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ABSTRACT

The overall aim of this project was to investigate strategies for linking macrocyclic
chromophores to form arrays. Firstly the aim wadirtk a porphyrinto atriphenylene
through phenyl alkynes. Interestingly, this study discovered a mesogenic
dibromtetramethoxy triphenyleriethe least heavily substituted triphenylene liquid crystal
repated to dateThe results of this investigatipmowever,show thatin general it was
challenging to force the reactidretween porphyrin and triphenylene components to form
acetylene links. Dimerizatioof the acetylene components was observed as guominant
reaction in all cases. However, it was possible to isolate a porghytienylene dyad

structure.

The secondaim of this study was to investigate the synthesis of novel chromophore dyads
and triads102 104 and 134 which are based on porphyrendtetrabenzotriazaporphyrin
(TBTAP) componentsThe firstaim was tosynthesisgorphyriri phenytTBTAP 102 A
precursor porphyrin bearingminoisoindolinefunctionality was successfully prepared.
However, itcould not be converted to either therphyriri phenylTBTAP 102 dyad or
porphyrinazaBODIP¥porphyrin triad134 On the other hand, the suggested strategy
towards the synthesis oporphyrin TBTAP dyads linked through flexible chaind.04)
remains promisinglagnesium TBTABOH 135was synthesied a®ne importanteactant.
However the unfortunate choice bfomalodecybxyporphyrinl4l, meanthe synthesis of

the desired dyadould not be achieved within this project because it could not be separated
from excess dibromododecane. However, simptalification of the strategy (e.g using

bromododecanol) will allow the compounds to be prepared in the future
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Chapterl Introduction

1 INTRODUCTION

1.1 EARLY HISTORY OF PORPHYRINS

The name porphyrin is derived from the Greek wpodohurg used to describe the colour
purple. This immediately indicates an important property of porphyrins, their intense purple
colour! Porphyrins can be found in nature, especially in their metalled form, as iron
porphyrin (called haem) or as a magnesium porphyrin derivative (chlorophyll), for example
(Figure 1.1).

H,C

H,C

PhytylOOC COOH

Chlorophyll Haem

Figurel.1l: Chlorophyll anchaem structures.

The macrocyclic structure of porphyrin was first proposed by Kuster in 1912, but was not
accepted because such a large ring was thought to be essentiallfeuhsta®29, Fischer

and his ceworkers succeeded in synthesising haem, the iron porphyrin found in haem
proteins, using pyrrole as a stagimaterial, earning him the NdbPrize for Chemistry in
1930?

1.2 STRUCTURE OF PORPHYRIN

Porphyrins are macrocycles, consisting of four pyrrole units connected by single methine
bridges(Figure 1.2).Porphyrins have 22-electrons but only 18 of them form aromatic
system accor di ngt2t=d8,nHuds Khe sysiesn ofr norheaclat(ird for

porphyrins was developed by Fisch&achb-carbonon the pyrole units is numbered from
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1 to 8, andJcarbons adjacent to each nitrogen atom are unnumbered. The b(itgisy

positions are named using Greek lower case lditdrso andU.

Q oa— carbons

O meso-carbons

Figurel.2: Macrocyclic structure of porphyrin

The Fischer system is straightforward for naming simple porphyrins, but if the porphyrin
derivative has different substituents on theand mesopositions, the system becomes
challenging toimplement. The inability of Fischer to name the enormous number of
synthetic porphyrins led to the development of a new, more systematic, IUPAC
nomenclature in 1979. It was completed in 1984l atoms are numbered, including the
nitrogen atoms (Figure 1.3). Therefore, hydroporphyrins, ring contracted or expanded

porphyrins, porphyrins fused with other rings, and even more porphyrin complexeseould
named

17 15 13

Figurel.3: IUPAC system of porphyrins.
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1.3 SPECTROSCOPIC PROPERTIES OF PORPHYRIN

1.3.1 NMR spectroscopy

NMR spectraf porphyrirs confirm their aromatic charactefheprotonsignalof b-pyrrole
andmeseprotons are deshielded a result of the paramagnetic ring currershielding effect
Additionally, the internal NH protons are shifted ufeld due tothe shielding effect othe
ring currentwhich shields the protons inside the macrocycle (Figure 1.4).

B~ pymole

9.5 9.0 8.5 8.0 20 -25 -3.0

Figure1l.4: *H NMR spectrum of tetraphenylporphyrin

1.3.2 UV-Vis spectroscopy

Porphyrins display characteristic absorption properties inUtflevis spectra. Metalree
porphyrins and metalloporphyrins have an intense absorption betwed239n, referred

to as B band or Soret band, in addition to two to four less intense bands called Q bands
between 480 and 700 nfRigure 1.5) The number of) bands indicates if the porphyrins

are metalated or metikee. Metalloporphyrirs are more symmetrical than mefiae

porphyrins and therefore typically have only two Q bands.

Soret Band

—

=2x10°

() Bands

v
mr I

3 (nm)

Figurel.5: Typical UV-vis spectrum of tetraphenylporphyrr®
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1.4 SYNTHESIS OF PORPHYRINS

Porphyrins can be synthesised via different strategieghwin general, involve pyrroles and
aldehydes. The final porphyrin depends on the structure of pyrrole and aldehfcndso
mesosubstitutedporphyrins can be synthesis€the inner proton®f porphyrins can be
substitutedoy several types of meta(g.g., Zn, Cu, Ni, and Snjsing various metal salts
Here, we will focus on the synthesis pfesesubstitutedporphyrins. Various general
methods to synthesiseesesubstitutedoorphyrin are documented, such as the Rothmund,

Adler, and Lindsey methods.

1.4.1 Rothmund method

Mesotetrasubstitutegporphyrins were first synthesised by Rothmund in 1936. In summary,
a solution of pyrrole and aldehyde in pyridine was placed in a sealed L4185 C under
nitrogen Gcheme 11)# This method was extended to include several aliphatic and aromatic
aldehydes such as methyl, propyl, butyl;sdyl and 4methoxy phenyl groupsThe yields

from the Rothmundanethodwere generallyow. Moreover, the corresponding chlorin (2, 3
dihydroporphyrin) (Figure 1.6) was alsorined. The yield ofnesetetraphenyporphyrin

was subsequently improved from5% to 1611% by the addition of zinc acetate to the

reaction mixture by Ball and emorkers in 1946

CHO

pyridine

’

145-155°C

_|_

NS
w LZ

/

1
(4-5 %)

Schemel.1l: Synthesis ofmesesubstituted porphyrins by the Rothmund method.
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Figurel.6: Mesasubstitutecthlorin.

1.4.2 Adler-Longo method

Adler, Longo, and ceworkers prepared porphyrins by refluxing pyrrole and aldehyde at low
concentrations in propionic acid for half an hour, open to air (Scheme 1.2). Following
cooling of the reaction, the porphyrin crystallised from tkaction mixture. It was
demonstrated that the yields of prepared porphyrin coukldmaficantly improvedunder
these acidic conditiorfsFurthermore, similar to the Rothmund meththa corresponding
chlorin was also formed.® Although chlorin could be separated from the product by
chromatography, Rousseau and Dolphin attempted to reflux the porphyrin crude mixture
with DDQ in pyridine in order to oxidise the chlorin to porphytifhe yields using various
p-substitutedaryl aldehydes were approximately 20%, while the yields foesubstituted

aryl aldehydes were generally lower. Although the Adler method was showecesstully

increasehe yield, its use was limited to certain types of aldehydes.

CHO

Propionic acid
Reflux, 30 min

+
wEZO
=

(20 %)

Schemel.2: Synthesis oimesesubstituted porphyrins the AdlerLongomethod.
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1.4.3 Lindsey method

The Lindsey method is a twaiep, one flask reactiofirstly, a mixture of pyrrole and
aldehydés) in the presence of boron trifluoride etherate is stirred in chlorocarbon solvent to
form the porphrinogen. After one hour, an oxidant such as DO&cbtoranil is added to

oxidiseporphrinogerto porphyrin(Scheme 1.3¥.

CHO

2- DDQ
or p- chloranil

Porphrinogen 1

Schemel.3: Synthesis oimesesubstituted porphyrins dyindsey method

1.5 APPLICATION SOF PORPHYRINS

Porphyrins have important functions in nature, such as energy or light transfer in chlorophyll
and oxygen transfer in bloqdn addition to applications in different fields of chemistry,
physics, biology, and medicine, suchlaht harvestingand photo melicine for cancer

therapy).

Renewable energyarticularly solar energyhas attracted nuln attentiorsince it directly
convertscleansolar energyfrom the suninto electrical powewithout an environmersl

impact. Various types of solar cells existwaver d/e-sensitisedolarcells (DSSCshave

gained particular interest due to their low cost and high power conversion efficiéhty

The performane of these cells strongly depends on the sensitiser, one of the key elements

for harvestingsolar energy and transferring it into electrical power (Figure 1.7).
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Figurel.7: Systematic illustration of@nponentsand operation of dye sensitized solar

cell 12

Porphyrins, as sensérs,have drawn much attention due to their strong absorption band in
the visible region and theimolecular structure, which can be readily modifid.*®
Numerous porphyrins have been synthesised, bearing at least one anchoring group in the

molecular structure in order to attach the dy&if, (metal oxidesemiconductgr(Figure
1.8)12

HOOC. COOH COOH

O A Qo (o

o
o

O

G

HOOC COOH

by 3

Figure1.8: Different binding modes of porphyrifisand6 onto TiQ; surfacet?
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Examples of porphyrins designed for use in DSSCs have been reffdftBifferent zinc
porphyrin derivatives, with a carbophenylethynyl group as the electron withdrawing
anchoring substituent, and dikagnine group as the strong electron donasinigstituenat
themesaposition, were prepared in order to enhance the cell performance (Figute *£.9).

{ )—COOH
\_/

Figurel.9: Molecular structures of DO, YD1 andYD2.

When one-butyl phenyl group of¥DO was replaced with a didgmine phenyl group, the
cell performance increased from 2.4% to 6.4%. Furthermore, whefthevas modified
to YD2, thed value increased to 628 Theperformance o¥ D2 was subsequently improved
to 11% when the cell was @@nsitised wittD-205dye (Figure 1.10) on a thin Ti®ilm
(2.4em).10

OH

O:S

o

Dy
= N\ S\/48
S
9 CH,(CH,)CH,

N
O

Figurel.10: Molecular structuref D-205.
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PorphyrinsSM315" andGY50'8 have been synthesised with cell performance values of 13
and 12.75% respectively (Figure 1.11).

