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Abstract

In recent years, monodisperse and structurally defined m-conjugated oligomers
have attracted great attention of materials chemists, owing to their fascinating
applications as novel nanoscale building blocks for various molecular based clectronic,
photonic, and optoelectronic devices.  To date, the molecular architectures of
functional m-oligomners have evolved ber 1d the realm of simiple one-dimensional
(1D) linear conjugation and s :ted to cnlist some unique two-dimensional (2D)
and threc-dimensional (3D) structures. { ch progress has opened a new avenue to
develop and explore esoteric molecular o erials with appealing and unprecedented
molecular properties and functions, which can be of great use in various device
fabrications, for instance. highly efficient organic light-cmitting diodes (OLEDs), field-
effect transistors (FETs), pho oltaic (PV) or solar cc , chemical and biological
sensors, and so on.

The work of this thesis is prin ~dedicated to exploring a class of new hybrid
organic materials based on 7-conjugate « gomers and Buckminster|60]fullerene
(Ceo), and the detailed studies of which are divided into three major projects. The
first project investigates a series of di  bbell shaped Cyy-m-Ceo triads, in which the
7 units are designed to be linear or cruciform shaped OPE/OPV co-oligomers. The
second project deals with a scries of bifu rene endceapped oligoynes, and the third
project embarks on a group of novel H-shaped OPE/OPYV co-oligomers. The chemical
synthesis of these conjugated 0" »mers and Cgg derivatives has been implemented on
the basis of various classical and modern organic synthetic methodologies, such as

Arbuzov reaction, Horner-Witt  reaction, Sonogashira coupling and Hay coupling.
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In particular, an in situ ethvny ion protocol has been extensively employved in the
synthesis of numerous Cgy derivatives throughout this thesis work. Subsequent to
the svnthesis, the compounds obtained are subjected to comprehensive property
characterizations using UV-Vis absorption and fluorescence spectroscopy to disclose
their m-electronic characteristic, ¢y ¢ voltammetry (C\) to probe their redox
behavior, differential scanning calorimetry (DSC) to probe their solid-state reactivity.
and atomic force microscopy (AFM) to reveal their surface mo  hologic features at
the microscopic level.

In this thesis, a number of efficient © athetic strategies for novel 1D and 2D
conjugated OPE,;OPV co-oligomers, lincar and star-shaped phenylene-oligovnes,
and related multiple Cgo adducts have been successfully established.  Insight into
the essential structure-property lationsh s of these novel m-conjugated molecular
svstems has been gained by comparative studies. Finally, some of the molecules are
found to display appealing m¢  u  properties and functions that portend practical
uses in organic photovoltaic a1 nonlinear optical materials as well as molecular

sensing devices.
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Chapter _

Introduction

1.1 An overview of 1 1odisperse m—conjugated

oligomers

1.1.1 A brief historical account of polymer science

Polymers are an important and indispen  Hle class of materials in present sciences
and technologies. A polviner is generally referred to as the substance composed of
a collection of individual macromolecules of different molecular weights, where the
macromolecular structures are '«d by Heating units that connect to one another
through covalent chemical bonc  +* The term, polymer, first introduced by a Swedish
chemist Berzelius in 1833, is actually derived from the Greek words poly for “many”
and meros for “parts™? Long before humans® efforts to make polvmers, nature had

already produced a large variety of polymers, such as tar and shellacs, toroise shell and

horns, tree saps, polysaccharides and latex. These natural  olymiers have been with us



since the beginning of time. The first application of polvimers by the huiman being can
be traced back to 1600 BC, at which time the ancient Nesoamerican people in central
America, as materials archaco ists rec tly discovered, had alreadv grasped the
knowledge of making rubber. This prehistoric polviner processing actually predated
the modern vulcanization process by more than 3500 vears'

Chemists began to make use of polyvuers as carly as 1811, when Henrit Braconnot
did his pioneering work in derivatizing cellulose compounds.  This was perliaps
the carliest research work on polvmers ever documented.”  The development of
vuleanization later in 1839 by Charles Goodyear was another important milestone
in the history of polymer science. Goodyear’s method significantly improved the
durability of natural polymer rubber and d to the first popularized semi-synthetic
polymer.® In 1907, Leo Backeland for the first time created a complete synthetic
polvmer Bakelite by reacting  henol w1 formaldehvde at precisely  controlled
temperatures and pressures.”

Despite these numerous advances i the synthesis and characterization of
polymers, a correct understanding of the molecular structure of polymers did not
emerge until the 1920s. Before that time, scientists believed that polvimers were
clusters of small molecules without definite molecular weights and were held together
by an unknown force. In 1922,  ermann Staudinger proposed that polymers consist
of long chains of atoms held to ther by covalent bouds, an idea that did not gain
wide acceptance for over a decade. Nonetheless, it was for this ingenious idea that
Staudinger was ultimately awarded the Nobel Prize in Chemistry in 1953.%  After
this, the development of polymers was considerably accelerated, and all kinds of new

polymers with useful properties were svnthesized and applied in various fields. Figure




1.1 lists somie landmark discoveries of svnt. e polymers,  :luding polyvinyl chloride
(PVC) for plumbing pipes and bottles in 1927, polystyrene for cups and packing in
1930, nvlon for ropes and clothes in 1938, poly(tetraffuorocthylene), widely known by
its trademark Teflon, for non-stick pans and igniters of solid-fuel rocket propellants,
polyethylene for packing filim and tovs in 1941, Enkonol for various clectronic devices
and aircraft engines in 1970, and Kevlar for bullet proof vests and fire proof garnients

in 1971919
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Figure 1.1: Exi ples of classical synthetie polymers.

Since the 1980s, polviner science has been experiencing another expansion which
was mainly triggered by the discovery that 7 conjugated polymers could exhibit
metallic properties upon dopii  For example, poly(acetyvlene)s (PAs) can display an
clectrical conductivity up to 10 ° S - ¢m ', similar to that of copper, after being
doped with iodine.'™?  This important discovery has indeed changed the course
of research trends in polymer science from the pursuit of high molecular weight
polymers with extraordinary temperature tolerance to the survey of polviiers with
controlled low molecular wo  ts and narrow polydispersity so that their properties

can be casily tuned.  Th ploneerit  scientists in this arca. A, Heeger. A\



MacDiarmid, and H. Shirakawa. were honored with the Nobel Prize in Chemistry
in 2000. It was also among such quests that Holmes and co-workers discovered
that poly(p-phenylenevinvlene)s (PPVs) o 1 related polvimers could be used as the
active components in organic polymer-based light emitting diodes (OLEDs), and
this discovery has turned out to be one of the most significant milestones i the
advancement of modern polymer chemistry.'?

With the ever growing interests in novel m—conjugated materials from both
academic and industrial communities, the number of new conjugated polymers for
electronic and photonic applications has been rapidly increased and the discipline of
7 —conjugated polymer chemistry has, in turn, been substantially accelerated. So far,
the applications of 7- conjugated polymers have encompassed numerous ficlds, used

as, for example, OLEDs,!! photoconducto ' laser dyes. scintillators,'® switching and
signal process,!” nonlinear optical chromophore. (NLO),"!'" and optical data storage
media,?® just to name a few. Withc any doubt, organic polymers, particularly
m—conjugated polymers, will serve as the cornerstone for many future sciences and
technologies, such as chemistry, biochemistry, molecular biology, nanotechnology.

electronies, medicinal and life sc1 es. and so on.

1.1.2 The significance of monodisperse m—conjugated oligomers

The demarcation between an oligomer and a polyner is not clearly defined; however,
the term of “oligomer” is generally used to refer to the compound similar to a
polymer in molecular structure, but with relatively fewer repeating units. When the

chemical structures of all the molecules an oligomer are identical, this oligomer







Table 1.1: Effect of conjugation length on the Ay of OPVs la-g.

Compound n A | ¢|L-mol ' cm Y
la l 301 16,800
1b 2 101 40,700
1c 3 131 58.500
1d 4 450 84,800
le 6 6 117,200
1f 8 475 146.200
1g 11 481 196,300

Meier and co-workers as an example (Figure 1.2).%9 These all- E-configured dialkoxy
substituted OPVs show a considerable bathochromic shift of the 7 — 7 transition
bands in their UV-Vis absorption spectra as the chain length increases from monomer
to octamer (sce Table 1.1). When the oligomer chain length reaches undecamer (n

11), the longest-wavelength  sorption maximum (A, ) value appears to arrive
at a limit of convergence, indicating an I L index of 11 for these OPVs.3Y Besides
clectronic absorption properties, other o sical properties of an oligomer are also
believed to be convergent or « little ¢/ ge once its chain length surpasses the
ECL. Therefore, an oligomer with a chain length at its ECL can be used as a model
compound for the corresponding polymeric species.®® 30 As aresult, the synthesis and
characterization of various monodisperse conjugated oligomers has been one «  the
most intensively investigated fields in conjugated polymer oligomer chemistry over

the past few decades.’' 3
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Figure 1.2: Monodisperse oligo(phenvlenevinylene)s la-g svnthesized by Meier and

co-workers.

A second reason why monod Herse m—conjugated oligomers have received so
much attention lies in the po  tial tl they may replace their corresponding
polvmers, with superior function and performance, in various applications. Thanks
to progress in organic svnthetic m  wodologies and nmprovement in analvtical
techniques for purification and chara rization of very large molecules. numerous
monodisperse conjugated oligomers that bear different functionalities or feature
various stercogenicities can now be obtainc  without structural defects or iimpurities
via routine multiple-step synthesis. e particular advantage of monodisperse
conjugated oligomers over correspondit  polvmers in terms of structural and
compositional purity has thus bestowed them with appealing physical properties.
This makes them possess great potential applications in the fabrication of advanced
electronic and optoelectronic deviees, such as diodes, transistors. LIEI - and so forth
(vide infra).*®

Apart from modifying conjugation ¢ sth, introduci | different substituents of
variable electronic nature provides another important approach to finely tune the
properties of monodisperse conju ated « gomers. From a practical viewpoint, the
bandgap of a conjugated polymer, oligomer is a crucial parameter in the design and

fabrication of molecular based electronic and optoclectronic devices. In theory, the






Table 1.2: UV-Vis absorption data (mecasured in CHCL,) and color of compounds

2a-f.
Compound R Amas [nm|  Crystal color
2a H 366 colorless
2b CN 101 vellow
2c ('HO 123 orange
2d NO, 161 red
2e HC C(CN), 525 dark red

2f C(CN) C(CN), 670 blue

Finally, in the advancement of modern nanoscience and nanotechnology,
monodisperse m—conjugated oligomers ¢ gradually seizing the central stage.
Nanoscience is the study of phenomena and manipulation of matervials on the
atomic, molecular, or macromolecular s¢ e, while the properties of nanomaterials
usually differ dramatically from those on a much larger scale (i.e. bulk materials).
Nanotechnology is about the design, characterization, | duction, and application
of structures, devices, and systems by ¢c  rolling shape and size on the nanometer
scale a recalm from 100 nm down to t!  atomic size {ca. 0.2 nm).*®  Since the
molecular size of a conjugated oligomer can now be easily built up to more than 10 nm,
which nicely fits the scale of nanoscience and nanotechnology, conjugated oligoners
have been extensively emploved as key building components i fabricating many
kinds of nanoscale devices.390 At present, it is widely accepted that 7 -conjugated

molecular rods of defined length and molecular structure hold the greatest promise
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in realizing some future nanoelectronic and nanophotonic applications, for instance.
ultradense and ultrafast information transportation in processing and storage devices.
An even more attractive idea for the use of 7 conjugated oligomers is to build a
computer systen based solely on organic molecules.  The proposal of “molecular
computer’, while still controversial, may eventually lead to new computer systems
that surpass the limits of the current computer technology in terms of information
storage density and computational speed.!!

Since it is neither intented nor feasible to thoroughly review the recent progress in
the study and application of conjugated oligomers within the context of this thesis, the
following sections will only highlight several classes of conjugated oligomers that have
received most research attention in the recent literature and introduce representative

device fabrication based on novel funetional conjugated oligomers.

1.1.3 A general survey of conjugated oligomers
1.1.3.1 Conjugated oligomers cont: 1ing aromatic rings

Oligo(p-phenylene)s

As one of the most important branck  in the family of 7 -conjugated oligomers,
oligo(p-phenylene)s (OPs) have long o investigated and have found numerous
applications, such as luminophores for li; t-cmitting materials, ™" semiconductors
for field-cffect transistors (FETs).™ rigi  cores for liquid crystalline materials, ™
biomimetic scaffolds for the supramolecutar assemibly of nanosized barrels. ion

16,17

channels and amphiphilic materials for biological applications, biomembrane

recognition and depolarization,®™ and so on. The history of rescarch on OPs, if the
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3a-g.n=01234.56
Figure 1.5: Struc  res of OPs 3a-g.

well known svnthesis of biphenyl by Gattermann is counted as the start, has been
almost 120 years.’ The first systematic in stigation on the synthesis and properties
of OPs, however, was undertaken in 1936, which time Busch and Weber performed
a hvdrogenation reaction of p-dibromober e using hvdrazine hydrate as the source
of hydrogen and palladium as the catalvst under pressurized conditions. A mixture
of OPs 3a-g (sce Figure 1.5) with polvin = zation degrees up ton 6 was obtained
as the crude product, from which mono sperse oligomers were isolated and purified
by sublimation and crystallization. The solubility of these oligomers was found to
decrease dramatically from 440 - L™! for biphenyl to 8.5 g - L™' for terphenyl to
0.22 ¢ - L7! for quaterphenyl  d sstl 1 0.01 g+ L ! for sexiphenyl. Hampered
bv the poor solubility, the resecarchers only determined the melting points of these
oligomers, hut were not able to - ify thc  chemical structures.™!

Presently, the properties of these simple unsubstituted OPs (3a-g) have been
already well studied and understoo  UV-Vis spectroscopic analysis discloses that the
OPs possess an ECLofn 9.7 Time-resolved degenerate four-wave mixing (DEFVWNMN)
measurcments reveal the ) values for both quaterphenyvl and quinquephenyl are less

“12 esu for octiphenyl. These

than 1.6 x 107! esu, and an enhancement up to 1.7 x 10
results suggest potential application in nc lincar optical (NLO) materials.™

Despite their remarkable thermal sta hties, the unsubstituted OPs are in fact
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of mono- and dilithioaryls in one pot under e catalysis of Cu(ll) to form a mixture of
OPs with different chain lengths. By means of preparative thin-laver chromotographic
(TLC) separation, monodisperse phenylene oligomers up to a dodecamer (10) were

successfully isolated from the product miz e,

R
™Y (.>\_,l) Br
R
1

- .
e .

& ' Tag

R R
== a = Pd(0)
Trv15<</i\>—§>ﬁa(om2 + - Wgr -
R R
12 13
R . /w_\R
7N - AN o - > TMS% 84\/\ ,>+Br
™S ( B /7N
R R R
14 15R = CSH13

Scheme 1.2: Synthesis of OP 15 by Schliiter ¢f al.

In recent vears, the cmergence of modern metal-catalvzed  cross-coupling
methodologies has enabled numerous extended oligomerie structures to be efficiently
assembled via iterative and modular a) roaches. A general oligomer svnthetic
strategy involves the repetition of directed  prote  on/coupling’deprotection
sequences in a convergent wav. Such a cc rergent protocol is advantageous in terms
of minimizing the number of synthetic steps needed. Schliiter ef «l llustrated the
preparation of monodisperse O rods such as 15. which contains 16 phenylene repeat

units as well as well-defined endeapping groups.”  Their svnthesis was based on
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a convergent (exponential) growth using the Suzuki coupling reaction as the key
step. As shown in Scheme 1.2, the iodoarenes tend to couple with their boronic acid
counterparts at a much faster rate than tl bromoarenes do; as a result, cach Suzuki
coupling step took place exclusively at t - iodo site. The bromo group. however,
remained intact during the selective Suzuki coupling reaction and was converted into
a boronic acid group afterwards so t it further chain length clongation could be
fulfilled via another iteration of Suzuki coupling. The C6 alkyl chains attached to
every second phenyl unit were designed » improve solubility in comimon organic

solvents, thereby permitting full spectroscopic characterizations of these oligomers.

H R
R H>'\R
/\:\\ f;—< -
‘l_(/ \y“J\\ /{\ <, , ,+
\y:/ \""_{~. \}_ f’ n
’ R, o e "

16 R, = n-hexyl, R= -, , (

Figure 1.6: ! ladder-type PPP 16.

Ladder-type poly(p-phenvlene)s (PPPs) such as 16 (Figure 1.6) are polvimers of
a relatively new kind. The bric g of Il the subunits gives rise to a complete
flattening of the phenylene backbone and, as a result. allows the 7 conjugation to
reach a maximum degree. Indeed. the ladder type PPPs have shown many intriguing
photophvsical and optoelectronic properties. For example, the absorption maximun
(Amaz) of 16 was found to be gr  ly redshifted (ce. 440-450 nm) in comparison to
typical PPPs. The photoluminescence (PL) of 16 in solution showed a very intense

blue color, with a maximum cmission peak (A, ) at HO-150 nm. The extr  ely
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small Stokes shift {ca. 150 cm ') observed was ascribed to the geometric fixation
of the chromophore in the ladder structure. In addition, the PL quantum vields,
measured as 60-90% in solution and 1 to 40% in the solid state, are much higher
than those of many other phenylene conji ted polymers, 59

To better understand the structure-property relationships for ladder-tyvpe PPPs,
Scherf and co-workers prepared a series of ladder-type phenvlene oligomers 21a-
¢ using the syathetic routes outlined i Scheme 1.3, In the svnthesis, a one-
pot Suzuki coupling between two bifunctional (chain forming) monomers and a
monofunctional (endcapping) monomer of a certain amount was performed to
afford an oligodisperse mixture of phenvlenc oligomers with different chain lengths.
This mixture was then resolved into its respective monodisperse components by
size exclusion chromatography (SEC). With these oligomers as the model for
corresponding polvimers, the authors drew a conclusion that the ECL of 21 was
reached at the stage of dodecamer (n 12).%

In 2000, Suzuki and co-wo rs prep d a series of perfluorinated OPs 22a-d
by using an organocopper-catalyzed cross-coupling method (see Figure 1.7). These
oligomers, after train sublimation rification, were applied in OLED devices as the
active components. It was discove 1 that the clectron-transport capabilities of these
perfluorinated OPs were excellent compared with other pertluorinated compounds,
In particular, compound 22a showed a m: mum luniinance of 5,540 ¢d - m 2 at 17.0
V, while compounds 22b and 22c¢ registered at 12,150 ed - m 2 at 13.7 V. These
properties render these oligomers potenti  application in photovoltaic devices."!
Oligo(a-thiophene)s

Oligo(a-thiophenc)s (OTs) constitute another important class of 7 conjugated



S

21a-cn=0 12 Ry =nhexyl R=—  —

Scheme 1.3: Svnthesis of ladder-tvpe  ’s 21a-c by one-pot Suzuki coupling.

oligomer materials owing to their appealing chemical and  clectrochemical

properties.%2%3  Over the past decade, OTs have been subjected to intensive
investigations in the fields of thin film transistors,®3%> electroluminescent diodes,%
lasers,87 sensors® and photovoltaic cells.®70

The initial synthesis of OTs can be dated back to the 1930s. when unsubstituted
OTs 24a-e with up to sceven repeating units were first prepared, separated. and
characterized by Steinkopf and co  rkers. The svnthetic method that was employed
was an Ullmann type reaction of 2-iodothiophene (23) catalyzed by copper bronze
(Scheme 1.4.)71 73

[/‘ 'g\ Cu-bronze . .S /S\’ ,S\,
\S 1 ; u v

n

23 a-en=012345

Scheme 1.4: Synthesis of t substi  ted OTs 24a-e by Steinkopt ¢f al.
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Figure 1.7: Structures of perfluorinated OPs 22a-d.

In 1991, Wynberg and Hoeve 1 csized an OT 32, the chain length of which
was extended up to eleven repea 1g units. As outlined in Scheme 1.5 their synthesis
began with diketone 25, which was readily alkyvlated with 1-bromododecane to afford
compound 26. Treating 26 with Lawesson’s reagent vielded terthiophene 27, which
underwent a Vilsmeier-Haack v tion to give monoaldehvde 28 and a Friedel-Crafts
acylation to give terthiophene derivative ). Compound 29 then led to amine 30
via a Mannich reaction. Compounds 28 and 30 reacted through a Stetter reaction™
to afford tetraketone 31. Finally, treating 31 with Lawesson’s reagent afforded the
destred undecathiophene 32, This remarkably long OT. complimentary with those
short OTs synthesized earlier, then provided an ideal model to probe the structure-

)

property relationships for corresponding poly(thiophene)s.
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Scheme 1.7: Synthetie route to 'PVs by Drefahl and Horhold.

butyl)phenyl groups to the terminal positions of the OP\" framework. The soluble
OP\'s 44a-e (see Figure 1.9) were synthesized via a Wittig coupling strategy similar
to that of 43. Based on UV-Vis, Raman, and cyelie voltannetric analvses of 44a-e,

the ECL for OPV was estimated to be 8 repeat units by extrapolation.®

g/ N N
< ) / N
\ ¢ \F\L r':\/\
= >
. N/

a
44a-e.n=1,2,3.4.5 />

Figure 1.9: Soluble OPVs synthesized by 1 illen et al.

Another approach to obtain soluble mc disperse OPVS is to attach alkoxy chains
to phenyl group. Yu et al. recently reported an clegant stepwise synthesis of a
series of OPVs with defined chain lengths.” ‘The strategy adopted here is the so-
called “orthogonal™ approach, in which two  Hn-interacting coupling reactions, Wittig-

Horner and Heck, were emploved — ternatively for the creation of the OPV skeleton.
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Scheme 1.9: Svathesis of piezochromic OPV fluorophore 55.

reported the svnthesis of a cye »OPV derivative, 55, which could be used as a
piezochromic fluorophore (Scheme 1.9). The emission spectrum measured from the
as-prepared powder of 55 shows blue fluorescence at A,,,,, 481 and 507 nm, which is
characteristic of "monomer” cmission. After the powder of 55 was subjected to brief
compression (1 min at 1,500 psi) or grindii  using a mortar and pestle. a significant
redshift (A, 948 nm) and bre  lening +  the emission band were observed, which
was ascribed to the formation of excimers. The “eximer formm™ remained stable for
months under ambient storage. Quickly he ing the compressed materials to 130 °C,
however, led to full restoration of t : or nal “monomer” form. Such a evele could
be repeated to switch between the two different emission colors. Wide angle X-ray
diffraction (XRD) analyvsis unequivoe: v v aled the pressure heat induced changes
between different cryvstalline forms, which were in favor of excimer and monomer

respectively.”?

Oligo(phenyleneethynylene

As the acetylene analogues of PPVs,  oly(phenylencethyvnylene)s (PPEs) and
oligo(phenvlencethynylene)s (OPEs) have received considerable interest over the past
two decades. PPEs and OPEs have rigid, rod-like conjugated backbones and show

very high photoluminescence efliciencies hoth in solution and in the solid state. Owing
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to their intriguing structural and photophysical properties, PPE based materials
have found extensive applications in organic photolumineseent devices and fluorescent

9391 Tn addition. other potential uses of PPEs and OPEs in nanoscience

chemosensors.
and nanotechnology have been widely explored. including oriented thin filus or

blends,*®* single-molecular electronic devices,' foldamers mimicking biological

01 100,101

macromolecules,'’! and niolecu  machin

So far, the synthetic strategies for PPEs and OPEs have been almost exclusively
based on the well-established Pd Cu-catalvzed cross-coupling reactions.  In 1996,
Dixneuf and co-workers prepared a series of monodisperse para-OPlSs 56a-h (Figure
1.11) in high yields by stepwise coupling reactions using 4-(trimethylsilylethynyl)-

l-iodobenzene as the building 1 >ck. These unsubstituted OPEs offered uscful

information as to the essential structure roperty relationships.!%?

e —
HT=—4 />J s TMS{: N/ }: TIPS
n n
56a-d n=1,2, 3 56e-h n=1,2,3,4

Figure 1.11: Structi s of OPEs 56a-h.

A set of intriguing ortho-OPEs 57a-e were synthesized by Grubbs and Kratz
through Pd-catalyzed cross coupling of diiodo- or dibromobenzene with appropriate
cthyvnylbenzene counterparts (see Figure 1.12). UV-Vis absorption analysis shows a
steady redshift of A, with increasing cha  length, which is consistent with what was
observed for para-OPEs. Cyclic voltammetric characterization of these ortho-OPlSs

shows no electrochemical reduction features, while sone of the longer oligomers can
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Scheme 1.12: Synthesis of five-inembered ring containing oligoenes 78b and 78e.

Oligoynes

Carbon-rich compounds and mater ls are currently . arca  of active
research. ' 125 among which the quest for hypothetical polyvyne or oligovne species
remains a challenging goal owing to their 1e clectronic, optical. and photophysical

propertics. Of particular interest is the possibility that carbynes (e.g. 86 mn Figure

1.17) might casily bend and generate other appealing carbon allotropes 0120 14
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Figure 1.17: Structure of a polvimer sp-carbon allotrope. “carbyne” 86.

The earliest oligoyne synthesized is perl s diphenylacetylene.  As carly as in
1869, Carl Glaser at the Uni  sity of Bou  observed the formation of an oxidatively

dimerized product, 1,3-butadiyne, after the copper(l) phenylacetvlide was exposed

. D) - . ' Dy .
to air.’®  The first attempt to svnthesize long sp-hybridized carbon chains was

undertaken by Bohlmann and Joues. ™ ™ Driven by an interest in the svnthesis
of polvyne (di-. tri-. tetra-, and pentavne) containing nat —al produets, they carried
out a systematic survey on polvynes 87-89. the carbon skeletons of which extend up
to ten C=C bonds (Figure 1.18). The synthesis of such polyynes was mainly based

on the reaction between an acetylene Grig wd reagent and an aldehyde, 39137

Me - EMe -e n=2-6
Ph— ~Ph 88af n=26.8
t-Bu 4 ;+-Bu i +-hn=2-810

Figure 1.18: Structures of endeapped polyynes 87-89.

The classical elongation protocol, duc >t difliculty encountered in handling the
precursors for polyyvues, was only of mited scope. The preparation of longer polyvne
derivatives was made possible after Walton and co-workers introduced silylation as
139,139

a protective method in acetylene coupling chemistry. Using tricthylsilyl as the

protecting group during iterative syunnet  al and mixed Hay coupling reactions, a






series of unique bis(phosphine) pentafluore henyl platinum endeapped oligoynes 92
in 2003."19 The synthesis began with a reaction of trans-[(Cgl) (p-tol,P),P1Cl) (93)
and 1.3-butadisyue to vield compound 94. \With 94 in hand, the target oligovnes 92d
and 92e were obtained through Cu-cataly 1 oxidative Hay coupling (Scheme 1.13).
The oligoynes were able to survive extended periods in @ and even under heating.
The effects of carbon chain length on IR, UV-Vis absorption, and clectrochemical
redox properties were also investi,  ed. The crvstal structure of oligoyvne 92e was
determined by X-ray analysis. which shows a dramatic. unprecedented degree of
chain bending. This finding underscores the geometrie flexibility of oligoynes and
polvynes. It has been envisioned that continued efforts to synthesize extended
oligoyne compounds would ever ally assist in modeling the properties of the one-
dimensional polymeric sp carbon allotrope (i.e. carbyne). One aim of such studies is
to clarify the debate over whether carbyne — ould feature a backbone with alternating
single and triple bonds and a non-zero HOMO LUMO gap.'"

Most recently, a number of new methodologies for the synthesis of structurally
well-defined oligoynes other than Cu-catalvzed methods have emerged i the
literature.  Among them. the approach through a modified IFritsch-Buttenberg-
Wiechell (FBW) rearrangement. devisc by . vKkwinski and co-workers, is particularly
attractive, due to the casy access to starting materials and facile purification of
both intermediates and products. as well as reliably high vields.''' ' For example.
in 2005, the Tvkwinski group successfu - synthesized a series of triisopropylsilyl
endceapped oligoynes 98a-g (1 2-10) via the modified FBW reaction (Scheme
1.20)."" Of note is that this method has led to oligoyne products in sufficient amounts

to allow for a thorough analysis of their s 1ctural, physical. and optical properties.
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UV-vis spectroscopy shows a cons  ent lowering of the HOMO LUMO gap (£)
as a function of the number of acetvlenic units (n), fitting well into a power-law
relationship, E, o n~ 93790902 The autho  have also examined the third-order NLO
properties of this oligoyne series, the results of which established another power-law
relationship between molecular second hyperpolarizabilities (1) and chain length (n)
as 7 o ntE0 Of great significance is that the exponential factor experimentally
obtained for the oligoyne series is much larger than that predicted theoretically. Also,
this exponent is larger than those observed for polvenes and polyenynes. These results
hence suggest that extended polyynes hold the key to acquire unprecedentedly large
third-order NLO susceptibilities. The con  ined linear and nonlinear optical results
have offered concrete support for recent — coretical predictions on polyynes and their
effectiveness as models for carbyne. In pi icular, the ECL of polvynes, which was
estimated to be around n 32 based ¢ UV-Vis spectroscopic analysis, is of great
value for understanding the characteristics of carbyne.!*!

