5,82.5, 113.4, 115.4, 118.6, 120.0, 122.2, 123.8, 124.5, 124.9, 126.0, 126.5, 126.7, 127.3,
127.4, 128.2,128.23,128.8, 129.3, 129.5, 129.7, 130.2, 132.5, 134.6, 136.7, 136.8, 139.1, 140.9,

141.6, 149.5, 149.6, 149.7, 150.3, 152.4, 15P58,2,193.9ppm °F NMR (376 MHz,CD:Cl,)
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-72.2 (d,J = 714 Hz)ppm; HRMS (ESI) found [MPFg]* = 978.2285CagH37Ns06'8'RePFs requires
[M-PFs]" =978.2296.

Mixture of diastereomers: fac-Rhenium(l) tricarbonyl 3-(2,4-dimethoxyphenyl)-3-(4-
methoxyphenyl}5-(4-pyridyl) -3H-naphtho[2,1-b]pyranyl 2-(1-benzyt1H-1,2,3triazol -4-
ylpyridine hexafluorophosphate (2.244) 3 days of reaction Flash column chromatography
[activated AbOgs, eluent: OH 2 + LQ '&MeOH (1%) in DCM, fraction 3], followed by
trituration with EtO, gave the corresponding product ag@powder (51.7mg, 72%); m.p. > 300

°C; max (neat) 2030, 1911, 1610, 1505, 1208, 1000, 830, 734, 55 ém NMR both
diastereomer§400 MHz acetoneds # 3.28(3H, s, OMe), 3.36 (3H, s, OMe), 3.71 (3H, s, OMe),

3.73 (3H, s, OMe), 3.74 (3H, s, OMe), 3.75 (3H, s, OMe), BD6 (4H, m, ArH), 6.336.49 (6H,

m, Ar-H), 6.71 (2H, dJ = 8.8 Hz, ArH), 6.76 (2H, d,J = 8.8 Hz, ArH), 7.13 (2H, dJ = 8.8 Hz,

Ar-H), 7.17 (2H, dJ = 8.8 Hz, ArH), 7.25 (1H, dJ = 8.6 Hz, ArH), 7.32 (1H, dJ = 8.6 Hz, Ar

H), 7.394.60 (17H, m, AiH), 7.73%.83 (7H, m, ArH), 7.89%.91 (2H, m, AfH), 8.14 (2H, dJ =

8.6 Hz, ArH), 8.2888.38 (4H, m, AfH), 8.57 (4H, dJ = 6.3 Hz, ArH), 9.14 (1H, s, AH), 9.16

(1H, s, ArH), 9.469.50 (2H, m, AfH) ppm;13C NMR both diastereomerd 00 MHz,acetoneds)

Ic 54.4, 54.5, 54.7, 56.0, 82.3, 99.6, 99.7, 103.7, 103.8, 112.9, 113.0, 115.7, 115.8, 118.5, 121.5,
123.4, 123.5, 124.7, 125.8, 125.9, 126.3, 126.4, 127.1, 127.6, 127.76, 127.84, 127.9, 128.1, 128.71,
128.74, 128.8, 128.9, 129.1, 129.3, 130.31, 130.34,813B3.8, 136.0, 141.77, 141.80, 147.1,
149.3, 149.4, 149.8, 151.6, 154.3, 157.3, 158.77, 158.82, 160.96, 160.99mMMR (376 MHz,
acetoneds) /F -72.4 (d, J = 714 Hz) ppm; HRMS (ESI) found [MPR]* = 1023.2452
Cs1H42FsNsO7P 8 Rerequires [MPRs]* = 1023.2636
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3.3.4 Synthesis ofac-[Re(BTz)(CO):NP]PFs Complexes

3.3.4.1 Experimental Procedure for the Synthesis dfac-Rhenium(l) tricarbonyl 3,3-bis(4-
methoxyphenyl}8-(4-pyridyl) -3H-naphtho[2,1-b]pyranyl  1,1'-dibenzyl-1H,1'H-4,4"-bi(1,2,3
triazole) hexafluorophosphate(2.245) fac-[ReBTz)(CO)%CI]° (0.15 g, 0.24nmol), AgPFk (0.06

g, 0.24mmol) and 3,3bis(4methoxyphenyb8-(4-pyridyl)-3H-naphtho[2,1b]pyran (0.11 g, 0.24
mmol) were added to DCM (55 mL) and stirradder an N atmosphere in the dark abom
temperaturdor 4 days.Later, the mixture was filtered through a short pad of celite to remove the
Ag salts. Flash column chromatography [neutralC4) MeOH (0.5%) in DCM, fraction 3] led to

thecorresponding product as an orange powder

fac-Rhenium(l) tricarbonyl 3,3-bis(4-methoxyphenyl)8-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl 1,1'-dibenzyl-1H,1'H-4,4"-bi(1,2,3triazole) hexafluorophosphate (2.245) orange
powder (0.10 g, 36%); m.p. > 300 °Gsax (neat) 2034, 1910, 1608, 1507, 1456, 1247, 1174, 1090,
1026, 1000, 831, 715, 556 ¢mtH NMR (400 MHz,CDCL) & 3.78 (6H, s, OMe), 5.60 (2H, d
(AB), J=14.4 Hz,2 x CH, CH), 5.69 (2H, dAB), J = 14.4 Hz,2 x CH, CH), 6.25 (1H, dJ = 10.0

Hz, 2-H), 6.83+ + P« «bl), 721725 (2H, m, AfH), 7.357.43 (16H, m, AH),
7.57 (1H, dd,) = 8.9, 1.8 Hz, ), 7.70 (1H, d,J = 8.9 Hz, ArH), 7.89 (1H, dJ = 1.8 Hz, 7H),
8.02 (1H,d, J = 9.0 Hz, ArH), 8.14 (2H, app. dJ +]  eesk see 4 NV Hes  ees

ppm;*C NMR (100 MHz,CDCl) /c 55.3, 56.4, 82.7, 113.5, 113.9, 118.5, 119.7, 122.9, 123.7,
123.9, 124.3, 128.0, 128.3, 128.7, 129.1, 129.6, 129.7, 130.2, 130.58, 130.62, 132.3, 136.8, 141.2,
151.5, 151.8, 152.1, 159.0 pp#RMS (ESI) found [MPFRs]* = 1058.2663Cs3H41N706'/RePFs