SM315 GY50
n=13% 7=1275%

Figurel.11: Molecular structuresf SM315andGY50.

In conclusion porphyrinsensitiserdhave showed| valuesthat are similar to or even higher
than those of the most effectivatheniumsensitisersuchas N3*° andN719 (11.18%§°
CY-B112! (11.5%)C101% (11-11.3%) (Figure 1.12).

N3X=H
N719 = Bu,N*
n=11.8 n=11-113 n=115

C101 CY-B1122

Figure 1.12: Examples ofrutheniumsensitsers forDSSCs
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Porphyrins also have a role in a specific cancer treatment, photodynamic therapy (PDT).
PDT treatment involves two key steps, the first of whi¢hesuse of @hotosensitiser, which

is activatedoy light in the presence of oxygéhA significantarea ofresearch hafcused

on developinga novel, effective photosensitiseiPhotosensitisers applied in PDT can be
divided into three generations. Haematoporphyaimd its derivatives were the first
generation photosensitisers; the second were based on benzoporphyrin derivatives, chlorin:
phthalocyanines, texaphyrins and natural compounds such as hypericin. The main differenc
between first and second generatiorotpkensitisers is that the latter has an absorption
spectrum extended to the red and fifrared regions of the electromagnetic spectrum
(600' 800 nm) (Figure 1.13). Consequentlye red light can pass deejao tissue in order

to treat deep cancer =t

a » W P
o - AN ~N W
\ s \ /
f N N= ] \ N N=/
- )’ oK “<\__ - )’ X\
@ 0.751 KNS 0.751 —\ /
3 v 3 v A
< 0,504 A/ /
0.251
0.00+ 0.00-
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
e i = “ &S & &L
100] S A AL s
= PS absorption region
o 0.759
<
0.501 o
0.254 s
0.00+ —___"—_;'_ e
300 400 500 600 700 800 _
Wavelength (nm) - nm-

Figurel.13: Absorption spectrum of-gorphyrin, b chlorin, ¢ phthalocyaningd-
Correlation between the absorption of light by phetosensitisemnolecule and the

penetration of the light through the tisste.

1l1|Page



Chapterl Introduction

Furthermore, first and second generation photossasstwere not selective to cancer cells
and also killed adjacent healthy cells. The third generation of photosensitisers were produce:
by conjugating first and second generation photosensitisers to various biological modifiers
such as antibodies and nandjudes® 26 For example,Staneloudiand hisco-workers
conjugatedsothiocyanato porphyrindand8 (Figure 1.14) to antibodig€solorectaktumour

cell specific scFv§’ This generatioris more selective than the previotessions?®

Figurel.14: Molecular structure of porphyrin isothiocyanates.

A 2015 study suggested thaTPP-EDTA (Figure 1.15) was an ideal photosensitiser for
PDT application to cancer cells since it displays an absorption peak at 650 nm, selectively

targeteccancer cellsand thusausedumourdestructiorf®

Figurel.15: Molecular structure oATPP-EDTA.
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1.6 MULTIPLE PORPHYRIN AR RAYS

1.6.1 Linear porphyrin arrays

1.6.1.1 Directly mesd mesolinked linear porphyrin arrays

Directly mesd mesdinked linear porphyrin arrays are of interest to researchers as they show
promising applications in nanotechnology and optical electronic detfc&sDifferent
methods have been used to generatectly mesd mesdinked linear porphyrin array$-or
exampleZn have been synthesised by oxidative coupling usiingr saltan order to ensure

the porphyrin monomers are closer, enabling rapid eneaggfer (Figurel.16)2°

Ar Ar Ar
N-2
Ar Ar Ar
Zy
CsHy7
Ar=
CsHyy

Figurel.16: Directly mes® mesdinked linear porphyrin arrayan.

Directly mes®mesolinked linear porphyrin arraysan be synthesisedsing iodinglll)
reagents. Cheet al prepared.0, 12in a good yield using Phi(OGTk)2 [PIFA, also named
as bis(trifluoroacetoxy)iodo]benzene or Phi(OAB)DA) as the iodine reagents (Schemes
1.4 and 1.5)3% 32
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Ar Ar Ar
PIFA or PIDA
R » R R
CHClL4
Ar Ar Ar
9 10

Schemel.4: Synthesis omes® mesdinked linear porphyrin dimer using PIFA or PIDA.

Ph Ph Ph Ph

PIFA
—_—
CHClI,

S

Ph

]
=

Ph Ph
11

[
(]

seoTs
S SIS
([ (A T
W=

Schemel.5: Synthesis omes® mesdinked linear porphyrin arrays.

In addition, porphyrin dimet3 (Figure 1.17) has been prepared by Jib&al in a good
yield (75%) usindPIFA as the ioding@ll) reagent®

*Ule
S
S

Figurel.17: Molecular structure omes® mesdinked porphyrin dimerl3.
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Directly mesemesolinked bisporphyrinswith mixed meso substituent groups can be
synthesised usingrganolithiumreagentsSengeand Feng reacted Bs-disubstituted free
base porphyrins with organolithium reagents under anhydrous conditions in ordes to g
5,1015trisubstituted porphyrin anions. Oxidationithv DDQ subsequently yielded4
(Figure 1.18)°

Ry R,

14
a: Rl = Ph, R2 =Bu

b: R]Z R2: Ph
C: Rl = Bu; R2 =Ph

Figurel.18: Mesd mesdinked porphyrin dimer with mixechesosubstituent pattern.

In addition, porphyrin boronatel have been used to synthesise directly linked artadys
by Suzuki coupling. Bromoporphyrihi6 and mrphyrin boronatel5 were reacted in the

presence of R®Ph)sunder Suzuki conditions (Scheme 128§*

R,
O
Ry R,
15 16

Suzuki coupling
R, R,
R, R,

17

Schemél.6: Synthesis ofnesd® mesdinked linear porphyrin arrays using Suzuki coupling.
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1.6.1.2 Mesamesoethynelinked linear porphyrin arrays

In 1994, Therienand ceworkers generated a new class of porphyrin arrays. In these arrays,
porphyrin chromophores are wired together via siegihgnyl bridges at thenesoposition
(Figure 1.19). Porphyrin dimefis8 with a single ethyne bridge, as well as a porphyrimeri

19, have been synthesiség the coupling of 5roma10,20diphenylporphinateinc and
ethyneelaborategborphyrin synthonander palladiurrcatalysed coupling. These acetylene
linked porphyrins produced excellent electronic interactions between thraahinores and

displayuniquephotophysical and electrochemical propertfes.

Ph Ph

Ph 18 Ph

Figurel.19: Mesomesoethynelinked linear porphyrin arrays

A series of symmetrical and unsymmetrical porphyrin arrays, linked by conjugated linkers,
namely alkyne and phenyl acetylene, were synthesised by palladiatgsed CC
coupling (Schemes 1.7 and 1.8) (Figure 1.20).

R, R, R, R;
Copper-free
R, = * Br Ry PI? — R, = R,
sonogashira coupling
R, R; R, R;
20 21 22

M=H, or Zn

Schemel.7: Synthesis of asymmetricalkynelinked dimers
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R, R,
) Copper free
Linker + Br Linker Linker
Sonogashlra coupling
R, R,

25 26 27

M =H, or Zn or Ni

Ph

Ph

23 24

Figure1.20: Other examples of unsymmetriedkynelinked dimers

Moreover, direcimesea | k y n y | @-dipyadglporpHyrin fvith several alkynyllithium
reagents has been achieysthce the reaction is supported by adjacent dipyridyl groups
through double coordination to the lithium reagents. This method enablgdhthesss of a
meseethynebridged diporphyrirB1in 60% yield bydirectmesalkynylation reacting Ni
2,18di-(2-pyridyl)porphyrin30 andethynyborphyrin (Scheme 1.95.
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Ar Ar

LiHMDS
_—

Schemel.9: Synthesis omeseethynebridged diporphyrir{Ar = 3, 5-di-tert-butylpheny).

1.6.1.3 Mescomesoethenelinked linear porphyrin arrays

The preparation ahesemesoethene linked linear porphyrin arralgads tothe formation
of cisandtransisomers. Ethandinked porphyrin32 was heated at 600 °C in acetic acid
for 20 min toproducethe trans isomer in 85% Further heating othe trans isomeror
refluxing ofthe ethandinked porphyrinin acetic acid yielda mixture ofcis (faceto face
orientatior) andtrans (1: 2 ratio) which can be separatédy column chromatography on
silica gel(Scheme 1.10¥
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Cis Ni(OAc), Trans

DMF, Reflux
105-110 °C

36
Trans

Schemel.10: Synthesis ofnesemesocethene linked linear porphyraimers.

1.6.1.4 Hetero arrays of porphyrins

Linked porphyrins with different components, such as phthalocyanine, led to the formation
of hetero arrays. Lindsey and-emrkersprepared a linear array of chromophores containing

a peryleneunit and phthalocyaninewhich exhibits efficient lightharvesing properties
(Figure 1.21)%

Figurel.21: Structure operylenebis (porphyrin)phthalocyaninarray.
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1.6.2 Cyclic (ring) porphyrin arrays

1.6.2.1 Light harvesting by bacteria

The structure of light harvesting (antenna) complexes (LHs) of purple bacteria encouragec
scientists to synthesise similar structures (Figure 1.22). They are multiple chromophores
organised as cyclic structures in order to absorb lagid achieverapid light energy

migration.

Figure1.22: Crystal structure of the LH2 complex frdRpsacidophila®®

Covalentlyandnon-covalentlylinked (ring) cyclic porphyrins have been synthesised. There
are different unitéinking the cyclic porphyrins in order to modulate the molecular structure
and adjusthe electronic interaction between neighbouring porphyfiihereare directly

mesdinked porphyrin, 13-phenyl, aromatiteterocycleand butadiyne bridges.