In 2006, Negishi and co-workers reported a highly sclective method for the
synthesis of conjugated trivnes and igher oligovnes based on a Pd-catalyzed akynyl-
alkynyl coupling (Scheme 1.14). The  neral approach involves an iteration of the
Pd-catalyzed coupling between an oligovuvl zincate with (£)-ICH  CHCL followed
by metalation and termination with an  ctrophile (E). Based on this approach,
the Negishi group has prepared a variety of conjugated trivnes and tetraynes. H?
This Pd-catalyzed coupling method, origir v devised for polyyne-containing natural
products though, is certainly of great 1 i preparing various non-naturally existing.
unsvmmetrically functionalized oligovnes.

Other nonaromatic conjuga 1 oligi ers
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Figure 1.20: Oligoyne 98a-g and the synthesis of oligoynes 98d and 98f based on a

modified FBW rearrangement,

Over the past two decades, studies of nonaromatic conjugated oligomers other
than oligoenes and oligovnes have also pr¢  ssed substantially, ranging from linearly
conjugated species, such as poly(diacetyl 2)s (PDAs), polyv(triacetylene)s (PTAs), to
cross-conjugated oligomers, such  is0-PDAs and iso-PTAs (sce Figure 1.21), 116 19

The first svstematic survey of monodis  rse oligo(diacetvlene)s was performed by
Wudl and Bitler in 1986."%Y  Using the synthetic routes shown Scheme 1,15, they

assembled a series of tert-butyl endeapped linear PDAs 112a-e. For this oligomer
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congistently revealed an ECL of 10 repeat its.

/T OSit-BuMe;

Me,1-BuStO

122a-g n=1,2,4,6,8 12,16

Figure 1.22: Oligo(triacetvlene)s 122a-  synthesized by Diederich and co-workers.

Cross-conjugated molecules are molecules with “three unsaturated groups. two of
which although conjugated to a third uns. 1rated center are not conjugated to cach
other.”!”3 Cross conjugation can be found in a wide range of molecules, for example.
quinones, radialenes, fulvalenes. and fused aromatices.

The first series of cross-conjugated isopropylidene based iso-1?DAs was svnthesized
by Tvkwinski and Zhao in 1999 (Figure 1.23). Due to the presence of triisopropylsilyi
endcapping groups, these oligoenynes shov 1 very good solubility, which allowed for
complete spectroscopic charactert:  ic . X-ray structure analyvsis of trimer 123b
indicated C5 symmetry and planarity of t  molecular framework with a maximum
deviation of 0.126 A from the I -squares plane. The electronic properties of these
oligomers were analyzed by UV-Vis sp scopy i solution and solid thin tilis,
which indicated the ECL is at the nonameric stage(n — 9).2 015

- .

P X

= :
TIPS n TIPS

123a-f n=1,3 57,9

Figure 1.23: Isopropylidene based so-PDAs by Tvkwinski and Zhao.
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1.1.4 Device applications of 7—conju ated oligomers
1.1.4.1 Organic light-emitting dioc

Organic light-cmitting diodes (OLLEDs) are a display technology based on the use
of an organic substance as the semicond tor material in LEDs."™1%0  Ever sinee
Tang’s first fabrication of efficient and low-voltage OLEDs from p-n heterostructure
devices using thin films of vapor-deposi 1 organic materials in 1987'! and the
discovery of electroluminescence from conjugated polvmers by Holmes and co-workers
in 1990.'*2 OLEDs have attracted considerable interests from both academia and
industry, owing to their promising applications in making Hat-panel displays in lieu
of the currently used cathode ray tube (CRT) and liquid crvstal display (LCD)
technologics.!'®  The advantages of OLEDs for flat-panel displays lie in their high
luminous efficiency, full color ca; Hility, wi  viewing angle. high contrast, low weight,
and high flexibility %5191 Tt is fore:  ted that some new technologies built on OLEDs,
for instance, flexible organic lig  -emittin  displavs (FOLEEDs). will bring portable,
roll-up displays to the consumer 1 ket within the next few years. '’

The basic architecture of an OLED device consists of a thin fili of organic emitting
layer sandwiched between two electrodes! 100163166 g dopicted in Figure 1.24.

In a typical OLED. the active eniitting laver is composed of 7- conjugated
molecules, which are almost electrica - insulating in nature. Thie anode laver is
normally made of a transparent conducting material. for example. indium tin oxide
(ITO), while the cathode is a reflective metal laver. When a voltage is applied between

the two clectrodes, oppostte charges are 1 cted m the organic material - holes from

the anode and clectrons from the cathode. The opposite charges move inside the

13



Anode (i.e. indium
tin oxide)

Cathode (i.e. metal)

Light

emission

Jrganic
tmitting layer

Substrate

Figure 1.24: Schematices of  » basic structure of an OLED.

material and recombine. The recombinati 1 of a hole and an clectron causes a drop
in the energy levels of electrons, accompanied by emission of a photon. Since the
wavelength of the photon emitted is tied to the HOMO LUMO energy gap of the
electroluminescent molecule, the color of 1 1t emanated from an OLED can be casily
tuned by modifving the degree of m—cor 1gation in the emissive organic molecules.
The performance of an OLED is usually acterized by several parameters including
external quantum efficiency (o ), current efficiency (. ed - A ') or luminous
efficiency (nyp, Im - \-V']), brightness, and turn-on or drive voltage. In a general sense,

the higher brightness and lower drive volti . the better performance an OLED gives.

Currently, various m—conju  ed ol ers have been reported useful for OLED
fabrications, owing to their h cle: on carrier mobility, excellent film forming

properties (pinhole free), reasonable therimal and oxidative stability, and high color
purity (adequate Commission Internati  ale de L'Eclairage (ClE) coordinates).
Morcover, oligomer based materials 1 Hle better layer engineering and more

sophisticated architectures to be implemented compared with polyiner based LED
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Figure 1.25: Structures of blue-lig.  emitting oligoquinolines 131a-d.

emission, and clectrochemical properties ¢+ significantly affected by the position of
the fluorine substituents, which provides an effective tool to tune the color of emission
from deep blue to orange (a broad wave gth region from 448 to 579 nm in the
spectrum). The Huorescence quantum vields of these oligomers are very high (¢

0.93 0.68). When blue emitter 18 was tested, a remarkably high external quantum
officiency value (7exy  4.87%) was attainc at J 20 mA - em . along with a high
luminescence efficiency, 5.91 ¢d - A~ at J 53 mA - e “, a high power cfficiency
of 301 Im - W hatJ 21 mA - cm? . d the maximum brightness at 10.2 V' is
22,506 cd - m~2 (k458 nmn; CIE coordinates x 0.14, y  0.14) with a full width
at half-maximum of 54 nm. The commendable electroluminescent perforniance of
these oligomers has attested to the superiority of these fluoro-containing oligomers in

OLED devices.
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semiconducting layers in OFE™  oligo(acene)s and oligo(heteroacene)s have been
subjected to the most intensive survey, ma ly because of their relatively high charge-

19619911 2002, a research group from IBM reported a method of

carrier mobility,
using pentacene to build OFETs. In eir work, in o1 1 to avert the solubility
problem of pentacene, the researchers first converted pentacenc to a soluble derivative
134 through a Diels-Alder reaction between pentacene and V-sulfinvlacetamide
(Scheme 1.17). Precursor 134 was able to form a high-quality thin film. which was
subsequently restored to pentacene via a retro-Diels-Alder reaction at 120 200 °C.
Organic field-effect transistors (OFETs) with pentacene filims prepared in this way
have shown a charge-carrier mobility of 0.29 ecm? - V71 - 571 at a drain voltage of
Up = —20 V in the lincar region of the tri sfer characteristies plot, a charge-carrier
mobility in the saturated region of 0.89 em? - Vo' - 57! and an on. off ratio as high

as 2 x 107,

- = 4/1\< &‘>
120 - 200 °C -

Scheme 1.17: A reversible Diels-Alder reaction on pentacene.

1.1.4.3 Organic solar cells

An organic solar cell is a device that converts light directly into clectricity by

200,201

using organic materials as the active layer Compared with currently widely

used inorganic solar cells, organic  lar cells have attracted substantially growing
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attention over the past few vears, owing tc  1eir potential to provide environmentally
safe, flexible, lightweight, inexpensive, : 1 efficient solar cells.?"2 2% Since the
breakthrough discovery by Tang's group that donor and acceptor materials could
form a heterojunction between holes and clectrons in an organic solar cell to give a
power conversion efficiency of 1%.2°7 the ¢ ziencies of so-called “bulk heterojunction
organic solar cells™ have currently  een i proved to 5.5% .29 2! The steady increase
in efficiency will likely make or: ic p  tovoltaic materials a competitive alternative
to inorganic materials in future solar ¢ technology.?'™

Owing to the high perforrnan almost all current organic solar cells are fabricated
based on the “heterojunction™ approach. enlisting |60]fullerene (C\y,) or its derivatives
as acceptors and organic polvm: . or conj sated oligomers as donors, 204209207 The
use of C, as an acceptor in organic solar cells was triggered by the work of Sariciftei ef
al. in 1993,2'* which showed that solar cells made from conducting polviners and Cy,
could attain unprecedentedly high device  iciencies. The reason for the use of C,
is that, in addition to a high electron affinity, 'y, features fairly good transparency
and eclectron conductance (1071 S - em™!) as well as an exceedingly large exciton
diffusion length 2122 As shown  Figure 1.29, the device is usually built in a
planar-lavered structure, where donor‘acceptor orgar  light-absorbing laver is
sandwiched between two different electrodes. One of the electrodes must be (seni-
Jtransparent, often indinm-tin-oxide (I'TO). while the other electrode is aluminium.
caleium, magnesium, gold, or other metals, #2122 216
Basically, the underlving principle of a light-harvesting organic solar cell is the

reverse of that of an OLED, and the developments of these two kinds of devices

are somewhat related.  Figure 1.30 gives a schematic illustration of the principle
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Figure 1.30: Basic principle of organic solar cells.

a novel low-bandgap oligo(othiophene) derivative 135 and Cgy, (Figure 1.31).
Compared with other unsubstituted oligo(thiophene)s, the optical bandgap of 135
is considerably reduced (1.77 ¢V'). This is a result of the introduction of clectron-
accepting dicvanovinyl end groups to  rm a conjugated A DA molecular motif.
The excitons generated on 135 and Cy, i be efficiently separated at the 135 C,
interface. This type of solar cells b achieved a high EQE value of 48% at 570 nm.
high photovoltages of 1 V', and a power efficicncy of 3.4% under 118 mW - ¢ 2

simulated sunlight.?!”

CN CN
N Y
J\ CN NC \:i
S S
—$ Sj‘
' S R )
Bu \_\r)v o r “T e Bu
Bu Bu

Figure 1.31:  ructv 3 of Cy, and ol Hthiophe » 1:



In 2008, Nguyen and co-workers pr ared a low-bandgap, solution processable
oligo(thiophene) derivative 136, which was functionalized with a highly absorbing
chromophoric diketopyrrolopyrrole core (Iigure 1.32). Such a molecular design results
i optical absorptions that extend to 72 nm i solution and to 820 nm in the
solid film, as well as a hole mobility around 10 % ¢m? - V' - s ' The cyelic
voltammogram of 136 shows qu  -reversil  oxidation and reduction processes. The
bulk heterojunction solar cell em) Hying this oligomer as the donor and |6.6]-phenyl
Cg -butvric acid methyl ester (PCBNL 137) as the electron aceeptor gives a very
high power conversion efficiency, 2.3% under simulated AN 1.5 solar irradiation of
100 mW - cm 2 when a mixture of 70:30 donor acceptor (by weight) is used as
the activate layver. To date, this is o highest efliciency achieved among conjugated
oligomer-based solution processc  bulk eterojunction solar cells.?!®
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Figure 1.32: Structures of compounds 136 and 137.

In addition to forming a blend of two diflerent molecules such as the two examples
above, the use of a single molec e bearit - both donor and €', groups constitutes
another widely used method to fabricate the heterojunction organic lavers in organic

sotar cells. Take compounds 13t 1d 138b as an (’_\'ampl(*“” (Figure 1.33). These

ot
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Cg oligomer dvads were synthesize — and used to fabricate organic solar cells. Details

of this “molecular hybrids™ approach will be claborated in Chapter 2 of this thesis.

Figure 1.33: Structures of | cne-OPE hybrids 138a-b.

1.2 A brief introduction to [60]fullerene Cy,

1.2.1 The discovery of C,

The investigation on the molecular structure of [60]fullerene (Cy,) commenced in the
1960s, which was actually carlier than its discovery. In 1966 the possibility of making
large hollow carbon cages, struct now called large fullerenes, was proposed by
20

Deadalus alias D. E. H. Jones.? nfort ately, this creative suggestion received

no immediate attention from the ier fic community. Four years later, in 1970,
Osawa first proposed a spherical, footb, -shaped structure for the Cy molecule with
an icosahedral (I),) symmetry an idea d ved from the synthesis of bowl shaped
corannulenes.??12%2 After that, a series of, inter alia, Hiickel calculations on Cy, was
reported in theoretical papers by several groups.?#? 22

In 1984 it was found that la » carbon-only clusters C,, with n 30 190 could
226

be produced upon laser vaporization of graphite. Although Cy, was among these

[wia]
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Figure 1.34: Structures of corannulene.

clusters, its identity was not heeded. The milestone achievement in the experimental
discovery of Cy, came in 1985, At that tin  Professor Kroto. from the University of
Sussex, UK, met Professor Curl,  Hm  ice University, at a conference on molecular
structure in Austin. Texas. Kroto went back to Houston with Curl to pay a visit
to the laboratory of Rick Smallev. Later ey arranged to examine a special kind
of refractory carbon clusters, produced by focusing a pulsed laser on graphite in
a cluster beam apparatus of Smalley’s by using mass spectrometry. In the study,
they found that, under specific clustering  Hnditions, the ez 720 peak attributed
to Cy, exhibited a pronounced intensity in the spectra, suggesting a particularly
stable species. After discounting various hi v improbable structures, they concluded
that the molecule must be in a ¢ like  ape, and Smalley succeeded in building
it out of his paper and tape. The paper deseribing this work was submittc  to
Nature in September 1985.%27  The extra stability of Cy, arises from its spherical
structure, which is that of a truncated icosahedron with /;, svinmetry., They named
Cgp as Buckminsterfullerene because of the  milarity of the structure to the geodesic
structures credited to a famous American  rehiteet, R. Buckminster Fuller. [t was
because of this ground-breaking work th: roto, Smalley, and Curl later shared the

Nobel Prize in Chemistry in 1996.



1.2.2 The production of C,

For quite a while, the studies of Cy, had been conducted by only a small number of
research groups due to the high costs and low vields of its production. The rescarch
on Cy, would not have Hourished. had it not been for the breakthrough made by
Wolfgang IKratschmer of Heidelberg University and Donald Hutlman of the University
of Arizona in 1990.?% The two scientists discovered a truly simple and efficient way
to produce solid Cg, by arc-vaporiz ion of graphite in a helinm environment. Since
this discovery, the field of fullerenes has grown rapidly and led to significant impacts
in numerous different scientific arc

Currently, tons of C, are produced annually by burning toluene under catalytic
conditions,??” aside from vaporization of graphite. Also, with the auns to deduce
the mechanisms of fullerene fi ation and to make specifie fullerenes selectively
and exclusively, total synthetic routes to Cy, fullerene have been explored by several

groups, for instance, the reaction  1own in Scheme 1.18.230

S A \" A - )
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Scheme 1.18: Svnthesis of [6( ullerene from a polvnuclear aromatic precursor.

=1

[



1.2.3 The structure and chem al properties of Co

As depicted in Figure 1.35, the structure of Cy, appears like a soccer ball with 12
pentagons and 20 hexagons. The six-membered rings are not aromatic. They are
actually of alternating single and double bond character. All the bonds between two
six-membered rings (so called 6,6-bonds ) are double bonds with a bond length of
1.38 A. The C-C bonds between six- and five-membered rings (called 5.6-bonds) are
actually single bonds with a length of 1.45 A. Hence, the overall Cy, structure can be

regarded as fused 1.3,5-cvelohexatrienes and [5]-radialenes.

[6.6]-bond LN
ca. 1.38 A “7 .
L)
\ A i
\\\\L\’f 4 (5,6)-bond
S ca. 1.45A

Figure 1.35: Structure of Cy,.

31 The bonds angle deviation from

There is bond angle strain existing on Cy,.*
the ideal of sp-hybridized carbons at cach of the carbons on the C, surface is 11.6
(Figure 1.36). This deviation induces a st 1 of 8.5 keal mol per carbon atonm. This
Is the single largest contribution to the total heat of formation (A/f) of C, (10.16
kcal,/mol per carbon atom).?** Relief of this strain thus provides the major driving
force for most of the reactivity of Cy,.

In terms of its chemical properties, Cg, 1s an clectronegative molecule that can

be casily reduced. but oxidized with difficulty, This is because the negative charge(s)

can be significantly stabilized through ext  sive delocalization on the large spherical



sp’ cart  on Cgp normal sp? carbon

6=101.6°

angle deviation of Cgg. 101.6° - 90° = 11.6°

Figure 1.36: Bond angle strain of Cy,.

surface of the Cy, cage. Theoretical calcul.  ons on Cg, also indicate that it actually
possesses a low-lying triply degenerate LUMO. which bestows Cy a very high electron
affinitv.?** Morcover, the high svinmetry of the Cy, cage gives rise to a zero or close
to zero molecular dipole moment.

Certain general patterns of its reactivity can be smmmarized as follows:

1. Cg behaves fundamentally as an electron-deficient alkene, not as an aromatic
hydrocarbon. Reactions such as cyveloadditions, nucleophilic and free radical
additions across the bonds between two six-membered rings are therefore
its characteristic reactivities. In addition, hydroborations. hyvdrometallations.

hydrogenations, halogenations, and metal complex formation can take place on

231,235
Ctil)'

2. The driving force for addition reactions is the relief of bond angle strain in the
Cy, cage. Reactions leading to tetrahedral sp® hybridized carbon atoms are
strongly assisted by the angle strain present in Cy,.  In most cases, addition

reactions of Cy, are exothermic. The exothermicity of subsequent additions



depends on the size and the number ¢ addents already attached to the C, cage,
and the favourability of additions decreases at a certain stage. This is because a
high degree of addition on Cy, will result in repulsions among, appendant groups
as well as strongly disfavored planar cvelohexane rings. Therefore, adducts of
Cyo with a high degree of addition . » usually unstable or do not form at all.
The interplay of these types of stra  determines the nuinber of energetically

favorable additions to the Cg, core.

SO

[5.6]-open

Figure 1.37: Cg, tsomers of [5,6]-Closed a1 open. [6.6]-closed and open structures.

3. The regioselectivity of addition reactions on Cy, is controlled by minimization
of the number of double bonds the [5,6)-ring  mctions. " Huble bonds
in S-membered rings are unfavorable, since they tend to increase the strain
significantly. As shown in Figure 1.37. cach of the additions to ]5.6]-double
bonds and [6.6]-double bouds leads  two different types of isomeric adducts.

Each pair of isomers can be distinguished as open and closed structures. Because



the [5,6]-open and |6.6]-closed structure possess the minimun number of double
bonds on 5-membered rings. they are the major products, while the [5.6]-
closed and [6.6]-open structures e the minor products. In addation, ]5.6]-
open adducts are thermodynamically less stable than [6.6]-closed adducts.
Isomerization of [5.6]-open to |6.6]-closed adducts promoted by light or heat

.
have been reported, 2323

1.2.4 Major chemical reactior of C,

The following section will mainly deal with two types of reactions that have been
widely used to prepare functionalized Cy, derivatives, namely nucleoy ilic addition
and cycloaddition. Also, in light of the very complicated regiochemistry of multiple
239

addition reactions.=”” only mono addition is discussed in this part.

1.2.4.1 Addition of carbon nucleo iles

Cyo can readily react with many kinds - carbon nucleophilic reagents, including
organolithium (RL1) and Grignard (RMgX) reagents (where R can be alkyvl, phenyl
or alkynyl groups), cvano. depro 1ated a-halo esters or ketones #8102 Iy the
addition reactions, anions RCg, (139) are formed as intermediates. followed by the
formation of hvdrofullerene derivatives C,HR (140) through protonation (Scheme
1.19).

A synthetically useful nucleoph ¢ add  on is the reaction between (', and metal
acetylide.  In general, metal acetylides e less reactive toward Cy, than other
o nolithium or Grignard compoe ds, 1 to their relatively high stability and

low nucleophilicity.®!> The uggish reactivity, however. brings etter selectivity to




Scheme 1.19: Addition of carbon nucleophile to C,.

the addition reaction. The fir  acetyvlene-Cy, hybrid was (trimethylsilvl)ethynyl-
dihydro|60]fullerene (142). synthesized by Komatsu et al?* In this reaction,
(trimmethylsilyl)ethyvnyl lithium was re ‘¢ with excess Cgy in 0 1ene at reflux to

form an acetylene-fulleride anion intermediate 141, Quenching the fulleride with an

240

acid then afforded the product | heme 1

Scheme 1.20: Ethyvnylation reaction of Cy, developed by Komatsu.

In 2006, Muller and co-workers synthesized a series of ethynyl bridged
oligo(phenothiazine)-Cy, dvads 144a-c¢ v addition of the corresponding oligophe-
nothiazinyl lithium acetylides to C, followc by protonation with acetic acid (Scheme
1.21). They found that the HOMO-LUMO gap of the resulting Cy, adduct was
lowered by 100 m\" per phenothiazine unit attached.  Upon UV excitation the

phenothiazinyl fluorescence was considerably quenched., presumably due to a charge
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dihydrofullerene derivatives is achieved by means of intramolecular nucleophilic

substitutions as outlined in Scheme 1.23.218:219

Here ¢y Hpropanation of (', with
dicthyl bromomalonate in toluene using NaH as auxiliary base proceeds smoothly
at room temperature. 'H and C NMR characterization have verified that the
nucleophilic addition and subsequent int nolecular nucleophilic substitution took
place at a [6,6] double bond of the Cg, core. The product 1 3 is readily separable from
the reaction mixture by column chromatography. Saponification of 148 can be done
by treatment with NaH in toluene at raised temperatures, and subsequent quenching
with methanol affords 149. This method offers an easy access to structurally defined

Cgo derivatives with good solubl v in org ic solvents such as THLE.

COOEt

COOEtL

—

Toluene, NaH

(i) NaH, toluene
60 °C

-

(i} MeOH

149

Schenie 1.23: Cyvelopropanation of C,, with dimethyvl bromomalonate.
R 60 A

In 2002, Wilson and co-workers port  the first full cne-based N-ray contrast

agent (CA), which was prepared through a modified Bingel reaction. The new CA
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(compound 150, Figure 1.38) is concep ally derived fro  the contemporary N-ray
CAs, all of which use iodine as the X-ray attenuating vehicle and are based on the
2,4,6-triiodinated phenyl rit  substructi . The detailed synthetic route involved a
modified Bingel-type reaction to first prepare a single addent containing six iodine
atoms and ecight protected hydroxyl groups. followed by the addition of four more
adducts each containing four protected hydroxyl groups. The final deprotection step
gave the highly water-soluble (> 460 mg 'mL), nonionic, heavilv-iodinated (24% 1)

fullerenc 150.2%Y

HOHZC)zHC H(CH,0H);

- H(CH,0H),
(HOH,C),H W—L \ HN )
R : " “o

OH OH : OH OH

Figure 1.38: A (', based N-ray contrast agent reported by Wilson.

The Bingel reaction is not restricted to such C-H acidic carbonyl compounds as
malonates. Various other substrates have also been used. Selecte  examples of these

C-H acidic compounds are listed in Scheme 1.2.4.%%



Ci

. Br Br Br
; \I ;\“ s] H { Br H { NO, H ( CN
e N Br H H
DBU, toluene, 20 °C LDA. to -78 °C NEty, ODCB, 20 “C LDA, toluene, -78 °C
yield' 32% yield' 4U% yield: 19% yield. 15%
0] 0]
Q i 0 I COOEL o
P ~ PR H-<CN
MeO/ T \ OMe ', T\ oE B e TR
MeO Br OMe EtO OEt TMS’ T™MS
DBU, toluene, 20 °C I,/NaH, toluene, 20“C  Pyndine, ODCB, 20 *C DBU toluene. 20 °C
yield: 41% yield 38% yield: 31% yield 55%

Scheme 1.24: Examples of reagents and conditions used in Bingel reactions.

1.2.4.2 Cycloadditions on (',

|14+2] Cycloadditions

The [6,6] double bonds of Cy, are dicnophilic, which enables the molecule to

202

undergo various Diels-Alder reactions (2] cyeloadditions).?"! Mechanistic

studies of some cycloadditions on €y, have clearly supported a concerted mechanisin

involving a symunetrical transition state.?”*  The dienophilic reactivity of Cg, is

comparable to that of maleic anhydride or N-phenylmaleimide. 2> The conditions
under which cveloadducts are formed strongly depend on e reactivity of the diene
species. Most |41 2] cyeloadditions on Cy, are accomplished under thermal conditions:
however, photochemical conditions have also been reported. Microwave irradiation is

256

also efficient as a source of energy for this  pe of reactions. Outlined in Scheme

1.25 are two examples of Cy, 4+ eveloaddition. ™ In the first reaction. equimolar
amounts of cyvelopentadiene and Cy, react  room temperature to give monoadduct
151 in a comparatively high vield, while in the second reaction the formation of the

cycloadduct 152 with anthracene needs an excess of the diene in refluxing toluene.

Apparently, the reactivity of eveloaddition is directly related to thie nature of the
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Scheme 1.27: Diels-Alder  wction of ', with an o situ generated diene.

of chiral a-oxo imines 158 and a-diimines 160 with Cy, (Scheme 1.28).2%

/4\( R
ch \’k/l
H_~N

Cs0. zene, MW
- e —

HsC SN

HC'J N
3
L
~OR
160

R=H. CH, 161

Schenie 1.28: Microwave-assisted Diels-Alder reactions of Cyy with heterodienes,

[34+2] Cycloadditions

(A) Addition of diazo compounds. The product from an addition reaction of a

diazo compound with Cg, is very similar to that of a nucleophilic cyelopropanation

6Y



of Cg,. But the mechanisms of these two tvpes of reactions are markedly different.
The product of a diazo addition on Cy, actually involves three consecutive steps as
exemplified in Scheme 1.29: (i) |3 2] eveloaddition oceurring at a |6.6]-double bond.
yielding intermediate 162, (ii) extrusion of N, out of the adduct. atfording a mixture
of 163 and 164, and (iii) thermal isomerization of 164 into the more stable product

163.236'263

Schemie 1.29: {3 12| Cycloaddition between Cyy and diazo compound.

In 1993, Prato and co-workers prep. »d a Cy,-oligopeptide hyvbrid 169 through
a 1.3-dipolar cycloaddition reaction. In is work. fer/-butvlecarboxylate 166 was
synthesized by the reaction of diazomethylbenzoate 165 with C). After hydrolysis
with trifluoromethanesulfonic acid (TTOH) and chlorinatic  with oxaly chloride, acyl
chloride 167 was generated. Compound 17 was then used to acylate pentapeptide
168 to afford the desired C-olige eptide hybrid 169 (Scheme 1.30).2%% Although

this synthetic approach was only  ted on a model peptide. it is reasonable to assume















179 with diiodide 180, giving the Cy-sym - trie dialdehyvde 181, on which lipophilic
alkoxy groups were functionalized for be  r solubility. A two-fold cveloaddition
of 181 with sarcosine and Cg, we product 182 in a modest vield (21%) with
complete diastercoselectivity and good so. Hility in most common organic solvents.
This molecule was designed to show some i cresting photophysical propertices, owing

to its peculiar molecular structure and the presence of photoactive DA moicties.?™

R
o R CHO . OHC.
§ — — PACI(PPh,),. Cul &> == \’/\ =
Fe B ! \ 7 ! n-ProNH, rt T Fe }-/ i
/ R L R /
’ = =
179 181
Cgo. sarcosine
jaaE -
toluene, reflux R =0C,Hz-

Scheme 1.35: Synthesis of fe  eene-futlerene hybrid 182.

Recently, a novel dimeric phthalocyar 1e-Cy, nanoconjugate 183 (Figure 1.39)
was prepared through a [312] cvcloaddition of azomethine vlide with Cy, by
Guldi and co-workers. Photophysical measurements confirm that an intramolecular
electron transfer, from the photoexcited ZnPc¢ moiety to the clectron-accepting Cy,
unit, overwhelmingly dominates the overall photoreactivity of the nanoconjugate.

Through-space charge-transter processes facilitated by the close proximity of the Znl¢

and the Cy, moicties play a decisive role in the lifetiines of the charge separated states,
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with dehalogenation of a polyhalide, for example, CHCl,, Cy,(C'Cl,), CH,L,, or 7.7-
dibromobicyclo(4.1,0)heptanc, by treatme  with zine, magnesium or NaOH powder.
The resulting carbene intemediate reacted with Cy, in situ in the presence of
ultrasonic irradiation. In these reactions. ionic liquid solvents, such as [bmim||P17,] or
[omim||BF,], were used. |6.6]-Junction cycloaddition products 184-187 were formed

as single isomers in 53-79% vields with excellent stereoselectivity (Scheme 1.36).2%

Scheme 1.36: 2+ 1] Cyveloadditions of carbenes to Cy.