requires [MPFs]™ = 1058.2670.
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3.34.2 Experimental Procedure for the Synthesis fac-Rhenium(l) tricarbonyl 3-(4-
methoxyphenyl)3-(4-pyridyl) -3H-naphtho[2,1-b]pyranyl  1,1-dibenzyl-1H,1'H-4,4"-bi(1,2,3
triazole) hexafluorophosphate (2.246) TFA (0.60 mL, 7.8 mmol) was added dropwise to a
mixture of (E)-3-(2-(methoxymethoxy)naphthalelryl)-1-phenyt1-(4-pyridyl)prop-2-en-1-ol
(100.3 mg, 0.2523 mmol) in DCM (10.0 mL) at O °C. The reaction mixture was then warmed to
room temperature and stirréar 4 h. The crude was washed with an aqueous solution of NgHCO
(50 mL), water (100mL), dried with anhydrous sodium sulfaé®d evaporated to dryness. The
corresponding product was used in the next step without further purification (85.7 mg). The latter
was mixed in DCM (10.0 mL) with (btz)Re(C§Q) (157.4 mg, 0.2471 mmpand AgPE(65.2 mg,

0.258 mmol). After stirring undean Ar atmosphere in the dark at room temperature for 4 days, the
mixture was filtered through a short pad of celite to remove the Ag salts. Flash column
chromatography [activated ADs, eluent: 0H 2 + LQ '&0 : OH2+ LQ '&0 1UD
3], followed Ly trituration from EiO/hexane, led to the corresponding product as anvioie
powder

fac-Rhenium(l) tricarbonyl 3-(4-methoxyphenyl)3-(4-pyridyl) -3H-naphtho[2,1-
blpyranyl 1,1-dibenzyl-1H,1'H-4,4-bi(1,2,3triazole) hexafluorophosphate (2.246) off-white

powder (106.5 mg, 39% in twsteps); m.p. > 300 °C;max (neat) 2036, 1911, 1615, 1456, 1232,
1112, 1012, 833, 705, 556 ¢mtH NMR (400 MHz,acetoneds) /4 5.6045.74 (4H, m, CH), 6.15

(1H, d,J=9.9 Hz, 2H), 7.21 (1H, d,) = 8.8 Hz, 5H), 7.30#.46 (21H, m1-H, Ar-H), 7.53 (1H, t,

J=7.3 Hz, 9H), 7.744.79 (2H, m, 6, H), 7.96%.98 (1H, m, 1€H), 8.17 (2H, dJ=6.6 Hz, *

5+H), 8.358.37(2H, m, 4+ s d= «}H) ppny 3C NMR (100 MHz, acetoneds) /c 56.4, 81.1, 113.9,

117.7, 120.6, 121.3, 121.6, 123.4, 123.5, 124.1, 124.3, 124.7, 126.8, 127.2, 128.1, 128.49, 128.54,
128.60, 128.62, 128.69, 128.73, 129.1, 129.39, 129.42, 129.55, 129.58, 130.6, 132.59, 132.63,
141.3, 141.8, 149.6, 151.8, 157.7, 19dpi; %F NMR (376 MHz,acetoneds) /F-72.2 (d,J = 714

Hz) ppm HRMS (ESI) found [MPFRg]* = 922.2117CasH33N704¥'RePFs requires M = 92.2146.
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3.3.5 Synthesis ofac-[Re(PyTzNP)(COXCI]°

3.3.5.1 Experimental Procedure for the Synthesis dac-Rhenium(l) tricarbonyl 2-(1-benzyk
1H-1,2,3triazol-4-yl)-4-(3,3-bis(4-methoxyphenyl)}-3H-benzoffjchromen-8-yl)pyridinyl

chloride (fac-[Re(PyTzNP)(COXCI]°) (2.247) rhenium pentacarbonyl chloride (1@2ng, 0.2825
mmol) and 2(1-benzytlH-1,2,3triazol4-yl)-4-(3,3-bis(4methoxyphenyh3H-benzof]chromen
8-yl)pyridine (177.3 mg, 0.2820 mmol) were mixed in anhydrous PhMe (6.5 mL) and heated at
reflux under N for 20 h. After cooling, a yellow precipitate was collected by filtration, rinsed with
cold PhMe (10 mL), followed by col@tO (50 mL). The yellow solid was triturated with cditbO

(50 mL), filtered and dried under reduced pressure, leading to the corregppratinct.

fac-Rhenium(l) tricarbonyl 2-(1-benzyl1H-1,2,3triazol-4-yl)-4-(3,3-bis(4-methoxyphenyl)
3H-benzoffJchromen-8-yl)pyridinyl chloride (fac-[Re(PyTzNP)(COXCI]?) (2.247) yellow solid

(206.3 mg, 78%)m.p. > 300 °C; max (neat) 2021, 1930, 1895, 1614, 1582, 1508, 1246, 1172,
1093, 1000, 817, 720 ctn'H NMR (400 MHz,DMSO-ds) / 3.69 (6H, s, OMe), 5.93 (2H, s,

CHy), 6.52 (1H, dJ =10.0 Hz, 2H), 6.89 (4H, app. d]=8.8 Hz, ¢ , eee -H}+7.344.53 (11H,

m, 1-H and ArH), 7.91 (1H, dJ = 9.0 Hz, 6H), 8.048.06 (2H, m,9, 6 «4¥), 8.30 (1H, dJ=9.1

Hz, 10H), 8.48 (1H, dJ = 1.2 Hz, ?H), 8.83 (1H, dJ = 1.3 Hz,2 «4#), 8.94 (1H, dJ = 6.0 Hz,

5e44), 9.28 (1H, s5 ¢ «)» ppm; 13C NMR (100 MHz,DMSO-dg) /c 55.3, 55.5, 82.4, 114.0, 114.4,
119.2, 119.8, 120.1, 123.5, 123.6, 125.4, 126.4, 128.2, 128.4, 128.7, 129.2, 129.4, 129.5, 129.7,
130.5, 130.6, 131.3, 134.5, 137.1, 149.3, 149.7, 150.9, 151.9, 153.5, 159.0, 190.1pph97.3
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HRMS (ESI) found [MCI+MeCN]J" = 940.2135C44H3:N406'8’'Re**Cl requires [MCI+MeCNJ" =
940.2145

3.36 Synthesis offac-[Re(N”*N)(CO)znaphthalenePFs

3.3.6.1 Experimental Procedure for the Synthesis of 2Methoxy-6-(4-pyridyl)naphthalene

(2.252) a degassed mixture of-#omo6-methoxynaphthalene (1.50 g, 6.33 mmoly 4
pyridineboronic acid pinacol ester (1.95 g, 9.51 mmodC®: (1.31 g, 9.48 mmol) and Pd(PHh

(0.37 g, 0.32 mmol) in PhMe (74.0 mL) and EtOH (74.0 mL) was heated at reflux undéiteN

16 h, the mixture was evaporated to dryness, the residue extracted with Et@AmML), washed

with water (3 x 100 mL), the organic layer dried with anhydrous sodium sulfate and the solvent
removed under reduced pressure. Subsequently, after solvent evaporation, the residue was
crystallized from a EtOAc/hexane mixture giving the rresponding 2Znethoxy6-(4-

pyridyl)naphthalene as a white crystalline solid.