1.6.2.2 Directly mesemesolinked porphyrin ring (cycle)

Osukaandhis coworkerssynthesised compoun@¥4, CZ6 andCZ8 (Figure 1.23), which

are of interest due to their symmetrical structure. The electronic interaction is large and
regular, which leads to efficierglectronic interactions and excitation energy transfer
(EET)*

Figure1.23: Structures oCZ4, CZ6, andCZ8 (Ar = 3,5-Di-tert-butylpheny).*!
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Osukaet al. prepared directly linked cyclic porphyrin arrays startimi¢h the 5,10diaryl
zinc porphyrin monome88 under the Ag(Bpromoted coupling reactiorS¢heme 1.1)1
Dimer 39 (24% yield)and trimergi0a and40b (totally 7% yield)werethengained froni38,
while tetramerstla and41b (total 40% yield)were synthesised fror89. The rotation in
these oligomers arourntie mesemesdinkagewasimpossible due to steric interferendé.
40a and4la are suitable precursors foyclic arrays since thegontainunsubstitutednese
positions on the same sidgnder dilute conditioa (2 x 10° M), cyclic tetrameiCZ4 was
synthesisedn 74% vyield while cyclic octame€Z8 was obtainedt higher concentration
(3.3 102 M). Cyclic hexamelCZ6 was isolated in 22% yield from the coupling reaction of
40ain CHCk at 1.0 x 1¢ M for 2 hours Silica-gel column chromatograptwas required

to separate the target cyclic arragrsd their structures wecharacterised by NMR and mass
spectrometry. Generally, these cyclic porphyhave shown an efficient EET process along

the cyclic structuré?

Schemel.11: Synthesis ofnesemesadirectly linked porphyrinrings (Ar =3,5-Di-tert-
butylpheny).*3

21|Page



Chapterl Introduction

1.6.2.3 1,3Phenylene Linked Cyclic Porphyrin
CZ12A and CZ24B are examples of 1 henytbridged porphyrin arraygprepared by

cyclisation of linear precursor d@er and linear precursor 2der (Figure 1.24)3

Figurel.24: Molecular structure o£Z12A, CZ24B.43

1.6.2.4 Mesomesoaromatic heterocyclebridged porphyrin ring (cycle)

Cyclic porphyrin arrays wittaromaticheterocyclebridges, such as pyrrgfé thiophené*

and pyridne, have been synthesis&bnget al.synthesisda cyclic porphyrirwith a pyrrole
bridge asthe pyrrole has electremch properties, effective conjugation, atiek ability to
hydroger- bond?® Meseto-mesa2 5-pyrrolylenebridged cyclicporphyrinarrayswere also
synthesised. &0-diaryl-1520-dibromoporphyrin and 3;diborylpyrrole weraeactedinder
onepot Suzuki Miyauracrosscoupling conditions in order to obtain pyrrolyleteidged
cyclic porphyrirs (44-46). Interestingly, this reaction is annusual example of the
application of ongot synthesis in preparing large ring arrays from porphyrin monomers as

the precursor, without a templg@cheme 1.12%°
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Ar Ar

Ar
B Br

Suzuki coupling

2.7%

Schemel.12: SuzukiMiyaura crosscoupling reaction for pyrrokeridgedcyclic

porphyrin.

Additionally, cyclic porphyrin arrays bridged byeseto-mesa,2-bithiophene spacers were
synthesisedpresenting arffective electronialelocalisationthrough thophenyl linkages.
Similarly thepyrrole-bridgedlarge cyclic arraysthese were obtaineid a onepot reaction

from a monomeric porphyrin precursowithout any template moleculeas a rare case
(Scheme 1.13%
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Ar Ar

Br

Br

42 . .
Suzuci coupling
+ _—

. N, .
Bpm\@/QBpm

46

Binproi
O

t-Bu
Ar=

t-Bu

Schemel.13: SuzukiMiyaura crosscoupling reaction fothiophenylenebridged cyclic

porphyrin

Moreover,b-2,6-pyridylene bridged porphyrin nanoringsave been synthesised with good
yields by SuzukiMiyaura coupling of b,b-diborylated Ni porphyrin with %-
dibromopyridine.These porphyrin arrays show weak electronic coupling among porphyrins
and longer single¢xcited state lifetimes. Therefore, they have an obvious advantage in the

process of excitation energy transfer (Figure 1425).
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Figurel.25: Molecular structures di-2,6-pyridylenebridged porphyrin nanorinds0.

1.6.2.5 Ethynyl and Butadienelinked porphyrin ring s

Ethynyl spacerare frequentlyuseddue to the ease with which they canittegratel into
porphyrin arrays anthcilitate theextension othe conjugation networks.

In 1999, the macrocyditetraryl porphyrin hexames1 (Figure 1.2¢ was prepared in low
yield without a template vianultiple stepsand cyclisation othe linear hexaporphyrin

intermediate in the presencepailadium?*®

Figurel.26: Molecular structure of cycliporphyrin hexameb1.
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However,in 2006 the liner hexaporphyrin intermediate was cyclised in the presené2 of
asa tempéte,in a onestepprocess withgood vyield (Figurel.27). This demonstratethe
role ofthetemphte(selfassemblyps an effective way to contrthle synthesiof the cyclic
compounds as will be discussedter in this chapteiYield increase fron8 to 30% (variable

yield) to 50% (reproducible yieldy

53

Figurel.27: Molecular structures of cylisexa porphyrirb3 with template52.

Lindsey and ceworkers have synthesisedsariesof ethynyl-phenyl linkedporphyrins
(Figure 1.28)%
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R
L,
R R
R W
R R
R ” R
RIR RIR RIR
R R R R
R O—= § )= Wa
R R R R
Aos o Rl
R ” R
R R
e s
R R
RR
R

Figurel1.28: Molecular structuref ethynyl-phenyl linked porphyrin.

Squareshapecdconjugated cyclic porphyritinked by butadiyns have beesynthesise®5
(Figure 1.29.
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Figurel.29: Molecuar structure ds5.

In 2007, Hoffmann and ceworkers synthesised cylindrical beltshaped structure
conjugated butadiynknked cyclic porphyrin octames6 (Figure 1.3(Q. The main step in
the synthesisof 56 was the octadentate ligan88, prepared as a template. The teawpl
containeckight flexible butyloxy side chains tmnferhigh solubility(Figures 1.3L4°

Figurel1.30: Molecular structure ofyclic porphyrin octames6.
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Figurel.31: Molecular structure of linegrorphyrin57 octamerandoctadentatéigand 58.

This strategy enables thentlgesis of a largdnelt-shaped structurgeuch as a 12 porphyrin
nanoring ¢-P12) (Figure 1.32P° Adding DABCO and 4 -bipyridine to thec-P12 form
sandwich complexc-P12)-(DABCO)17] (Figure 1.33)!

a
Binding \{)_‘J\Q Covalent Remove

template coupling template
e— —
Q= =) T2 —_— —_—

I-P4

(-P4)seT12 c-P12eT12 c-P12

Figure1.32: & Templated directed synthesis®P12, b- Structure ofc-p12.712%°
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Figure1.33: Calculated structure of the sandwich comgef12)-(DABCO)12.°?

However, the synthesis of Ger targets requires larger templates, which can be challenging.
Therefore, Anderson and colleagues have synthesised 12 and 24 ponaimgrinngs by
Vernier complexsynthesis (Figure 1.34) (Figure 1.38)2

b)

a) Binding
30000 +2 hubbdd === X2

Vernier complex

—OESREES

(I-P4),#(T6), Vernier complexes
1 Covalent coupling

c-P12 c-P12¢(T6), figure-of-eight complex

Figurel.34: a Verniertemplate synthesis @fP 12 b- structure off6 template>°

Moreover, c-P24 has been synthesised biyo Verniertemplated methodsthe linear
porphyrinoctamei-P8was coupledh the presence of hexapyridyl templat orthe linea

porphyrin hexamel-P6 was coupled in thpresence of the templab@ (Figure1.35).%2

| 2 -eee0

1-P8 c-P24+(T6),4
2)
58 1) 2
Q= 2 SO~
1-P6 c-P24+(T8); c-P24

Figurel.35: a Verniertemplated synthesis of the nanorimgB24, b- 58 template>?
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1.6.2.6 Benzenecentred cyclic porphyrin

The synthesis of benzeneentred cyclic porphyrin hexamers was achieved by palladium
and cobaklcatalysed trimerisation reactions of diphenylethymydridged diporphyrins
(Scheme 1.14)°

Pd(PhCN),Cl,
(O

r
Co,(CO)g
T toluene, reflux

Schemel.14: Synthesis obenzenecentered cyclic porphyrin hexamers

Moreover, hexakis porphyrinatobenzeneshave been synthesiséy the coupling of six
porphyrin units to a central benzene core via an ethertiekakis(bromomethylbenzene

was reacted with porphyri2 to yield the porphyrin array83 (Scheme 1.15%

; (J
SRvad

Ar
Br: Br O O. 10
Br + HO Q Ar K,CO;4 Ar O
Br DMF o O Ar
By Ar, O
Ar
62
Ar Ar
Ar
Ar Ar

Scheméel.15: Synthesis ohexakisporphyrinatobenzene$3.
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1.7 TRIPHENYLENE AND TRIP HENYLENE -PORPHYRIN CONJUGATES

Triphenylene derivatives are disbaped molecules. When functionalised with flexible side
chains hey aggregate intsupramolecular columnar structures taggarranged ira lattice

(usuallyhexagona) (Figures 1.36).

Figure1.36. Columnar hexaalkoxytriphenyles68.>> °¢

Triphenylene provides a rigid scaffold and synthetic chemistry has been developed allowing
easy acces® various derivatives. lis therefore a useful central unit for attachment of
functional molecules. The stacking of the triphenylenes can aldiaite the synthesis of
organised assemblies. Supramolecular structures that combine porphyrins and triphenylen
have promising attributes, such as segtjanistion and lightdriven functionalities.
However, this combinatiohasnot been widely investagged. Hosobet al synthesised a
triphenylenecore connected to six porphyrins via a different alkyl chain (Figure 1.37).