1.3 Outline of the _hesis

The thesis describes three major projects focusing on the synthesis and property

characterization of @ conjugated oligomers and fullerene derivatives. The details of






substituents are investigated by UV-Vis . sorption and fluorescence spectroscopic
characterizations. It is found that the electronic and photonic behavior of the -
mers can be flexibly manipulated or finely tuned by chemical functionalization with
various clectroactive and chromophoric grov s at the terminal positions of the H-mers.
Moreover, H-mers functionalized with suit. le groups (e.g. amino) show fluorescence
sensing function toward Bronsted acids and selected transition metal ions. The results
of this project verify the feasibility of usii  the corjugated scaffold of H-mers as a

versatile fluorophore platform for various {  orescence applications.












clectrode and a vacuum evaporated aluminium clectrode. This device gave a short
circuit current density (Jsee) of 10 ¢\ - em 2 and an open circuit voltage (Vo)
of 0.46 V under monochromatic irradiatic (400 nm, 12 W - em 2). The limited
efficiency of this device was attributed to the competition between energy transfer
and clectron transfer.?%!

OCH,

“w N -«

e OC/.H,=

Figure 2.2: C,-OPV dvad I 0 repared by Nierengarten et al.

In 2005, Otsubo and co-workers syntl sized two oligothiophene-fullerene dvads
191a-b and two triads 192-193 (Figure 2.3).?%? In the triads, quaterthiophene (1)
and octithiophene (8T) are linked by a tri ethylene chain and either one is attached
to a Cy, group. 'The cyclic voltammog us and eleetronic absorption spectra of
these triad compounds show no evidence of electronic interactions among the three
electroactive components in the ground state. The ecmission  octra of 192 and
193 were markedly perturbed by electron transfer and or energy transfer from the
oligothiophene to Cy,. Comparison between the emission spectra of triads (192 and
193) and dyads (191a-b) suggests tl e additionally attached octithiophene or
quaterthiophene in the triads is in fact involved i the photodeactivation mechanism.

For instance, 81-4T-Cy, triad 192 unde Hes photoinduced electron transfer after
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photoexcitation of the OT moiety, leading to a long-distance charge separated species,
[8T** — 4T — Cg7|, the existence of v ic  was confirmed by transient absorption
spectroscopy. A sandwich device based on the 8T-4T-Cy; triad 192 afforded a more
effective photovoltaic response to visible I 1t in comparison to the device made of
dvad 4T-Cy, 191a. owing to the contribv on of the additional OT chromophore.
On the other hand, the 4T-8T-Cy, (193) based device showed a relatively poorer
photovoltaic performance than the 8T-Cy, (190b) device, due to the absence of fong-

distance charge separation via photoinduced clectron transfer.?”?

CH,
N
s s s s,
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_"‘ . - SN
//‘ " b ” A CeHns CoHr .
N "/7\/ 11 3 n=1,2
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e S Oty

CeHiy CgHiz CeHa

192

Figure 2.3: Cy,-OT dvad 191 and tr 192 193 prepared by Otsubo ¢t al.
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Apart froin the relatively simple dvad otif, triad Cg, and oligomer derivatives
A . 60

characterized by a svimnetric dumbbe  shaped structure, namely Cy, 7 Cy,. have
grown rapidly in mumber in the recent  terature due to their unique structural and
photophyvsical properties. For example, Martin and co-workers prepared a series of
C,, OPE C,, molecules 194. in which t - oligomer chain length was systematically

60 60 . .
increased from monomer to heptamer.?? Also, our group recently prepared the first

model of a rigid Cy, TTFAQ Cy, triad. 35 (see Figure 2.4).2
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Figure 2.4: Dumbbell-shaped Cy, © C, triads 194 195.

In comparison to relatively simple Cg, 7 dvads. dumbbell-  aped triads are
actually not so demanding in synthesis, ¢  ce the symmetric structure requires no
selective strategv to be planned. Moreover, as Martin and co-workers pointed out,
the electronic interactions between the two Cg) cages in either the ground state

or the excited state varied significantly depending on the detailed structures and



electronic nature of the bridging 7 -units incorporated.?®2%> The presence of a second
fullerenyl unit into the molecular dumbbell as been reported to significantly influence
the photophysical consequenc Su ects presumably arise from the unique
stabilization of the hotogenerated radical ion pair exerted by the additional Cy,
cage.?9#% However, clear understanding of the Cy, m Cy, svstem has not vet been
fully achieved. while comprehensive property-relationship analvses are still hindered
by the relative scarcity of model systems available. To address this issue. a new model
system for dumbbell-shaped Cy,  Cy, tr s is synthesized and investigated and the
results are reported in this chapter. ..ae oligomer unit of the Cyy m Cg, model is
designed as either a linear (196) or a cruciform (197) shaped OPE, OPV block co-
oligomer, in order to probe the effects of 7 conjugation and dimensionality (Figure
2.5). Eleetron-donor (D) substit  cd OPE. OP\" bridges are prepared in the structure
of 198 to clucidate the substituent effect. In addition, a segmental structure of the
molecular dumbbells, dvad 199, is prep: d to help better understand the structure-
property relationships; particularly, the electronic communication between the phenyl
acetylene m—bridge and the Cy, ¢

The following sections will claborate on the syvnthetic methods and property

investigations of the Cy, m Cy, triads and relevant OPE OP\ oligomer precursors.
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in refluxing EtOH to give 1.4-bis(decyloxy)benzene (201), which was then iodinated
to afford compound 202 in a yield of 89% . Cross-coupling of 202 with only 0.7 equiv
of trimethylsilvlacetylene (TASA) atfordc monoiodide 203 as the major product.
The svnthesis of compound 206 began wi  a radical bromination of p-xvlene using
NBS, which afforded «, a’-dibromo-p-xyvlene 205 in 53% yield. An Arbuzov reaction

between 205 and P(OEL), then atforded 206 in 92% vield.

OH OCoH31 ?CMJHM 0C, H.,
e |
TN TN o —_
‘| JJ o, | b (), M ' tm . ,’\"_ = ™S
. ]'/ - AN )
OH OCy+Hx QCyH - Ci HO
200 201 202 203
— Br — —
p (W) N /__ } (v (CgHsO)zOP\\ =
Q e A\ > T \_/
' PO(OC,Hs),
204 206

Scheme 2.1: Synthesis of phenvl buildii  blocks 203 and 206.  Reagents and
conditions: (i) C,,H,,Br. KOH, EtOH. 79%: (i) Hg(OAc),. L,. CH,CL,, 89%: (iii)
TMSA, PdCL(PPh,),. Cul. Et,N, THF, 58%. (iv) NBS. CHCL,. benzoyl peroxide,

53%: (v) P(OC,H,),. 92%.

With 203 and 206 in hand. the synthesis continued as outlined in Scheme 2.2
Cross coupling of p-bromobenzaldehyde with TMSA led to compound 208,
which was desilylated using K,CO; to give terminal atkyne 209. Compound 209
was cross coupled with 203 under Sonogashira conditions to aflord phenyl acetvlene
210 in HY% vield. Compound 2 ) was subjected to a Horner-Wittig reaction with

the vlide generated from bis(phosphonate) 206 to complete the first targeted linear
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OPE, OPV scaffold. In this reaction, using NaH or ¢-BuOK as the base did not
produce the desired oligomer. The use of a stronger lithium base, n-Buli, did lead
to the product, but with a very low vield of 15%. After several attempts to optimize
the reaction conditions, another lithium base, LHMDS, was found to be the most
efficient, giving a vield of 12%.

With lincar OPE OPV 211 in hand, it then came to the fullerenyl addition step to
finalize the first target Cy, m Cy, triad 1 ja. In this work, an i situ cthynylation
protocol devised by Tour's group was emploved to attach fullerenyl groups to the
OPE/OPYV oligomers,?*” due to its high ¢ ciency and reliability. To perform this
reaction, oligomer 211 was first desilylate  with K,C'Oy to form oligomer 212. Slow
addition of LHMDS in a well-sonicated 1 :ture of 212 and excess Cgy (ca. 2 equiv
per terminal alkvne) in dry THF under a nitrogen atmosphere resulted in a slarry
of dark greenish color. The reaction was quenched with excess triffuoroacetic acid
(TFA) to give a brownish slurry. After removal of the solvent under vacuum, the
residue was subjected to column chromatographic separation, affording pure 196a in
a yield of 39%.

Subsequent to the svnthesis of 1! a longer Cy, m Cy, homologue 196b
was prepared using a similar synthetic strategv.  Outlined in Scheme 2.3 18 the
initially designed route to c¢c pound 196b.  Unfortunately, this synthetic route
was unsuccessful because the Horner-Wi o g reaction b veen 206 and 214 failed
to produce oligomer 215, despite the numerous attempts.

An alternative synthetic route was therefore explore as shown in Scheme 2.4,
which proved to be more effective than the previous one. In this approach, the short

linear OPE.OPV 212 was further clongated by cross-coupling with iodoarcne 203
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of Bunz's method, pure compound 219 was attained. During the workup. instead
of adding sodium sulfite at first. the reaction mixture was let to stand overnight
at room temperature. This allowed product 219 to co-crystallize with succinimide,
while other brominaton byproducts re ained in the solution. Succinimide could be
removed completely by water rinsing, leaving almost pure 219 as the crude product.

Further purification of 219 was done by recrystallization from CHCl; and hexanes.

| !
R N - 4 h (CHs0),0P
I g (Ilb I - . (II!)> A \l/ N

J 72
PN A N M POIOCHs),

| |

204 218 219 L 220

\
Y O \
(iv - = v) _ =
L\ S
221 N
R
w222 R=TMS
| =223 R=H

Scheme 2.5: Synthesis of cruciform building block 223. Reagents and conditions: (i)
L. H IO, H,O, AcOH, H,SO,, 69%; (i1) NBS, CHCI,. benzoyl peroxide, 13%: (iii)
P(OC,Hy),, 88%: (iv) NaH, THF then benzaldehyde, 63%: (v) TMSA, PACL/(PT ),

Cul, Et,N, THF. 87%; (vi) K,C'O,, CH,C . THF. 86,

Pure compound 219 was then subjected to an Arbuzov reaction with P(OEt),.
giving 2.5-diiodo-1,4-bis(dicthylphosphon: methyl)benzene (220) in a yvield of 88%.
A Horner-Wittig reaction bety  n 220 . 4 benzaldehyde in the presence of NaH
afforded phenylenevinylene trimer 21 as  llow crystalline solid. Treating 221 with

TMSA under the catalysis of Pd Cu in a mixed solvent ¢ Et;N and THF then gave
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230. The first one started with a stan rd Sonogashira cross coupling between
iodoarene 203 and triisopropvlsilvlacetvlene (TIPSA). giving compound 229 in a
vield of 93% . Compound 229 was treated — th K,CO, to selectively remove the TAMS
group, affording compound 230 in 79% vield. \While this route is relatively concise
and efficient, the involvement of two costly silvl-protected actylene reagents (TAMSA
and TIPSA) in the synthesis  indeed it favorable for large-scale preparation.
To reduce the usage of silyl reagents, an alternative route to 230 was adopted, in
which diiodoarene 202 was first cross-coupled with one equiv of 1.1-dimethylpropargyl
alcohol under Sonogashira conditions. © ¢ resulting product 232 was cross-coupled
with TIPSA under Pd Cu catalvsis to form 233, Compound 233 was then
deprotected by NaOH in refluxing toluene to afford the desired pro et 230 in a
vield of 76%.

The unique shape of the 2D cruciform 'PE OPV skeleton also enables versatile
modifications or substitutions at the four terminal positions of the oligomer.
In our work, a strong eclectron-donat (D) and chromophoric group. N.N-
diphenylamino. was selected to 1 attached to the OPV branch of the eructform. Such
functionalization has allowed the sv stitution effect to be examined on the oligomers
and related bisfullerene adducts. The synthesis of two short D-substituted cruciform
OPE. OPV oligomers, 237 and 38, as we  as a related bisfullerene adduct. 198a,
is described in Scheme 2.9, It began with a Horner-\Wittig reaction between 220 and
N, N-diphenvlaminobenzaldehyde, vielding D-functionalized OPY 234 in a vield of
80%. Sonogashira reaction between 234 and TMSA gave the key intermediate 235,
which was converted to 236 via desilvlation in 90% vield. Afterwards, another Pd-

catalvzed cross coupling was performed between 236 and iodoarene 203, leading to
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OC pH.s OC,H,, OC.H_, 0C, H,,
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CioHz1O CigHy10 CroHAHO CigH O
203 [ 229 R=Th w| 231 R=TMS
» 230 R=H = 226 R=H
OC oH.4 OCyH.1 OCuH
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CioH2:0 CiyH10 CiH, O
202 232 233

Scheme 2.8: Svynthesis of phenylacetvlene building block 226, Reagents and
conditions: (i) TIPSA, PdClL,(PPhy),. Cul. Et,N, 93%: (ii) K,CO,, CH,OH, THF,
92%; (iii) 203, PACL,(PPhy),. Cul, Et,N, TIF, 98%: (iv) K,C0O,, CH,OH, THI",
96%:; (v) 1,1-dimethylpropargyl alcohol, PACL(PPLy).,. Cul, IS, N, 51%: (vi) TIPSA.

PdCl,(PPhy),. Cul, Et,N, 100%: (vii) NaOII, toluene. reflux. 764.

the formation cruciform OPE OP\ 237, ° cating 237 with TBAF gave the terminal
alkvne-substituted cruciform 28 which was subjected 1o an i situ ethynvlation to
afford the cruciform shaped bisfullerene-ol  Hmer adduct 198a in a yield of 23%.
Following the same strategy as used in e synthesis of 198a, long D-substituted
OPE,OP\ curciforn1 239 and related b ullerene adduct 198b were successfully

prepared. The svnthetic details are given  Scheme 210,

2.2.1.3 A simple phenylene ethynylene (', model system

Apart from the complex dumbbell-shaped  , OPE-OPV Cy, triads synthesized in
the previous two subsections, a simple phenylene ethynvlene-Cy, dvad, 199, was also

prepared in the work of this chapter (Scheme 2.11). The purpose of making this
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Scheme ~ 10: Svnthesis of lor  D-substituted cruciform oligomer 239 and related

bisfullerene adduct 198b. Reagents and conditions: (i) 226, PdCL(’Ph,),, Cul.

Et,N, 16%: (ii) TBAF, THF. 80%; (iii) Cy,. LHMDS. TE  then TFA. 17%.
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Scheme 2.11: Synthesis of phe viene ethynyvlene-Cg, model 199, Reagents and
conditions: (i) 1-decyne, PACL(PPhy),. C . Et,N, 86%: (ii) NaOH. toluene, reflux,

90%: (iii) Cy. LHMDS, THF then TFA. 7 .

molecule is to use it as a model to examine the electronic communication hetween the
Cyo group and the adjacent 7 conjugated system it is attached to. Since compound
199 can be regarded as a common segmer  of the Cy, OPE OPV Cy triads prepared
in this chapter, understanding the properties of 199 will be of great assistance in
elucidating the structure-property relationships for more complex Cy, OPE OPV

Cyy systems. Detailed discussior  inis respeet will be made in later sections.

2.2.2 NMR spectroscopic and eclectrochemical properties of
Cy,~OPE/OPV-(C, deri* tives

All the Cy,-OPE OPV-Cy, compounds and their corresponding OPE OPV
precursors have been characterizc by IR, 'H and 3C NI R spectroscopy and mass
spectrometry, the results of which ¢ 1 convincing proof of their molecular structures
and purities. Particularly ren  kable is the MO NMR spectrosec ic data for the six
dumbbell-shaped bisfullerene compounds © 6 198, The centrosyvimmetric molecular
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Table 2.1: Sunnnary of cyclic voltammetric data for compounds 196-198.°

Entry Oxidation (\') Reduction (\)
By Eu Eoe E,
196a 1.27 1.18 0047, - 83110, -0.59, -0.79. -0.99. - 1.2 L,
-1.-10 -1.51.-1.97
196b 1.10 -0.35, -1.10. -1.34 -0.69. -0.80
197a -0.38, -0.84, -1.12, -0.59, -1.00, -1.24. -1.52,
-1.27 -1.73
197b -1.03., -1.27 -0.29. -0.60. -0.80, -1.00.
-1.51
198a -0.37, -0.81, -1.01, -1.28.
-1.71
198b -0.59, -0.85, -0.99, -1.16,

-1.42,-1.52

ACyclic voltammetric experiments were performed at roonn temperature. Data
were recorded in solutions of o-dichlorobenzene-CH3ON (510 v vy BuyNBE,
(0.1 M) as the supporting clectrolyte, | ssy carbon as the working electrode.
and Pt wire as the counter clectrode.  otentials are given in Volts versus a

Ag ‘AgCl reference electrode. Scan rate: 100 m\ - s
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do the cruciforms, presumably as a rest of their greater degree of 7 clectron
delocalization and relatively higher +ing HOMOs. For the bisfullerene adducts with
D-functionalized cruciforn OPE/OPYV bridges, 198a and 198b. the oxidation on
each of the m—bridges in their cyelic vol  nmograms exhibits irreversible features.
Also notable is that the onsets of the oxidation peaks for 198a and 198b are much
lower than those of 196a and 196b, indicating significantly raised HOMO energies
in 198a and 198b as a result of the d or group (NPL,) effect via 7 conjugation.
When scanning cathodically, four quasi-reversible reduction steps characteristic
of the sequential single-electron transfers «  the Cgy cage from Cyy  to Cyy!' can be
observed in each of the cyclic voltammograms of compounds 196a, 197a, and 198a,
which contain short OPE/OPV 7—Dbridges. Morcover, a single-electron reduction
process on the the oligomer bridge © moted 7, ) can be seen in the voltammograms of
196a and 198a. For the bisfullerene adducts that contain long OPE OPY' 7 bridges
(196b, 197b, and 198b), redox envelopes in the negative potential region show

undefined, irreversible patterns that are too complex to make specific assignments.

2.2.2.1 UYV-Vis absorption properties

(A) OPE/OPV based co-oligomers. UV-Vis absorption spectra for the prepared
lincar and cruciform OPE; OP\ co-oligor s were measured in chloroform at room
temperature and are shown in Figures 2.9 and 2.10.

From Figure 2.9, it can be scen  at the UV-Vis spectrum of short linear
OPE/OPV 212 shows two distinctive 7 — 7 transition bands at 401 and 293
nm. The low-energy absorption peak at 401 nm can be attributed to electron

transition from the HOMO to the LUMO, while the peak at 293 nm is likely due to
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than its lincar isomer 212 suggests that the shape of m-conjugation is an important
factor governing the electronic absorption behavior OPE ‘OPV based co-oligomers.
The UV-Vis spectrum of D-functional  d cruciform 238 shows two low-energy
absorption bands similar in shape to the o cruciformn 225, but they are considerably
redshifted to 435 and 387 nm (sce Figure 2.9) due to the presence of two electron
donor groups attached to the termini of the OP\" brauch. These D-substituents push
electrons toward the OPV branch through direct 7 conjugation, which should in
principle clevate the cnergy level of the HOMO in 238 and reduce the energy gaps

*

for respective m - 7w clectron transitions.
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Figure 2.10: Normalized UV-Vis spectra fo long OPE. OPV co-oligomers 216, 228,

and 240 measured in CHCl,.

Figure 2.10 shows the spectra of long OPE OPV oligomers 216, 228, and 240.
Notably, the two bands corresponding .to HOMO — » LUMO transitions on the

long linear OPE, OPV 216 and long cruc nwm OPE OP\ 228 appear at a nearly
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identical wavelength around 410 nm. T s observation indicates that the degree
of m—delocalization for the two long OPE. OP\ oligomers  linear and cruciform
are similar to cach other. Such spectral features differ drastically from thoese of
the short OPE OPV\ series, which can be ascribed to the extension of the OPE
branch in the oligomer backbone.  As with short cruciform OPLE OPV 225, long
cruciforin 228 also shows two strong high-cnergy absorption peaks at 372 and 330
ni respectively,  The absorption of long linear OPE. OPV 216 in this spectral
range, however, appears much weaker in ensity as a result of different shape and
dimensionality of 7 -conjugation. In addition. both the long lincar and long cruciform
oligomers feature a high-cnergy band at similar wavelengths, 308 nim for 216 and 312
nin for 228. The physical origin of this  and is not clear vet and awaits further
theoretical investigations.

For D-substituted long OPE OPV cruciform 240, the HTONO > LUMNO
transition gives rise to a pronounced absorption shoulder extending from ca. 150
to 500 nm. which can be ascribed to a charge-transfer (C'1) band. The most intense
peak in the spectrum of 240 is centered at 406 nm, a wavelength that is considerably
redshifted in compartson to the band of the same electronie origin observed in the
spectrum of long cruciform 228 (.- nm). Unlike the scenarios observed i the short
OPE. OPV series. the high-energy absorption band at 309 nm in the spectrum of D-
functionalized long cruciform ) shows no significant shift compared to the spectra
of unfunctionalized long cruciform OPE 'OPV 228 (312 nm) and long lincar 216 (308
nm).

(B) Cy, OPE OPV Cy, hybrids. Electronic absorption properties of Cy, m Cy,

triads 196-198 in the ground state were characterized by UV-Vis specetroscopy, and
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detailed spectral profiles are shown in Fig »2.11.
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Figure 2.11: Normalized UV-Vis spectra w Cyy m Cyy triads 196, 197, and 198

measured in degassed CHCL, or toluene.

In these spectra, the @+ @7 transitions of the OPE OPY bridges give rise to
the dominating spectral features. Also, the characteristic absorptions of Cy, can be
clearly seen as a band at ca. 300-350 nm and a weak tail beyond 500 nm. Thewm » 7*
absorption bands due to the bridging € OPV moieties show no significant spectral

shifts in comparison to the spectra of their corresponding OPLE OP\ precursors,



indicating that the electronic communication between the fullerenyl groups and the
m—oligoner units is rather insignificant in the ground state.  These results are
consistent with the UV-Vis data reported for some analogous Cy, OPE i svstems
in previous literature.?!7:2%9
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Figure 2.12: UV-Vis spectra for Cyy—m 1 del compound 199. phenyl acetylene 242,

and pristine Cy,.

To further understand the subtle electronic interplay between the fullerenyl groups
and m—conjugated oligomers in Cy, © Cg, triads. a simplified model compound
199 and its coustituent moiet phenyvl acetvlene 242 and prinstine Cg,  were
investigated by UV-Vis spectroscopic analysis.  Figure 2.12 plots the extinction
coefficients (€) of these compounds versus absorption waveler  h. In a general sense.

the  Hdel compound 199 can be viev [ a Cg 7 dvad. in which the phenyl



acetylene (m) and Cyy group are connected through an acetylene linkage. In the
spectra, compounds 199 (Cy-m), 12 (7). and pristine Cy, all show a very similar
Anae at 340 nm. Once again. comparative -Vis analvsis on the simple model svstem
confirms there is no significant electronic communication taking place between C
and the phenyl acetylene units in the grou 1 state. If otherwise. the A, for (Cg,-7)
199 and phenyl acetyvlene 242 would have shown detectable differences.

The green trace in Figure 2.12 was generated by subtracting the UV-Vis trace
of 242 (7) from that of 199 (Cy,-7). = ¢ resulting curve can be deemed as the
absorption contribution from the fullereny  group. Note that this calculated trace is
markedly different from that of pristine Cy,. particularly. in that there is a pronounced
absorption tail from 100 to 600 mmn in the calculated trace. The spectral variation is
believed to arise from the intre 1ction of a sp?* hvbridized carbon atom that breaks

the I, symunetry of the fullerene cage upe  chenncal functionalization.

2.2.2.2 Excited-state prop ies

(A) OPE OPV based co-oligomers. The OPE/OPY based oligomers are highly
emissive upon photo-excitation. y gain insight into the properties of their first
excited states, steady-state Huorescence spectroscopic measureinents were carried out.
Figure 2.13 shows the fluorescence spectra of short OPE OPY co-oligomers 212, 225.
and 238.

The emission spectral profile of short linear OPE OPV co-oligomer 212 can
be assigned to the S) — Sy transition featuring three distinetive vibronice modes.

The spacing of vibrational progression is  casured to be 1.832 cin . which largely

corresponds to the ¢ C bond vibratic The intensity distribution along the
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Figure 2.13: Fluorescence spectra of short OPE 'OPV co-oligomers 212, 225, and

238 measured in degassed CHCI,.

vibrational progression is observed as a skewed shape, with the 0 0 band (445 nm)
being the strongest. Such a distribution pattern is indicative that the changes of
nuclear coordinates between the | und and the first electronic excited states are
very small.

The enussion bands of short cruc rin 225 are blueshifted rvelative to those of
lincar oligomer 212, which is in agreement with the conclusion drawn from previous
UV-Vis analysis; that is. the she ar oligomer possess a narrower HOMO LUMO
gap than does its cruciform isomer due to a higher degree of planarity. Unlike lincar
oligomer 212, however, there are only two vibronic bands discernible in the spectrum
of 225 and their lineshapes  » rela ely broader compared to linear 212, The
different emission behavior of the two isomers 212 and 225 can be ascribed to their

different m—conju  tion motifs.
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The fluorescence spectrum of D-functionalized cruciformt OPE/OPV 238 shows
a substantially redshifted maximum cmission wavelength A, 507 nm relative to
that of cruciform 225, along with a barely discernible emission shoulder at 530 nim.
The spectral shifts are likely due to the  mor effect that raises the energy level of
the HOMO through m—conjugation. The emission bands of 238 show a broad bell-
shaped distribution, which alludes to a dramatic geometry change between the two
equilibria in the first excited (S)) and the ground clectronic (Sy) states. In addition,
the considerable lineshape broadening sug  sts a rapid equilibrium among a multitude

of rotamers in the relaxed first excited st
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Figure 2.14: Fluorescence spectra for long OPE "OP\ oligomers 216, 228, and 240

measured in degassed CHCIl,.

The fluorescence spectra of long OPEOPY oligomers 216, 228, and 240 are
shown in Figure 2.14, from which it can be clearly observed that linear 216 and

cruciform 228 show maximum e~ idon peaks A, ,, at an almost identical wavelength.



This phenomenon is presumably due to the effect of increased 7 -pathways in the
OPE branch and is in agreenment with their electronic absorption data. The emission
of D-functionalized long oligomer 240 behaves similarly to its short homologue 238,
exhibiting greatly redshifted A, and much broader lineshapes in comparison to those
of nnsubstituted long OPE "OPY oligomers..

(B) Cy, OPE OPV Cy, hybrids. At - having electron-accepting Cy, groups
attached to them, the fluorescence of the OPE OPY co-oligomers i the spectra
of Cyy, ™ Cy, derivatives 196 198 was found to be substantially quenched by more
than two orders of magnitude. Table 2.2 summarizes the fluorescence quantum
vields (®y) and lifetimes (7) measurc  for  ;, ™ Cy, triads 196 198 and respective
OPE 'OPYV co-oligomers. The dramatic  enching effect can be explained on the
basis of a proposed photodeactivation m anism?? shown in 2.15, in which very
fast photoinduced cnergy /electron transfe  compete effectively with radiative decay
pathways. Detailed photophysics and photodyvnamics are under investigation by our
collaborating group (Prof. D. W. Thompson. Memorial University) using transient

absorption spectroscopy, and the results will be disclosed in due course.

2.3 Conclusions

Iu this chapter. a series of dumbl  -shaped Cgy-m-Cyp triads, in which the 7 units
are OPE "OPY Dbased diblock co-oligomers assenmbled in either a linear or a cruciform
shape, was prepared. A simple phenvlene ethyvnvlene-Cg dvad was also syuthesized
with the aim to use it as the model to examine the electronic communication

between the Cyy group and adjacent w-conjugated syster . The svnthesis of these
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Table 2.2: Excite-state properties of OPE OP\" co-oligomers and related C, adducts.

Entry Description by 7 (ns)
212 short linear OPE OPV 0.63 1.2
196a  short linear Cy, = C,, 6.0 x 107* 1.6
216 long linear OPE 1PV .89 - 0.50
b 1 ¢ ne Cgm 1073 1.0
225 short ¢ ciform ¢ E OPV 0.96 2.7
7a  short ¢ ciform C,, = C, ca. 1073 2.6
228 long crue rm OPE OPV .96 1.1
197b  long cruc rm Cy, = €, 0.01 1.0
238 short D-cruciform OPE OPV 0.80 1.8
198a  short D-cr ifon C,, = C,, 1.3 x 1073 48
240 long D-cruciform OPE OPV 0.46 N A
198b  long D-cruciform ¢, = C,, < 10°? 18
199 model Cyy 7 2.6 x 107* 2.6




Ceo_an_beo

Figure 2.15: ky: fluorescent emission; k.n:: energy transfer; k,,: non-radiative decay;

kisc: intersystem crossing; kcs: cha : separation; kcg: charge recombination.

fullerene oligomer hybrids were mainly based on Horner-Wittig reaction, transition
metal catalyzed coupling reactions an an in situ ethynylation reaction. Both the
ground- and excited-state properties for these novel Cgy-m-Cgp triads systems have
been investigated by spectroscop and electrochemical analysis such as UV-vis,
fluorescence and cyclic voltammetry. It has been found that various molecular factors
such as electron delocalization, njugatic length and dimensionality, and electronic
coupling effects exerted influences on e electronic characteristic of the m-oligomers
and Cgp groups. These results offer useful guiding principles for the design of novel

functional Cgy-ol _ materials.