2-Methoxy-6-(4-pyridyl)naphthalene (2.252) colourless microcrystals (1.01 g, 68%h.p. =
156+ [ & max (Neat) 1622, 1584, 1544, 1494, 1254, 1206, 1021, 822¢cm39'*H NMR (400

MHz, CDCk) /i 3.95 BH, s, OMe), 7.17 (1H, di = 2.4 Hz, 1H), 7.21 (1H, ddJ = 8.6, 2.4 Hz, 3

H), 7.61+ + P -H),7.¥2 (1H, dd]) = 8.6, 1.6 Hz, 4), 7.82 (1H, dJ = 9.4 Hz, 7H),

7.85 (1H, dJ = 9.4 Hz, 8H), 8.06 (1H, dJ = 1.6 Hz, 5H), 8.67+ + P -H) ppm;C

NMR (100 MHz, CDC4) Ic 55.4, 105.6, 119.7, 121.6, 125.0, 126.2, 127.7, 129.0, 130.0, 133.1,
134.8, 148.3, 150.3, 158.5 ppiHRMS (ESI) found [M-H]" = 236.1070C1H1aNO requires
[M+H]*=236.1070.

3.3.6.2 General Experimental Procedure for the Synthesis ofac-Rhenium(l) tricarbonyl 2-
methoxy-6-(4-pyridyl)naphthyl diimine hexafluorophosphate (fac-
[Re(N~N)(CO)znaphthalene]PFs): fac-[Re(N~N)(COxCI]° (1.00 mmol), AgPE(1.00 mmol) and
2-methoxy6-(4-pyridyl)naphthalene (1.00 mmol) were mixed in DCM (37 mL) and stirred under a

N2 or Ar atmosphere in the dark at room temperature. Afterwards, the reaction mixture was filtered
through a short pad of celite to remove the ggits. Flash column chromatography [activated
Al20s, eluent: O H 2 + LQ '&0 : OH2+ LQ '&0 IUDFWLRQ @ OHG

product.
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fac-Rhenium(l) tricarbonyl 2 -methoxy-6-(4-pyridyl)naphthyl bipyridine hexafluorophosphate

(2.248) 6 days of reaction; Yellow powder (241.4 mg, 92%); m.p. > 300 #fe; (neat) 2030,
1900, 1608, 1498, 1472, 1446, 1392, 1260, 1207, 1027, 831, 764, 556HINMR (400 MHz,
CDCl) /1 3.89 (3H, s, OMe), 7.07 (1H, app. sH)}, 7.10 (1H, ddJ = 8.9, 2.2 Hz, H), 7.52#7.54

(1H, m, #H), 7.61 (2H, dJ +] H), ~269+ + P -HY,»7.96¢1H, s, 5
H), 8.12 (2H,app.d, J +] ), 819 (2H, app. tJ +] *+), 8.42 (2H, dJ =
+] e «H), 9510 (2H, dJ +] «+H) ppry, 1°C NMR (100 MHz,CDCl) /c 55.4,

105.6, 120.0, 124.1, 125.3, 127.2, 128.1, 128.6, 128.9, 129.8, 130.4, 135.6, 141.4, 151.5, 151.6,
152.8, 155.5, 159.1, 191.0, 195.6 ppnRMS (ESI) found [MPFR]" = 662.1084
C2oH21N304'8'RePFs requires [MPFg]* = 662.1084.

fac-Rhenium(l) tricarbonyl 2-methoxy-6-(4-pyridyl)naphthyl 2 -(1-benzyl1H-1,2,3triazol-4-
yl)pyridine hexafluorophosphate (2.249) 5 days of reaction; Yellow powder (228.8 mg, 92%);
m.p. > 300 °C; max (neat) 2031, 1907,6110, 1498, 1457, 1392, 1259, 1207, 1125, 831, 734, 556
cm?; 'H NMR (400 MHz,CDCl) 4 3.91 (3H, s, OMe), 5.68 (1H,(@B), J= 14.4 Hz, CH), 5.77

(1H, d (AB), J = 14.4 Hz, CH), 7.10 (1H, app. s,-H), 7.15 (1H, app. dJ = 9.1 Hz, 3H), 7.36+

7.42 (3H, m, ArH), 7.5147.56 (6H, m, AH), 7.75 (2H, app. dJ = 8.7 Hz, 4, 8H) , 7.974.99
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(3H, m, ArH), 8.128.14 (2H, mAr- + + W), 9908¢(1H, dJ +] -Hypppm;

13C NMR (100 MHz,CDCl) /c 55.4, 56.5, 105.6, 120.0, 123.8, 124.0, 124.2, 126.3, 127.1, 127.3,
128.2, 128.7, 129.1, 129.5, 129.6, 130.1, 130.4, 132.7, 135.6, 141.3, 149.2, 149.5, 151,6, 151
152.6, 159.2, 190.7, 193.9, 196.0 ppnRMS (ESI) found [MPFR|* = 742.1463
C33H2sNs048"RePFRs requires [MPFRs]* = 742.1459.

fac-Rhenium(l) tricarbonyl 2-methoxy-6-(4-pyridyl)naphthyl 1,1'-dibenzyl-1H,1'H-4,4"-
bi(1,2,3triazole) hexafluorophosphate(2.250) 5 days of reaction; Yellow powder (209.6 mg,
87%); m.p. > 300 °C;max (neat) 2031, 1909, 1610, 1498, 1456, 1433, 1261, 1207, 1112,8318,
715, 556 crit; *H NMR (400 MHz,CDCls) 4 3.93 (3H, s, OMe), 5.58 (2H, @B), J = 14.5 Hz,
CH, CH), 5.68 (2H, dAB), J = 14.5 Hz,CH, CH), 7.12 (1H, dJ = 2.0 Hz, 1H), 7.18 (1H, dd, =
9.0, 2.2 Hz, &), 7.35#.39 (10H, m, PiH), 7.45 (2H, app. d +] ), #56 (1H, dd,)