Ar Ar.
Ar Ar
Ar
L O
Oﬂf‘ ol O Q
(CHz)n (CHz)“ o o 40

O
ﬁ Q NJ(HZC)“ ’ QOQ " (CHZ)HJLN O w ﬁ Q QOQ O w
(H C)n (CH )n

HN o o NH
O Q A Ar
Ar- Ar
Ar Ar
(H,PAC5)¢TPh (n =5) (H,PE)¢TPh

(H,PAC,5)TPh (n = 15) )\L J/(
0 O
w0

Figurel1.37: Triphenylene coreentered porphyrinexamers
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The formation of aggregates and the resulting structure of these novel compounds has bee
demonstrated by Xay diffraction (XRD). The XRD results were subsequently used to
propose the molecular stacking formatiorfzPAC15)TPh (Figure 1.38%

77 A: (H:PAC1s5)s TPh
50 A: (H2PACs)s TPh
34 A: (H:PE)sTPh

Figurel.38: A schematic illustration of organization process. The purple square, yellow
wavy lineand blue round shapes standgorphyrin, alkyl chain, and triphenylene units,
respectively. The molecular sizeere estimated by DFT calculatiéh
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2 RESULTSAND DISCUSSION

2.1 PORPHYRIN AND TRIPHENYLENE ARRAYS

2.1.1 Aims

Theultimate goal of this researthto synthesisan arrangement o$i) porphyrirs rigidly
attachedo acentral unitWe have chosen triphenylene as the central unit. taaéntly,

far too little attention has been paid teetcombinatiorof porphyrin and triphenylenés
mentioned earlier ilChapterl, Hasobeand co-workers prepared the first example of this
class, which combirsporphyrin and triphenyleneTherefore, this study aims to contribute
to this area of research by synthesisgig units of porphyrin attachetb a central
triphenylenecore.The combination of triphenylene and porphyrins has promising potential for
various applications includingnergy/electron transférThe difference between our aim and
Hasobe and his eworker$scompoundss the linkage between porphyrin and triphenylene.
As describedn the previous chapter in Figure 7.3asobeet al linked porphyrin units
with atriphenylene car via different alkyl chais) while the linkage in this study aims to be
more rigid -denjhyget pt@enySuch an attachmei
high localconcentration of porphyrin chromophores but prevendgrnmblecular aggregation.

Figure2.1: Cartoon representation of the target molecule.
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Figure 2.1shows theproposed design for the target molecule. Triphenylene is in the egwtre

is surraunded by six units of porphyrins. The connection between triphenylene and each
porphyrin unit isrigid such asacetylene which provides somespatial control. Although
triphenylenes are disghaped molecules that are well known toselfassemble into
supgramolecular columnar structures that organise into hexagonal aratiog@mase because of

"i " stackinginteractions®” its function here is mainly as a simple representative torder

to construct the targdtexasubstitdedtriphenylene ungareneededand arunsymmetrical

porphyrin bearingfor examplean ethynylfunctional group

Triphenylene will be the template for the target modelthede are twelve positions on the
triphenylene core (Figure 2.2) where functionalisation can be performed. However, the most
common susktitution sites are 2, 3, 6, 7, 10 and These six possible positions could be

substituted in order to link the triphenylene with the porphyrin.

10 7

Figure2.2: Molecular structure dfriphenylene.

It is apparent from thé r i p h e stydtueerthatéle gap between positions 2 and 3 is
smallerthan the gap between positions 3 and 6. In the final molecules this can be exploited
to incorporate different (bidéste) ligands. For our study we began by considering
triphenylenes substituted by two porphyrins. This approach would allow development of the

synthetic chemistry and provide useful model compsufajure 2.3).

D D
Wﬁﬂ
>l el

Figure2.3: Proposed structures fthre modeltargetmolecules
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2.1.2 Triphenylenes

Triphenylenesre flatpolycyclic aromatic fidrocarbos with an18 " -electronsystem based
on a planar structureomposed of four fused benzene ringsiphenylene derivatives
especiallythose with mediumsized side chainsself-associate to form discotic liquid
crystals in which they are arrangedcolumns duetthe” st acki ng of t he
and Van der Waals interactions between their alkyl chdinBiphenylenes can be

synthesised by different routess shown in Schemel?

Type IV

Type 111

Type V

Scheme2.1: Different routes to the triphenylene coBtack lines indicate the structures of
the key intermediates amedlines represent the bonds or fragments that become part of

the triphenylene in the final stage of thgthesis.

In our work we will focus ortype | routes in which the main step is the cysdition of a
terphenylby oxidative cyclsation or photocyclsation Oxidative coupling was originally

developed for the coupling of phenols using an excess osmgdigentsuch a¥sFe(CN)
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and Fed. Palladiumcatalysed couplingshave been used to synthesssenmetrically and
unsymmetrically substitutedephenyl$ For example, to synthesise the disubstituted
triphenylener2, terphenyl71 wasprepared by Suzuki coupling of boronic ag@iwith o-
dibromobenzené9 (Scheme 2).3

OC6H13 OC6H1 3
OCgH 3
@Br ©\ Suzuki couplmg FeCl
+
Br BOH),
69 70 OC6H13 OC6H13
71 72

Scheme2.2: Synthesif disubstituted triphenylen# via oxidative cyclsation

The photocyckation method wasalso applied to the synthesis of triphenyleneem
terphenyls’. For example, the treatment of terphef¥lwith excesdron(lll) chloride results
in a complexproductmixture. Consequentlycyclisation was achieved photochemicatly
give 2,3,710-tetrakis (hexyloxy)triphenylen# (Scheme 2).2

OC6H13
CeH130 ‘ hv, 1,
CeH,;0 O
OC6H13
73

Scheme2.3: Synthesisof tetrasubstituted triphenylen#t via photocyclsation

Beforeturning to the synthesis of the triphenylenes and porphyniasneed tdook at a
brief description of palladium catalysis reacgas theyare an important tool to construct

our targets.
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2.1.3 Using palladium catalysis in synthes

Transition metaktatalysed reactions are powerful tools in organic synthesis. Palladium
catalysed reactions such as the Heck, Stille, Sonogashira and Suzukiioeachave
numerous features that make them useful and verSatifePalladium catalysiplays an
important role in carbdrcarbon bond formationThese palladiuntatalysed reactions,
especially, Suzuki and Sonogashira couplimgve beemused extensively in this projetd

synthesie thetarget compounds or their precursors.

2.1.3.1 The Suzuki crosscoupling reaction

The Suzuki coupling is palladiumcatalysed crosscoupling between araryl or alkenyl
halideAr-X (X mainly Br, I, OTf) and an organoboron compoundually boonic acid in

order to form a &€ bond (Scheme 2). There are certain factothat makethe Suzuki
reaction a method of choice. Boic acids are easy to handleir and water stable,

thermoresistant compounadgith low toxicity and high selectivity of crossoupling®

pd°
Ar—X + R—B(OH), _ = Ar—R + X——B(OH),
base

Scheme2.4: General Suzuki Qupling

The typical catalytic cycle of the Suzuki coupling is hypotesbkito proceed vi®d
complexes. Therefore, the mechanism of the reaction starts with an oxidative addition of the
organohalide to the BPdo generate a Bdcomplex. Then, the base exchanges the halide on
the palladium complefollowed by tansmetalation aheR group from he borate complex

to thepalladium complex. Reductive elimination eliminaties Pd to generate the coupling
product AriR) and regenerates the palladium catalyisén the cycle can start again

(Scheme &) 10.2
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Ar-R Ar-X
3- Reductive Elimination Pd’Ln 1- Oxidative Addition
(A)
L .
(D) ArgPd-L Ar-PI&I- (B)
R L
2- Transmetalation
+H(3\B/Nu +Na_Nu
Nﬁo’ Nu L
Ar-PI&I[Rlu
+HO\ R L NaX
Na ~B~
7\ ©
HO Nu
. OH /
NaNu + R—B/
“OH

Scheme2.5: Mechanism of Suzuki cross coupling reaction.

2.1.3.2 Sonogashira crossoupling

The palladiurcatalysed crossoupling between a terminal $yybridised carbon ofin
alkyne with an sp carbon of an organohalide (or triflate) is commonly termed as a
Sonogashira coupling (Schem&)2% 3

cat. [Pd],
amine or inorganic base

Ar—X + R—=

X =1, Br, Cl, OTf

> ArTR
Cu(I) co-catalyst often added

Scheme.6: GeneralSonogashira coupling

Generally, the mechanism of reaction is similar to Suzuki coupling and takes place through
two independent catalytwycles (Scheme 2). Thepalladiumcycle (cycle A) startwith the
catalytically active species Bid. The first step in the catalytic cycle is initiated by oxidative
addition of theorganohalide to forna Pd complex.The complex is thetransformed into

a [Pd'L2(CArCR)] C complex after transmetalation witltapper acetylide that is generated

in the coppercycle (cycle B). Complex C undergoes reductive elimination, aitdrans
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isomergation, to the final alkyne, regenerating the catalystl[FJdThe coppercycle(cycle
B) is poorlyunderstood The base (organior inorganic) is assumed to assist the copper
acetylideF formationwith the help of a -alkyne copper comple&, which wouldmake the

alkyne terminal proton more acidi¢.’® 4

Ar———R Ar-X
Pd0L2 . . o, .
Reductive Elimination (A) Oxidative Addition
IIAr
(D) L—PIdH%R
L Cycle A Ir i
Ar—PId-X B)
L
trans-cis isomerization
L

I

I P e——

|
(C)Ar—Pd R
]L Transmetalation
(G) Cu'X Cycle B Cu—==—R(F)
e -
H———R

L = phosphane, base,
solvent or alkyne

Scheme.7: Mechanism oSonogashiraross couplingeaction.

Although the addition of copper salt tike Sonogashira reaction is beneficial in teraf
increasing theateof thereaction the presence of copper can result in undesirable formation
of alkyne homocouplingA solutionto this problemwas toperform the reaction in the
absence ofopper saltthisis known as coppeifree Sonogashiracoupling. The mechanism

of coppeffree Sonogashira reaction has been proposztie(ne 2.8). The proposed
mechanism suggestduat,as usualthe catalytic cycle isnitiated by the oxidative addition

of the organohalide to the catalytic species’[E]d The following step is a reversible
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coordination of the alkyne, generating alkyne Pd' complex (C)where the acetylenic
proton is acidified facilitating its elimation by the base with coordination of the acetylene
ligand to the metalThis [Pd' (CArCR)Lz] complex releasethe crosscoupled product by
reductive elimination anceformsthe catalytic species [Bid].*®

Ar—=—=—R Ar-X
Pd’L,
Reductive Elimination / @A) Oxidative Addition
$r \
(E) L- PIH =—R
L 11
Ar—Pd-X (B)
trans-cis isomerization ]L
[
(D)Ar—Plhl =R
H————R
) |
Ar—Pd—X
© h
R39HZX H L
H—=l=
L = phosphane, base, R;N+L

solvent or alkyne ©)

Scheme2.8: Mechanism otopperfree Sonogashiraross coupling reaction.

Having describedhe palladiumcatalysed reactions, the following section will discuss

progress towardthe synthesis of the targets.