2.4 Experimental

General procedures and methc s

Chemicals and reagents were purchased from commercial suppliers and used without

further purification. [60]Fullerene (p 99.5+%) was purchased from MTR Ltd.



Tetrabutylammonium fluoride (1 M in THEF) and lithium hexamethyldisilazide (1 M
in THEF) were purchased from Aldrich. T F was distilled from sodinm benzophenone.
Et,N and toluene were distilled from LiH. Catalyvsts, Pd(P’Phy), and Pd(PPh,),Cl,,
were prepared from PdCl, according to standard procedures. All reactions were
performed in standard, dry glassware ider an inert atmosphere of N, unless
otherwise noted.  Evaporations and concentrations were done at H,O aspirator
pressure.  Flash column chromatog  Hhy was carried out with silica gel 60 (230-
400 mesh) from VIR International. Thin-laver chromatography (TLC) was carried
out with silica gel 60 F254 coverc  on plastic sheets and visualized by UV light or
IKMnO, stain. Melting points (Mp) were measured with a Fisher-Johns melting point
apparatus and arc uncorrected. 'H and *C NMR spectra were measured on a Bruker
Avance 500 MHz spectrometer. Chemic:  shifts are reported in pm downfield from
the signal of the internal reference SiMe,. Coupling constants (J) are given in Hz. The
coupling constants of some arvl proton als are reported as pseudo first-order spin
systems, cven though they are  ond-order spin systems. lnfrared spectra (IR) were
recorded on a Bruker Tensor 27 spectrc eter. UV-Vis spectra were recorded on an
Agilent 8453 UV-Vis or a Cary 6000i UV-Vis-NIR spectrophotometer. APCIL mass
spectra were measured on an Ag ot 11 series LOCMSD spectrometer, and high-
resolution MALDI-TOF mass spectra on an Applied Biosystems Vovager instrument
with dithranol as the matrix. Cvclic vol nmetric experiments were performed on
an Epsilon electrochemical analvzer. Fluorescence spectra were measured in CHCI,

at ambient temperature using a Quantamaster 10000 fluorometer.






Compound 196b. Compound 196b (33 mg, 0.0096 mmol, 411%) was obtained
as a brownish solid by the saimme in situ ethyvnylation protocol as described in the
synthesis of 196a. using compound 216 (47 mg, 0.024 mmol). Cg, (86 mg. 0.12
mmol). LHMDS (0.12 mL, 1 M, 0. ) mumol) and dry THF (100 mL). IR (KBr) 30206.
2023, 2852, 2203, 2151, 1636. 1559, 1510, 1501, 1463 em ' ' NMR (CDCL, CS,,.
500 MHz) 0 7.51 748 (m, 12H, Ar-H), 7.23 (s, 2H, Cy,-H). 7.16 (s. 2H, Ar-11), 7.12
(s, br, 4H, C C-H), 7.08 (s, 2H, Ar- , 7.000 (s, 2H, Ar-H). 6.998 (s, 2H, Ar-H).
4.15 4.11 (m, 8H, OCH,), 4.08 02 (m, 8H, OCH,), 1.96 1.81 (m, 16H, OCH,CH,),
1.69 1.51 (m, 16H, OCH,CH,C ,), 1.41 1.20 (m, 96H). 0.89 0.82 (m, 24H. CH;):
BCNN  (CDCly CS,. 125 N 2) 6 15 6. 153.8. 153.6 (2 x) (three signals out of
four Ar-O carbous observed. one coin  lental peak overlapped). 1517, 1516, T17T.8.
147.5, 146.8, 146.6, 146.1, [46.0, 145.9, 145.8. 145.7, 145.6. 145.5, 119, 1.4LLT, LIS L
143.2, 142,78, 142.76, 142.3, 142.22, 142.17, 142.1, 141.9, 141.8. 140.6, 140.5, 137.3,
136.8, 136.3, 135.3 (Of 30 different sp? carbons in the C, svmmetrical Cy, core, 29
signals are discernible in this region, peaks at 137.3 and 136.8 ppm are signals due to
the oligomer unit), 132.1, 129.2, 128.2, 127.2. 126.5, 122.8 1174, 117.2, 117.0, 115. 4,
1144, 113.0 (two coincidental peaks due to the oligomer sp? carbons not observed).
97.7, 95.6, 92.3, 91.8, 87.6, 80.. (six alkvnyl carbons). 69.9. 69.8, 69.6. 69.2 (four
OCH,), 62.1 (tertiary sp? CH on the Cy, core). 55.7 (quaternary sp® carbon on the
Cgo core), 32.2, 30.2, 30.03. 29.99, 29.8, 29.7, 26.8, 26.6, 26.4, 23.1, 141 (CH,);

MALDI-TOF MS m /z caled for Cp H Oy 3421.5, found 3421.7 [N]*.

Compound 197a. Compound 197a (28 g, 0.011 mmol. 1Y) was obtained

as a brownish solid by the same in side hyvonvlation protocol as deseribed in the
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synthesis of 196a, using compound 225 (30 mg. 0.026 mmol). Cy, (102 mg. 0.112
mmol), LHMDS (0.142 mL, 1 M. 0.142 mmol) and dry THE (130 mL). IR (KBr) 2922,
2851, 2199, 2087, 1630, 1499 em ™' 'TH NN (CDCly, 500 MHz) 0 7.92 (s, 21, central
Ar-H), 775 (d, J 165 Hz. : C C-H), 7.59 (d, J 7.5 Hz, 4H, styryl Ar-H),
7.36 (t, J 7.5 Hz. 4H, styryl Ar-H), 7.30 7.25 (m, 6H, C C-II, Ar-H, and Cg-H)
7.16 (s, 2H, Ar-H), 7.14 (s, 2H, Ar-H). 4 5 (t, J 5.5 Hz, 4H, OCH,). 113 (t. J

6.5 Hz, 4H, OCH,)), 1.98 1.92 (m. 4H., ‘H,CH,). 1.84 1.79 (m. 1, OCH,CH,).
1.70 1.63 (m, 4H, OCH,CH,CH,), 1.50 1.42 (m. 4H, OCH,C'H,C'H,), 1.41 1.18 (m,
48H), 0.89 0.81 (m, 12H, CH,): MC NN (CDCL, CS,, 125 MHz) 6 155.0, 151.2,
152.0, 151.9 (four Ar-O carbons), 148.2, 147.9. 147.2, 147.0, 146.8, 146.1, 146.2.
146.1, 146.0, 145.9, 1453, 145.1. 143.8, 13.0, 143.2, 142.7, 142,62, 142,57, 142.5,
142.3, 142.2, 141.0, 140.9, 138.0, 137.9. 1= 7. 135.7 (Of the 30 different sp? carbons
in the C' symmetrical Cy, core. 27 signals ¢ discermble in this region). 131.2, 129.3.
129.2, 128.5, 127.6, 126.5, 123.2, 117.7. 1...1, 1150, 113.9 (11 aromatic and olefinic
carbons), 98.3, 94.5, 93.3, 81.2 (four alkvnyl carbons). 70.4, 69.9 (two OCH,), 62.6

D.

(tertiary sp® CH on the Cy, core), 56.1 (qu  ernary sp® carbon on the Cy, core). 33.
32.7, 32.6, 30.7, 30.6, 30.5 (br), 30.4, 30.3 (br). 30.2 (br). 30.1 (br), 30.0, 27.3, 26.8,
23.6. 14.9 (CHy): MALDIL-TOF MS m z caled for Cy,,H, 350, 2596.82, found 2597.98

INL ¢ H]F

Compound 197b. Compound 197b (22 mg, 0.0064 mmol. 21%) was obtained
as a brownish solid by the sar  in situ ethynvlation protocol as described in the

synthesis of 196a. using compound 228 (60 mg, 0.030 mmol). Cy, (109 mg. 0.152
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2851, 2201, 2089, 1630, 1586, 1506. 1464 ¢ ' "H NMR (C'DC1,. 500 MHz) 6 7.91
(s, 2H, central Ar-H), 7..0 (d. J 15.5 Hz, 2H, ¢ C-H), 7.59 (d. J 8.5 Hu.
4H, styryl Ar-H), 7.36 (t, J 7.0 Hz, - | styry]l Ar-H). 7.29 7.25 (m. 6H, ¢ C-11.
Ar-H, and Cgp-H), 7.17 (s, 2H, Ar-H), 7.10 (s, 2H, Ar-H). 7.07 (s, 2H, Ar-H)., 7.06
(s, 2H, Ar-H), 4.16-4.05 (i, 16H, OC ), 1.97 1.87 (m, 16H, OCH,), 1.80 1.75 (in,
8H, OCH,CH,), 1.70 1.64 (m, 8H, OCH,CH,), 1.61 1.54 (m, 16H. OCH,CH,CH,).
1.50 1.10 (m, 96H), 0.90 0.82 (m. 24H, CH,): C NMR (CDCI, C'S,, 125 MlHz)
d 151,67, 153.88. 153.73 (three Ar-O carbons, one coincidental peak not observed).
151.8, 151.7, 147.8. 147.6, 116.9, 146.6. 146.5. 116.0. 145.93. 145.86, [156.70, 1.15.65.
145.59, 144.9, 144.8, 143.4, 142,82 142.¢ 142,01, 142.3, 14220 142.1, 141.9, 1118,
140.6, 140.5, 137.6, 136.3, 135.4 (Of 30 different sp? carbons in the ', svimetrical
Cgo core, 29 signals are discernible in this region), 130.8, 128.9. 128.8, 128.1, 127.1,
122.8,117.5, 117.4. 117.2, 117.1. 1154, 114.8, 114.3, 113.1 (14 aromatic and olefinic
carbons, three coincidental pea not observed). 97.8, 93.7. 92.8. 92.2, 91.9, 80.7 (six
alkvnyl carbons), 70.0, 69.94. 69.87, 69.7 (four OCH, carbons), 62.2 (tertiary sp* CH
on the Cg, core), 55.7 (quatc sp* ca on on the Cy, core), 32.23 (br). 32.18,
30.2 (br), 30.11, 30.08, 30.04. 29.97, 29.90, 29.86. 29.82 (br), 29.80, 29.73 (br), 29.69
(br), 29.65, 29.61 (br), 29.5, 26.9, 26.4, 26.3. 23.0. 14.4 (CHy); MALDI-TOF MS m. z

caled for CypyH g Oy 3421.48. found 3423.60 [N + H|*F.

Compound 198a. Comp ud 198a 31.5mg. 0.0108 mmol. 23%) was obtained
as a brownish solid by the same in situ ethyvnylation protocol as deseribed in the

synthesis of 196a, using compound 238 (70 mg, 0.047 mmol). Cy, (170 mg. 0.242



2851, 2197, 2086, 1627, 1590, 1507, 1493, 1464 cin '; 'H NMR (CDCl, €S, 500
MHz) o 7.91 (s. 211, central Ar-H), 7.67 (d. J 15.5 Hzo 211, O C-H). 718 (d. J

8.0 Hz, 4H, styryl Av-H), 7.26 721 (m, [2H, Ar-H, NPh-HL ¢ C-H. and Cy,-11).
716 (d, J 5.5 Hz, 4H, styrvl Ar-H). 7.10 (d. J 7.5 Hz, 811, NPh-H). 7.06 (s,
2H, Ar-H), 7.05 (s, 2H, Ar-H). 7.02 (t, J 7.5 Hz, 4H, NPh-H), 4.16 4.12 (i, 8H,
OCH,), 1.93 1.81 (i, 8H, OCH,CH,), 1.67 1.61 (in, 4H, OCH,CH,CH,). 1.50 1.45
(m, 4H, OCH,CH,CH,), 1.38 1.19 (in, 48H), 0.85 0.81 (m, 12 CH,): *C NMR
(CDCly CS,. 125 NMHz) 154.6. 153.8 (two Ar-O carbons). 151.7. 151.5. 1478, TI7.7,
47,5, 1474, 168, 146.5, L1614, 146.0, 11585, 115.81, 115.65, 115.60, 11155, 1119,
4.7, T34, 142,77, 142,75, 142,29, 1-12.210 142,20 142.1, 141.9. 141.8, 140.6. 1.10.5.
137.5, 136.3, 135.3 (Of 30 different sp? carbons in the € syvmmetrical Cy, core, 28
signals are discernible in this region, peaks at 147.7, 147.4, and 137.5 ppm are signals
due to the oligomer unit). 131.6, 130.0, 129.1. 128.5, 128.0, 124.7, 124.3, 123.3, 122.5,
117.4, 116.7, 115.1, 113.3, (once coincidental carbon sign:  due to the oligomer unit
not observed), 97.9, 94.2. 92.5. 80.7 (four alkvnyl carbons). 70.0, 69.6 (two OCIL,).
62.1 (tertiary sp* CH on the Cgy, core), 55.6 (quaternary sp” carbon on the Cy core),
32.24, 32.21, 30.2, 30.14, 30.06, 30.03. 3C ). 29.95, 29.91. 29.8. 29.72. 29.70. 29.5,
26.8, 26.3, 23.10, 23.07, 14.5 (CHy): MAI I-TOF MS m 2 cale for C,,H,N,O,

2930.96, found 2932.01 |M + H|*.

Compound 198b. Compound 198b {17 mg, 0.0045 mmol, 17%) was obt. ed
as a brownish solid by the same i situ ethynylation protocol as desceribed in the
synthesis of 196a, using compound 240 ) mg. 0.026 nunol). Cy, (109 mg, 0.150

mmol), LHMDS (0.15 mL, 1 M, 0.15 mmol}, and dry THE (180 mlL). IR (Ix3r} 2922



2851, 2199, 2088, 1627, 1592, 1508, 1193, Hcm ' THNMR (CDCL, CS,. 500 M11z)
4 7.93 (s, 2H, central Ar-H). 7.68 (d, J  16.5 Hz. 2H, C C-H), 719 (d, J 9.0 Hz,
4H, styryl Ar-H). 7.30 7.23 (m, 12H. Ar-  NPh-H, C C-H. and Cy-H). 7.19 7.05
(m, 24H, Ar-H), 118 L.15 (. ¢ . OC ), 1.10 1.06 (m, 8H, OCH,). 1.97 1.78 (m.
16H, OCH,C'H,). 1.71 1.45 (m. 1611, OCH,CH,CH,). 1.13 1.19 (m. 96H). 0.90 0.82
(m. 24H. CH,): "C NMR (CDCl, CS,. 125 MHz) 0 155.0. 1541, 1510 (2 x) (three
signals out of four Ar-O carbons observed, one coincidental peak overlapped), 152.1,
152.0, 148.2, 148.0. 147.8, 147.2. 1146.95,  16.93. 146.8. 146.1, [16.3, 146.2. 146.03.
145,98, 145.9, 145.2. 145.1, 143 1 15, 1430120 142.7, 1426, 112540 112,47, 142,23,
142.16, 140,94, 140.87. 137.8, 136.7. 135.7 (Of 30 different sp? carbons in the (7,
symmetrical Cg, core, 28 signals are disce  ible in this region, peaks at 148.0, 147.8,
and 137.8 ppm are signals due to the ol mer unit), 132.0, 129.83, 129.78. 1284,
128.3, 125.1, 124.7. 123.75. 123.66. 1229, 117.8, 117.5, 1174 115.7, 115.0, 11.1.%.
113.4 (one coincidental carbon signal due to the oligomer unit not observed), 98.1.
94.3, 93.0. 92.6. 92.2, 81.0 (six alkvayl ca  ons). 70.4. 70.3. 70.2. 70.0 (four OCIH,).
624 (tertiary sp* CH on the Cg, core), 56.0 (quaternary sp® carbon on the Cy, core),
32.4, 31.3, 304, 30.3. 30.2, 30.15, 30.12, 30.07. 30.04. 30.00. 29.9, 29.8, 29.7, 27.0,
26.5, 23.1, 14.6 (CHy); MALDI-TOF MS =z caled for Cy,H,,,N,Of 3756.63. found

3757.93 [M ¢ 1)

Compound 199. Compound 199 (70 mg, 0.055 mmol. 76% ) was obtained as a
brownish solid by the same o situ ethyny  don protocol as deseribed in the syothesis

of 196a. using compound 242 (40 mg. 0.0725 mmol), Cy, (131 mg. 0.181 mmol).

LHMDS (0.18 mlL, 1 M, 0.18 mnic , and dry THF (150 mL). IR (IKBr) 2923, 2852,
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carefully decanted. The remaining white solid was washed three times with hexanes,
and then was stirred under heating in hexanes to extract residual triethylphosphite.
The mixture was cooled to rt again. Compound 206 was isolated after filtration as a
white solid (0.172 g, 0.455 mmol, 92%). Mp 81 83 °C: 'H NMR (C'DCl,, 500 NHz) &
7.35 (s, 4H, Ar-H), 1.03 (m, 8H, OCH,), 3.12 (d, Jpy  20.6 Hz, {H, Bz-H). 1.24 (t,
J 7.5 Hz, 12H, (CH;); '3C NMR (CDCl,. 125 MHz) 6 130.0. 129.7. 62.4 (OCH,),
55.3 (d, Jpe - 138.5 Hz, Bz-C), 16.5 (CH,): APCI-MS 1 z caled for C H,,0,P,

378.1, found 379.1 M +H]|*.

4-(Trimethylsilylethynyl en: dehyde (208). J{-Bromobenzaldehyde (925
mg, 5.00 mmol), TMSA (1.4 mL. 10 mmol). PdCL,(PPhy), (9.50 mg. 0.05 mmol).
Cul (17.6 mg, 0.0250 mmol) and BU (0.91g. 6.1 mmol) were added to benzene
(20 mL). The solution was bubbled by N, at rt for 5 min and then stirred under
reflux and N, protection for 1 = After ¢ reaction was complete as checked by
TLC analysis, the solvent was  noved in vacuo. To the obtained residue was added
CH,Cl,. The mixture was filtered through a MgSO, pad. Then it was sequentially
washed by aq HCl (10%) and brine. The organic layer was dried over NMgSO, and
concentrated under vacuum. The crude | duet was purified by silica fash coluimn
chromatography (hexane) to vield compc nd 208 (660 mg. 3.26 mmol, 65%) as a
white solid. mp 76 77 °C; 'H NMN... (CDC . 500 MHz) ¢ 10.00 (s, 1H), 7.82 (d. J
7.5 Hz, 2H), 7.60 (d, J 7.5 Hz, 2H), 0.27 (s. 9H); GC-MS m. z (%) 202 ([M]*. 60),

187 (|M-CH,]*, 100).



4-Ethynylbenzaldehyde = )9). To a solution of compound 208 (200 mg,
0.990 mmol) in 1:1 MeOH THF (10 mlL) was added KX,CO, (50 mg. 0.36 mmol).
After being stirred at rt for 0.5 h, the solvent was removed under vacuum.  The
residue was dissolved in chloroform and sequentially washed by aq HCI (10%) and
brine. The organic layer was dried over MgSO,. Filtration to remove MgSO, followed
by evaporation under vacuum afforded the c¢rude product, which was purified by
silica flash column chromatography (hexanes, EtOAe, 95:5) to vield compound 209
as a white solid (122 mg, 0.941 mmol, 95%). NMp 94 95 “C: IR (neat) 3223, 2839,
2102, 1704, 1689, 1606, 1563, 1390 em 'y 'H NMR (CDCL, 500 MUz) 0 10.03 (s.
1H), 7.85 (d. J 8.5 Hz, 2H), 7.65 (d. J 8.5 Hz. 2H). 3.30 (s, 1H): C NMR
(CDCly, 125 MHz) 0 191.6 (CHO). 136.2. 132.9, 129.7. 128.5 (four Ar carbons), 82.8,
81.3 (two alkynyl carbona); GC-MS m z (%) 130 ([N}, 98). 129 (|M-H]*, 100). 101

(M-CHOJ*, 78).

4-((2,5-Bis(decyloxy)-4-(trimethy ilylethynyl)phenyl)ethynyl)benzalde-
hyde (210). {-Ethynvlbenzaldehvde (209) (113 mg. 0.872 mmol). 203 (532 mg,
0.870 mmol), PdCL(PPhy), (31 n 0.004 mmol). and Cv - (16 g, 0.087 mmol) were
added to Ety;N (20 mL). The n .ture was bubbled by N, at rt for 5 min and then
stirred at rt under N, protection for 4 h. After the reaction was complete as checked
by TLC analyvsis, the solvent was removed under vacuum. The obtained residue was
diluted with CHCL, and then was sequenti. v washed by aq HC (10%) and brine. The
resulting organic layer was dried over MgS0O, and concentrated under vacuum. The
crude product was purified by silica flash column chromatography (hexanes CH,CI.,.

4:1) to vield compound 0 (5" " n U 0 wl, 91%) «  a pale © low wax. IR









and two alkenyl carbons), 95.4, 87.1, 82.5, 80.3 (four alkvnvl carbons), 69.9 (two

OCH, overlapped), 32.1, 29.9. 29.82. 29.80, 29.77. 29.7, 29.60, 29.58. 29.1, 20.3. 20.1. |

22.92, 2291, 14.3 (CHy): MALDI-TOF I 5 m.z caled for Cyg,H, O, 1151.81. found

1155.92 [M 1 HJ*.

4-((2,5-Bis(decyloxy)-4-ethynylphenyl)ethynyl)benzaldehyde (213). 'To

a solution of compound 210 (447 mg, 0.728 nunol) in THE (15 mL) was added TBAF
(0.1 mL). The mixture was stirred at rt for 10 min, and then the solvent was removed
by rotary evaporation. The residue was d ited in chloroform and sequentially washed
by aq HCI (10%) and brine. The organic layer was dried over MgS0O, and concentrated
under vacuum. The crude product was purified by silica flash column chromatography
(EtOAc ‘hexanes, 1:99) to vield o pound 213 (220 mg. 0.406 mmol, 56%) as a yellow
solid. Mp 42 43 °C; IR (KBr) 3. ), 324, 2871, 2852, 2211, 2106, 1701, 1639, 1602,
1562, 1510, 1495, 1469 cin™'; 'H NMR (CDCl,, 500 MHz) § 10.03 (s, 111, CHO). 7.87
(d, J 85 Hy, 2H, Ar-H), 7.67 (d. J 8.5 Hz. 2H, Ar-H), 7.01 (s, 2l, Ar-11), ,.J0
(s, 2H, Ar-H). 4.02 (t, J 6.5 Hz, 2H, OCH,). 4.01 (t. J 6.5 Hz, 2H. OCH,),
3.37 (s, 1H, CC-H) 1.87 1.80 (m, 4H, OC  CH,). 1.57 1.44 (m. 1. OCH,CH,CH,).
1.40 1.25 (m1, 24H). 0.90 0.86 (m, 6H, CHy); "C NMR (CDCly, 125 MHz) & )15
(CHO), 154.4, 154.0 (two Ar-O carbons), 135.6, 132.2, 130.0, 129.8, 118.0. 117.2,
113.9, 113.8 (eight aromatic carbons), 94.1, 90.2, 82.9. 80.1 {four alkynyl carbons),
70.0, 69.8 (two OCH,). 32.1, 32.09. 29.9. 29.80. 29.6. 29.5. 29.4, 26.3. 26.1. 22.9. 1.1.3

(CH,); APCI MS m ‘z caled for Cy;Hy Oy 5421 found 543.3 [N+ H|.
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4-((4-((2,5-Bis(decyloxy)-4-((tri hylsilyl)ethynyl)phenyl)ethynyl)-2,5
-bis(decyloxy)phenyl)ethynyl)benza :hyde (214). Con ound 213 (220 mg,
0.406 mmol), 203 (248 mg, 0.410 mmol), PAdCL,(PPh,), (15 mg. 0.022 mmol). and
Cul (8.0 mg, 0.04 mmol) were Ided to Et,;N (15 mL). The mixture was bubbled
by N, at rt for 5 min and then stirred at rt under N, protection for 2 h. After the
reaction was complete as checked by TLC analvsis, the solvent was removed by rotary
evaporation. The residue obtained was dilute  with CHCl, and then was sequentially
washed by agq HCI (10%) and brine. The resulting organic laver was dried over
MgSO, and concentrated under vacuum. The crude product was then purified by
silica flash column chromatogr: 1y (hex. es CH,Cl,. 2:3) to vield compound 214
(337 mg, 0.327 mmol, 80%) as a vellow + d. Mp 68 69 °C: '"H NAR (CDCl,. 500
MHz) § 10.06 (s, 1H, CHO), 7.90 (d. J 7.5 Hz. 2H, Ar- 770 (d. J 7.5 Hz, 2H.
Ar-H), 7.05 (s, 2H, Ar-H), 7.00 (s, TH. Ar-H), 6.98 (s, 1H, Ar-H). 1.09-1.00 (m, 8H.
OCH,), 1.91-1.82 {m, 8H. OCH,CH,), 1.58-1.52 (m, 8H. OCH,CH,CH,). 1.43-1.28
(i, 48H), 0.93-0.89 (m, 12H, C ). 0.30 (5, 9H. Si(C'H,),): PC NMR (CDCl,. 125
MHz) ¢ 191.5 (CHO), 154.4, 154.2. 152.7. 153.6 (four Ar-O carbons). 135.6, 132.2,
130.1, 129.8, 117.7, 117.5, 117.3. 117.2, 115.5, 1147, 114.2. 113.2 (eight aromatic
carbons), 101.4, 100.4, 94.1, 92.1, 91.5, 90.6 (six alkynvl carbons), 70.1. 70.0, 69.8,
69.7 (four OCH,), 32.13, 32.12, 29.9, 29.85, 29.80, 29.7. 29.59, 29.57. 26.4, 26.3, 26.2,
22,9, 14.3(CHy), 0.19 (Si(CHy)y): APC NS m 2 caled. for CyH,,05Si 1026.75,

found 1027.7 [N - H|".

1,4-Bis(4-((4-((2,5-bis(decyloxy)-4-(trimethylsilylethynyl)phenyl)ethyn-

y1)-2,5-bis(decyloxy)phenyl :hynyl)-E-styryl)benzene (215). Compound



212 (148 mg, 0.128 mmol), 203 (314 o 0.513 mmol), PACL(PPhLy), (8.98 mg,
0.0128 mmol), Cul (4.86 g, 0.0256 mmol) were added to Et;N (20 mL). The solution
was cooled to -78 °C and degassed under vacuum and  en st ed at rt under N,
protection for 4 h. After the reaction was complete as checked by TLC analysis, the
solvent was removed by rotary evaporati . The residue obtained was diluted with
CHCI,, and then sequentially washed by ag HCL (10%) and brine. The organic  yer
was dried over MgSO, and concentrated 1der vacuum to afford the crude product
of 215, which was purified by s ca flash column chromatography (hexanes C'H, (1,
7:3) to vield compound 215 (164 mg, (772 mmol. 60%) as a vellow solid. Np
76 77 °C; IR (IKBr) 2924, 2854, 2152, 1620, 1502, 1468 cm ' "H NMR (CDC,.
500 MHz) 6 7.54 7.50 (m, 12H, Ar-H), 7 1} 7.11 (m. 4H, C C-H. second-order AB
system), 7.02 (s, 2H, Ar-H), 7 1 (s. 2H, Ar-H), 6.97 (s, 2H, Ar-H), 6.95 (s, 2H,
Ar-H), 4.07 3.97 (m, 16H, OCH,), 1.87 1.80 (m. 16H, OCH,CH,), 1.58 1.49 (m,
16H, OCH,CH,CH,), 1.41 1.26 (m. 96H), 0.91 0.87 (in, 24H. CH,). 0.28 (s. 181,
Si(CH,),); C NMR (CDCIly. 125 MHz) & 1545, 1540, 153.8, 153.7 (four Ar-O
carbons), 137.5, 137.0, 132.2, 129.3, 128  127.2, 126.7, 122.9. 1179, 117.5, 117 L
114.9, 114.7, 1144, 114.1 (15 gnals discernible out of 11 aromatic and 2 alkenyvl
carbons in this region, one coincidental peak not observed). 101.5, 100.3, 95.1, 91.8.
91.7, 87.4 (six alkynyl carbons), 70.1, 70.  69.9, 69.8 (four OCH,). 32.2, 29.9, 29.8,
29.7. 29.6, 26.4, 26.3, 26.2, 22,9, 14.3 (C ). 0.2 (5i(CH,)4): MALDI-TOF NS m 2

caled for Cp,,H,yO4S1, 2124.56, found 2126.93 |M | H|*.