= 8.6, 1.5 Hz, H), 7.774.80 (m, 2H, 4, &), 7.97 (1H, app. s,-B), 8.15 (2H, app. d] = 6.6 Hz,

o -4 + 'V -H) ppm;+G NMR (100 MHz,CDCl) /c 55.4,56.4, 105.7, 120.1,
123.6, 123.9, 124.2, 127.2, 128.2, 128.7, 129.5, 129.6, 130.3, 130.4, 132.5, 135.6, 141.2, 151.6,
151.8, 159.2, 190.6, 194.4 ppiHRMS (ESI) found [MPFg]* = 822.1832Cs7H29N704¥'RePFs
requires [MPFs]* = 822.1833.
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3.4 Ring-Contraction of Naphthopyrans

3.4.1 Kinetic Study of the RingContraction of 3,3-Bis(4-methoxyphenyl)-3H-
naphtho[2,1-b]pyran (2.147)

3.4.1.1 Stability in DCM: 3,3bis(4methoxyphenyh3H-naphtho[2,3b]pyran was dissolved in
DCM and stirredn a sealedlask at room temperaturef 18h. Samples were obtained over time.

TLC analysis had shown no change in the reaction mixture.

3.4.12 Stability in DCM with Pd(PPhs)s:  3,3-bis(4methoxyphenyh3H-naphtho[2,1b]pyran
was dissolved in DCMind a catalytic amount &fd(PPB)swas addedand stirredn asealed flask
at room temperaturer 23 h. Samples were obtained over timié.C analysis had shown no change

in the reaction mixture.

3.4.13 Stability in Toluene 3,3-bis(4methoxyphenyh3H-naphtho[2,1b]pyran was dissolved in
PhMeand stirredn asealed flaskat room temperaturi®r 17 h. Samples were obtained over time.

TLC analysis had shown no change in the reaction mixture.

3.4.14 With K2COs (1.5 equiv), Pd(PPh)4 (5 mol%) in PhMe:EtOH (1:1) at reflux: 3,3-bis(4
methoxyphenyh3H-naphtho[2,1b]pyran (2502 mg, 0.843 mmol), K:COsz (126.2 mg, 09131
mmol) and Pd(PPB). (35.2 mg, 0.0305 mmolyeredissolved inPhMe (6 mL) and EtOH (6 ml.)
and refluxed under Nfor 48 h. Several amples were obtained ovéime and subjected ttH NMR

analysis.

3.4.15 With K2COs (1.5 equiv) in PhMe:EtOH (1:1) at reflux 3,3-bis(4methoxyphenyh3H-
naphtho[2,ib]pyran (2509 mg, 0.6%0 mmol) and K>.COs (125.7 mg, 0.995 mmol) were
dissolved inPhMe (6 mL) and EtOH (6 mlLand refluxed under NSeveral samples were obtained

over time and subjected t6l NMR analysis.

3.4.16 With Pd(PPhas)4 (5 mol%) in PhMe:EtOH (1:1) at reflux: 3,3-bis(4methoxyphenyh3H-

naphtho[2,ib]pyran (250.2 mg, 0.6343 mmol) anBd(PPB)s (35.3 mg, 0.0305 mmolere
dissolved inPhMe (6 mL) and EtOH (6 mlL)and refluxed under Nfor 48 h. A sample was
collected after 48land subjected ttH NMR analysis.

3.4.17 With K2CO3 (3 equiv) in PhMe:EtOH (1:1) at reflux: 3,3-bis(4methoxyphenyh3H-
naphtho[2,ib]pyran (100.4mg, 02545mmol), K2COs (105.5mg, 07634mmol) weredissolved in
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PhMe @ mL) and EtOH 8 mL), and refluxed under N Several samples were obtained over time
and subjected ttH NMR analysis.

3.4.18 With Li2COs (1.5 equiv) in PhMe:EtOH (1:1) at reflux 3,3-bis(4methoxyphenyh3H-
naphtho[2,b]pyran (200.9 mg, 0.5093 mmol), €Oz (56.7 mg, 0.764 mmol) weredissolved in
PhMe (5 mL) and EtOH (5 mlLand refluxed under N Several samples were obtained over time

and subjected ttH NMR analysis.

3.4.19 With Na2COs (1.5 equiv) in PhMe:EtOH (1:1) at reflux 3,3-bis(4methoxyphenyh3H-
naphtho[2,ib]pyran (200.6mg, 05085mmol), NaoCOs (80.7 mg, 07614mmol) weredissolved in
PhMe 6 mL) and EtOH % mL), and refluxed under N Several samples were obtained over time

and subjected ttH NMR analysis.

3.4.110 With CsCOs (1.5 equiv) in PhMe:EtOH (1:1) at reflux: 3,3-bis(4methoxyphenyh3H-
naphtho([2,ib]pyran (200.9 mg, 0.5093 mmol), &30z (248.3 mg, 0.7621 mmol) wenissolved

in PhMe (5 mL) and EtOH (5 mLand refluxed under NSeveral samples were obtained over time
and subjected ttH NMR analysis.

3.4.111 With K3POas (1.5 equiv) in PhMe:EtOH (1:1) at reflux 3,3-bis(4methoxyphenyh3H-
naphtho[2,b]pyran (199.8 mg, 0.5065 mmolK3:POQs (161.4 mg, 0.7604 mmol) wedissolved in
PhMe (5 mL) and EtOH (5 mland refluxed under N Several samples were obtained over time

and subjected ttH NMR analysis.

3.4.112 With K2COs (1.5 equiv), 18crown-6 (3 equiv) in PhMe at reflux 3,3bis(4
methoxyphenyh3H-naphtho[2,1b]pyran (199.9 mg, 0.5068 mmol), KOz (105.0 mg, 0.7597
mmol) and 1&rown6 (415.3 mg, 1.571 mmolyere dissolved inPhMe (10 mL) and refluxed

under N. Several samples were obtained over time and subjectedNMR analysis.