2.1.4 Synthesis of porphyrintriphenylene-porphyrin triad 75

The first model system to be targeted was trigdwhere two porphyrin units are attach

to the 2, 7 positions of a triphenylene corbu3an unsymmetrical porphyrifbearingan
ethynylfunctional group andibromotriphenylene unit are needetihe proposed strategy
can be seen in Schemed.2We recognised that solubilising groups would probably be
neededn the triphenylene, and started with simplestewhere the remaining-positions
had methoxy substituents. Use of alkoxy groups also allows specific soh@phenylene

dibromides to b easily synthesised.
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Br

OCH,
H,CO O O‘
H;CO O

OCH;

Scheme2.9: Retrosynthesis oporphyrintriphenyleneporphyrin triad75s.

2.1.4.1 Synthesis of triphenylene component

Synthesis of tetramethoxyerphenyl 83

H,CO OCH, H;CO, OCH;
Br,/ DCM
_— J—
Reflux, 2h OCH;
Br Br O
78 79 Pdclz, N32CO3, PPh3 H3CO O
H;CO
OCH, OCH,4 OCH,4 toluene/EtOH/H,0O O
OCH;
Mg/THF_ 1-BOMe);. 83
2 -H;0+
Br MgBr B(OH)2

80

Scheme2.10: Synthesis oferphenyl83.

Terphenyl83 was synthesised via Suzuki coupling betweendihomo 3,4-dimethoxy
benzene79 and 4-methoxyphenydoronic acid 82. Accading to the procedure used by
Cammidge and Gopééhe boronic aci®2 was easily prepared fromBtomoanisol&80 via
formation of the Grignard reage8i in THF, then transferring it slowly to a solution of
trimethyl borate in THF to givB2. 1,2Dimethoxyenzen& 8 waseasilybrominatedusing
bromine in DCMto yield 1,2dibromo3,4-dimethoxyenzener9. Once the precursoi®

andboronic acidB2 were prepeed, the Suzuki coupling between them was employed in the
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presence of Pdehs a catalyst, triphenylphosphine as the ligamdi sodium carbonate as
the base. Aspecific mixture of ethanol, toluene and water (3:3v&¥ used as solvent and
the mixture was &ated and refluxedhe reaction was$ollowed by TLC (Scheme 2.0).
After work-up, the reaction mixture was purified by column chromatographyesptdenyl
83 was obtained as a white solitheH NMR spectrun{Figure 2.4 shows the symmetrical
structure 6terphenyl83. Protonsc ande both give doubletat 6.78 ppm and 7.04 ppm. A
singlet peak at 6.91 ppm corresponds to protons at positidviereover, two singlet peaks
at 3.87 ppm and 3.76 ppm belong to the protons of methoxy gidépI1 -TOF MS gives
m/z= 350[C22H2204] (Figure 2.5).

aorb

7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 58 5.6 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4

5.4
1 (ppm)

Figure2.4: *H NMR Spectrum oferphenyl83 in acetore-ds.
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Figure2.5: MALDI -TOF MS spectrum o83.
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Synthesis oftetramethoxytriphenylene 84

Scheme2.11: Synthesis ofriphenylened4.

Cyclisation was achieved using Artat al procedurg® Terphenyl83 was dissolved in
dichloromethane and nitromethane, them(lll) chloride was added. The mixture was stirred
for 2 hand monitored with TLCWhen complete,he reaction mixture was poured onto cold
methanol and theesultingsolid filtered off. After purification, the novel triphemyle84 was
obtained(Scheme 2.11)The procedure is much more convenient than the photochemical

cyclisation previously employed in our group to achieve related transfomaatio

OCH; OCH;
H;CO H;CO. O H;CO @
® T ke — s —
H;CO H;CO H,CO

" i OCH, ' OCH,

OCH,4 OCH,
Oé‘ Oée
—_— —_—
Q
H,CO ‘ H;CO u
<" “OCHj,4 OCH,

Fe3¢)

OCH,4
O‘O
H,CO ‘

OCH,

84

Scheme.12 One possible echanism of cyclisation aérphenylI83 usingiron(lil)

chloride
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The'H NMR spectrunconfirms the cyclisation of terpherg8 to triphenylené4. Thereis

a significant difference betwedhe triphenylene andhe terphenyl As can be seen from
Figure 2.6, there are four signals and each of them integrate for two aromatic protons in
addition to protons of methoxy groups4ad4 ppm, 4.06 ppnProtons at position present

asdd (2 H,J=9.1Hz,J=2.6Hz) at 7.29 ppmTwo doublet signals &8.13 ppm (J = 2.6

Hz) and8.62 ppm(J = 9.1 Hz) corresponded to protorsandf. A singlet peak a8.08ppm
correspondedo protonsat positiond. Additionally, Figure 2.7 shows the MS spectrum of
triphenylene84 and confirms its formation.

d aorb
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Figure2.6: *H NMR of triphenylene84 in acetoneds (* = solvent).
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Figure2.7: HRMS (ESI) oftriphenyleneB4.
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Synthesisof 2,7-Dibromo-3,6,1011-Tetramethoxytriphenylene 76

OCH,4

O‘O O“
—_—

H;CO O H,CO O

OCH,
84 76  Br

Scheme2.13: Synthesis ofriphenylener6.

The synthesis of triphenylei® wasachievedccording to the procedure of Cammidge and
Gopee€® Triphenylene84was dissolved in iceold dichloromethanandthen bromine liquid
was added dropwise and stirred forR@cheme 23). Following this a solution of sodium
metabisulfite was added and the mixture was extracted with DCM. The radiuct was

recrystallsed from propa-2-ol asawhite solid.

Figure 2.8shows the'H NMR spectrunof triphenylene76. As can be seen there are only
three resonances, each of them singlet correspondirtg two aromatic protons. Moreover,
asshown in Figure 2.9, since triphenylen@ contains two bromines distinctive isobpic

pattern is seen in MS.
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Figure2.8: 'H NMR spectrum of triphenyleri&s in acetor-ds (* = solvent).
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Figure2.9: HRMS (ESI) of triphenylen&6.

Thermal behaviour of dibromotriphenylene 76

Triphenylenes bearing-@ long alkoxy chains are well known to form columnar liquid
crystal phases. In general, tophenylenediscotics, a minimumchain length of 4 Gtoms
Is required (e.g. butyl chah We were thereforeery surprised toobservemesogenic
On

has a moderateange, and formt h e

heat i me G. dhe messpbasd s

at 2

behaviourin triphenylene76. ng, a

i sotropic Iliquid
characteristic of a columnar hexagormaksophase is observda/ microscopy This
remarkable observation mestiat triphenylener6 is by far the least heavily substituted

triphenylene to show mesophdsshaviour(Figure 2.10).

Heat Flow (Wig)
e
=9

) 100 150 200 20 b0 350
u aTA

Figure2.10: DSC oftriphenylene76 (heating/cooling rat20 °C min'™).
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2.1.4.2 Synthesis of porphyrin component

Synthesis of4-(3-methyl-3-hydroxy-1-butyn-1-yl) benzaldehyde87®

Pd(PPh3)2C12
OHC — OH
CuI NEt;
87

Scheme2.14: Syrthesis ofaldehydeB7.

Traditional preparation of porphyrins involves the acadalysed condensation of aldehydes
with pyrrole. In order to prepair required porphyrin starting materiahovelaldehyde
bearing 2hydroxyisopropyl unit as the ethyneropecting group is needed. Thus; 4
bromobenzaldehyd85 and 2methylbut3-yn-2-ol 86 were coupled undeBonogashira
conditions (Scheme 24) by heatingin triethylamine at 70C for 4 h in the presence of
Pd(PPB).Cl> and Cul. After the reaction was completed, the resulting mixture was passed
through a silica pad. Thealdehyde87 was purified by column chromatograpifhe *H

NMR spectrunmshownin Figure2.11, confirms the formation of the required compound.

¢ b
/]
* c b a
‘ d
OHC — OH
105 100 o5 90 85 80 75 70

“f1 (ppm)

—l i

" T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

Figure 2.11: *H NMR spectrum o&ldehyde87 in CDCl (* = solvent).
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Synthesis ofunsymmetrically substituted porphyrin 886

CHO
1-BF; Et,0, CHCI,
2-Chloranil
87 2 3

Scheme2.15: Synthesis of porphyrig8.

Porphyrin88 was synthesised usirtige Lindsey method® A solution of1 eg.aldehydes?,

3 eq.benzaldehyd® and4 eq.pyrrole 3 in the presence of BEELO was stirred at room
temperature under nitrogen fotlin chloroform Following this, chloranilvas added as a
solid to the reaction and the mixture was stirred for a furthen {Seheme 25). Then, the
reaction mixturewas concentrated armhssed through silica pad to give amixture of
porphyrin prodats. Finally, a series of column chromatograpbeparationsvasneeded to
obtain the target in 15%ield as a purple solidMoreover, the reaction depends on the
presence of 0.75% ethanol in CH@$ a stabiliser, since ethanol ands Bifction as ce
catdysts and provide a successful reaction. The reaction starts wittotitensation of
aldehyde87 and benzaldehyd® with pyrrole 3 to give the tetrapyrromethanehich can
cyclise to the porphyrinogen. Then, an oxidant was added in order to cdheert

porphyrinogen to the porphyrin.

The!H NMR spectrum oporphyrin88is shown in Figure 2.12. It exhibits characteristics

of porphyrin; for example, the inner protons of the macrocycle (NH) were observed at around
28ppm. The b pr ot o peaksarouad 883xpm. intadditian,e¢he singlg t |
peak atl.73 ppm corresponds to GH
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Figure2.12: 'H NMR spectrum of porphyriB8in CD.Cl, (* = solvent).

Synthesis of zingporphyrin 8916

88 89

Scheme.16: Synthesis of zinporphyrin89.

Zinc porphyrinB9 was prepared in high yield by adding a solution of zinc acetate in methanol
to a solution oporphyrin88in DCM then refluxng for 1 h(Scheme 2.16)After that, the
reaction mixture was filtered or passed through a small pad of dry silica using Db® as

eluent to givezinc porphyrin89. The'H NMR spectrum ofinc porphyrin89 is similar to
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that ofporphyrin88 with the exception of the absence of the signal at high fieRl&®d ppm
(NH), which proves the malationof the porphyrir88 (Figure 2.B).

;oS
doh

T
9.0 8.5

|

U LA A L
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95 90 85 80 75 70 65 60 55 50 45 40 35 f3.(0 %.5 20 15 10 05 00 -05 -10 -1.5 -20 -25 -3.0 -35 -

Figure2.13: *H NMR spectrum of zingorphyrin89in CD.Cl. (* = solvent).