1,4-Bis(4-((4-((2,5-bis(decyloxy)-4-ethynylphenyl)ethynyl)-2,5-bis(dec-

yloxy) phenyl)ethynyl)- E-styryl) :ne (216). To a solution of compound






OCH,CH,), 1.57 1.49 (m, 24H, OCH,CH,CH,), 138 1.27(m, 144H), 0.90 0.81 (m,
36H. CH,), 0.27 (s, 18H. Si(CH,),): BC NMR (CDCl,. 125 NMHz) 6 155.3. 154.5,
153.9, 153.82, 153.79, 153.6 (six Ar-O) carbous). 137.6. 137.5, 137.0, 136.9, 132.19,
132,14, 1204, 120.3, 128.31, 128.25, 127.2, 126.6, 122.8, 122.7, 118.0, 1179, 117.5,
117.4, 117.2, 115.5, 114.9, 114.6, 114.4, 11.1.0, 112.9 (25 signals discernible out of
24 aromatic and four alkenyl carbons in this region), 101.5, 100.3, 96.0, 95.4, 91.8,
91.7, 87.4, 87.2, 79.9, 79.6 (ten alkynyl ¢ bons), 70.09, 70.07. 70.02, 69.93, 69.91,
69.8 (six OCH, carbons). 32.2, 29.91, 29.85. 29.7, 29.6. 29.4, 26.39, 26.35, 26.31,
26.25, 26.23, 26.20, 22.9, 14.3 (CH,). 0.2 (SI(CHy)4): MALDI-TOF MS m 2z caled for

CyoeHyp 04551, 3278.36, found 3280.93

M i H|'

2,5-Diiodo-p-xylene (218). To a round-bottomed flask cquipped with a
condenser, p-xylene (204) (10.0 g, 94.2 wmmol), H IO, (8.95 g. 39.3 mmol), iodine
(19.1 g, 75.1 nunol), water (37.5mL), SO, (5.5 mL), and acctic acid (185 mL) were
added, and the mixture was heated at 80 100 °C' under stirring for 4 h. Water (250
mL) was then added and the flask was cooled in ice water to promote crystallization of
the product. The crude product was filtered ofl, washed with water, and recrystallized
from acetone to give compound 218 as a white solid (23.3 g, 62.9 mmol. 69%). Mp
106 107 °C; ' NMR(CDCl,, 500 MHz) ¢ 7.65 (s, 2H, Ar-H), 2.31 (s, 6H. PhCH,);

3C NMR (CDCl,. 125 MHz) 8 10.8, 139.4, 100.8, 27.1 (CH,).

1,4-Bis(bromomethyl)-2,5-diiod¢ enzene (219). Compound 218 (10.0 g,
0.0280 mol), NBS (22.0 g, 0. | mo and benzoylperoxide (0.500 g. 2.06 mmol)

were d  Hlved in ofo and then'h  edtor 1x under a bright light



irradiation. After 8 h of refluxing, the solu Hm was allowed to stand over night at rt for
a complete crystallization of the product. The product was filtered off together with
the succinimide byproduct. Removal of the succinimide by water rinsing afforded the
crude product, which was further puritied bv reerystallization from chloroform and
hexane to yield compound 219 as a white solid (1.90 g, 3.68 mmol, 13%). Mp 230-231
°C; '"H NMR (CDCL,, 500 MHz) 0 7.90 (5. 2H, Ar-H), 148 (s, 4H, PhCH,): YO NMR

(CDCy, 125 MHz) 8 142.5, 141.2, 99.8, 36.5 (C11,).

1,4-Bis(diethy hosphorc ethyl)-2,5-diiodobenzene (220). Compound
219 (1.85 g, 3.59 mmol) aud triethylphosphite (5.6 mL, 35 miol) were added to
a round-bottomed flask and heated to reflux for 12 h. Colorless cryvstals were formed
while cooling the mixture to rt. The excess triethylphosphite was decanted. and the
remaining white solid was washed by hexanes three times at 1t and onee at boiling
temperature to completely remove the unreacted triethvlphosphite. The resulting
solid was filtered off after cooling to rt, affording compound 220 as a white solid
(1.99 g, 3.16 mmol, 88%). Mp 170 171 °C; 'H NMR (CDCl,, 500 MHz) & 7.88 (d,
J 2.5 Hz, 2H, Ar-H), 4.11-4.05 (m, 8H, O-CH2), 3.30 (d, Jup 20.5 Hz, 4H,
PhCH2), 1.29 (t, J 7.0 Hz, 12H, CH,CH,); "C NMNR (CDCl,. 125 MHz) 4 141.0
(d,%*Jep 281 Hz), 136.4. 100.9 (Ar C-I), 62.6 (OCH,), 37.6 (d. "J¢p  138.3 Hz).

16.6 (CH,).

1,4-Bis((E)-2-styryl)-2, liiodob zene (221). ‘lo an oven-dried flask
protected under N, atomsphere were added compound 220 (0.45 g, 0.71 mmol),

NaH (0.043 g, 1.8 mmol), and v Tt > mL). Upon gentle heating at ca. 10 °C,




the solution gradually turned into a vivid purple-red color. Benzaldehyde (0.17 ml..
1.56 mmol) dissolved in THE (5 mL) was added in small portions over a period of 1
h through a syringe. The reaction was  2)  under stirring and heating for another 30
min before work-up. The small excess NaH was carefully quenched with water and
the mixture was extracted three times with chloroform, The chloroform laver was
washed by brine, dried over MgSO,, a | concentrated to precipitation. The residual
was crystallized from hexanes to yield co. Hound 221 as vellow crystals (0.24 g, 0.4
mmol, 63%). mp 230 231 °C; 'H NMR (CDCl,. 500 MHz) ¢ 8.09 (s, 2H, Ar-H), 7.55
(d, J - 7.5 Hz. 4H, Ar-H). 7. (t, J 7.3 Hz, 4H, Ar-H). 7.30 (t. /  7.15 Hz,
2H, Ar-H), 7.20 (d. J - 16.0 Hz, 2H, C C-H). 6.99 (d. J  16.1 Hz, 2H. C C-H.):
BC NMR (CDCLy, 125 Mlz) 0 140.8, 136.5. 136.3, 135.4. 130.5, 128.8, 128.4. 127.0.

100.3.

1,4-Bis( E-styryl)-2,5-bis(trimethy :ilylethynyl)benzene(222). Compou-
nd 221 (130 mg., 0.24 mmol), trimethvlsilvlacetvlene (0.17 mL. 1.2 mmol),
PdCL,(PPhy), (8.6 mg. 0.012 mmol), Cul (4.6 mg. 0.024 mmol). and Et,N (3 ml)
were added to THE (3 mL). The solutic  was bubbled by N, at rt for 5 min, and
then stirred at 15 °C under N, protection overnight. After the reaction was complete
as checked by TLC analysis, the solvent was removed @ vacuo. The resulting residuc
was diluted with CHCI,. and then was filtered through a MgSO, pad. The solution
obtained was scquentially washed by aqg HCL (10%) au brine. The organic laver
was dried over MgSO, and concentrated under vacuum to give a crude product of
222. The crude product was then purified by silica flash colummn chromatography

(hexanes CH,Cl,, 95:5) to give comp 1 222 (100 mg. 0.212 mmol, 87%) as a
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vellowish solid. Mp 267 268 °C: IR (neat) 2958, 2154, 1633, 1594, 1574 em b
NMR (CDCly, 500 MHz) o 7.81 (s, 2H, central Ar-H), 7.59 (d. J/  16.0 Hz, 2H,
C—-C-H), 753 (d, J — 7.5 Hz, 4H, Ar-H), 7.37 (t, J - 6.5 Hz, 4H, Ar-H), 7.28 (t, J

7.5 Hz, 2H, Ar-H), 7.21 (d, J  16.0 Hz, 2H, C C-H). 0.33 (s, 18H, Si(CH,),); ™C

NMR (CDCl,, 125 NMHz) 9 137.8, 137.5, 30.8, 129.01. 128.95, 128.2, 126.9. 125.8,

122.5, 103.4, 101.4. 0.2: APCI-MS mz caled for Cy,Hy Si, 4718, found 175.1 [N]'.

1,4-Diethynyl-2,5-di-( £)-styrylbenzene (223). To a solution of compound
222 (120 mg, 0.253 mmol) in 1:1 McOH  HF (15 mL) was added K,CO, (200 mg.
1.45 mmol). After being stirred - vt for 1h, the solvent was removed through rotary
evaporation. The residue was d olved in - HC, and sequentially washed by aq HC
(10%) and brine. The organic layer was dried over MgSO, and then concentrated
under vacuum to afford a crude product + 223, which was further purified by silica
flash column chromatography (hexanes ¢ ,ClL,. 95:5) to vield compound 223 as a
vellow solid (72 mg, 0.22 mmol, 86%). Mp 166 °C (dec); [R (neat) 3296, 3042, 2925,
2101, 1632, 1593, 1575 em ™' TH NMR (C Cl,. 500 MHz) 0 7.88 (s, 2H. central Ar-
H), 7.58 (d, J  16.0 Hz, 2H, C C-H), 7.55 (d, J - 6.5 Hz, 4H, Ar-H), 7.39 (t. J
6.5 Hz, 1, Ar-H), 7.30 (t,J 6.5 Hz 2H, Ar-H). 7.19 (d. J  16.0 Hz. 2H, ¢ C-H),
3.48 (s, 2H, C=C-H); Meaning  "C NI R spectrum was not obtained because of

poor solubility; APCI-MS m 2z caled for CogH g 330.1. found 331.1 [N+ H]'.

1,4-Di( E-styryl)-2,5-bis(2,5-bis(decyloxy)-4-trimethylsilylethynylphen -
ylethynyl) benzene (224). Compound 223 (70 mg. 0.21 mmol), 203 (560 mg,

0.917 mmol), PdCL,(PPh,), (14.. mg. 0.0210 mmol), Cul (7.98 mg, 0.0423 mmol) and



Et;N (12 mL) were added to THE (8 mL). The solution was bubbled by N, at rt for
5 min, and then stirred at 45 °C under N, rotection for 24 h. - er the reaction was
complete as checked by TLC analysis, the solvent was removed by rotary evaporation.
To the resulting residue was diluted wit  CHC, and then filtered through a NMgSO),
pad. The solution obtained was sequentially washed by aq HCL (10%) and brine.
The organic layer was dried over MgSO, and concentrated under vacuum. The crude
product was then purified by silica flash column chromatography (hexanes CH,Cl,.
10:1) to vield compound 224 (160 mg, 0.123 minol, 59%) as a vellowish solid. Mp
137 138 °C; IR (neat) 2922, 2852, 2211, 2150, 1632. 1601, 1503. 1468 cm~'; "H NMR
(CDCl, 500 MHz) 6 7.91 (s, 2H. central  -H), 7.73 (d, J  16.5 Hz. 2H, C C-H).
757 (d, J 6.5 Hz, 4H, Ar-H), 7.35 (t. J 7.5 Hz. 4H. Ar-H), 7.29-7.24 (m, {H.
overlap of a doublet and a triplet, C - C-H and Ar-H), 7.02 (s. 2H. Ar-H). 6.99 (s, 211.
Ar-H), 4.02 (t, J - 7.0 Hz. 4H, OCH,). 20 (t, J 6.5 Hz, 4H, OCH,). 1.82 (m.
4H), 1.73 (m, 4H), 1.53 (m. 4H). 1.41 1.16 (m. 48H). 0.88 (t, J 7.0 Hz, 6H. Cl1,),
0.84 (t, J 8.0 Hz, 6H, CH,), 0.61 (s, 18  Si(C'Hy)y): MC NMR (CDCly. 125 MHz)
0 154.4, 153.8, 137.6 (overlap of two signals), 130.8, 128.9, 128.8, 128.1, 127.1, 126.1,
122.7, 117.7, 117.0, 114.4, 114.3, 1014, 100.5. 93.5, 92.6. 70.0, 69.7. 32.11. 32.10.
29.9, 29.82, 29.77, 29.73, 29.68. 29.6, 29.5. 29.3. 26.3. 26.1. 22.90, 22.88. 1.1.3. 0.19:

MALDI-TOF MS rm 2z caled for CyH,,,0,81, 1298.89. found 1300.94 [N H]'.

1,4-Bis(E-styryl)-2,5-bis(2,5-bis(« cyloxy)-4-ethynylphenylethynyl)be-
nzene (225). To a solution of comp md 224 (140 mg. 0.108 mmol) in 1:1
MeOH/THF (15 mL) was added ,COy (200 mg, 1.45 mmol). After being stirred

at rt for 2 h, the reaction solvent was rc  oved by rotary evaporation. The residue
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was dissolved in chloroform and scquent |y washed by aq HCI (10%) and brine.
The organic layer was dried over MgSO,. Filtration to remove MgSO,, followed by
evaporation under vacuum, affo d a crude product of 225 which was further purified
by silica flash column chromatography  exanes CH,Cl,, 85:15) to vield compound
225 as a vellow solid (100 mg, 0.0 6 mol, 81%). Mp 132 133 °C; IR (neat) 3310,
3283, 2920, 2851, 2201, 2103, 1601, 15 . 166 cm™'; '"H NMR (CDCly, 500 M :) 9
7.91 (s, 2H, central Ar-H), 7.74 (d, J  16.5 Hz, 2H. C C-H), 757 (d. J 7.5 Hz.
4H, Ar-H), 7.35 (t, J 7.5 Hz. {H, Ar-H), 7.29 7.24 (i, 1H, overlap of a doublet and
a triplet, € C-H and Ar-H). 7.06 (s. 2H, Ar-H), 7.02 (s. 2, Ar-1). 1.03 1.00 (m.
8H, OCH,). 3.37 (s, 2H, C=C-H). 1.86 1.80 (m. 4H), 1.76 1.70 (m. 4H), 1.53 1.16
(m, 48H), 0.88 (t. J 7.5 Hz, 6H. CH3). 0.84 (t. J - ¢ Hz 61, CHy): C NMR
(CDCl,, 125 MHz) 6 154.6, 154.0 (two Ar-O carbons), 137.9. 137.8, 131.1, 129.2,
129.1, 128.4, 127.4, 126.3, 123.0, 118.4, 117.3, 115.0, 113.4, 93.8, 92.6, 82.9. 80.5.
70.3, 70.1, 32.4, 32.3, 30.2, 30.1, 30.04, & 1. 29.98, 29.82, 29.80, 29.75, 290.7, 29.0.
26,41, 26.36, 23.2. 23.1. 14.6: MALDI-TOF NS m 2 caled for Cgoll ;O 115181,

found 1156.77 [N - H| ™.

((4-((2,5-Bis(decyloxy)-4-ethynyl 1enyl)ethynyl)-2,5-bis(decyloxy)phe-
nyl)ethynyl)triisopropy lane (226). To a solution of compound 231 (0.659 g.
0.610 mmol) in 1:1 MeOH/THE (30 mL) was added K,CO, (100 mg). After being
stirred at rt for 4 h, the reaction solvent was removed under vacuum. The residue
was dissolved in chloroform and sequentially washed by aq HCL (10%) and brine.
The organic layver was dried over MgSO,. Filtration to remove MgsSO, followed by

evaporation under vacuum afforded compound 226 as a vellow solid which was pure
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enough for next synthetic step (0.590 g. 0.586 mmol. 96%). Np 51 35 "C: IR (KBr)
3317, 2922, 2851, 2150, 2108, 1602, 1536. 1.196. 1467, 1419, 1387 em 't "H NMR
(CDCly, 500 MHz) 4 6.99 (s. 1H. Ar-H). 6.93 (s. 1H. Ar-H). 6.95 (s. 1H, Ar-H). 6.91
(s, 1H, Ar-H). 1.04-3.98 (m, 6H). 3.96 (t. J 6.0 Hz. 2H). 3.34 (s. 1H), 1.85-1.81 (.
8H), 1.50-1.47 (m. 8H), 1.37-1  (m, 48 | 1.16 (s, 21H). 0.91-0.87 (m. 12H): "¢
NMR (CDCL,, 125 MHz) 0 154.5, 1513, 153..18, 153.45 (four Ar-O carbons). 118.095,
118.057, 117.1, 116.6, 115.2, 1144, 114.2, 112.7 (cight aromatic carbons), 103.2. 96.6.
91.8.91.2, 82.5. 80.2 (six alkyvnyl carbons). 70.0, 69.9, 69.7. 69.3 (four C'H,0O carbons).
32.1, 29.9, 29.85, 29.81, 29.78. 29, 29.71, 29.70, 29.6, 29.5, 29. 1. 26,1, 26.2, 26.17.
22.9, 18.9, 1.1.3, 11.6; APCI-MS m 2z calc for C;;H 0,51 1006.8, found 1007.9 |M

+ H|*.

1,4-Bis( E-styryl)-2,5-b  2,5-bis(« cyloxy)-4-(2,5-bis(decyloxy)-4-triiso -
propylsilylethynylphenyleth; /l})phenylethynyl)benzene (227). Compound
226 (202 mg. 0.200 mmol), 221 (53.4 mg. 0.100 mmol). PdCL(PPhy), (114 mg.
0.0200 mmol), Cul (7.6 mg. 0.0 ¥ mmol) were added to Et,N (20 mL). The solution
was bubbled by N, at rt for 5 min and then stirred at 45 °C under N, protection
for 36 h. After the reaction was complete as checked by TLC analysis, the solvent
was removed by rotary evaporation. The residue obtained was diluted with CHCI,,.
The mixture was filtered through a MgSC  pad, and then was sequentially washed by
aq HCI (10%) and brine. The organic laver was dried over MgSO, and concentrated
under vacuum. The erude product was purified by silica Hash coluinn chromatography
(hexanes C'H,Cl,, 3:1) to yield compou 227 (223 mg. 0.0972 mmol, 97%) as a

vellowish solid. Mp 104 105 °C: IR (KBr) 2956. 2925. 2855, 2150, 1629, 1510 cm '
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'H NMR (CDCl,, 500 MHz) ¢ 7.98 (s. 2H. central Ar-H), 7.81 (d. J  16.0 Hz, 2H.
C C-H), 764 (d, J = 8.0 Hz, 4H, styryl Ar-H). 741 (t. J 8.0 Hz, 4H. styryl
Ar-H), 7.35 7.25 (m, 4H, overlap of styryl Ar-H and C C-H). 7.13 (s, 2H. Ar-H).
7.11 (s, 2H, Ar-H), 7.02 (s, 2H. Ar-H), 7.00 (s, 2H, Ar-H). 1.12 -1.00 (m. 1611, OCI1,).
1.93 1.88 (in, 8H), 1.87 1..J (. 8H). 1.59 1.54 (m, 16H). 1.16 1.16 (m. 138H). 0.93
0.87 (m. 24H, C'H,): C NMR (CDCly. 125 MEz) § 154 . 154100 153.8, 153.5 (four
Ar-O carbon signals), 137.6:1, 137.62, 130.9, 129.0. 1289, 128.2, 127.2, 126.2, 122.8,
118.2, 117.5, 117.3, 116.8, 115.0. 114.6, 11 3. 114.1 (17 aromatic and alkenyl carbon
signals), 103.3, 96.8, 93.6, 92.7, 92.1, 91.5 (six alkynyl carbon signals), 70.1. 70.03,
70.01, 69.5 (four OCH, signals), 32.1, 29.92., 29.87, 29.81. 29.80, 29.7, 29.6. 29.5,
20,4, 26.5, 26.3, 26.23. 26.21. 22.9, 19.0. 14.3. 11.6: MALDI-TOE MS oz caled tor

C s H oy O4Siy 2292.75. found 229343 [N+ H| '

1,4-Bis( E-styryl)-2,5-bis(2,5-bis(¢ cyloxy)-4-(2,5-bis(decyloxy)-4-ethy-
nylphenylethynyl)phenylethynyl)benzene (228). To a solution of compound
227 (223 mg, 0.0920 mmol) in THF (30 n ) was added TBAF (0.4 mL, 1N in THF,
0.1 mmol). The content was stirred at rt for 5 ho and the solvent was removed by
rotary evaporation. The residue was dil d in CHCL, and sequentially washed by
aq HCI (10%) and brine. The organic wer was dried over MgSO | and concentrated
under vacuum to afford a crude product of 228 which was further purified by silica
flash columnn chromatography  exanes,CH,CL,, 7:3) to vield compound 228 (168
mg, 0.0848 munol, 82%) as a vellow solid. Mp 140 141 °C; IR (KBr) 3314, 3288,
2055, 2923, 2853, 2209, 2104, 1628, 1¢ .. 1510, LI67 cm ' 'HONMR (CDCIL,. 500

MHz) ¢ 7.94 (s, 2H, central Av-H), 7.77 ( J  16.0 Hz 28 C C-H), 7.60 (d, J






'H NMR (CDCly, 500 MHz) 6 6 (s, IH, Ar-H), 6.87 (s. 1H. Ar-H). 3.96 (t. J

6.5 Hz, 2H, CH,0), 3.93 (t. J 6.5 2 2H, CH,0), 1.82-1.73 (m. 1H). 1.52-1.13
(m, 4H), 1.27 (br, 24H), 1.14 (s, 21H, Si(C  (CH,);)). 0.90-0.87 (i, 6H), 0.26 (s, 9H,
Si(CH,)4)); MC NMR (CDCl,, 125 MHz) 6 1544, 154.2 (two Ar-O carbons), 117.9,
116.9, 114.5, 114.0 (four aromatic carbons). 103.2, 101.5. 100.0. 96.7 (four alkynyl
carbons), 69.9, 69.5 (two CH,0). ¢ 1, 29.9, 29.8. 29.7. 29.62, 29.56. 26.4, 26.3, 22.9.
19.1, 18.9. 14.3. 11.6, 0.20; APCI-. 5 m -z caled for C,H;,0,S1, 666.5, found 667.5

[M + H|*.

((2,5-Bis(decyloxy)-4-ethynylphenyl)ethynyl)triisopropylsilane (230).
Method 1: To a solution of compound 2! (1.76 g, 2.64 mmol) in 1:1 McOH THF
(40 mL) was added K,CO, (200 mg, 1.45 mmol). After cing stirred at rt for 4 h,
the reaction solvent was removed by rotary evaporation. The residue was diluted
in chloroform and sequentially washe by aq HCl (10%) and brine.  The organic
layer was dried over MgSO,. Filtration to remove NgSO | followed by evaporation
under vacuum afforded the crude product which was purified with silica Hash column
chromatography (hexanes CH,Cl, 90:10) to vield compound 230 as white solid (1.45
g, 2.44 mmol, 92%).

Method 2: To a solution of compound 233 (560 3 0.857 mmol) in toluene (30
mL) was added NaOH (50 mg. 1.3 mmol). After being stirre  under reflux for |
h, the reaction solvent was removed by rotary evaporation. The residue was diluted
in CH,Cl, and sequentially washed by aq HCl (10%) and brine. The organic layer
was dried over MgSO,. Filtration to ren ¢ MgSO, followed by evaporation under

vacuum afforded the crude product. The crude product was then purified by silica



flash column chromatography (hexanes CH,CL,, 90:10) to vield compound 230 (395
mg. 0.664 mmol, 77%) as a white solid. Mp 48-49 °C: IR (KDBr) 3286, 2922, 2851,
2145, 1617, 1501, 1470, 1387 cm~': 'H NMR (C'DCly. 500 MHz) § 6.919 (s, 1H, Ar-11).
6.916 (s, 1H, Ar-H). 3.99 (t. J 6.5 Hz,: ).3.93 (t.J 6.5 Hz, 2H), 3.32 (s, 1H).
1.83-1.74 (m, 4H). 1.54-1.44 (mn, 4H), 1.32-1.28 (m, 24H), 1.15 (s. 21H), 0.89 (t. J

6.5 Hz, GH); ¥C NMR (CDCl,, 125 N z) § 1.6, 1544, 118.1. 117.7, 115.1, 113.1.
103.2, 97.1, 82.5, 80.5, 70.2, 69.7, 32.3, 30.0, 29.99, 29.98. 29.92. 29.9, 29.8. 29.6, 20.0.
26.3, 23.1, 19.1, 14.5, 11.8; APCI-MS .2 caled for CyHy O,51 5905, found 595.5

M H|*.

((4-((2,5-Bis(decyloxy)- (triisopropylsilyl)ethynyl)phenyl)ethynyl)-2,5-
bis(decyloxy)phenyl}ethynyl)trimetl silane (231). Compound 230 (0.73 g,
1.2 mmol), 203 (0.76 g, 1.2 mmol), PdCL,(PPhy), (40 mg., 0.057 mmol), Cul (16 mg.
0.084 mmol) were added to Et,N v mL). The solution was bubbled by N, at rt for
5 min and then stirred at |15 “C under N, protection for 36 h. After the reaction was
complete as checked by TLC analysis, the solveut was removed by rotary evaporation.
To the residue obtained was added chlorc »rm. The mixture was filtered through a
MgSO, pad, and then then was sequentially washed by aq HCl (10%) and brine.
The organic layer was dried over MgSO, and concentrated under vacuum. The crude
product was purified by silica .1 column chromatography (hexanes CH,CL,. 80:20)
to vield compound 231 (1.30 g. 1.20 nunol. 98%) as a vellowish solid, Ap 55 56
°C; IR (KBr) 2957, 2922, 2852, 2149, 1617, 1506, 1468, 1423, 1390 cm ' "I NMR
(CDCly, 500 NMHz) 6 6.96 (s. 1H, Ar-H), 940 (s, 2H, Ar-H), 6.936 (s, 1H, Ar-H).

1.0 3.95 (m, 8H, CH,0), 1. ) (m, 8H). 1.55-1.48 (., 8H), 1.35-1.25 (m. 18H).



1.16 (s, 21H, Si(CH(CH,),),). 0.91-0.87 (m, 12H). 0.27 (s, 9H.(Si(CH,),)); "*C NMR
(CDCl,, 125 MHz) ¢ 154.8, 154.6, 153.8, 153.7 (four Ar-O carbons), 118.1. 117.9,
1174, 116.9, 115.1, 1108, 11.1.5, 114.1 (e, t aromatic carbons), 103.5, 101.7, 100. 1,
96.9, 92.0, 91.6 (six alkynvl carbons), 70.3, 70.1, 69.9, 69.7 (four ("H,0, 32.3, 30.7,
30.5, 30.099, 30.056, 29.97. 29.94, 29.91, 29.89, 29.86, 29.8, 26.7, 26.5, 26.44, 26,42,
23.1, 19.1, 14.5, 11.8, 0.4 (Si(CH,),); APCI-MS m,z caled for C, H,,40,5i, 1078.9,

found 1080.0 [M + HJ*.

4-(2,5-Bis(decyloxy)-4-iodophe /1)-2-methylbut-3-yn-2-ol (232). Com-
pound 202 (3.81 g, 5.98 mol), I, I-dimethvlpropargyl alcohol (0.63 mlL. 6.3 mmol).
PdCl,(PPhy), (210 mg, 0.299 mmol), Cul (111 mg, 0.600 mmol) and Et,N (20 ml.)
were added to THE (20 mL). The solution was bubbled v N, at rt for 5 min and
then stirred at 45 °C under N, protection for 3 h. After the reaction was complete
as checked by TLC analysis, the sol it was removed by rotary evaporation. To
the obtained residue was added chloroforim. The mixture was filtered over a MgSQO),
pad. Then it was scquentially washed by aq HCl (10%) and brine. The organic
layer was dried over MgSO, and concentrated under vacuum. The crude product was
then purified by silica flash column chromatography (hexanes, EtOAc, 95:5) to yield
compound 232 (1.92 g, 3.21 mmol, 54%) as a vellowish solid. Mp 52 53 °C; IR (neat)
3387 (br), 2924, 2854, 2227, 1588, 1486, 1466, 1437, 1378 em '; '"H NMR (CDCly,
500 MHz) 6 7.26 (s, I1H. Ar-H), 6.6 (s, . Ar-H). 3.91 (t. J 6.3 1z, ). 2.02 (s,
1H). 1.81-1.76 (m, 1H). 1.G1 (s, 6H), 1.57-1..15 (m, AH), 128 (br, 21H). 0.90 (t, J
6.3 Hz, 6H); *C NMR (CDCl,. 125 MHz) 0 151.6, 152.0, 124.0. 116.1, 113.3, 98.8,

87.7, 78.4, 70.3, 69.9, 66.0, 32.114, 32.105, 31.6, 29.8, 29.78, 29.76, 29.6, 29.5, 29.4,



26.3, 26.2, 22.9, 1.1.3; APCI-NS 2 caled for Cy 5,10, 598.3, found 599.2 |M

H*

4-(2,5-Bis(decyloxy)-4-((triiso] >pylsilyl)ethynyl)phenyl)-2-methylbut-
3-yn-2-0l (233). Compound (508 mg, 0.848 mmol), triisopropylsilylacetylene
(0.188 mL, 0.848 mmol), PdCL,(PPhLy), (15 mg, 0.021 mmol) and Cul (8.1 mg. 0.042
mmol) were added to Et,;N (30 mL). The solution was bubbled by N, at rt for 5 min
and then stirred at rt under N, protection for 12 h. After the reaction was complete
as checked by TLC analvsis, the solvent was removed by rotary evaporation. To the
residue obtained was added chloroform. The mixture was filtered through a MgSO,
pad. Then it was sequentially washed by aq HCL (10%) and brine. The organic
layer was dried over MgSO, and concentre »d under vacuum. The crude product was
then purified by silica flash column chromatography (hexanes 'EtOAce. 95:5) to vield
compound 233 (553 mg. 0.848 mmol, 100%) as a colorless oil. IR (neat) 3116 (br),
2025, 2862, 2151, 2063, 1617, 1499, 1 7. 1409. 1385 cm 't "H NMR (CDCL,, 500
MHz) ¢ 6.89 (s, 1H, Ar-H), 6.84 (s. 1H, Ar-1), 3.95 (t. J 6.5 llz, 2M1). 3.93 (t. J
- 6.5 Hz, 2H), 2.25 (s, 1H), 1.82-1.74 (in, 4H), 1.63 (s. € ), 1.53-1.44 (m, 1H), 1.28
(br, 24H), 0.90 (t, J 6.5 Hz, 3H), .89 (t, J 7.0 Hz, 3H); C NMR (CDCl,.
125 MHz) 6 154.5. 153.6. 1...9, 116.8, 14.2, 113.7, 103.1, 99.2, 96.4, 78.8, 69.8. 69.5,
65.9. 32.1. 31.8, 30.2, 29.83, 29.79. 29.71. 29.7. 29.06, 29.56. 26.4, 26.2. 22,9, 19.2, 18.9,

14.3, 11.6; APCI-MS m 2 caled for C,15,0,51 652.5, found 6534 [N 1 H|'.