3.4.113 Experimental Procedure for the Synthesis of 42-(bis(4-
methoxyphenyl)methyl)naphtho[2,2b]furan -7-yl)pyridine: a mixture of 8bromo3,3-bis(4
methoxyphenyh3H-naphtho[2,3b]pyran (200.1 mg, 0.4227 mmol);pyridineboronic acid pinacol

ester (129.9 mg, 0.6335 mmol) B0z (87.6 mg, 0.634 mmol), t&own6 (347.0 mg, 1.313
mmol) and Pd(PRju (24.8 mg, 0.0215 mmol) in PhM&0.0 mL) was heated at reflux under fiar

19 h. After this time, the mixture was cooled and poured into water (100 mL). Afterwards, the
residue was extracted with DCM (3 x 100 mL), washed with water (3 x 150 mL), the organic layer
dried over anhydrousodgium sulphate and the solvent removed under reduced pressure. Flash
column chromatography [Fluorochem silica gel (60 A; 40 P eluent:MeOH (4%) in DCM,
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fraction 5], followed bytrituration with ethylic ether, led to the corresponding product as lawel
powder (93.8 mg, 47%).

3.4.114 With Na2COs (1.5 equiv), B-crown-5 (3 equiv) in PhMe at reflux 3,3bis(4
methoxyphenyh3H-naphtho[2,1b]pyran (200.0 mg, 0.5070 mmol), NaxC0Osz (80.6 mg, 0.604
mmol) and 5-crown5 (0.30mL, 1.5 mmol)weredissolved inPhMe (10 mL) and refluxed under

N.. Several samples were obtained over time and subjecteldN®R analysis.

3.4.115 With Na2COs (1.5 equiv), 15crown-5 (3 equiv) Pd(OAc) (5 mol%) in PhMe at
reflux: 3,3-bis(4methoxyphenyb3H-naphtho[2,3ib]pyran (199.6 mg, 0.60 mmol), NaCGs
(80.6 mg, 0.7604 mmoBndPd(OAc) (6.0 mg, 0.027 mmohveredissolved ilrPhMe (10 mL)and

refluxed under W Several samples were obtained over time and subjecteldNMR analysis.

3.4.116 With K2COs (10 mol%), 18crown-6 (20 mol%) in PhMe at reflux 3,3-bis(4
methoxyphenyh3H-naphtho[2,1b]pyran (427.7 mg, 1.084 mmol), 4COs (14.9 mg, 0.108 mmol)
and 18crown6 (57.0 mg, 0.216 mmolveredissolved inPhMe (B mL), and refluxed under N
Several samples were obtained over time and subjectetNMR analysis.

3.4.2 General Experimental Procedure for thePyran (Dihydroquinoline) Ring-

Contraction

A mixture of naphtho[2/b]pyran (1.3 mmol), 1&rown6 (3.93 mmol), KCOz (1.9 mmol) in

PhMe (25.0 mL) was heated at reflux under After the completion of the reactiongticrude was
evaporated to dryness. The residue was dissolved in DCM (150 mL), washed with water (3 x 150
mL), the organic layer dried with anhydrous sodium sulfate and the solvent removed under reduced
pressure, giving the corresponding product after atibn if needed.
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2-(Bis(4-methoxyphenyl)methyl)naphtho[2,2b]furan (2.331) from 3,3bis(4methoxyphenyh
3H-naphtho[2,ib]pyran (0.50 g, 1.3 mmol) after 9 of reaction; crystallization from a mixture of
DCM/hexane gave the corresponding product as a yellow crystalline solid (0.40 g, 80%); m.p. =
172+ f &max (Neat) 1607, 1581, 1505, 1440, 1243, 1176, 1027, 807, 746, 584 dnNMR

(400 MHz, CDC%) /1 3.84 (6H, s, OMe), 5.63 (1H, s;H), 6.76 (1H,s, 1-H), 6.91 (4H, app. d] =

8.6 Hz, ArH), 7.20 (4H, app. dJ = 8.6 Hz, ArH), 7.48 (1H, app. tJ = 7.5 Hz, 8H), 7.55 (1H,

app. t,J = 7.5 Hz, 7H), 7.61 (1H, dJ = 8.9 Hz, 5H), 7.70 (1H, d,J = 8.9Hz, 4H), 7.95 (1H, d,J

= 8.0 Hz, 9H), 8.05 (1H, dJ = 8.1 Hz, 6H) ppm;3C NMR (100 MHz, CDGJ) /c 49.8, 55.3,

104.4, 112.4, 114.0, 123.4, 123.6, 124.3, 124.5, 126.1, 127.5, 128.7, 129.8, 130.2, 133.7, 152.4,
158.5, 160.0 ppHRMS (ESI) found [M+H] = 395.1634C7H2203 requires [M+H] = 395.1642

4-(2-(Bis(4-methoxyphenyl)methyl)naphtho[2,2b]furan -5-yl)morpholine (2.339) from 3,3
bis(4methoxyphenyh6-morpholno-3H-naphtho[2,ibjpyran (0.17 g, 0.35 mmolafter 9 h of
reaction;Flash column chromatography [Aldrich silica gel (60 A; 40 P eluent:EtOAc (25%)
in petroleum ether, fraction 1] led to the corresponding product as a white p@abiig, 76%);
m.p. = 178t f &max(neat) 2963, 1606, 1501301, 1241, 1145, 1129, 1029, 801, 579, 564 cm
114 NMR (400 MHz, CDC4) / 3.10 (4H, bs, N(Ch)), 3.81 (6H, s, OMe), 4.00 (4H,J = 4.4

Hz, O(CH)2), 5.58 (1H, s,.-H), 6.68 (1H, s, H), 6.89 (4H, app. d] = 8.6 Hz, ArH), 7.18 (4H,
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app. d,J = 8.6 Hz, ArH), 7.30 (1H, s, 4), 7.4547.54 (2H, m, AfH), 8.01 (1H, dJ = 7.9 Hz, 9

H), 8.30 (1H, dJ = 8.2 Hz, 6H) ppm;*C NMR (CDCh) /c 49.8, 53.9, 55.3, 67.5, 102.6, 104.2,
114.0, 119.8, 124.0, 124.5, 126.1, 126.3, 128.2, 129.8, 133.8, 147.1, 152.6, 158.5, 159.3 ppm,;
HRMS (ESI) found [M+H] = 480.2173C31H29eNO4 requires [M+H] = 480.2169