Synthesisof zinc porphyrin 776

NaOH
B —

Toluene

Scheme2.17: Synthesis of ethynylorphyrin77.

Deprotection oporphyrin89 gave the desireethynylporphyrin77. Thus,porphyrin89 was
deprotected by using sodium hydroxide in dry toluene and refumder nitrogen (Scheme

2.17). The mechanism of deprotection is shown in Scheif 2.
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¢~ NG > S AIN
R%é(s\—H—u>R = T\/ Q)f? )OJ\+ R—=C° S R—=— 4N
Scheme.18: Deprotection of thacetylene

The'H NMR spectrunmshows the formation gforphyrin77 (Figure 2.12 with the absence

of the hydroxyl isopropyl protons in addition to the new peak3t@m. This later peak is
theresonancéor theethynyl proton.

L

T T T T T T T T
90 88 86 84 82 80 78 76
f1 (ppm)

J M | Ju ‘ [ L_L

T T T T T T T T
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4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Figure2.14: 'H NMR of ethynylporphyrin77 in CD.Cl (* = solvent).

Attempted synthesis of triad 75

Once the synthes oftriphenylene’6 andporphyrin77were achieved successfully, we were

in a position to consider tt8nogashira coupling to synthesise the tii&das illustrate in
Scheme 209.
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Sonogashira coupling

Br

OCHj,
H;CO. O O‘
4
H,CO O
OCHj,

Br

76

Scheme2.19: Retosynthesisf triad 75.

Several approaches were performed in order to achrea 75. The first approach to
synthesise the proposed triad was done according to Hellal and®Cluexy of triphenylene
76 and 2eq of porphyrin77 were refluxed in DMF in the preses of PACI (MeCN), as a
catalyst, BINAPas ligandand DBUas baseThe reaction was followed by TLC. After about
1 h, there was a new spot observed by TLC whifghenylene76 was notall consumed (it
still remairedin thereaction mixture). After aroun8 h the TLC was still showing the same
outcomeas the previous resullhe reaction mixture was analysed MALDI -TOF MS.
The obtained results show peait m/z= 1126 andn/z= 1402. These peaks may be due to
the formation ofdyads 90 and 91 (Figure 2.15).However there was no obvious result
indicating the formation of the target compourt which is expected to ben/z= 1744
[C114H72NgO4Zn2]. Meanwhile, the reaction wdartherrefluxed and completed in about 5
h. However, increasing therte did not give a significalyt improvedresult as shown by
TLC, except thathe amount oporphyrin77 haddecreased. It seems possible thatvas
consumed to formyads 90 and91. Thereforea furtherl eq of porphyrin77 was added to
the reaction mxture in order to react with the remainitigphenylene76 or dyad 90 to

generate the targetad 75.
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Figure2.16. MALDI -TOF MS of reaction mixture after adding more porphyfin

However, after the addition ahore porphyrin77 andreactingfor 32 h, no change was

observed. It was challenging to force the reaction to completion (Figure 2.16). Thus, the

reaction was stopped, diluted in EtOAc and washed with water and brine. After the work

up, the crudenixturewas purified by chromatographging PEEtOAc (2:1) as an eluent.
There were different fractions and they were aredysy MALDI -TOF MS to check what

productswere obtained Some of them aye a peak atm/z= 1402 (Figure 2.17) Further

analysis shoed that it is associated witttiphenylene76 and itwas subjected to several
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purification techniquessuchas column chromatographyashing and recrydtesation, yet
it was difficult toseparate them. In additioan interesting fraction hagpeak aim/z= 1126
(Figure 2.17). Thefere, this fraction was analysed By NMR spectroscopys shown in
Figure 2.18'H NMR spectroscopgonfirmedthat the obtained compound is theadyad
90. The triphenylene unit illyad 90 is not symmetrical as triphenylene76. Therefore,
each proton will giveanindividual resonanceThe *H NMR spectrumshows four signals
for the methoxy groups. They show different peaks as well as aromatic gnotoch are
not equivalent anymore. It is worth mentiogithatduring charactésation ofdyad90it was
noticed that the positions of the aromatic proton peaks itHINMR spectrum varied with
change of the NMR solverds seen in Figure 2.19. Moreovayad90 contains one bromine
atom, therefore it has an ™2 peakof almost egal in intensity to the molecular ion because
of the presence @hemolecular ion containing tHBr isotope (Figure 2.20).
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Figure2.17: Fractions showdyad90 (top) anddyad91 (bottom)
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Figure2.18: *H NMR spectrum of dya80in acetor-ds (* = solvent)
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Figure2.19: 'H NMR of dyad90in different solvents.
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Figure2.20: MALDI -TOF-MS of dyad90.

Overall, althoughldyad90 has been obtained, there was no evidémctihe proposed target.
As a resultthe reaction was repeated usmgdified conditionsto thosementioned above.
The only difference was the replacementofventionareflux by microwavdrradiation.
Thereaction mixture was irradiated forhlat 120°C. However, this method did not give a
significant improvement. Thereforthe copperfree Sonogashiraeactionwas abandoned
andthe nogashira coupling conditistby Cammidgevereapplied!® A seahbletube was
charged with 1 egf triphenylenér6, Pd(PPB)Cl2, Cul and PPk then evacuated and reét
with argon. After that, 4 eq of porphyrin77 was added and the remn mixtureheatedn

an oil bath at 100C for 24 h. After workup, TLC showed the same results from the earlier
attemptsin summary, these sealts show that a newlyad90 was always obtained (Scheme
2.20). In addition,dyad91 was always found accompanied with unreacttgdhenylener6.
These results indicate that the homocoupling of the porphyrin acetylerias nsore
favourable tharrosscoupling.
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H,CO, OCH,

eges

H;CO  OCH,

76

copper free/Sonogashira coupling

Scheme2.20: The summary of the reaction between triphenyl&and porphyrin/7.

The failure of this reaction was unexpected and disappointingngitin@ possible reasons,
we noted that dibromide triphenyle® had low solubility. Therefore, imevising our
strategy we alsodecidedto employ longer substi@unt chains (hexylon all triphenylene

precursors.

2.1.5 Synthesis oftriad 92

A modified route was chosen and applied to the attempted synthesis 8Ptrizheme 2.21
shows the proposed strategyhere we wouldreact porphyrin triflate withethynyl

triphenylenegssentially reversing the strategy previously employed.
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Scheme2.21: Retrosynthesis of tria@l.

Porphyrin triflate 93 is needed to synthesise trid. Therefore, porphyrin triflat®3 was
prepared through first prepag hydroxyl porphyrirthen triflaing it, then inseifing the zinc

2.1.5.1 Synthesis of porphyrin component

Synthesis ofmono hydroxy phenyl porphyrin 96%°

CHO CHO
: o LY propionicacia
N reflux, 30 min
H
OH

Scheme2.22: Synthesis of porphyrif6.
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Hydroxyphenylporphyrin 96 was synthesised usingthe Adler method® 4-
Hydroxybenzaldehyd®5, benzaldehyd@ and pyrrole3 in aratio 3:1:4wererefluxed in
propionic acid for 30 minutes, open to the air (Schemg)2Then, pecipitationoccurred
after cooling anéddition of ethanol to the reaction mixture. The isolated solid wasefilter
off and purified by column chromatography to yield hydroxy phenylporphyrin in a yield of
4%. Figure 2.21 presentee 'H NMR spectrum ofporphyrin 96. It shows features oé
porphyrin, for exampleasporphyrin96 is a metalfree porphyrin, there was a signaliat

2.77ppm
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Figure2.21: *H NMR spectrum of porphyri@6in CDCk (* = solvent).

Synthesis of porphyrin triflate 97

(CF;350,),0
—_—
O $ Lo —bew

96

OTf= OSOch3

Scheme2.23: Synthesis of porphyritriflate 97.
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Hydroxyphenylporphyrin 96 was converted toporphyrin triflate 97 easily using
trifluoromethanesulphonic acid anhydritledydroxyphenyporphyrin 96 was reacted with
trifluoromethanesulphonic acid anhydride in dry DCM and pyridin@&tC under nitrogen
(Scheme 23)After work up,porphyrintriflate 97 wasisolatedas a purple solid. Figure 2.22
shows the'H NMR spectrumof porphyrintriflate 97. The aromatic protons gforphyrin
triflate 97 appear more deshielded th#wose ofporphyrin96 since the hydroxyl group was
replaced by triflate which is an electronwithdrawing group HRMS confirmed the

formation oftriflate 96 (Figure 2.3).
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Figure2.22: *H NMR spectrum oporphyrintriflate 97 in CDCk (* = solvent).
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Figure2.23: HRMS (ESI)of porphyrintriflate 97.
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Synthesisof zinc porphyrin triflate 93

Scheme2.24: Synthesis of zinc porphyriniflate 93.

The synthesi®f zinc porphyrintriflate 93 was achieved by refluxingorphyrintriflate 97
with zinc acetate in DCM (Scheme )2 After work up and evapoliag the solventzinc
porphyrintriflate 93 was obtained as a purple solid. The formationit porphyrintriflate

93 was confirmed withH NMR spectroscopyFigure 2.24) antiRMS (ESI)(Figure 2.5).

It is worth mentioning that synthesis of ziparphyrintriflate 93 wasachievedhrough the
strategy shown in Scheme 2.25. However, MAITMF MS analysis shows the formation
of mixture ofporphyrins93and97 as can be seen in Figure 2.Z6e zincpartially waslost

throughtriflate stage.
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Figure2.24: 'H NMR spectrum of zinc porphyrimiflate 93 in CDCk (* = solvent).
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Figure2.25. HRMS (ESI) of zinc porphyrirtriflate 93.

(CF350,),0

+

Scheme2.25: Formation of porphyritriflate 97 as a side product.
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Reflectron Neg ion TOFMIX_ (reso 10905)_
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Figure2.26. Formation of zinc porphyritriflate 93 accompanied with

porphyrintriflate 97.

Attempted synthesis of triad 92

OCH
6 2
CgH,;0. O
U]
CH,30 ‘I
N
OCgH 3
94

Scheme2.26. Retrosynthesis of tria@R.