1,4-Bis(E-4-N,N-dipheny 1 nostyryl)-2,5-diiodobenzene (234). Anoven-

dried flask under N, protection was charged with compound 220 (616 mg., 0.978



mmol), NaH (59 mg, 2.5 mmol), and dry THF (25 mL). Upon gentle heating
at ca. 40 °C, the solution turned into a vivid purple-red color. - N.NV-
diphenyvlaminobenzaldehyde (0.68 ¢, 2.5 mol) in dry THE was added in small
portions over a period of 1 h via a syringe. The reaction was stirred under heating for
another 30 min before work-up. The small excess NaH was quenched with H,O and
the mixture was extracted with CHCI; ree times. The organic laver was washed
by brine, dried over MgSO,. and concentrated to precipitation. The resulting solid
was recryvstallized from hexanes to viel «d 234 as brig. vellow crystals (680 mg,.
0.783 mmol, 80%). Mp 292 293 °C: IR (neat) 3035, 1588, 1509. 1192 em ' "I NMR
(CDCl,, 500 NHz) ¢ 8.05 (s, 2H. central Av-H), 742 (d. /8.5 Haz, dH. Ar-11),
728 (t, J 7.8 Hz, 8H, NPh-H), 7.13 (d. / 7.5 Hz. 8H. NPh-H), 7.09 7.05 (.
10H), 6.92 (d, J  16.0 Hz, 2H, C  Z-H.); a meaningful "*C NMR speetrum was not
obtained because of poor solubility: APCI-MS -2 caled for CHy, I, N, 868.1, found

869.1 [M 1 H|*.

1,4-Bis( E-4- N,N-diphenylaminos ryl)-2,5-bis(trimethysilylethynyl)be-
nzene (235). Compound 234 (400 mg, 460 mmol). trimethylsilylacetylene (0.327
mL, 2.30 mmol), PdCL,(PPhy), (16 mg, 0.023 mmol), Cul (8.78 mg, 0.0459 mmol)
and Et;N (10 mL) were added to THF (1C 1L). The solution was bubbled by N, at rt
for 5 min and then heated to 45 °C und  stirring and N, rotection overnight. After
the reaction was complete as checked by LC analysis, the solvent was removed by
rotarv evaporation. he resulting residue was diluted with chloroform. The mixture
was filtered through a MgSQO, pad. The solution obtained was sequentially washed by

aq HCI (10%) and brine. The organic layver was dried over MgSO, and concentrated



under vacuum to give the crude product of 235, which was further purified by silica
flash column chromatography (hexanes ¢ ,Cl,. 4:1) to vield compound 235 (281
mg, 0.347 mmol, 76%) as a vellow solid. Mp 228 229 (' IR (neat) 3031 2956, 2118,
1588, 1508, 1490 cm 'v 'HONMR (CDCL,. 500 MHz) & 7.77 (s. 2H. central Ar-11).
7AT (d, J  16.5 Hz, 2H. C C-H). 7.27 J 7.5 He, 8H, NPL-H), 7215 (d. J

16.0 Hz, 2H, C C-H), 7.12 (d, J 6.5 Hz. 8H. NPh-H), 7.06 7.02 (m. 8H, Ar-H),
0.30 (s, 18H, Si(CH,),); "*C NMR (CDCl,, 125 MHz) ¢ 147.9, 7.7, 137.7, 131.5,
130.0, 129.5, 128.7, 127.8, 124.9, 123.9, 123.6, 123.4, 122.2, 103.6 (alkvnyl "), 101.0
(alkynyl C), 0.3 (Si(CH,;),): APCI-MS 2z caled for Cy;H., N, 51, 808,14, found 809.3

M H|F

1,4-Bis(E-4-N,N-diphenyla inos ryl)-2,5-diethynylbenzene (236). 1o
a solution of compound 235 (270 mg, 0.3¢ nunol) in 1:1 McOH THF (6 mL) was
added K,CO, (100 mg, 0.724 mmol). The mixture was stirred at rt for 30 min, then
the reaction solvent was removed by rota  evaporation. The residue was diluted in
CHCI, and sequentially washed by aq HC (10%) and brine. The organic layer was
dried over MgSO, and concentrated un 1 vacnum to afford the crude product of 236,
which was further purified by silica Hash column chromatography (hexanes C'H,Cl,,
85:15) to yield compound 236 (198 mg. 0.298 mmol, 90%) as a vellowish solid. Mp
275 °C (dec); IR (neat) 3285, 3035, 1589, 1508, 1487 cm 'y 'H NMR (C'DCly, 500
MHz) 6 7.82 (s, 2H, central Ar-H), 744 (d, J  16.5 Hz. 2H, C C-H), 742 (d, J

9.5 Hz, 4H, Ar-H). 7.27 (t. J 8.0 Hz, 811, NPh-). 7.14 7.11 (m, 10H. overlap
of C C-H and NIPh-H), 7.06 7.03 (m, 8H, Ar-tl). 3.43 (s. 2H, C—=C-H); Meaningful

BC NMR spectr was not ob ed due to poor solubility: APCI-MS m 2 caled for



CeoH N, 664.3, found 665.4 [M - H|".

1,4-Bis( E-4- N,N-diphenylaminostyryl)-2,5-bis(2,5-bis(decyloxy)-4-trim-
ethylsilylethynylphenyl)ben: 3 (23" Compound 236 (30 mg, 0.045 mmol).
203 (138 mg, 0.226 mmol), PdCL,(PPhL,), (1.6 mg, 0.0023 mmol), Cul (0.86 mg.
0.0045 mmol). and Et;N (4 mL) werc mixed into THEF (4 mL). The solution was
bubbled by N, at rt for 5 min and then sti »d at 45 °C under N, protection for 2.4 h.
After the reaction was complete as checked by TLC analysis. the solvent was removed
by rotary evaporation. To the residue obtained was added CHCI,. The mixture was
filtered through a MgSO, pad, then the s tion was sequentially washed by aq HCI
(10%) and brine. The organic laver was ¢ ed over MgSO, and concentrated under
vacuum to afford the crude pre et of 237, which was then purified by silica flash
column chromatography (hexanes CH,CL,. 85:15) to vield compound 237 (58 mg.
0.035 mmol, 79%) as a pale yell  wax. IR (neat) 3034, 2925, 2854, 2152, 1591,
1508, 1494 ecm ™'y 'H NMR (CDCl,, 500 MHz) § 7.L. (s, 2H. central Ar-H). 7.63 (d.
J 17.0 Hz, 2H,C C-H), 744 (d, J 8.0 Hz, IH, Ar-H). 7.26 (t, J 8.0 Hz. 8H.
NPh-H), 7.20 (d, J 165 Hz,2H, C C [ 711 (d. J 7.5 Hz, 8H, NPh-H), 7.04
(t, J 7.0 Hz, 4H, NPh-H), 7.01 (s, 2 Ar-H). 6.96 (s. 2H, Ar-H), 4.00 (t, J
7.0 Hz, 4H, OCH,). 3.98 (t. J 6.0 Hz. - . OCH,), 1.80 1.73 (m, 8H, OCH,CH,).
1.54 1.48 (mn, 4H), 1.43-1.37 (i, 4H), 1.0 1.16 (m, 48H). 0.88 (t. ./ 7.0 Hz, 6H.
CH,), 0.83 (t, J 6.5 Hz, 6H, C ), 0.27 (5. 18H. Si(C'Hy),): C NMR (CDCly,.
125 MHz) 6 154.4, 153.7, 147.9, 147.7, 137.5, 131.7, 130.0, 129.5, 128.6, 128.0. 12:L.8.
124.4, 123.5, 123.4, 1225, 117.8, 117.0, 11 5. 114.2 (19 aromatic and alkenyl carbon

signals), 101.-1, 100.5. 93.7, 92.3 (four alky 1 carbon signals). 70.1. 69.7 (two OCH,).



32.1. 29.92, 29.87, 29.83. 29.79, 29.70, © 7. 29.6. 29.5. 29.4. 26.3. 26.2. 22.90. 2288,
14.3 (CHjy), 0.2 (Si(CHy)y): MALDI-TOF S ez caled for ¢, H, 0 N,O L S1, 16310,

found 1632.9 [M]*.

1,4-Bis(E-4-N,N-diphenylamii s ryl)-2,5-bis(2,5-bis(decyloxy)-4-eth-
ynylphenyl) benzene (238). To a solution of compound 237 (102 mg, 0.0624
mmol) in THF (10 mL) was added TBA (0,036 mL. T M in THF, 0.036 mmol).
After stirring at rt for 40 min. the reaction solvent was removed by rotary evaporation.
The residue was diluted in chloroform 1d sequentially washed by aq HCL (10%) and
brine. The organic layer was dried over MgSO, and then concentrated under vacuum
to afford 238 (86 mg, 0.058 mmol, 92%) as a vellowish wax. IR (neat) 2926, 2854,
2200, 2105, 1625, 1591, 1494 e~ 'y 'H NN (CDCly, 500 NMHz) 0 7.89 (s, 2H, central

Ar-H), 7.63 (d. J 155 Hz 2H, C C-H). 7.4 (d, J 85 Hzo 4H. Ar-H). 7.26

v

(t, J 8.0 Hz. 8H. NPh-H). 7.17 (d. J  14.0 Hz. 2H, C C-H). 711 (4. J 7.0

[\

Hz, 8H, NPh-H), 7.05 7.02 (m, 10H, Ar-H). 6.98 (s. 2 Ar-H), 1.00 (1. J 6.0
Hz, 8H, OCH,), 3.34 (s. 2H, C=C-H). 1.81 1.72 (m, 8H, OCH,CH,). 1.48 1.44 (.
4H), 1.43 1.37 (in, 4H), 1.33 1.16 (um, I8H), 0.87 (t. J 6.5 Hz. 6H, CH,). 0.83
(t, J 7.0 Hz, 6H, CHy): *C NMR (CDCly. 125 MHz) 6 1544, 153.7 (two Ar-O
carbons), 147.9, 117.7 (two Ar-N carbons), 137.6. 131.6. 130.1. 129.5, 128.6. 128.0,
124.8, 124.3, 123,44, 123 41, 1225, 118.3, 117.0, 114.9. 113.1 (19 aromatic and alkenyl
carbon signals), 93.7, 92.3, 82.6, 80.2 (four alkvuyl carbon signals), 70.1, 69.7 (two
OCHy,), 32.12, 32.09, 29.8, 29.6, 29.4, 29.2, 26.2. 22,9, 1.1.3 (CH,): NNALDI-TOF MS

m/z caled for Cy4H,,,N, O, 1489.96, found 1190.41 [N]*.



1,4-Bis(E-4-N,N-diphenylaminostyryl)-2,5-bis(2,5-bis(decyloxy)-4 -(2,5-
bis(decyloxy)-4-triisopropylsilylethyr phenylethynyl)phenylethynyl)benz-
ene (239). Compound 234 (90 mg. 0.10 mmol). 226 (215 mg, 0.213 mmol).
PdCL,(PPhy), (14 g, 0.020 mmol), and Cul (8 mg. 0.04 minol) were added to
Et;N (15 mL). The solution was bubbled by N, at rt for 5 min and then stirred at 45
°C under N, protection for 24 h. After the -action was complete as checked by TLC
analysis, the solvent was removed by rotary evaporation. To the residie obtained was
diluted with chloroform. and the mixture was filtered through a MgSO, pad. The
resulting solution was sequentially washe by aq HCL (10%) and brine. The organic
layer was dried over MgSO, and concentrated under vacuum. The crude product was
then purified by silica flash column chromatography (hexanes, CH,Cl,, 3:1) to vield
compound 239 (126 mg, 0.0479 v ol, 46%) as a pale yellow wax. IR (KBr) 2925,
2856, 2150, 1625, 1593, 1509. 1494 cm™; NMR (CDCly, 500 MHz) ¢ 7.90 (s, 2H.
central Ar-H). 7.66 (d, J  17.0 Hz, 2H, C C-H), 747 (d. J 9.5 Hz. A, Ar-H),
7.28 (t,J 8.0 Hz. 8H, NPh-H). 7.23 (d, J 15,5 Hz 2H, C C-I), 7.13(d. J 7.5
Hz. 8H, NPh-H), 7.07 7.04 (m, 10H, NPh-H, Ar-H, and C C-H), 6.96 (s, 2H, Ar-11).
6.95 (s, 2H, Ar-H), 1.06 4.03 (m. 12H, OCH,). 3.98 (t, J 7.0 Hz. 4H. OCIL,).
1.85 1.76 (m, 16H, OCH,CH,), 1.52 1.40 (m. 16H), 1.39 1.17 (m. 120H), 0.92 0.82
(m, 24H, CH,); C NMR (CDCl,, 125 MHz) 4 154.8. 154.1, 15-1.0, 153.7 (four Ar-O
carbon signals), 148.1, 147.9, 137.7, 131.9, 130.2, 129.7, 128.8. 128.2, 125.0, 1246,
123.7,123.6, 122.7, 118.5, 117.7, 117.5, 117.0. 1151, 11.1.8, 11.1.5. 1144 (19 aromatic
and two olefinic carbon signals are all discernible), 103.5, 96.9, 91.0. 92.7. 92.2. 91.7
(six alkvnyl carbon signals), 70.3, 70.x  70.18, 9.7 (four OCH,). 32.3, 30.09. 30.06.

30.03, 29.99, 29.95, 29.9, 29.79, 29.75, 29.7, 26.7, 26.43, 26.41, 23.1, 19.2 (:-Pr). 14.5



(CH,), 11.8 (i-Pr); MALDI-TOF MS m z caled for €4 H,5,N, 051, 2626.89, found

2628.57 [M | HJ*.

1,4-Bis( E-4- N, N-diphenylaminostyryl)-2,5-bis(2,5-bis(decyloxy) -4-(2,5-
bis(decyloxy)-4-e1 ynylphenylethynyl)phenylethynyl)benzene (240). 'To a
solution of compound 239 (20 mg, 0.076  mol) in THF (10 ml.) was added TBAF
(0.05 mL, 1M in THF, 0.05 mmol). The 1 xture was stirred at rt for 12 h, then the
reaction solvent was removed by rotary evaporation. The residue was diluted with
chloroform and then was sequentially washed by agq HCI (10%.) and brine. The organic
layer was dried over MgSO, and concentrated under vacuuni. The crude product was
then purified by silica flash column chiron ography (hexanes, CH,CL,, 7:3) to vield
compound 240 (14 mg, 0.0060 mmol, . %) as a pale v ow wax. IR (KDBr) 2924,
2853, 2205, 2104, 1631, 1593, 1510, 14¢ cm 'y "H NMR (CDCly, 500 MHz) 6 7.91
(s, 2H, central Ar-H), 7.66 (d, J  17.5 Hz, 2H. C C-H). 707 (d. J 8.5 Hz, dH,
Ar-H), 7.27 (t, J 7.0 Hz, 8H, NPh-H), 7.23 (d. J 155 Hz,© . C C-H). 7.13 (d,
J 8.0 Hz, 8H, NPh-H), 7.07 7.03  10H, NPh-H, Ar-H, and C C-H), 7.01 (s.
2H, Ar-H), 6.99 (s. 2H, Ar-H), 4.06 4.00 (m. 1611, OCH,), 3.35 (s, 211, alkynyl H),
1.87 1.75 (m, 16H, OCH,CH,), 1.55 1.42 (m, 16H), 1.40 1.18 (m, ~ "H), 0.91 0.82
(m, 24H, CH,); *C NMR (CDCl,, 125 MHz) ¢ 154.4, 153.9, 153.8, 153.6 (four Ar-O
carbon signals), 147.9, 147.7, 137.5, 131.7, 130.1, 129.5. 128.6, 128.0, 12.1.8, 1211,
123.5, 1234, 122.5, 118.3, 117.6, 117.3, 115.2, 11.0.7, 1114, 112.9 (20 signals out of
19 aromatic and two olefinic carbon sigr s are discernible; one coineidental peak
imissing), 93.8, 92.4, 91.8, 91.6, .5, 80.3 (six alkynyl carbon signals). 70.04, 70.01,

69.97, 69.8 (four OCH,), 32.13, 32.11, 29.89, 29.85, 29.83, 29.79, 29.7, 29.64, 29.61.



29.58, 29.55, 29.51, 29.44, 26.23, 26.19. 22. 113 (CHy): MALDI-TOF NS 1z caled

for CygoH,,N, Oy 2314.6, found  316.1 [M 1 H|*.

4-(4-(Dec-1-ynyl)-2,5-bis(decyloxy)phenyl)-2-methylbut-3-yn-2-ol (241).
Compound 232 (266 mg, 0.444 mol), dee-1-yne (92 mg, 0.12 mL, 0.67 mmol),
PdCL,(PPLy), (15 mg, 0.022 mmol), Cul (8.4 mg, 0.044 mmol) and Et,N (10 mL)
were added to THE (10 mL). The solution was bubbled by N, at rt for 5 min and then
stirred at rt under N, protection for 6 h. After the reaction was complete as checked
by TLC analysis, the solvent v 5 removed by rotary evaporation. To the residue
obtained was added CH,Cl,. The mixture was filtered through a MgSO, pad. Then
it was sequentially washed by« HCI (1€ ) and brine. The organic laver was dried
over MgS50, and concentrated under vacuum. The crude product was then puritied
with silica flash column chromatography ( »xanes 'EtOAce, 90:10) to yield compound
241 (232 mg, 0.381 mmol, 86%) as a light vellowish soli  Mp 614 65 “C; IR (KBr)
3432, 2955, 2920, 2852, 2233, 1638, 1618, 1533, 1505, 1468, 1112, 1392 ¢m ', 'H
NMR (CDCl,, 5300 MHz) 0 6.84 (s, 21, Ar-H), 3.93 (t. J 6.5 Hz, 4H). 2.53 (s, 111.
OH), 2.47 (t, J 7.0 Hz, 2H), 1.80-1.74 (m, 4H), 1.63 (s, 6H), 1.49-1.45 (m, 6H).
1.31-1.28 (m, 34H), 0.90-0.88 (m. 9H); "C NMR (CDCl,, 1256 MHz) § 153.7, 153.6
(two Ar-O carbons), 117.4, 117.3, 115.1, 12.6 (four Ar carbons). 98.9, 96.1, 78.7, 76.9
(four alkynyl carbons), 69.7, 69.6 (two OC , carbons). 65.8 (one OC(CH,), carbon).,
32.09, 32.07, 31.6, 29.84. 29.80, 29.77, 29.75, 29.6, 29.57. 29.50, 29.49, 29.12, 29.1,
29.1, 29.0, 26.19, 26.17, 22.8, 19.9. 1.1.2: APCIL-NS m. 2 caled. for Oy H,0O, 608.52,

found 609.4 [M + F



1-(Dec-1-ynyl)-2,5-bis(decyloxy)-4-ethynylbenzene (242). To a solution
of compound 241 (211 mg, 0.347 mmo!l) in Hluene (20 ml) was added NaOH (50 mg.
1.3 mmol). After being stirred at reflux for 16 h. the solvent was removed by rotary
evaporation . The residue was dissolved  CH,Cl, and sequentially washed by aq
HCI (10%) and brine. The orgar  layer v dried over MgSO,. Filtration to remove
MgSQO, followed by evaporation under vacr  m afforded the crude product. The crude
product was purificd with silica flash ¢ unn chromatography (hexanes C'H,CL,.
70:30) to yield compound 2 (171 mg. 0.311 mumol. 90% ) as a light vellowish solid.
Mp 42 44 °C: IR (IKBr) 3290, 2955, 2925, 2869. 2851, 2237, 2107, 1627, 1535, 1502.
1469, 1429, 1406. 1389 cm 't "H NMR (CDCly, 500 MHz) ¢ 6.93 (5. 1H, Ar-H). 6.88
(s, TH, Ar-H), 3.98-3.93 (m, 4H, OCH2), 3.30 (s. 1H), 216 (t, J 7.0 Hz. 2H), 1.82-
1.77 (m, 4H), 1.66-1.58 (m, 2H), 1.49-1.44 (. 6H), 1.33-1.29 (. 34H), 0.91-0.88 (m,
9H); BC NMR (CDCl,, 125 M 1) § 1544, 153.6 (two Ar-O carbons), 118.0. 117.1.
115.8, 111.8 (four Ar carbor , 96.5, 81.9, 80.3. 76.8 (four alkyvnvl carbons), 69.85.
69.80 (two OCH, carbons), 32.1, 29.86, 29.81. 29.78, 29.75. 29.6. 29.56. 29.54, 29.53,
29.5, 29.40, 29.38. 29.2, 29.0. 26.2. 26.1, 22.9. 20.0, 14.3; APCL-NIS m 2z caled. for

CyyHy, 0, 55047, found 551.4 [N+ .



Chapter 3

Synthesis and Solid-State rroperties

of Cy;, Endcapped Oligoynes

3.1 Introduction

Solid-state polvinerization, comm: y duced by ionizing radiations (X- and 4-rays)
or other energetic conditions such as heat. pressure, and UV irradiation, constitutes
a powerful synthetic approach to proc ce novel macromolecular structures, -0
According to the starting monomers ar  polvmierization conditions applied, the
structural uniqueness of the products from solid-state polvinerization reactions can
be manipulated at three different levels, that is, morphological, cryvstallographic. and

molecular.®®  The first report on radiation-induced solid-state polymerization was

presented by Schmitz and Lawton in 1951, describing the formation of a polvmerie
product from solid ethvlene glyeol dimethacrylate through irradiation with clectron
02

beams.?"?  Numerous investigations ensued from this discovery afterwards. which
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polymerization of a diacetylene containing CH,0S0,C H,CHy as a topochemically
controlled 1.4-addition reaction®'? (see Scheme 3.1).  Note that a special term
topochemically was used here, because when the monomerice divies in the crystal
arce packed in an appropriate geometry at is. the distance d and the angle ¢ are
about 5 A and 45° respectively  the single erystal of divnes can ¢ polyvimerized into
the single crystal of poly(diacet:  ne)s (PDAs) in its entirety. Due to the unique
one-dimensional orientation and higl - polarizable conjugated m-electron density.
PDAs produced from this topoc cmical reaction have demonstrated great potential

in photovoltaic?'® and NLO materials '35

//
R Y. AR
\\\\\: R 4\
TSN N
R aal
{d hv or heat R
R » Ny
| 1,4-addation A
Ny R
X R W
:\\, /X( n

R = CH,080,CyHaCHy

Scheme 3.1: Topochemical 1.l-additic  of conjugated diacetylenes discovered by

Wegner.

In order to control and n 1 the electronic and optical properties of PDA
materials, a strategy of attachin - various  uctional side + ains (such as aryvl, alkynyl
groups and heteroatoms) to the terminal sp carbons of diacetyvlene monomers have
heen explored.®'% 3% For instance, Shimada and co-workers pro ared a diacetylene

derivative 243 bearing TTFE groups in one of the two terminal substituents in 1995

(Scheme 3.2). Such a molecular design features both a conjugated divne main chain
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and an clectron-donating side chain. W »n the light vellow crystal of 243 was
subjected to UV irradiation gencrated by a low-pressure mercury lamp or a 4 —ray
bombardment emanating from **Co. a dark blue crystal of polyiner 244 was obtained.
Such kind of electroactive PDAs were expected by the authors to show interesting
clectronic and optical properties. In partic ar, the excellent electron-donating ability
imparted by the TTEF groups may lead to highly conductive charge-transfer complexes,

which under controlled conditions can achieve superconductivity.*!

CiHos o
N C..Has ™
\\\ \\
CiHus N\ \. (CH,)sCO.CH_.TTF
N (CH_)3COsCH, TTF !
: CiHos 7
N N
CizHys ) - ™\, (CH,).CO.CH.TTF
RN (CH,)4CO,CH,TTF )
N CiaHe ™ N
\ N
" (CHy)sCOLCH, TTF r {CH,1sCO_CH_TTF
T,
243 S ] 24
= T \)c# 1l
©s s

Scheme 3.2: TTF appended PDA 244 s thesized via a topochemical 1.4-addition
reaction by Shimada.

Conjugated oligoynes longer than diacetvlenes (e.g. 1.3.5-hexatrivnes and 1.3.5.7-
octatetravnes) can lead to highly extended poly(envie) frameworks with enhanced
conjugation and rich 7 —electronic characterstics. However. control over the structure
of the polymeric products resulting from Ic | oligovnes tends to be much more difficult
than that of divnes, since a multitude of lvinerization pathways may be inve ced.
For example, the solid of trivnes R(C=C)yR can be polvierized via either a 1.4-

addition or a 1.6-addition motif, or a combination of both as shown in Scheme 3.3.3%



Scheme 3.3: Two possible polvmerization  athways for conjugated trivnes. (A) 1.4-

addition; (B) 1,6-addition.

In 1991, Okada and co-workers prepared a long-alkyl substituted trivne 245. By
means of solid-state *C NMR spectroscopy, 1.4-addition was identified as the major
reaction pathway for the topochemical po merization of 245, and two novel PDA

products 246 and 247 were obtained (Scl ne 3.4).320

n H;C(H,C)13— =—=—=—(CH,)sCOOH
(CH,)sCOOH (CH)sCOOH
Yy (CH,)sCOOH -Jr{\ (CH_JsCOOH
/ — 0
\ /: -
BN //
; \\* ! VA n
H3C(H2C)iy ’ H4CH,C) iy J
HyC(H,Chy H3C(H,C)iy

246 247

Scheme 3.4: Topochemical 1,4-addition of conjugated trir e 245 reported by Okada.

The possible pathwayvs for topochemi | polymerization of conjugated tetravines

are nnumerous, including 1.4-, 1.6-, 1.8-. 3,6-additions and other possibilities. Which of
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Scheme 3.5: Double 1,2-additior  of tetravnes 248 and 249 reported by Hakanishi of

al.

etc.) of the polymers can be sul  ant enhanced.*#2383 [n the meantime, the
drawbacks of using pristine Cy, in large-scale applications, such as insolubility and
low compatibility, can be reac v overce e by the presence ol soluble polvmer

components.*! 327 It has been reported that conjugated polvier-Cy, composites

can give rise to very good photoconductivity, as a result of intimate association of

322

donors and acceptors in the photoconductive domain,

Zhang and co-workers recently inv  cigated a class of Cg, functionalized
polythiophene derivatives.3%® In their wo  soluble conjugated copolviner 255 was
obtained from co-polymerizatic  of two monomers, 253 and 254 (Scheme 3.6).

Because of the solubilizing ether side ¢ ins, the copolymer showed very good
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processability for device applications. I Htodiodes prepared by spin-coating the
solution of this copolymer in chloroform were characterized to function as rectifving
junctions. In addition, the photodiodes showed extended spectral coverage up to 700

nm, although the external quantumn efficiencies were moderate.

OC,H,OC,H,0CH;

FeCly, CHCI,
MV

5h

J\ 253

OC,H,0C;H,OCH;

Scheme 3.6: Preparation of Cy- ataining polv(thiophene)s 255 by Zhang et al.

Ramos et al. prepared a  rocessable 7 -conjugated polvmer 258 through
Sonogashira coupling of Cg-containing diiodobenzene 256 and terminal alkyne
substituted oligo(p-phenylenevinylene) 257 (Scheme 3.7).%2% With this polymer, a
plastic solar cell was fabricated, in which the donor domain was constituted by -
conjugated phenvlenevinylene chains, the Cy, groups covalently linked to the polymer
backbone functioned as the acceptor. . » authors claimed that photoexcitation
of this Cy,-containing polvmer resulted in an clectron-transfer reaction from the
conjugated backbone to the pendant Cy, moiety. This type of Cy, bearing polymers

form bicontinuous networks of donors and acceptors that are cor ned to a molecular



scale.  As such, the troublesome phase segregation or clustering phenomena as
commonly observed in the blends of poly  1s and pristine Cy, can be avoided. The
successful testing of polymer 258 in s r cell devices thus opened a new avenue for

the design of efficient organic photovoltaic materials.

Scheme 3.7: Preparation of C-containing conjugated polvier 258 by Ramos cof al.

In view of the current trends in oligovne solid-state chemistry and Cg -containing,
polymer materials, as well as armed with the success in synthesizing Cy, OPE, OPV
Cyp derivatives described in Chapter 1, we subsequently set out a quest for another

class of rigid, dumbbell-shaped bisfullerc + adduets 259-261, in which the central
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m-bridging units arc made up of conjugated oligovnes (divne. tetrayne, and hexavne)
(see Figure 3.1). In addition, a series + star-shaped tetrafullerene adducts 262 that
consist of a central oligovne linkage was p1 ued in our work (Figure 3.2). For all the
target compounds in this chapter, the exceptional solid-state reactivity of oligoynes
is envisioned to provide a new d 1ension to generate novel Cyj-appended carbon-rich
poly(enyvne) frameworks. Detailed synthe  and solid-state properties of these new

compounds are described in the following context.