2-(Bis(4-methoxyphenyl)methyl)1-(p-tolyl)naphtho[2,1-b]furan  (2.341) from 3,3-bis(4
methoxyphenybl-(p-tolyl)-3H-naphtho[2,ib]pyran (75.6 mg, 0.156 mmol) after 64 of reaction;
Purification by preparative TL{Merck Silica gel 60 bs4, EtOAC (10%) in hexanes, fraction 2] led
to the corresponding product as an-wffite powder (38.6 mg, 49%); m.p.= 164 [ & max
(neat)2929, 2833, 1608, 1582, 1507, 1461, 1244, 1175, 1033, 1004, 822, 746, 56HANMR
(400 MHz, CDCk) H 2.52 (3H, s, Me), 3.80 (6H, s, OMe), 5.42 (14,.-H), 6.8586.88 (4H, m,
Ar-H), 7.18%.21 (4H, m, AfH), 7.294.36 (3H, m, AfH), 7.38%.42 (3H, m, AH), 7.67 (1H, d,
J=9.0 Hz, 4H), 7.72 (1H, dJ = 9.0 Hz, 5H), 7.79 (1H, dJ = 8.3 Hz, 9H), 7.92 (1H, dJ= 8.0

Hz, 6-H) ppm;*C NMR (100 MHz, CDGJ) /c 21.5, 46.7, 55.3, 112.6, 113.8, 120.0, 122.2, 123.3,
124.1, 124.9, 125.8, 128.2, 128.8, 129.5, 129.9, 130.5, 130.7, 130.8, 134.3, 137.6,5346%,9, 1
158.3 ppmHRMS (ESI) found [M+H] = 485.2105C34H2¢05 requires [M+H] = 485.2111.
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2,9-Bis(bis(4methoxyphenyl)methyl)naphtho[2,tb:7,8-b']difuran  (2.343) from 3,3,10,10
tetrakis(4methoxyphenyh3,10-dihydrochromeno[56]chromene (0.50 g, 0.76 mmol) aftehof
reaction; brown powder (0.44 g, 88%); m.p. = ¥ ° & max (Neat) 2927, 2833, 1609, 1507,
1301, 1248, 1173, 1024, 810, 770, 567'cAtd NMR (400 MHz, CDC} 4 3.81 (12H, s, OMe),
5.61 (2H, s,. -H), 6.81 (2H, s, 110-H), 6.866.89 (8H, m, AfH), 7.184.20 (8H, m, AfH), 7.57
(2H, d,J = 8.9 Hz, 56-H), 7.76 (2H, dJ = 8.9 Hz, 4 7-H) ppm;*3C NMR (100 MHz, CDG ¢
49.8, 55.3, 105,3110.5, 113.9, 121.5, 122.0, 125.3, 127.0, 129.8, 133.8, 153.2, 158.5ppb69.5
HRMS (ESI) found [M+H]" = 661.2553, G4H360s requires [M+HT = 661.2585.

2,9-Bis(bis(4methoxyphenyl)methyl)naphtho[2,tb:3,4-b"]difuran  (2.345) from 2,2,11,11
tetrakis(4methoxyphenyh2,11-dihydrobenzadipyrano[3,2hjchromene (0.50 g, 0.76 mmol) after 9

h of reaction; Crystallization from a mixture of DCM/hexane led to the corresponding product as a
brown crystalline powder (0.24 g, 48%); m.p. =4 f& GD UNH Q H GnhafXWat) 2930&

364



3.4Ring-Contraction of Naphthopyrans

2833, 1606, 1582, 1508, 1440, 1238, 1175, 1110, 1028, 805586 crt; *H NMR (400 MHz,
CDCls  3.80 (12H, s, OMe), 5.60 (2H, s, -H), 6.75 (2H, s, 3, 81), 6.86 (8H, app. dJ = 8.6

Hz, Ar-H), 7.16 (8H, app. dJ = 8.6 Hz, ArH), 7.46%7.49 (2H, m, 56-H), 8.038.05 (2H, m, 4, 7

H) ppm; 3C NMR (100 MHz, CDG ¢ 49.8, 55.3, 105.3, 114.0, 122.2, 124.1, 124.7, 124.9,
129.8, 133.7, 139.5, 158.5, 159.4 pgARMS (ESI) found [M+K] = 699.2135C44H360s requires
[M+K] * = 699.2143

2,7-Bis(bis(4methoxyphenyl)methyl)naphtho[2,tb:6,5-b']difuran  (2.347) from 2,2,8,8
tetrakis(4methoxyphenyh2,8-dihydrochromeno[6,5]chromene @.50 g, 0.76 mmol) after 24 of
reaction;After the reaction was completed, the crude was evaporated to dryness. Afterwards, PhMe
(200 mL) was added and the resulting mixture filtered hot. The resulting filtrand was poured into
water (50 mL), filtered off, rinsed with water (100 mL), cold PhMe 1fil5 and cold E{O (5 mL)

giving the corresponding product as an-wffite powder (0.16 g, 32%). The former filtrate was
reduced and the solid filtered off, rinsed with water (100 mL), cold PhMe (15 mL) and ¢OId9=t

mL) giving the corresponding produas an offwhite powder (0.21 g, 42%); m.p. = 2282 °C
(darkened at 264 °C);max (neat) 2834, 1606, 1508, 1239, 1175, 1156, 1033, 816, 571 *in

NMR (400 MHz, DMSQds # 3.74 (12H, s, OMe), 5.73 (2H, s, -H), 6.93 (8H, app. d] = 8.7

Hz, Ar-H), 7.08 (2H, s, 1, 4), 7.22 (8H, app. d] = 8.7 Hz, ArH), 7.74 (2H, dJ = 9.0 Hz, ArH),

8.08 (2H, dJ = 9.0 Hz, ArH) ppm;*3C NMR (100 MHz, DMSQde)* /c 49.2, 55.5, 104.5, 112.5,
114.4, 120.6, 124.2, 124.6, 160134.0, 151.4, 158.4, 160.5 ppriRMS (ESI) found [M+KT =
699.214 Ca4H3606 requires [MK]* = 699.2143.