Triphenylene94 was obtained from a separate projédte procedure described by Hella
and Cunywas adopted® a microwave vessel was charged with 1 efjtriphenylene94,°
PdCh(CHsCN)2, BINAP, and 4 eqof zinc porphyrintriflate 93 then irradiated at 12TC for
1 h. Following this, the reaction mixture was analysed by TLC lAd.DI -TOF MS.
However, no significant result was observed. It is possible tRav&sinot generated, thus,
boronic acid was added in order generate thHe Rifer that, the viawas irradiated for
further 2h. A yellow spot was observed by TLC. Therefore, B&LDI -TOF MS and
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H NMR spectawere used to analgshe reaction mixture. However, both of them did not
indicatethe formation ofriad 92. On the other hand, they were indicating #hat porphyrin
triflate 93 (m/z= 826) hal not reactedKigure 2.7). It seems possible thatphenylened4
has generated triphenylene tvéf or higher oligomers such &asmer 100and101 (Figure
2.28). However, none of them was observedMALDI -TOF MS.

3.1 Cyto C Spmol Lin L137 Res 1224_
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Figure2.27: MALDI -TOF MS of reaction mixture after adding boronic acid.

Chemical Formula: Cg,H; 405 Chemical Formula: Cj3gH;740,, Chemical Formula: Cyg4H53,014

Molecular Weight: 1349.9320 Molecular Weight: 2024.8980 Molecular Weight: 2699.8640

Figure2.28. Molecular structures of potential side products.
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The procedure described by Cammidge and hisaders was then investigated in order to
synthesisériad 92 (Scheme 2.27

OCgH
C

CeH 30, O Cul, Pd(PPh;)Cl,
CeH 50 ’l NEt;, 50 °C
A
OC¢H 3

94

Scheme2.27: Attempted synthesis of trie@P.

Zinc porphyrintriflate 93 and Pd(PP4):Clz in a mixture of freshly distilled triethyl amine

and THF were stirred at room temperature for 15 min. Cul was then added, followed by a
solution oftriphenylene94in THF. The mixture was then heated at &0 The reaction was
examined by TLCand after 20 h the reaction mixture shegva yellow spot andzinc
porphyrintriflate 93 still present The reaction was left for 6 days. However, analysis using
TLC, MALDI -TOF MS and'H NMR, did notshow significant improvements. In other

words, the obtained results are quit@ilar to the previous method.

T3.1 Cyto C 5pmol Lin L137 Res 1224,
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Figure2.29: MALDI-TOF MS of reaction mixture afterdays.

Therefore, excess tfiphenylened94 was addedo the reaction mixture by slow addition in

orderto push the reaction toward the formationtredd 92. Although the reaction mixture
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was left for8 days after the additiothere waso obviousmprovementandzinc porphyrin

triflate 93 was recovered (Figure 2.30).
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Figure2.30: *H NMR of reaction mixture after slow addition of triphenyl@de

2.1.6 Conclusion

The purpose of this study was to liakorphyrinto atriphenylene through phenyl alkynes.
The results of this investigation show thatgeneralrepeating the reactions several times,
leaving it more timeandraising the equivalents dhe starting materials gave the same
results. It was challenging force the reaction to the formation of target tri@dsnd75.
Therefore, strategies to synthesitriphenylene core surrounded by six porphyrin units
might involve massive equivalent of starting materials. Mogeothe reaction could
generatealarge number of products, which could leadattong process of purification. To
conclude, synthesis of linked porphyrinphenylens through phenyl alkyneproved
inefficient with dimerization being observed as the predominant reaction.
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2.2 PORPHYRIN AND TETRABE NZOTRIAZAPORPHYRIN A RRAYS

2.2.1 Background and aims

Phthalocyanines (PaAre mammade derivatives of porphyrin that incorporate nitrogen
bridges and benzofusioHybrid structures that lie between porphyrins and phthalocyanines
are interesting macrocycles sirtbey offer the potential tbridge the properties of the two
systens and provide nevieatureswithin the field of macrocyclic chemistryn this project

we focus ontetrabenzotriazaporphyrifTBTAP) which replace one bridging nitrogen with

an sp? carbon atomin meseposition of phthalocynanindFigure 2.31). Therefore
functionalization of thaneseposition could provide the abilityo attach the macrocycle
uniquely to surfacesr to synthesisenore complex materials, such as multi macrocyclic
systemg?

O O X N\ N X N\ N
VN N= VN N=
N o N
N\ ,’M\ /N N\ N\ /
N N N N
O 0 é\ﬁﬁb e

TBP Pc TBTAP

Tetrabenzoporphyrin Phthalocyanine Tetrabenzotriazaporphyrin

) AN

N M /N

bt

TBDAP TBDAP TBMAP

cis-Tetrabenzodiazaporphyrins trans-Tetrabenzodiazaporphyrins Tetrabenzomonoazaporphyrin

M= H, H or a metal ion

Figure2.31: Molecularstructures ofPc, TBPand the hybrid macrocycles.
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To the best of our knowledge, no previous study has attempted to combine porphyrin with
TBTAP. Ther ef or epurpdsdwasso symthesi¢ umiquie 6hsomophoreyads.
Thesedyadscombine porphyrin unit® TBTAP (Figure2.32. These new structures could
have unique features makinghem usefulin varied fields of materials chemistry,

photochemistry, biology, and medicine

104
Figure2.32: Molecularstructures of proposed targé@2-104.

The first unique dyad02, is a porphyrin unit connected T®TAP unit via phenyl atneso
position. Therefore, this study aims to explodwly developed synthethemistryby our
group to construct this challenging dydd2. To employ this new approacthe
unconventional precursdi03 is needed. The second nelyad 104 links porphyrin with
TBTAP by a flexible alkyl clain. Therefore, unsymmetrical porphyrin is again needed. The

synthesis ofargets and theprecursors will be discusséater.
2.2.2 Tetrabenzotriazaporphyrins (TBTAPS)

TBTAPs were first synthesised in 1938itnotmuch attentiomas been given to this system
The earliesattempt to synthesiSEBTAPs was by Dent? CUTBTAP 108was prepared by
reactingphthalonitrile105 with either methylenephthalimidink06 or phthalimidineacetic
107 acid in the presence of a copper salt at Z50n chloronaphthalene to yield a green
chromophore called GQBBTAP 108 (Scheme2.28).%?
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106
Crp
o
CuCl or CuClz

CN
@ + Or
CN OOH 250 °C

107° CuTl%;l;AP
Scheme2.28: The early synthesiof CATBTAP 108 employingmixed cyclisations

betweera phthalonitrile and methylephthalimidine or its precursor

Later, Linstead synthesiseéBTAP through treatment of phthalonitri5 with methyl
magnesium iodide as a Grignard reagent or methyl lithium in cold ether and then the
intermediate was further heated in a high boiling solvent such as quinoline, resuttieg
formation of MGTBTAP 109 (Scheme?2.29).2®> Magnesiumcan beremovedvia aid
treatmentthusfurther metals such as copper, zinc, lithium and caumdbe integrated. For
example, Hoffman and eworkers later synthesised TBTAP by following the same

N
@CN CH;Mgl or CH;Li (1eq) ; N\ i

route*

M
CN then heat
" O d
MgTBTAP
109

@N@

\ =

@CN CH;Mgl (1eq) NH N N
CN then st(?am N N HNA

H,TBTAP
110

Schem&29Li nst eadbds fTBTAPE synt heses
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The Linstead strategy was modified with alternative precursors toTgivVAPs in the late

1980s.A Bayer patent introduced nitrophthalimididd2 as amesecarbon providerto
generatel 13 (Scheme2.30).2° Later, reactios of t-butyl substitutd phthalamidel14 and

iminoisoindolinel16 derivatives with malonic acids precursors in the presence of zinc

acetatavereemployed(Scheme2.31).2

NH

Cry

NH,

111

NH

H

H;CO CH,
114

O
K

116

+

+

+

02 \\ N@
H3CO\\ Xylene NH N=
I/ NH N N
\
N HN

_—
heat /
NH, M
~"OCH,
112 CH;-O-H,TBTAP
113

Scheme2.30: Synthesis of BTAP 113.

COOH Zn(OAc), Mixture
—— > of tetra--Bu-substituted
OOH heat hybrids
115
COOH Zn(OAc) Mixture
2 [ AddUCt] Zn(OAc),, 105_ of tetra-z-Bu-substituted
H,00H heat heat hybrids
117

Scheme2.31: Synthesis of-butyl-substituted hybrids using malonic acid.

Nevertheless, theseuslies were limited to synthesis BBTAPs withoutthe incorporation

of mesesubstituentsThis could be due to the lack of further intigation at that time.

However,Leznoff and McKeown reinvestigated and modified the Linstead method. A key

feature of their attempts was the use of a solubilisimgtyl- or necpentyloxy-groupon the

phthalonitrile precursor. By then treatedhese phthalonitriles with a range of alkyl

Grignard reagents. Faexample, hexadecylmagnesium chloride was reacted ndath
pentyloxyphthalonitrile 118 to generate necPeO)-HTBTAP-n-CisHa1 119 (after

demetallation) in 13% yieldn addition to significant quantities of phthalocyani2® by-
productandtrace quantities of TBDAP21 and/or122 (Scheme 2.32¢
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Scheme2.32: Synthesis off BTAP 119.

Moreover, TBTAPs bearing a functionalized phenyl group on thesecarbon atom are
attractiveandchallenging materialfhemesephenytTBTAP has beesynthesisedia the
reaction between benzyl Grignard reagents and phthalonkioiever the reaction is low

yielding and unsatisfactorgiue tothe formation ofa mixture ofproducts (Schem233).2’

R
R
S
RIZCN PhCH,MgCl ) N Other
—_—
N N conds. Products
\
R
R
R =H (105) 124
R = alkyl (123) a)X=H
b) X = OCH;

Scheme2.33: Synthesis othemesephenytTBTAP 124.
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Overall, these known strategies for the synthesismasesubstitutedTBTAPs, which
involve treatment of phthalonitrile with an organometatkagent and refluxingn high
boiling solvents, are capricious and low yielding. Another drawbacktivetbe approaches
is the formation of other hybrids combined with tThBTAP. Therefore, our group has
recently developed a versatile new synthesiFBTAPs that allows incorporation of a
functionalised phenyl substituenttae newmesesite?® A key feature of the new approach
iIs employnent of aminoisoindolinel25 as precursor to prepamaesephenytTBTAP.
Aminoisoindoline125 is the Ar-C analoguef diiminoisoindolines 111 (Figure2.33.

NH / Ar
[ :[ /\EN / N
NH, NH,
111 125

Figure2.33: Molecular structures afiiminoisoindolinell1 andaminoisoindolinel25.