C1oH1O

259a-b n=12

,7\ N v H OCygH:1 OC M. ]i/\\ .
! PN '\/Z\ . = S D ‘\\

RN RZA 2 N A
~TON L n ’ & T
\é-», 7/ CqyH, O CyyH, 0 H ~\\\\\\* T ,A/’
bl N
260a-b n=1,2
OCigH2: OC13Ha
pS = /_
>_'// ' }3 \;J
/ H-
CipH,10
261

Figure 3.1: Target bisfullerenc-oligoyne molecular dumbbells 259, 260 and 261 in

this chapter.
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Figure 3.2: Target star-shaped tetrafullerenc-oligoyne adducts 262 in this chapter,
3.2 Results and discussion

3.2.1 Synthesis of C,-ol >yne adducts
3.2.1.1 Butadiyne-t dged (';, 7 (', molecular dumbbells

The synthesis of butadivne-bridged Cy, 7 C, molecular dumbbell 259a is outlined
in Scheme 3.8. Desilylation of compound )3 with K,CO; afforded terminal alkyne
263 in 99% vield. Hay coupling of i3 generated butadivne 264 with a vield of 75%.
Treating 264 with TMSA under the catalysis of Pd Cu vie led compound 265, which
was subsequently converted into terminal divne 266 via protodesilvlation. Compound

266 was subjected to an i ositu ethyn  tion with Cy, using 1 MDS as the base.
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followed by TFA quenching. which provide  the target Cy, divne Cy, dumbbell 259a

in 24% vield.

OCygHz, OCgHz OCpH2
7N\ — (i) o . _\_
{ 7 =—R — | g "T‘:—& |
. Y, \ /
; p )
CyyHu10 CyoH40 CiyHx» O
(i | 203 R=Th 264
‘' + 263 R=H
OCgHy4 /OCmHu
iy =N S R W
CigHAO
i R= S
R=H
D
OCyHz, OCyHn /’}»Xi \\\,
- =S . /’.‘ > "’ \\
== Fs b A
‘ NS
CyyH.O0 Ny L
Tz ?j’
2

Scheme 3.8: Svnthesis of Cy, divne Cy, dumbbell 259a. Reagents and conditions:
(i) K,CO,, CH,OH, THF. 99%: (ii) CuCl''TMEDA, air, acetone, 7H%; (iii) T 5A.
PdCL(PPhy),, Cul. Et,N; THF, 86%: (iv) K,CO,. CH,OH, II', 96%: (v) Cy,.
LHMDS. THF then TEA. 24%.

In a similar manner, a longer ', divne Cy, dumbbell 259b was prepared through
the synthetic route shown in Scheme 3.9, The synthesis commenced with a Hay
homocoupling of 226 to give diyne 267 in 43% vield. Removal of the TIPS groups in
267 with TBAF gave oligomer 38, which was then converted into target compound

259b via an in situ alkvuylation reaction as described above.
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Scheme 3.9: Synthesis of Cy;, diyne Cg, dumbbell 269b. Reagents and conditions:
(i) CuCl/TMEDA, air, acetone. 43%; (ii) TBAF, THF, 82%: (iii) Cy,, LHNDS, THF

then TFA, 33%.

3.2.1.2 Hexatriyne-bridged C';,—m C,, molecular dumbbells

Subsequent to the success in preparing butadiyvne-bridged Cg, dumbbells, the
synthesis of homologous hexatriyne-bridged dumbbells was explored.  Scheme 3.10
depicts the preliminary efforts to synthe ze this type of compounds. Unlike the
oligovnes with an even number of conjugated C=C bonds, triynes or other oligoynes
with an odd number of C=C bonds turn out to be more challenging to prepare. since
oxidative homocoupling reactions are of 1 or quite limited use in the synthesis.

In this work, a trivne precursor 273 was first targeted and it was planned to

be made by using a modificd Fritsch-Buttenberg-Wiechell rearrangement protocol
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Scheme 3.10: Attempted synthesis of Cy, trivne Cgy dumbbell 274, Reagents and
conditions: (i) propargyl alcohol. PdCL,(PPhy,),. Cul. Et,N. THF. 56% (ii) T1PSA.
PdCL(PPLy),. Cul. Et;N, T < 100%: (iii) oxalyl chloride, DMSO. CI,(C1, then

Et,N, 80%.

However, this coupling reaction conducted under typical Sonogashira conditions (i.e.
Pd(PPhy),Cl, Cul in a mixture of Et;N and THE) only resulted in an intractable
mixture rather than the desired product. The synthetic effort for compound 260a
was therefore quickly diverted to another route.

In Scheme 3.12, a divne building block 278 was first prepared from either
compound 275 or compound  30.  Selective removal of the TNS group in 278

with IGCO, followed by a Hay coupling afforded tetrayne 280. Compound 280
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Schenie 3.11: Attempted synthe  of Cyyy tetravne Cy, dumbbell 260a. Reagents and
conditions: (i) TMSA, CuCl TMEDA. air, acctone, 68%; (ii) (a) K,CO,. CH,OIIL.
THF, (b) CuCl TMEDA, air. acetone, 53%: (iii) TMSA, PdCl,(PPhy),. Cul, Et,N,

THE.

was desilylated with TBALRF gave compound 281, which was subjected to an in sifu

alkynylation with Cy, to succes v yield target compound 260a in 31% vield.
Using a strategy similar to above. another tetrayvne-bridged dumbbell 260b

containing further extended phenylacetvlene segments was prepared as shown in

Scheme 3.13.
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Scheme 3.12: Synthesis of C, tet yne Cy, dumbbell 260a.  Reagents and
conditions: (i) T SA. PdCL(PPly),. Cul. Et,N. THIF, 86%: (i) TMSA,
CuCl'TMEDA, air. acetone, 71%; (iii) K,CO,. CH,;OH. THIE: (iv) CuCl TMEDA,
air, accetone, 53% from 278 to 280; (v) 1 AF, . AF, 77%: (vi) Cy,. LHMDS, THE

then TFA, 31%.
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3.2.1.4 Dodecahexayne-bric 2d C -7 -C;, molecular dumbbells

The use of oligoynes longer than tetraynes to bridge bisfullerene dummbbells was also
explored in this thesis work, although the increasing instability of higher oligoynes
was anticipated as a potential trouble beforchand. Outlined in Scheme 3.14 is the
synthesis of a Cy, hexayvne Cg, dumbbell 261. Through two iterative desilylation
and oxidative Hay coupling processes, hexayvne 288 was preparced and isolated as a
brownish wax with moderate chemical stability. Treating 288 with TBAL led to
terminal diyne 289. Since the stalh  ty « protected hexavne 289 was very poor, it
was immediately reacted with Cy in the presence of LHMDS. After quenching with
TFA, Cy, hexayne Cg, dumbbell 261 was obtained in an overall yield of 5% based
on the consumption of 288. Like its hexayne precursors, compound 261 was not
very stable either; therefore, only "H NN spectroscopic analysis was performed to
characterize its molecular structure. It is also worth noting that in this synthetic
route, all terminal alkyne intermed — es, including 279, 287, and 289, were neither
purified by columnn flash chromatography nor characterized by spectroscopic analysis,
due to their chemical ingtability. Especi v, compound 289 was found to be only
moderately stable in dilute solution. Once the solvent was evaporated off, compound
289 decomposed instantancously into insoluble black solids, the formation of which

likely involved a solid-state polymerization mechanism.
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3.2.1.5 Star-shaped tetraful ‘:ne-« goyne adducts

Our quest for C,-oligoyne derivatives went bevond the linear dumbbell-shaped motif,
60 A A

and a series of star-shaped tetrafu renc-oligvne adducts were investigated in order

to expand the body of knowledge with respect to mutiple Cg-oligovne derivatives.

Two compounds 290a and 290b (see Fig » 3.3) were first targeted in the synthesis.

290a-b n=12

Figure 3.3: Structures of star-shaped bisfullerenc-oligovne adducts 290a-b.
The effort to synthesize 290a is outlinc  in Scheme 3.15. Starting from methy  3,5-
diiodobenzoate (291), benzaldehyde 3 was obtained through two steps of typical
functional group interconversions. Comp: ud 293 was t  n converted into terminal

alkyne 295 in good vield via a Corey-Fuchs reaction . Hay coupling of 295 led

176



to diyne 296 as a pale white solid with  mited stabilitv. So compound 296 was
immediately subjected to a Sonogashira coupling reaction with terminal alkyvne 230
to vield star-shaped phenylacetylene oligor 1 297, "Treating 297 with TBAI in TI1I¢
gave compound 298, the key precursor  target compound 290a. However, an in
situ ethynylation of Cgy with 298 did not ¢ ord the desired product 290a, but rather
imsoluble substances, the molecular struct  es of which could not be characterized.
In parallel with the above synthetic effort for 290a, a tetrayne-centered star-
shaped tetrafullerene adduct Ib was also targeted.  As shown in Scheme 30106,
terminal alkyne 295 was first deprotonated with LDA and then silylated with TMSCI
to give compound 299. From compound 299, phenvlacetvlene oligomer 300 was
readily prepared in a high yield of 92% via a Sonogashira coupling reaction with 230.
Compound 300 was desilylated with K,CO, to form terminal alkvne 301, which was
subjected to a Hay coupling with excess TMSA to produce oligomer 302, Selective
desilylation of 302 followed by another Hay coupling afforded tetravne 304 i a very
good yield. Compound 304 was then desilylated with TBAF to a ord terminal alkyne
305. At this point, the synthesis reache dead end. Compound 290b could not bhe

obtained from terminal alkyne 305 via the in sifu ethvoylation reaction.
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Scheme 3.15:  Attempted svothesis of star-shaped tetrafullerene adduct 290a.
Reagents and conditions: (i) Lo, EtOH, . .% or DIBAL, CH,CL,, 95%:
(ii) PCC, CH,CL,, 95%; (iii) CBr,, PPh,. CH,CL,, 93%: (iv) LDA, THF, 87%; (v)
CuCl/TMEDA, air, acetone, 66%; (vi) dClL,(PPLy),, Cul, Et,N, THF, 80%: (vii)

K,CO,, CH,OH, THF, 73%.
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To circumvent the solubility problem, the structures of our target star-shaped
tetrafullerene adducts were accordingly revised with more bis(alkoxyl) substituted
phenvlene units as in compounds 262a and 262b (scee Figure 3.2).

The redesign of more soluble star-shaped phenvlacetvlene 7« skeletons has indeed
brought success in making the divne-bridged bisfullerene adduct 262a. As illustrated
in Scheme 3.17. a Sonogashria coupling reaction between 296 and 226 first gave TIPS
protected star-shaped diyne precursor 306 in a vield of 86%. Removal of the TIPS
groups in 306 afforded terminal alkvne 307, which was subsequently converted into
compound 262a via an i situ ethynvlation reaction with Co . Although the vield of
the ethynyvlation reaction was around 20%., it is still a remarkable achievement given
the tact that four fullerenyl groups have been incorporated in this single operational
step.

In a similar manner, tetravne-centered tetrafullerene adduct 262b was anticipated
to be readily prepared from oligomer precursor 313 as shown in Scheme 3.18. The
synthesis of TIPS protected star-shaped ¢ omer 312 was done following the sunilar
iterative strategies used in the synthesis ¢ oligomers 305 and 307. When oligomer
312 was subjected to a typical desil: tion with TBAF. however, a new problem
emerged:  the resulting terminal alkvne .3 was too unstable to be isolated as a
neat product. In fact, compound 313 was found to decompose so rapidly into
a dark colored substance, pres oly rough solid-state polvinerizations, that no

opportunity was available to carry on any further reactions with it.
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Scheme 3.17: Svnthesis of star-shaped divne-bridged tetrafullerene adduct 262a.
Reagents and conditions: (i) PdCL(PPhy),. Cul. Et,N.T F, 86%: (ii) TBAK. THF,

100%; (iii) LHMDS, Cgy. THF then TFA, 20%.
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3.2.2 Spectroscopic and n ‘:roscopic « aracterizations of

thermally induc¢ solid- ;ate polymerization
3.2.2.1 Differential scanning calorir ‘tric analysis

As described in Section 3.1, conjugated oligoynes can be polyierized to form extended
and higher ordered poly(enyne) networks in the sohd state under conditions such
as heat, irradiation, and pressure. To investigate the thermally induced solid-state
reactivity of the oligovne-Cy, adducts synthesized in this chapter. differential scanning
calorimetric (DSC) analysis was conductc  on selected oligovne precursors and Cy,
oligvne Cgyy dumbbells under N, environments. Detailed DSC spectra are given in
Figure 3.4.

Figure 3.4A shows the DSC profile of  vne precursor 265, in which two distinct
exothermic peaks are clearly observed at 151 and 204 °C. respectively. Given the
broad lineshapes the two peaks display, they can be reasonably attributed to random
solid-state polymerizations rather than ordered topochemical reactions such as 1,2-
or 1,4-addition, for if otherwise the peaks would appear more intense and sharper.

The DSC spectrum of tet  me 1 ccursor 280 in Figure 3,48 shows one sharp
endothermic peak at 71 °C, which corre onds to a melting process, and a broad
exothermic peak at 165 °C that  Hpears tv  cal of random solid-state polvmerizations
of conjugated tetrayne species.

Figure 3.1C depicts the DSC curve of short Cy,  vne Cy, dumbbell 259a.
There is a broad exothermic peak of moderate intensity centered at 145 °C and a
noticable hump (exothermic)  ound )8 °C. In comparison to its divue precursor

265. dumbbell 259a is more thermally robust and solid-state reaction occurs to a
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much lesser degree. Possibly, the bulky na re of Cy, endcapping groups is the cause
of reduced solid-state reactivity of the diyne moicty in this temperature range. At
temperatures higher than 270 °C, the DSC curve drifts abruptly to the endothermic
direction, which is likely due to the decomposition of phenvlacety e components.

The DSC profile of short C, tetravne Cy, dumbbell 260a (Figure 3.-4) shows
ouly one relatively broad exothernmic peak ranging from 156 to 240 °C' with a
maximum at 212 °C. The broad peak w: h suggests that the tetrayue nioiety in
260a undergoes polymerization in a randc |, rather the regioselective (topochemnical)
manner. Unlike that of divne dv bbell £ Ja, the DSC trace of tetrayne dumbbell
260a remains nearly flat from 240 to 350 °C, manifesting good thermal stability for
the polymerized product in this temperat ¢ range. Moreover, the enthalpy for the
exotliermic process (AH) is determined to be 77.6 kJ - mol ' Since this value is
considerably smaller than that of tetrayne precursor 280 (317.7 kJ - mol '), it is
concluded that the degree of polymerization is rather low.

The DSC trace of long Cy, divne Cy, dumbbell 259b in Figure 341X shows a
weak exothermic peak at 141 °C along wit — a barely noticeable hump at 196 °C. The
features herein are clear indicative of ap) »ciable therimal robustuess and very low
solid-state reactivity of 259b in comparison to the other oligovne species.

The DSC profile of long Cy, tetra ¢ Cy, dumbbell 260b in Figure 3.1F
features a strong, broad exothermic peak centered at 140 °C| together with a weak
exothermic hump at 198 °C. Apparently, this tetrayvne duml ell also undergoes
random solid-state polvimerization at these temperatures.  Furthermore, there is a
pronounced decomposition profile starting from 270 °C, likely due to the degradation

of phenylacetylene moieties.
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3.2.2.2 UV-Vis spectroscc ic analysis

To shed more light on the structure che es of the oligoyne units in response to
heating, UV-Vis spectroscopic characterization was performed on the synthesized
Cgo oligvne adducts. In these experiments, the UV-Vis absorption spectra for the
compounds were measured in solution (toluene), solid-state thin film, and solid-
state thin filing after heating at 160 °C for ca. 1 h. respectively. Herein the heating
temperature was chosen at 160 °C - »cause it was a common temperature at which
most of the oligovne-Cy, adducts underwent exothermic solid-state polyinerization
reactions as indicated by the DSC results (see Figure 3.4). Detailed UV-Vis spectral

data and pertinent discussions are given as follows.

15— = T

soiution
sohd before heating -------
solid after heating

Absorbance [a.u.]

700 800 900 1000
igth [nm}

Figure 3.5: UV-Vis spectra of short Cy, divne Cy, dumbbell 259a measured in

solution, solid-state film, and solid-state film after heating at 160 °C for ca. 1 h.

[n Figure 3.5, the UV-Vis absorption bands of the solid-state film of short Cy,

divne Cy, dumbbell 259a, whict to the electromie transitions of the divne
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moiety (ca. 350 450 nm), appears much broader than those measured in solution.
The observation of band width broadening is likely due to significant aggregation
effects in the solid state. In addition, an intense absorption tail extending from ca.
450 to 1000 mm in the spectrum ¢ solid film can be observed and is assigued to
the 7 — 7* transitions of Cy,. After heating the film, the absorption features of Cy,
remains almost the same, while the diyne absorption region becomes monotonous and
featureless. Such spectral changes suggest e divne moic  es have undergone solid-
state polvmerization reactions to a certain degree at 160 “C, which is in consistent
with the DSC results aforementioned. Norcover, the nearly unchanged Cyg, absorption
tail in the spectrum of heated solid film ¢ ifies that the Cy, moieties retain good
chemical stability at this temperature. is property is indeed beneficial for the

preparation of C, based carbon-rich polymers using respective oligyne-Cy, adducts

as precursors.

Figure 3.6:
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In Figure 3.6, the UV-Vis i sorption curves of long Cg, divne Cy, 259b look
much alike in both solution and the solid state. The incorporation of more decyvloxy-
substituted phenylacetylene seg  »nts must have not only improved the quality of
thin film formation, but effectively redueed intramolecular aggregation in the sold
state, since there is no dramatic lineshape broadening as observed in Figure 3.5. After
heating the thin film at 160 °C for 1 h , the UV-Vis spectrum shows only slightly
reduced absorption in the region of ca. 370 » 470 nm, while the rest of the spectrum
remains virtually unaltered. Neve aeless, the fact that the characteristic absorption
bands corresponding to the diyne moiety are still observable after heating is a strong,
indication that the long divne ¢ unbbell 259b is relatively thermally robust at 160

°C. This conclusion is in agreement with the DSC data for 259b as well.

T

T T

solution

solid before heating --
solid after heating

Absorbance [a.u.]

0 1 i " 1 - i 1
300 400 500 600 700 800 900 1000
Wavelength [nm]

Figure 3.7: UV-Vis spectra of short Cy, tetravne Cgyy dumbbell 260a measure in

solution, solid film, and solid fihm after eating at 160 °C for cae. 1 h.

The UV-Vis spectrum of short Cy tetravne Cy, dumbbell 260a measured in

solution shows three distinctive absorption bhands in the region of 380 460 nm., which

188









480 nin. The solid thin film shows a spectral envelope silimar to that obtained in
the solution phase, indicating relatively in  nificant 7 - 7 aggregation as a result of
increased bulky solubilizing bis(decvloxy))  envlacetyvlene subunits in comparison to
its short analogue 260a. After heating the solid film of 260b at 160 ' for 1 h. the
UV-Vis absorption features corresponding to the tetravne moiety are completely lost.

presumably due to significant solid-state  olvmerization reactions.,

T T T T T

T T
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solid before heating ------- 4
solid after heating
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. i "
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Figure 3.10: UV-Vis spectra of star-shaped tetrafullerene-diyne adduct 262a.
measured in solution, solid film. and sol  film after heating at 160 *C for ca. 1

h.

Finally, UV-Vis spectral analysis on star-shaped tetrafullerene-divne adduct 262a
was carried out in the same manner as ¢ other oligyne-Cy, adducts employed.
Likewise, the solid-state UV-Vis absorp on trace for 262a shows relatively broader
lineshapes than does the spectrum measured in solution.  After heating at 160 °C
for T h, the UV-Vis profile of the solid fil  shows decreased intensity in the high-

energy absorption region (300 150 nmm). Nonetheless. the 7+ 7° transition bands
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Star-shaped tetrafullerene-divne adduct 262a forins a mixture of spherical, semi-
spherical, and short “worm-like” nano-aggregates on the surface of mica as shown in
Figure 3.15A. The height distribution of these nanostructures is narrow and measured
to be about 1 nmm. which corresponds wo  to single molecular lavered aggregates.
After thermal annealing at 160 °C for ca. 1 h, the morphological features are virtually
unchanged (Figure 3.15B). This  sult hence testifies to the thermal stability of 262a

elicited from its previous UV-Vis data.

3.3 Conclusions

In this chapter, several dumbbell-shaped lincar bisfullerene-endeapped conjugated
oligovnes as well as a star-shaped tet u rene-oligovne were svnthesized using an
in sty cthynvlation reaction. The solid-state polymerization of these compounds
on mica surface at elevated temperatures e been investigated by UV-vis, F'I-IR,
differential scanning calorimetry (DSC). and X-ray diffraction techniques. Thermally
induced polvierization processes of these Cy-oligoynes compounds are monitored
by atomic force microscopy (AFNM) and it has been found that the morphological
properties of these compounds on the solid surface are dependent on chemical
structures.  Structure and solid-state reactivity morphology relationships for these
Cyy-oligovnes adducts have been established and the information obtained provides
a uscful guiding for designing Cy, based carbon-rich nanomaterials via solid-state
aggregation and polyvmerization reactions. In a general sense, the more fullerene
components present in the me cular structure, the stronger the tendeney the

molecules to self~assemble in spherical nanoscopic structures. On the other hand.



when more solubilizing alkyl groups are incorporated, the better thin filin formation
ability the molecules show. Thermally ind ed polvmerization can significantly alter

the morphological properties of the nanoassemblies.

3.4 Experimental

General procedures and metho

Chemicals and reagents were purchased 1 comnmercial suppliers and used without
further purification. [60|Fullerene (purity 99.5 - 4A) was purchased from MTR Ltd.
Tetrabutyvlainmonium fluoride (1 M in THF) and lithium  examethyldisilazide (1 M
in THF) were purchased from Aldrich. T 7 was distilled from sodium benzophenone.
Et,N and toluene were distilled from Lill.  atalvsts, PA(PPhy), and Pd(PPhy),Cl,.
were prepared from PACL, according to standard procedures.  All reactions were
performed in standard, dry glassware under an inert atmosphere of N, unless
otherwise noted. Evaporations and concentrations were done at H,O aspirator
pressure.  Flash column chromatography was carried out with silica gel 60 (230-
100 mesh) from VMWR International. Thin-laver chromatography (TLC) was carried
out with silica gel 60 F251 covered on plastic sheets and visualized by UV light or
IKKMO, stain. Melting points (Mp) were measured with a Fisher-Johns melting point
apparatus and are uncorrected. 'H and C NMR spectra were measured on a Bruker
Avance 500 MHz spectrometer. Chemical — ifts are reported in ppm downfield from
the signal of the internat reference SiMe,. Coupling constants (J) are given in Hz. The

coupling constants of some arvl proton sigl s are reported as pseudo first-order spin
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systems, even though they are second-order spin systems, Infraved spectra (1R) were
recorded on a Bruker Tensor 27 spectrometer. UV-Vis spectra were recorded on an
Agilent 8153 UV-Vis or a Cary 60001 UV-Vis-NIR spectrophotometer. APCI mass
spectra were measured on an Agilent 1100 series LCMSD spectrometer, and high-
resolution MALDI-TOF mass spectra on Applied Biosystems Vovager instrument
with dithranol as the matrix. AFN imagit — was conducted on a QScope 250 scanning,
probe microscope in non-contact (tapping) mode. Differential scanning calorimetry
(DSC) experiments were performed on a Seiko 1 DSC 210 instrument. Thin films for
morphological properties study were prepared using Laurell WS-100B-0NPP-LITLE
spin processor.  XRD data were collected using Rigaku Ru-200 12K\W Automated

Powder Diffractometer.

Compound 259a. Compound 259a (32 mg, 0.01 1 mmol. 21%) was obtained
as a brownish solid by the san  in site ethynvlation protocol as deseribed in the
sviuthesis of 196a. using compound 36 (50 mg. 0.057 mmol). Cy, (205 mg. 0.286
mimol), LHMDS (0.29 mL, 1 M, 0.29 ninol) and dry THE (240 mL). IR (IKXBr) 2921,
2852, 2200, 2087, 1654, 1602, 1496, 1464 em™"; 'H NMR (CDCl,, C'S,, 500 MHz) ¢
7.22 (s, 2H). 7.15 (s. 2H). 08  2H). L13 (t. J 6.0 Hz 111 OCIL,). 110 (1.
J 5.0 Hz, A, OCIL,). 1.96-1.89 (m, 8 . 1.68-1.62 (m. tH). 1.60-1.51 (m. 1H).
1.40-1.20 (m, I811). 0.88 (t.J 6.5 Hz. 6H. CH,)L 083 (t, J 7.0 Hz, GH. ClH): MC
NMR (CDCL, CS,. 125 MHz) 6 1552, 17 two C-O in the | enyvl rings). 151.6,
151.4, 147.8, 147.5, 146.8, 146.58, 146.56, 1164, 146.0, 145.8. 145.7, 145.6, [45.5.
144.9, 144.7, 1434, 14279, 142..5, 142.3, 112.2. 142,17, 1.12.1, 1141.9, 141.8, 140.6,

140.5. 136.2, 135.3 (28 discernible  ? carbe 5 of the 30 different sp? carbons in the Cs
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syimmetrical Cgy core), 1175, 1171, 114.2, 113.5 (four aromatic carbons i the phenyl
rings), 98.4, 80.5, 80.1. 79.9 (four alkynyl carbons), 70.4. 69.9 (two C-O carbons in
the alkyl chains), 62.1, 55.6 (two sp® carbons on fullerence cages), 32.2, 30.4, 30.2,
30.1, 30.01, 29.96, 29.7, 29.6, 29.4, 26.8, 26.-, 23.1, 14.5, 14.4; MALDI-TOF MS m =

caled for C g HgqO, 2314.68, found 2316.26 [\ 1+ H|*.

Compound 259b. Compound 259b (32 g, 0.010 mmol. 33%) was obtained
as a brownish solid by the same i situ ethynvlation protocol as described in the
synthesis of 196a, using compound 268 (53 mg. 0.031 mmol). Cy, (112 mg. 0.156
mmol), and LHMDS (0.16 mL, 1 M, 0.16 mmol) dry THF (150 mL). IR (KBr) 2920.
2851, 2199, 2139, 2090, 1653, 1603, 1495, 1464, 1. 1 em ' '"H NNR (CDCl,. CS,.
500 MHz) 6 7.29 (s. 2H), 7.19 (s. 2H), 7.1 (s. 2H), 7.05 (s, 2H). 7.04 (s, 2H). 1.16-
1.03 (m, 16H, OCH,), 1.96-1.85 (m. 16 . 1.70-1.50 (i, 16H). 1.10-1.20 (m, 96H).
0.92-0.82 (m. 241, CH,); BC NMR (CDCIy 'Sy, 125 AL ) 0 155.3, 15 1.8, 15-1.0.
153.6 (four C-O in the phenyl 1 2s), 151.9. 151.8. 147.9. 147.7. 147.0, 116.7, 1.16.5.
146.1, 146.0, 145.9, 145.75, 145.67, 145.0, 144.8, 143.5, 143.3. 1.12.91. 142.87, 1.12.4,
142.35, 142.30, 142.2, 141.99, 141.¢  140.7, 110.6, 136.4, 135.5 (28 discernible sp?
carbons of the 30 different sp? carbons int + Cs svinmetrical Cg core), 118.2, 117.6.
1174, 117.2, 115.6, 115.2. 113.3, 113.0 (el t aromatic carbons in the phenyl rings).
97.9, 92.3. 92.0, 80.5. 79.9, 79.7 (six alkvnyl carbons). 70.1. 70.0. 69.8 (three signals
of the four C-O carbons in the phenyl rings). 62.2. 55.8 (two sp* carbons on fullerene
cages), 32.2, 30.2, 30.1, 30.0, 29.96, 29.89, 29.8, 29.7, 29.62, 29.56, 29.1. 26.8. 206.3.
26.2, 22.9, 14.4 (CH,):; MALDI-TOF MS m 2 caled for CyyyH - Oy 3139.35, found

3140.35 [M 1 HJ*.
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Compound 260a. Compound 26 1 (32 mg. 0.016 mmol. 31%) was obtained
as a brownish solid by the same in situ ethynylation protocol as desceribed i the
synthesis of 196a, using compour 281 (48 mg, 0.052 mmol), Cgy, (189 mg. 0.263
mmol), LHMDS (0.27 mL, 1 M, 0.27 munol) and dry THF (240 mL). IR (KDBr) 2920,
2850, 2190, 2115, 1628 cm™!; 'H NMR (CDC1, . CS,, 500 NHz) 6 7.19 (s. 2H), 7.12
(s, 2H), 7.04 (s, 2H), 1.10 (t, J 6.5 Hz. 4H. OCH,), 4.08 (t. J 7.0 Hz, 4H,
OCH,), 1.90-1.84 (m, 8H), 1.64 (m. 4H), 54 (m. 4H). 1.46-1.15 (m. 48H). 0.90 (t.
J 6.5 Hz, 6H, CH,), 0.83 (t. J 6.0 Hz, 6H. CH,); "*C NMR (CDCI, CS,. 125
MHz) § 156.7, 154.7 (two C-O in the phenyl rings), 151.9. 151.7. 1.18.2, 147.9, 7.1,
147.0, 146.9, 146.8, 146.3, 146.20, 146.16, 146.03, 145.99, 115.90, 145.2, 145.0, 143.8.
143.2, 143.1, 142.7, 142.6, 142.5, 1424, 1 122, 142,16, 140.93, 140.89, 136.6, 135.7
(29 discernible sp? carbons of t 30 different sp? carbons in the Cs symmetrical Cgy
core), 118.2, 117.3, 115.7, 1 3 (four ar 1atic carbons 1 the phenyl rings), 99.3,
80.6, 80.5, 75.4, 70.3, 70.0, 69.6, 65.4 (six alkvnyl carbons and two C-O carbons in
the alkyl chains), 62.4, 56.0 (two sp? carbons in the fullerene cages), 32.6 (br). 30.5.
30.3 (br), 30.1 (br), 26.7 (br), 23.4 (br). 14.8 (br): MALDI-TOI MS m 2 caled for

CsoHgp Oy 2362.68, found 2365.25 |[M + H| *.