*Due to the low solubility of the compound, tH€ NMR peaks were inferred from HSQC and HMBC analysis.
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4-(2-(Bis(4-methoxyphenyl)methyl)3-phenyl-3H-benzolglindol -5-yl)morpholine (2.349) from
4-(3,3,4tris(4-methoxyphenyh3,4-dihydrobenzdfquinolin-6-yl)morpholine 0.50 g, 0.86 mmol)
after 9 days of reactiorthe residue was crystallized from a mixture of DCM/hexane giving the
corresponding product as an-@fhite crystalline solid (0.28 g, 56%). The resulting modiggror

was purified by flash column chromatogragiydrich silica gel (60 A, 40 P eluert: EtOAC
(25%) in hexanes, fraction gjiving the corresponding product as a beige powder (0.12 g, 24%);
m.p. =215  f &max (neat) 2969, 1508, 1457, 1358, 1244, 1174, 1114, 1035, 842n780H

NMR (400 MHz, CDC¥) /4 2.97 (4H, bs, N(CH2), 3.78 (6H, s, OMe), 3.86 (3H, 4 +-OMe),

3.92 (4H, t,J = 4.5 Hz, O(CH)2), 5.27 (1H, s,.-H), 6.56 (1H, s, H), 6.766.79 (5H, m, ArH),
6.886.90 (2H, m, ArH), 6.99 (6H, app. d] = 8.6 Hz, ArH), 7.37#%.41 (1H, m, ), 7.464.50

(1H, m, 8H), 8.13 (1H, app. d] = 7.7 Hz, 9H), 8.26 (1H, app. d] = 8.3 Hz, 6H) ppm;**C NMR

(100 MHz, CDC}%) Ic 48.1, 53.9, 55.3, 55.5, 67.6, 101.7, 101.9, 113.6, 114.4, 119.1, 123.0, 123.6,
124.2, 125.3, 125.8, 128.6, 129.9, 130.0, 13034.9, 135.1, 142.2, 145.2, 158.1, 159.2 ppm;
HRMS (ESI) found [M+H] = 585.2748C3sH3sN204 requires [M+H] = 585.2748.
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2-(Bis(4-methoxyphenyl)methyl)}5-methoxynaphtho[1,2b]furan (2.351) from 6-methoxy2,2-
bis(4methoxyphenyl2H-naphtho[1,20]pyran (185.5 mg, 0.4370 mmodgfter 9 h of reaction;
Purification by preparative TLC [Merck Silica gel 6Qsk eluent: EtOAc (10%) in hexanes,
fraction 1] led to the corresponding product as anndfite powder (34.9 mg, 19%in.p. = 115+

[ &max (Neat)2926, 2834, 1607, 1588, 1508, 1456, 1378, 12436, 1032, 830, 770, 549 tm
114 NMR (400 MHz, CDC4) h 3.79 (6H, s, OMe), 3.98 (3H, 5;0Me), 5.59 (1Hs, .-H), 6.31
(1H, d,J= 0.9 Hz, 3H), 6.836.87 (5H, m, AfH), 7.14%.17 (4H, m, AfH), 7.417.45 (1H, m, 7
H), 7.51#.55 (1H, m, &), 8.13 (1H, app. dJ = 7.9 Hz, 9H), 8.28 (1H, app. d] = 8.3 Hz, 6H)
ppm; C NMR (100 MHz, CDGJ) /c 49.8, 55.3, 55.9, 96.9, 106.6, 113.9, 119.8, 121.7, 122.9,
123.2, 123.6, 124.2, 126.7, 129.8, 134.1, 145.3, 152.0, 158.4, 159.7H®MS (ESI) found

[M+H] * = 425.1749C,8H2404 requires [M+H] = 425.1747.

3.4.3 General Methods for the Synthesis of2-(Bis(4-methoxyphenyl)methyl)-5-
methoxy-3-(p-tolyl)naphtho[1,2-b]furan (2.353)

Method A + A mixture of 6-methoxy2,2-bis(4methoxyphenyhd-(p-tolyl)-2H-naphtho[1,2

b]pyran (0.50 g, 0.97 mmol)K2CGOs (0.20 g, 1.4 mmol) and i&own6 (0.80 g, 3.0 mmol) in

PhMe (25.0 mL) was heated at reflux under After for 25h of reaction, the crude was evaporated

to dryness. Afterwards, water (100 mL) was added and the aqueous layer extracted with EtOAc (3 x
100mL). The organic phase was reduced to 100 mL, washed with water (6 x 100 mL), dried with
anhydrous sodium sulfate and evaporated to dryness. The residue was crystallized from a mixture of
DCM/hexane. The resulting crop and mothquor were purified sepately by flash column
chromatography [Aldrich silica gel (60 A, 40 P eluent:EtOAc (10%) in hexanes, fraction 1]

giving the corresponding product as anwffite powder

Method B = A mixture of 6-methoxy2,2-bis(4methoxypheny-(p-tolyl)-2H-naphho[1,2
b]pyran (0.50 g, 0.97 mmol)KOAc (0.19 g, 1.9 mmol), TBAB (0.31 g, 0.96 mmol) and Pd(QAc)
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(0.02 g, 0.09 mmol) in DMA (20.0 mL) was heated at reflux under. Mfter for 22h of reaction,

the crude was evaporated to dryness. Afterwards, water (100 mL) was added and the aqueous layer
extracted with EtOAc (2 x 100 mL). The organic phase was washed with water (6 x 200 mL), dried
with anhydrous sodium sulfate and evaporated ymels. The residue was crystallized from a
mixture of DCM/hexane. The resulting crop and moliwgror were purified separately by flash
column chromatography [Aldrich silica gel (60 A,-40 P eluent: EtOAc (10%) in hexanes,

fraction 1] giving the comsponding product as an -efhite powder

2-(Bis(4-methoxyphenyl)methyl)}5-methoxy-3-(p-tolyl)naphtho[1,2-bjfuran ~ (2.353)  from
method Aas an offwhite powder (0.17 g, 34%Jrom method Bas an offwhite powder (0.10 g,
20%); m.p. = 19& [ &max (neat) 2926, 2832, 1610, 1585, 1507, 1459, 1376, 1247, 1173, 1034,
831, 765, 515m™; 'H NMR (400 MHz, CDCJ) /i 2.45 (3H, s, Ch), 3.77 (6H, s, OMe), 3.97 (3H,

s, OMe), 5.61 (1H, s,-H), 6.8246.85 (4H, m, AH), 6.91 (1H, s, ), 7.21#7.24 (4H, m, ArH),

7.32 (2H, app. dJ = 7.8 Hz, ArH), 7.39#.41 (2H, m, AfH), 7.43%.47 (1H, m, H), 7.544.58

(1H, m, 8H), 8.19 (1H, app. d] = 7.9 Hz, 9H), 8.29 (1H, appd,J = 8.3 Hz, 6H) ppm;*°C NMR

(100 MHz, CDC}¥) Ic 21.3, 47.2, 55.3, 56.0, 95.9, 113.8, 119.5, 119.9, 121.7, 123.0, 123.2, 123.8,
124.3, 126.7, 129.2, 129.6, 129.8, 129.9, 134.6, 137.1, 144.8, 152.3, 153.4, 158 ARMB;

(ESI) found [M+H] = 515.2207C3sH3004 requires [M+H] = 515.2217
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4. Conclusions and Further Work