The main reason for choosiaginoisoindolinel25was thatt would be incorporated during
macrocycle formation. Therefore, the formation of other hybrids and unwanaadhycts
will be avoided. A coppeiree Sonogashira coupling was a practical appraagdynthesise
the key precursors lik&29. The synthesis adiminoisoindolinel29 was done according to
methodobgy reported by Hellal and Cuny fro@bromobenzonitrilel26 as shown in
Scheme2.3418

NH < >_: NH,
CN 1) LiN(SiMes) 128
@ 32 NH,.HCI . O N
gy 2)HCI . Pd (

126 127 129

Scheme2.34: Synthesis of the aminoisoindolii@9 via Sonogashira coupling
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Precursofl29can be then reactedth phthalonitrilel05in order to synthesise TBTAES0

usinga magnesium templat& second major produetas identified athe selfcondensation

compoundl32 (Scheme 2.35%

. Q\r
\
O N . @CN MgBry, diglyme, 220°C N
\ O CN DABCO SR

129 105

Scheme2.35: Efficient synthesis ofmesesubstitutednagnesiunTBTAP 130.

Werecognised that the availability of new TBTAPSs through this chemistry could allow new

multichromophore arrays to be targeted.

2.2.3 Synthesis of TPPphenyl-TBTAP dyad 102

Scheme 3.36 illustratése proposed stratedgy prepare the unique targeé®2. This strategy
relies onthe reporteanethodologyfrom our group to prepar€BTAPs. The first stagavas
to preparehe HCI salt of the bromoamidinE7 and then readt with porphyrin77 to yield
the precursorlQ3. Finally, treatment 003 with phthaloritrile 105 would synthesisel 02

(Scheme 2.36).
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103

NH

©\)LNH2_HC1 +
B

T

127

77

Scheme2.36: Retrosynthesis of dyatD2.

2.2.3.1 Synthesis ofAminoisoindoline porphyrin 103

PdCl,(MeCN),,BINAP, DBU

DMF, reflux, 120 °C

127 77 103
Scheme2.37: Synthesis of minoisoindolinel03.

The coppeffree Sonogashira coupling wagavestigated to synthesisanaoisoindoline
porphyrin103 A flask was charged witRdCb(CHsCN)2, BINAP, 1eq. amidind27 and
1.2 eq. porphyrirY7. Then, the flask was attached with condenser and argon. Once the flask
had been evacuated and back filled with argon three times, DBU and DMF were added
(Scheme 237) The reaction mixtur e wa sreact®rf was x e ¢
monitored by TLC anMALDI -TOF MS during 3 h. The analyses slaalpromising results
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indicating the formation adminoisoindolineporphyrin103. Thus, the reaction was stopped
and purified.After work-up and purification by column chromatoghy using EtOAc:PE as
eluent, the product was isolated with yieldsaobund10 %. Figure 2.34 shows thEl NMR
spectrum ofaminoisoindolineporphyrin 103. The peak at aronud 7.12 ppm provee
formation of the new porphyrib03 Morover, HRMS (ESI) and VU-vis anylses confirm the
formation of porphyrin and theseectra are shown belagwigure 2.3% (Figure 2.36.

Joat
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Figure2.34:'H NMR of aminoisoindolineporphyrin103 in acetoneds (* = solvent).
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Figure2.35: HRMS (ESI)of aminoisoindolineporphyrin103.
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Figure2.36. UV-vis spectra of porphyrit03

The reaction was repeatdalit this timethe reaction was left tbeatfor 4 h and followed by
TLC. It was expected that porphyrii@ would remain in the reaction mixture as it wagxcess.
Therefore, 1 eq dmidinel27was added in order to consume the excepsigfhyrin77. Then,

the reaction mixture was refluxed farther 24 h. However, the reaction was not complete, thus
excess ofamidine 127 was added The reaction had not completedyen after39 h.
Consequently, the temperatwasr ai s ed G rtoa® dddd® reaction left for further

4 h. The reaction &s stopped and analysedMLDI -TOF MS. After workup and purification

by column chromatography the product was isolatetefore

2.2.3.2 Attempted synthesis of TPPphenyl-TBTAP 102

103 105 102

Scheme2.38: Attempted synthesis of TPPhenyi TBTAP dyad102

With the successful synthesis ahimoisoindolineporphyrin 103 we were now ready to
investigate the construction of the tardép. Following the newlyreported procedurby
our group,asuspension of phthalonitrile and MgBn dry diglyme was stirred for 10 min
at 220°C, in a peheated mantle, under an argdmosphere. A solution eminoisoindoline
porphyrin 103 andphthalonitrile105 in dry diglyme was added dropwis®/er 1 husing a
syringepump. Finally, a third solutioof DABCO and phthalonitrilen dry diglymewas
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added dropwise over 1. [The reaction was heated for 0.5 h at 220under amargon
atmospherdScheme 2.38)Then, the solvent was removed under ajorrstream while
cooling. A 1:1mixture of DCM:MeOH (20 ml) was added and the migtgonicated. The
solvents wereemoved under vacuum and the cru@espurified by column chromatography.
The obtained fractions were analysedMLDI -TOF MS, yet the resudtdid not confirm the
formation of102. However the results indicated thdte major product was the formation af P
131 (Figure 2.37).

536.99

840.30 1221.50  1506.36  1957.06 2339.24 2645.49 311682 336674 403056 437005 ag11.4s

Figure2.37. MALDI -TOF MS of the reaction mixture (showy Pc131as a major
product).

2.2.4 Bis (porphyrin) -azadibenzo-BODIPY (TPP2-azadibenzo-BODIPY)

2.2.4.1 Background andaim

As mentioned inhte general synthesis of TBTAR®I-condensatiomf aminoisoindolines

like 129 could beachieved givingcompound132 as major product They werethen
employed as precursofor a new class otonjugated azé&ibenzo)BODIPY 133 by the
Cammidge groupTypically aninoisoindolinesl29were refluxed inoluene for 2 h, and the
obtained product was isolated by crystallisation from dichloromethane to yield aza
(dibenzo)DIPY 132 then, aza(dibenzo)DIPYs was converted into aza
(dibenzo)BODIP% 133 by simply readhg with BFs-OEtk (Scheme 2.39°
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v
/ Toluene O ] NS O BF;.OEt
A O A O
132

Scheme2.39: Synthesis of Azgdibenzo)BODIPY Derivative$33

NH,

Consequently,our group contribuig this smooth and efficient sefondensation of
ami noi soi ndol iertended azdiberizaDiPM deriviatares?® Therefore we
aimed to employ related conditions to prepare a uniques b(porphyrinjazadibenze
BODIPY triad 134 which combine azadibenzeBODIPY unit with two porphyrin units
(Figure2.38. Thus, it is possible to generate new featuresngad potential applications

such adight energy harvesting

Figure2.38. Molecular structuref proposed bis (porphyrirgzadibenzeBODIPY triad
134.

To prepare the targefPP-azadibenzeBODIPY 134, TPB-azadibenzeDIPY 135 is
needed as precursor (Scheme 2.40)
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Scheme2.40: Retrasynthesis of proposePP-azadibenzeBODIPY 134.

2.2.4.2 Attempted synthesis of TPR-aza-dibenzo-DIPY 135
With theaminoisoindolingporphyrin103in hand we were now ready to investigasesel-
condensation Following the previously developed conditions, solution of

aminoisoindolinel03 was heated under reflux in toluene unde($theme 2.41).

103 135

Scheme2.41: Attempted synthesis of TRRazadibenzeDIPY 135

The reaction was followed by TLC and MALOIOF MS. After 4h the TLC showedno
changeHowever, the MALDITOF MS shovwed newpealsatm/z= 876 andn/z= 934;they
are not the expected pedhkr thetargettriad 135 (Figure 2.39).
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Since theaminoisoindahe porphyrin 103 had not been fully consumedhe reaction

Figure2.39: MALDI -TOF MS of reaction mixture after 4 h.

was

refluxed forlonger. However the result of the reaction after 9 h and after 15 h didnotv

any of the desired produ(igure 2.40).
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Figure2.40: MALDI-TOF MS of reaction mixture abozadter 9 h(top), 15 h(bottom)

Consequentlythe reaction was stopped and the solvent was evaporated. The solid obtainec

was purified by column chromatography usEt®A

c:MeOH:HO (45:5:3).The formation
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of sel-condensatiorof aminoisoindolinesl35 was not achieved@nd only the starting

material(porphyrin103) was obtaineds an identifiable produ¢igure 2.41).
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Figure2.41: MALDI -TOF MS of fractioms containng starting material porphyrih03

2.2.5 SynthesisPorphyrin-TBTAP Dyads linked through flexible chains

We finally turned our attention to the synthesis of a porpkhi/BAT AP dyad linked through

a flexible alkyl spacer. To this end, we aimed to synthesise novellfadbcheme 2.42

illustrates the proposed strategy to achieve-TBPAP dyad104. Therefore, a magnesium
TBTAP 135 and a novel porphyriti36are needed.
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135 136

Scheme2.42: Retrosynthesis of dyat4.

2.2.5.1 Synthesis of TBTAP component

Synthesis ofAminoisoindoline 1382

NH,
D PACL,(CH,CN),, BINAP \
dNHz.HG + H3CO—©{ A ; O N
Br DBU, DMF, 120 0C, MW \ O
OCH;
127 137 138

Scheme2.43: Synthesis of aminoisoindoliri38.

Aminoisoindoline 138 was prepared according tbe reported procedure bhellal and
Cuny, a mixtureof amidine127, BINAP and PdCG(MeCN) was sealed in a microwave

vessel and then purged amdilled with N three timesThen, a solution of-éthynylanisole
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137and DBU in dry DMF was adde@he mixture wa stirred under jfor 5 min to give a
clear yellow solution with a white solid. Finally, the mixture was irradiated in a microwave
react oCford h(Schetn® 2.43After the workup, the crude was purified by onn
chromatography using AcOKt AcOEt:EtOH:HO( 9 0 : 5AcQBt:EtOH:HO (45:5:3)

as solvent gradient to afford a yellow semisolid that was recrgsdlfromPE:DCM (1:1)

to yieldaminoisoindolinel 38as yellow needle§he'H NMR spectrum is shown in Figure
2.42

Figure2.42: *H NMR of aminoisoindolind38in CDCl (* = solvent).

Synthesis of a magnesium TBTARDCH3 139%8

hdg OCH
OCH;, ! N

138 105 139

NH, NG
A\ CN M BI‘ \
O N " @ dlglyme/ 220 °C NN
CN

Scheme2.44: Synthesis of amagnesiunTBTAP-OCHz 139.
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