The direct synthesis of pyridyl substituted-Baphtho[2,1b]pyrans could not be accomplished
by the classical acidatalysed reaction between either aighy substituted zhaphthol and a 1;1
diarylprop2-yn-1-ol or a 2naghthol and a daryl-1-pyridylprop-2-yn-1-ol. The foregoing problem
was successfully resolved aadseries of novel 2 3- and 4pyridyl substituted B-naphtho[2,1
blpyrans were efficiently synthesised by employing three different strategies:

x Strategy A £By a Suzuki crossoupling reaction to introduce either g 2- or 4 pyridyl

unit into either a preformed iodobrome or trifloxy- substituted naphthopyran. This
versatile posthromenization strategy allowed the preparation of several94,(8-, 7- and
5-pyridyl- 3H-naphtho[2,ib]pyrans and was also effective for the synthesis of the 8
(pyridyl-triazole}3H-naphtho[2,1b]pyran 2.110 and the &aryl-3H-naphtho[2,b]pyrans
2.70 2.72and2.74

x Strategy B+By a Heck crosgoupling reaction betweelkphenyt1-(4-pyridyl)prop-2-en-1-

ol and MOM protected -broma-2-naphthol with subsequent THAediated unmasking of
the 2naphthol function which proceeded with concomitaytlizationto the 3phenyt3-(4-
pyridyl)-3H-naphtho[2,1b]pyran2.17Q

x Strategy C =By a Suzuki crossoupling reaction to introduce the pyridyl unit before a

chromenization step entailing a Heck crossipling reaction + deprotectivecyclization
protocol xwhich afforded the gpyridyl)-3H-naphtho[2,1b]pyrans2.214and2.215.

With the exception of the-@-pyridyl)-3H-naphtho[2,ib]pyran2.170 0 M-1.cm?) and
the trimethoxy substituted HBnaphtho[2,ib]pyran 2.77 0 M1cm?), the pyridyl
substituted Bl-naphtho[2,3b @ S\UDQV KDYH VKRZQ UHODWLYHO\ ZHDN FR
206 Mt.cm? 7 Kkix and bleaching kinetics of the photomerocyanines varied tremendously
depending on the point of connection and orientation of the pyridyl group on the naphthopyran
scaffold.

The pyridyl substituted B-naphtho[2,ib]pyrans were coordinated to ppeepared fac
[Re(N~N)(COXCI]° complexes?.218 2.220and2.224 in high yield by simple dissolution in DCM
containing AgPE. The pyridyttriazole substituted B-naphtho[2,1b]pyran 2.110was efficiently
coordinated to rhenium pentacarbonyl chloride upon an ovdrmgflux in PhMe to afford
rheniun(l) complex2.247 A total of eighteen photochromic rhenium(l) complexes were obtained
for spectroscopic evaluation.

The photochromic rhenium(l) complexes produced photostationary states in solution, by either
irradiation with UV or visible light, that were characterized by &22 nm bathochromic shift of
W Kkhx (the only exception being the Re(l) compléx23§ and an overall increase in the
colourability (0 + 32000 Mt.cm') when compared to their pyridyl substitute¢H-3
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naphtho[2,ib]pyran precursors. It was proposed that the increase in the colourability of the novel
photochromic rhenium(l) complexes was dtee a triplet photosensitization mechanism that
involved the intramolecular energy transfer from BMLCT excited state to dlL excited state
localized in the pyridyl substitutedHznaphtho[2,3b]pyran. Thus, the photochromic reaction,
besides being trigered from a singlet excited state, would also be triggered fromilthexcited

state. The bleaching kinetics varied with both the nature of the pyridyl substitdtedphtho[2,1
b]pyran and the bidentate ligand (NN = BPy, PyTz and BTz).

With the excetion of the rhenium(l) complexe2.229 and 2.246 all the fac
[Re(N~N)(COX}NP]PFR complexes exhibited bidentaligand sensitive®MLCT phosphorescence
with a lifetime of 50 + 171 ns. Reversible photoswitching (up td%@ of the *MLCT
phosphorescence occurred with the photochromic reaction. A more significant quench of the
luminescence was consistently obtained when there was an extensive overlap between the
absorbance band of the photomerocyanine andMh€T emission band. It warationalized that
the closer in energy thiMLCT excited state and the n@missive’lL excited state were, the more
efficient the intramolecular energy transfer from #WMLCT excited state to thélL excited state
would be and, consequently, a largeaninescence photoswitch would be attained. Furthermore, the
highly efficient phosphorescence photoswitches showed no fatigue after 10 irradiation cycles with
89 QP YLVLEOH OLJKW ! QP

The fac-[Re(PyTzNP)(COXI]® 2.247was characterized by an -@ensitive longOLYHG 2
us) emissivelL excited state that bathochromic shifted (15 nm) once the photostationary state was
reached. Evidence showed that the emisdileexcited state of thdac-[Re(PyTzNP)(CO)CI]°
2.247 was populated by energy transfer from #.CT excited state.

Future work includes the design of novel naphthopyran scaffolds, which may include
examination of other fused pyran photochromes such as the alteiatapBtho[l,2o]pyran
isomer, that woldl translate in a better colourability of the derived rhenium(l) complexgslinion
while ensuring that thBMLCT and the’IL excited states would be as close in energy as possible.
Theoretically, these future designs would result émen larger SMLCT phosphorescence
photoswitching and would eliminate the residual phosphorescence of the photostationary states. On
the other hand, the dramatic increase in colourability brought by the triplet photosensitization
mechanism opens a new opportunity of desigsimgerfast photochromes with good colourability.
7KHRUHWLFDOO\ WKLV FRXOG €& hhpbtiopyRan S@ffoldKrHsGehEa way\sX Q L Q
that photostationary states in solution would be generated with veryfastues that would

produce better coloration once coordinated to the metal centre. Such an intense colouring superfast
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photochromic system would represent a significant enhancement over the current photochromic
systems which have commercial applicatiothi@a eyewear and glazing sectors.

A protocol to perform Suzuki crogoupling reactions with naphthopyrans bearing halogens
and pseuddalogens which obviates the complication of the -gogtraction sideeaction was
developed. A mechanism to account foe tringcontraction of the naphthopyrans was proposed
based on evidence gathered during a kinetic study. An efficientnbedated protocol to access
multiple naphthofurans, naphthodifurans and bensed indoles in generally good yields was
developed. Brther work includes expanding the developed methodology to more diverse pyran
systems, e.g. electrondeficient naphthopyrans, benzopyrans, and to other bk2zo

dihydroisoquinoline systems.
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