Compound 260b. Compound 260b (36 mg, 0.011 mmol, 35%) was obtained
as a brownish solid by the same #n situ ethynylation protocol as desceribed in the
synthesis of 196a. using compound 285 (58 mg, 0.033 mmol). Cy, (130 mg. 0.181
mmol), LHMNDS (0.18 mL. I M, 18 mmol) and dev THE (150 mL). IR (IKBr) 2922,
2852, 2192, 2117, 2077, 1653, 1603, 1511, 1506. 1496 cm ': "H NMR (CDCL, €S,

500 MHz) & 7.29 (s, 2H). ..19 (s. 2H), ..13 (s, 2H), 7.03 (s. 2H). 7.01 (5. 2H), 4.17-



4.01 (m, 16H, OCH,), 1.97-1.82 (m. 16H), 1.70-1.49 (m, 16H). 1.-10-1.20 (m, 96H),
0.95-0.82 (i, 24H); ¥C NMR (CDCl, € , 125 MHz) 6 156.5, 151.8, 153.9. 153.5
(four C-O in the phenyl rings). 151.9, 151.7, 117.9. 1477, 147.0. 1167, 116.5. 1.16.1.
146.0. 145.9, 145.8, 145.7, 145.0. 1108, 1135, 113.3, 11290, 112,88, 1124, 112.3,
142,29, 1122, 141,98, 141.91, 140.7. 110.6. 136.4, 135.5 (28 discernible sp? carbons
of the 30 different sp? carbons in e Cs symmetrical Cyy core), 118.3, 117.5, 117.2,
116.7, 115.0, 113.5, 111.3 (aromatic carbons in the phenyl rings). 98.0. 93.0, 91.8.
80.5, 79.8. 75.2, 70.1, 70.0, 69.9, 69.8, 69.1, 65.0 (cight alkyvnyl carbons and four C-O
carbons in the alkyl chains), 62.2, 55.8 (two sp? carbons in the fullerene cages). 32,2,
30.2. 30.1, 29.9. 29.89, 29.83. 29.7, 29.6. 29.5. 29,1, 26.8. 26.3. 26.2. 22.9, 1 L.39. 1.1.30:

MALDI-TOER MS e 2 caled for Cy 12,00 318735, found 3187.81 [N H|*.

Compound 261. Compound 261 (6.00 mg, 0.0025 mmol, 5%) was obtained
as a brownish unstable solid by the same in situ ethynylation protocol as described
in the synthesis of 196a. using compound 289 (50 mg, 0.052 mmol), Cy, (185 mg,
0.257 mmol). LHMDS (0.26 mL. 1 M, 0.26 nunol) and dry THEF (180 mL). "1 NMR
(CDCL, C'S,. 500 MHz) 4 7.16 (s, 211). 7.10 (s. 211). 701 (s, 211). L09-1.05 (. 81,
OCH,). 1.93-1.81 (m. 8H.), 1.65-1.60 (m. ). 1.51-1.50 (m. 1), 1.29-1.19 (. A8H).

0.90-0.81 (m, 12H).

Compound 262a. Compc d 262a (11 mg, 0.0017 mmol, 20%) was obtained
as a brownish solid by the same i situ ethynylation protocol as desceribed in the
synthesis of 196a, using compound 307 (30 mg. 0.0083 mmol). Cy, (60 mg. 0.083

mmol), LHNDS (0.10 mL. 1 AL 0.10 mmol) and dry THEF (120 mL). IR (KBr) 2922.



2851, 2211, 2150, 1632, 1576, 1504, 1464 ¢cm '; '"H NMR (C'DCL,/CS,, 500 MHz) d
7.71 (s, 2H), 7.66 (s, 4H), 7.29 (s, 1H), 7.18 (5. 1H), 7.15 (s. 41), 7.08 (s. 1H). 7.05 (s,
AH), 4.17-1.01 (m, 32H, OCH,). 1.93-1.87 (m. 32H). 1.70-1.5:4 (1, 32H). 1.42-1.20 (m,
192H), 0.91-0.81 (m, 48H, CH,): C NMR (CDCL, ('S,. 125 MHz) § 155.0, 154.3,
154.1, 154.0 (four C-O in the phenyl rings).152.1, 152.0, 148.2, 147.9, 147.2, 146.9,
146.8, 146.4, 146.3, 146.25, 146.18, 146. 14598, 145.91, 145.2, 145.1, 143.7, 143.2,
143.1. 142.7, 142.6, 142,54, 14246, 142.23, 1.42.16, 140.93, 140.86. 136.6, 135.7 (29
discernible sp? carbons of the 30 rent sp? carbons in the Cs symmetrical Cy, core),
135.1, 124.8, 122.7, 117.48, 117 ', 117.3, 7.1, 115.3, 1151, 113.7. 113.2 (aromatic
carbons in the phenyl rings), 97.8, 93.1. 92.1, 92.0. 88.1, 80.6 (alkynuyl carbons). 70.0,
69.9, 69.8, 69.7 ( four C-O carbons in the alkyl chains), 62.2, 55.8 (2 sp® carbons in the
fullerene cages), 32.2, 30.2, 30.1, 30.0, 29.96, 29.92, 29.8, 29.7, 26.8, 26.5. 26.3, 23.0,

14.4; MALDI-TOF MS 1 z caled for Cp 45506 6476.75, found 6477.11 [N+ H]*.

1,4-Bis(decyloxy)-2-ethynyl-5-io sbenzene (263). To a solution of com-
pound 203 (472 ng, 0.760 mmol) in 1:1 McOH THF (20 mL) was added IX,CO, (50
mg, 0.36 minol). After being sti »d at rt 1 2 h. the reaction solvent was evaporated
in vacuo. To the residue was added hex. ¢ and 1 M HCL The organic laver was
isolated and then washed with brine, and dried over MgSO,. Filtration to remove
MgSO, followed by evaporation under vac 1m afforded deprotected terminal alkyne
263 (112 mg, 0.762 mmol, 99%). Np 50 51 "C: IR (KBr) 3289, 2955, 2921, 2850,
2107, 15688, 1195, 1467 cin 'y 'H NMR (CDCL,, 500 MHz) 4 7.29 (s, 1H). 6.87 (s,
1H), 3.96 (t, J 6.5 Hz, 2H, OCH,). 3.93 (t, J 6.5 Hz, 21, OCH,), 3.29 (s, ).

1.81-1.78 (m, 4H), 1.54-1.44 (m, 4H), 1.36-1.25 (mn, 24 H). 0.90-0.87 (i, 611, C'H,):
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BC NMR (CDCly, 125 MHz) § 155.3, 1 2 (two C-O in the phenyl rings). 124.3,
117.2, 112.7, 88.8. 82.2, 80.1 (four aromatic carbons and two alkvnyvl carbons), 70.6,
70.4 (two C-O) carbons in the alkvl chains). 32.3. 30.0, 29.8. 29.38, 2957, 26.0. 26.5.

206.3, 23.1, 145 APCLE-MS 2 caled For Cy 1,10, 5103, found 5113 [N - H]

1,4-Bis(2,5-bis(decyloxy)-4-iodop! nyl)buta-1,3-diyne (264). Compound
263 (215 mg, 0.387 mmol) was dissolved in acetone (10 mL), then Hay catalyst?? (5
mL) was added. The mixture v stirred  rt under exposure to air for 36 h. When
TLC analysis showed no starting material — resent. acetone was evaporated o cacuo.
and CHCL, (10 mL) was added. The rest ing content was washed with aq HCL (1
M), satd NaHC'O,, and brine sequentially. The organic laver was dried over NgSO,
and evaporated in vacuo to give the cru + product. The crude product was purified
by silica flash column chromatography (hexanes CH,Cl,, 85:15) to vield compound
264 (160 mg, 0.146 mmol, 75%) as a pale vellow solid. NMp 101 105 °C: IR (KBr)
2918, 2847, 2149, 1194 em ' "H NAMR (CDCL. 500 MHz) 6 7.29 (s, 211). 6.87 (s, 211).
3.96 (t. J 6.0 Mz 1 OCH,). 3.93 (t. J 6.5 Hz, ML OCH, ) 1.83-1.77 (m, 81,
1.50-1.44 (m, 8H), 1.36-1.25 (n. 18 H). 0.88 (. J 6.5 11z, Gl C11y). 0.86 (1. J
6.5 Hz, 6H, CI,); "*C NMR (CDC1,, 125 MHz) § 155.8, 152.0 (two C-O in the phenyl
rings), 124.2, 116.8, 112.5, 89.4, 79.0, 8.8 (four aromatic carbons and two alkynyl
carbons), 70.3, 70.2 (two C-O carbons in  » alkvl chains). 32.1. 29.8 (br). 29.5 (br).
29.4, 29.3, 26,1, 26,1, 22,9, 1-1.3; MALDI-TOEF MS oz caled For Cg 11,0, 1078.48.

found 1078.41 |N]".
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solvent was removed by rotary evaporation. The residue was dissolved in chloroform
and sequentially washed with ag HCL (10%) and brine. " organic layer dried over
MgSO,. Filtration to remove MgSO, followed by evaporation under vacuum afforded
266 as a vellow solid (302 mg, 0.345 mmol, 96%). Np 110 111 °C: IR (KBr) 3283,
2923, 2850, 2140, 2105, 1500, 1469 cm ™1 NMR (CDCL,. 500 ' Hz) 6 6.96 (s, 2H),
6.95 (s, 2H), 3.971 (t, J 6.5 Hz, {H, OCH,), 3.965 (t. J/ 7.0 Hz. 1H, OCH,).
3.35 (s, 2H), L8177 (m, 8H). 50-1.41 (., 8H). 1.36-1.25 (m. I8 1), 0.88 (t. ./

7.0 Hz, 6H, CH,), 0.86 (t, J 6.0 Hz, v . CH,): "C NMR (CDCL,, 125 MHz) o
155.0, 154.2 (two C-O in the phenyl rings), 118.1, 117.9, 113.9, 113.4, 83.1, 80.1. 79.4
(aromatic carbons and alkynyl carbons), 70.0. 69.9 (two C-O carbons in the alkyl
chains), 32.1, 29.9, 29.8, 29.79, 29..J, 29.6, 29.3. 26.1, 22.9. 14.3: MALDI-TOF MS

m/z caled for CyHy, O, 871.68, found 876.61 [N - H|".

1,4-Bis(4-((2,5-bis(decyloxy)-4-((triisopropylsilyl)ethynyl)phenyl)ethy-
nyl)-2,5-bis(decyloxy)phenyl)bu 1 diyne (267). To a solution of 226 (226
mg, 0.224 mmol) in acetone (30 mL) was added Hay catalyst (5 mL). The mixture
was stirred at rt under exposure to air over  ght. The reaction solvent was evaporated
in vacuo. To the residue was added € Cly. The resulting content was washed with
aq HCI (1 M), satd NaHCO,. and I ne sec entially. The organic layver was dried over
MgSO, and evaporated in vacuo to give the crude product, which was further purified
by silica flash column chromatography (hexanes CH,CL,. 3:1) to give compound 267

(96 mg, 0.48 mmol, 43%) as a veHow solid. Np 72 73 °C. 2 (KBr) 2924, 285.

N

21 16.
1622, 1497, 1470 em™'; '"H NMR (CDCly, 500 MHz) & 6.99 (s, 1H), d 6.91 (s, -1H).

4.03-3.94 (in, 16H. OCH,), 1.8 .77 (m, S5H), 1.50 (m, 16H), 1.36-1.25 (m. 96 H).

S
)
ot



1.15 (s -12H. Si(CH(CH,),),). 0.89-0.85 (m. 2411 CH,): C NMR (CDCL,. 125 Miz)

& 155.2, 154.6. 153.5 (C-O in the phenyl rvings)y, 1182, 1181, 117.3, 116.7. 115.7.

]

1144, T 112.8, 103,30 96.8, 92.5, 911, 79.8. 79.6 (eight aromatic carbons and
six alkynyl carbons), 70.1. 70.0, 69.5 (C-O carbons m the alkyl chains), 32.1, 29.91,
29.85, 29.77, 29.74, 29.7, 29.6, 29.5. 294, 5.5, 26.2, 22.9, 18.9. [.1.3, 11.6: MALDI-

TOF MS m 'z caled For C 4 H,,,051, = 1.62, found 2012.77 [N+ H] .

1,4-Bis(4-((2,5-bis(decyloxy)-4-¢ 1ynylphenyl)ethynyl)-2,5-bis(decyloxy)-
phenyl)buta-1,3-diyne (268). To a solution of compound 267 (303 mg. 0.151
mmol) in THF (20 mL) was ¢ led TBAF (0.1 mL, 1 M, 0.1 mmol). The mixture
was stirred at rt for 12 h. The reaction solvent was evaporated in vacuwo. To the
residue was added CHCl;. The resulting content was washed with aq HCI (1 M),
satd NaHCO,. and brine sequentially. The organic laver was dried over MgsSO, and
evaporated in vacuo to give the crude product, which was further purified by silica
flash column chromatography (hexanes CH,CL. 7:3) to vield compound 268 (211
mg, 0.124 mmol, 82%) as a vellow solid. Np 93 94 “C; IR (KBr) 3315, 2925, 2850,
2195, 2136, 2106, 1639, 1618, 1 17, 1469 cma~'; 'H NMR (CDCl,, 500 MHz) § 6.70
(s, 6H), 6.99 (s, 2H), 4.03-3.99 (m. 16H, CH,)}. 3.35 (s. 2H), 1.87-1.79 (m, 16H),
1.54-1.46 (m, 16H). 1.36-1.26 (m. 96H). 0.90-0.86 (m. 24H. CH,): MALDI-TOF \S

m. z caled for Cy -, O 1699.35. foun 1699.96 [N - 11"

3-(2,5-Bis(decyloxy)-4-iodophenyl)prop-2-yn-1-ol (269). Compound 202
(6.40 g, 9.96 mmol), propargyl alcohol (0.42 mL, ..11 mmol). PdCL,(PPl,), (122 mg.

0.174 mmol), Cul (66.6 mg. 0.351 mmol) d Et,N (30 mL) were added to THF (30

~Ne



mL). The solution was bubbled by N, at  for 5 min and then stirred at rt under
N, protection for 12 h. After the reaction was complete as checked hy TLC analyvsis,
the solvent was removed by rotary evaporation. o the residue obtaied was added
chloroforin.  The mixture was filtered over MgSO, pad. Then it was sequentially
washed with aq HCI (10%) and brine. The organic layer was dried over MgSO, and
concentrated under vacuum. o crude  coduct was then purified by silica flash
column chromatography (EtOA¢ CH,CL, 5:95) to vield compound 269 (3.20 g, 5.61
mmol. 56%) as a vellow solid. Mp 64 65 “C: "H NMR (CDCL. 500 MHz) 0 7.00 (s.
1H). 6.55 (s, TH). 124 (s 21, 587 (¢ 6.5 Hz 2100 3610 (0o 6.5 Hzo 2H).
2.19 (s, U1, OH). 154149 (. 1), 25-1.15 (. H). 1.06-1.01 (m. 21 H). 0.63
(t, J 7.0 Hz, 6H, CHy); C NMR (CDCly. 125 MHz) 6 1513, 151.9 (two C-O in
the phenyl ring), 124.0, 116.4, 113.0, 92.2, 87.9. 81.7 (four aromatic carbons and two
alkvnyl carbons), 70.16, 70.12 (two C-O carbons in the alkyl chains). 51.8 (CH,OH).

32.0, 29.72, 29.66. 29.4, 29.28. 29.25, .2,

o

G.0. 22.8. 1.1.20 APC  MS (posttive) m 2

caled for CugH =104 570.26, found 553.3 |[N-OH|*.

3-(2,5-Bis(decyloxy)-4-((triisopro ‘lsilyl)ethynyl)phe /I)prop-2-yn-1-ol
(270). Compound 269 (475 mg, 0.832 nunol). triisopropylsilylacetvelene (0.185 mlL.
0.832 mumol), PACL,(PPhy), (14.4 mg, 0.0205 mnol), Cul (7.8 mg. 0.041 nmmol) were
added to Et;N (20 mL). The solution was bubbled by N, at rt for 5 min and then
stirred at rt under N, protection for 12 h. After the reaction was complete as checked
by TLC analysis, the solvent was rer wed by rotary evaporation. To the residue
obtained was added chlorofor — The mixture was filtered over MgSO, pad. Then it

was sequentially washed with aq 1 (10%)  1d brine. The organic laver was dried



over MgSO, and concentrated under vacuum. The crude product was then purified
by silica flash column chromatography (EtOAc¢ CH,C1,. 5:95) to vield compound 270
(519 mg, 0.833 mmol, 100%) as a vellow solid. Mp 52 53 °C: IR (KBr) 3374 (br).
2024, 2863, 2228, 2151, 1499, 1168, 1409, 1388 cm~': '"H NMR (CDCl,. 500 MHz) §
6.91 (s, LH), 6.88 (s, 1H). 1.52 (s, 2H). 3.97 (t. J 6.5 Hz. 2H). 391 (t. J 6.5 Hz,
2H), 2.26 (s, 1H, OH). 1.80-1.74 (m, 4H), 1.48-1.45 (m. 4H). 1.28 (br. 2-4 H). 0.889
(t, J - 6.5 Hz, 3H, CH,), 0.8. (t. J 6.5 Hz. 3H. CH,); MC NMR (CDCly, 125
MHz) § 154.5, 153.4 (two C-O carbons in ¢ phenyl ring), 117.9, 116.9, 114.4, 113.5.
103.0, 96.6, 92.7, 82.2 (four aromatic ¢. Hons and four alkynyl carbons), 70.0. 69.1
(two C-O carbons in the alkyl chains), 51 (CH,OH). 32.1, 29.81, 29.75. 29.7. 29.6,
29.55, 29.54, 294, 26.4, 26.1. 22,9, 1& | 14.3, 11.6; APCI-MS (positive) m 2 caled

for C,yHO4Si 624.49, found 607.5 |{M-OH| .

3-(2,5-Bis(decyloxy)-4-((triisopro -lsilyl)ethynyl)phenyl)propiolaldeh-
yde (271). To a solution of  alyl chloride (0.74 mL, 8.5 mmol) in CH,Cl, (15
mL) was added a solution of DMSO (0.81 mlL, 11 mmol) in CH,Cl, (15 mL) at -78
°C. The mixture was stirred under N, for 10 min. Then it was added dropwise to a
solution of 270 (1.77 g. 2.84 mmol)  CH,Cl, (30 mL) at -78 “C. The reaction was
further stirred for 15 minutes. Then the v tion was treated with triethylamine (2.1
mL, 14 mol) and allowed to warm to - ) °C over 1 h. The mixture was treated
with water (20 mL) and allowed to wart  to rt. The organic layer was separated.
washed with brine, dried over MgSO, and concentrated under vacuum. The crude
product was then purified by sili £ 1 column chromatography (hexane CH,C,.

3:1) to vield compound 271 (1.42 g, 2.28 mmol, 80%) as a vellow solid. NMp 36 37
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°C. IR (neat) 2925, 2858, 2190, 2153, 1685, 1661, 1604, 1198, 1167, 1113, 1387 em '
'H NMR (C'DCL,, 500 MHz) 6 9.44 (s. 1H. CHO), 6.97 (s. 1H), 6.95 (s, 1H), -1.01
(t, J 6.5 Hz, 2H, OCH,), 3.93 (t, J 6.5 Hz, 2H. OCH,). 1.84-1.76 (i, {H),
1.49-1.46 (m, 4H), 1.37-1.28 (in, 24H), 1.15 (s, 21H, Si(CH(CH,).),). 0.89 (t. J 6.5
Hz. 6H, CH,): ™C NMR (CDCl,, 125 MHz) 0 176.7 (CHO). 155.4. 154.3 (two -0
carbons in the phenyvl ring). 118.1, 117.65. 7. 61. 109.6. 102.5,99.2.93.5. 92.6 (four
aromatic carbons and four alkyvnyl carbons). 69.9. 69.6 (two C-O carbons in the alkyvl
chains), 32.1, 29.83, 29.80, 29.76, 29.7, 29.6, 29.5, 29.3, 26.4. 26.1, 22,9, 18.9. [.1.3,

11.6; APCI-MS (positive) m z caled for C HgO,S1 622.5, found 623.5 [N 1 H|".

((2,5-Bis(decyloxy)-4-iodophenyl)buta-1,3-diynyl)trimethylsilane (275).
To a flask containing compour 263 (819 mg. 1.57 mmol) (rimethyvlsilvlacetyvlene
(0.70 mL, 1.9 mmol). acetone (20 ml) was added Ttay catalvst (2 mlL). The mixture
was stirred at rt under exposure to air for 2 b, When TLC analysis showed no starting
material present, hexanes (40 mL) was added. The resulting content was washed with
aq HCl (1 M), satd NaHCO,, 1d brine  quentially. The organic laver was dried
over MNMgSQO, and evaporated in vacuo to give a dark vellow solid. The crude product
was purified by silica flash cotun chromatography (hexanes CH,CL. 5:1) to vield
compound 275 (675 mg. 1.06 mmol. 68%) as a vellow solid. NMp 11 42 C. IR (neat)
2922, 2851, 2208, 2104 1496 em s HIEND R (CDCL,. 500 NMHz) 6 7.27 (s. 1H), 6.83
(s. 1H), 3.94 (t. J 7.0 Hz, 211, OCLL). 390 (t. J 6.5 Hzo o L OCH,). 179 (m,
4H), 1.47 (m, 4H), 1.40-1.22 (24 H), 0.88 (¢, J 6.0 Hz, GH. CtL;). 0.22 (s. 9H);
BC NMR (CDCly, 125 MHz) 6 156.1, 15 ) (two C-O carbons in the phenyl ring),

124.2, 111.9, 91.8. 89.6. 88.2, 78.8, 73.3, 70.11. 70.12. 70.1-4 ({four aromatic carbous,
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four alkvnyl carbons and two C-Q carbons in the alkvi chiains), 32.1, 29.8 (br), 29.5
(br), 29.3, 26.3, 26.1, 22.9, 14.4, -0.1; APCI-MS (positive) m z caled For CyyHg 10,51

636.7. found 636.3 |[M|*.

1,8-Bis(2,5-bis(decyloxy)-4-iodophenyl)octa-1,3,5,7-tetrayne (276). To
a solution of compound 275 (277 mg, 0.401 mmol) in 1:1 NeOH THE (8 mL) was
added K,CO, (20 mg. 0.14 mmol). After being stirred at rt for 2 h. the reaction
mixture was quenched with water (10 n ) and then extracted with hexanes (30
mL). The organic laver was isolated and wa od with brine and dried over NgSO .
Filtration to remove MgSO, followed by concentration under vacuum afforded a dark
solid, which was immediately transterred o a flask containing acetone (6 mL) and
Hay catalyst (2 mL). The mixture was stirred at rt under exposure to air overnight,
and then was briefly worked up to affor the crude product, which was further purified
by silica flash column chromatography (hexanes CH,CL,. 9:1) to give compound 276
(132 mg, 0.107 mmol, 53%) as a vellow solid. Np 70 71 "C: IR (neat) 2916, 2849,
2198, 1494 em ™! 'H NAR (CDCl,. 500 MHz) 6 7.27 (5. 2H), 6.82 (s, 2H). 3.93 (t. J

6.5 Hz. 4H, OCH,), 3.90 (t, J 6.5 Hz, {H, OCH,). 1.81-1.75 (1n, 8H). 1.51-1.43
(m, 8H), 1.35-1.29 (m, 48 H), 0.89-0.87 1. 12H, CH,): BC NMR (CDCly, 125 MHz)
0 156.9, 151.9(two C-O carbons in the phenyl rings), 120.0, 116.8. 110.8, 90.9, ...0,
74.6, 70.3, 70.1 (four aromatic carbons and four alkvoyl carbons), 68.6, 6:1.6 (two
C-0O carbons in the alkvl chains), 32.2, 32.1. 29.81, 29.78, 29.59, 29.51, 29.51. 29.38.
29.31, 29.3, 26.3, 26.1, 2204, 2291, 144 1133 NMALDIL-TOE MS oz caled For

CeoHysl, 04 112648, found 1128.28 M+ |*



((2,5-Bis(decyloxy)-4-((  soprc, , Isilyl)ethynyl)phenyl)buta-1,3-diynyl)-
trimethylsilane (278). Mecthod 1: Compound 275 (675 mg, 1.06 mmol),
triisopropylsilylacetyelene (0.28 ., 1.2 1 0l), PACL(PPLy), (37 mg. 0.053 mmol).
Cul (30 mg, 0.16 mmol) and Et;N (3 mL) were added to THE (20 mL). The
solution was bubbled by N, at rt for 5> min and then stirred at 45 °C under N,
protection overnight. After the reaction was complete as checked by TLC analysis,
the solvent was removed by rotary evaporation. To the residue was added CHCL,
and 1M HCIl. The organic layer v isolated and washed with brine and dried over
MgSO,. Filtration to remove MgSO, followed by evaporation under vacuum afforded
the crude product which was then purified by silica flash column chromatography
(hexanes CH,CL, 10:1) to vield ¢ pound 278 (630 mg. 0.911 mmol. 86%) as a pale
vellowish wax.

Method 2: To a flask containing ctone (10 mL) was added 230 (119 mg, 0.200
minol), trimethylsilvlacetylene (0.169 mL, 1.22 mmol) an  Hay catalyst (5 mlL). The
mixture was stirred at rt under zposure to air for 20 h. When TLC analvsis showed
no starting material present, acetone was evaporated in vacuo. CHCL, (30 ml.) was
added. The resulting content was washc  with aq HHCL (1 M), satd NaHCO,, and
brine sequentially. The organic laver was dried over MgSO, and evaporated i vacuo
to give the crude product, which v i purified by silica Hash column chromatography
(hexanes, CH,Cl,, 10:1) to yield compound 278 (102 mg. 0.112 mmol, 71%) as a
vellow wax. IR (neat) 2924, 2857, 2201, 2151, 2100, 1497 cm ' "H NMR (CDCL,.
500 MHz) d 6.90 (s, 1H). 6.89 1H), 3.97 (t. J 6.5 Hz. 211, OCH,), 3.92 (t. J

6.0 Hz, 2H.OCH,). 1.82-1.72 (m. 4H), 1.50-1.42 (m, 4H), 1.40-1.2:4 (n, 24 H), 1. 14 (s.

“H), 0.89 (t. J 0 Hz. GH. CHy). 0.23 (s. 9H. Si(CI1,),): C NMR (CDCly. 125
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18.7. 14.5, 11.8; MALDI-TOF MS 2 caled for Cy,H 5,051, 123095, found 123712

|M+ H|*.

1,8-Bis(2,5-bis(decyloxy)-4-ethynylphenyl)octa-1,3,5,7-tetrayne (281).
To a solution of compound 280 (190 mg, 0.154 mmol)  THF (4 mL) was added
TBAF (0.09 mL, 1 M, 0.09 mmol). The ixture was stirred at rt for 10 min. The
solvent was removed by rotary evaporation. To the residue was added CHCL, and 1N
HCL. The organic laver was 1so  ced and washed with brine and dried over MgS0O .
Filtration to remove MgSO, followed by evaporation under vacuum afforded the
crude product, which was further purified by silica fHash column chromatography
(hexanes, CH,Cl, 1:9) to yield compoun 281 (110 mg, 0.119 mmol, 77%) as a
brownish waxy solid. IR (KBr) 3314, 3293, 2916, 2850, 2195, 1604, 1530 cm "
'H NMR (CDCl,, 500 MHz) & 6.94 (s, 2H). 6.93 (s, 2H). 3.96 (t. J 6.5 llz, 811,
OCH,), 3.38 (s, 2H), 1.82- 1.76 (m. 8H). 1.50-1.42 (m, 8H), 1.40-1.22 (m, 4811). 0.8
(i, 12H, CH,); "C NMR (CDCl,, 125 MHz) ¢ 156.2. 1541 (two C-O carbons in
the phenyl rings), 118.1. 117.8, 115.0, 111.8 (four aromatic carbons). 83.7. 79.7. 79.0.
74.7, 70.0, 69.9, 68.9, 64.7 (four alkynyl carbons and two C-O in the alkyl chains),
32.14, 32.13, 29.9, 29.80, 29.77. 29.6, 29.5. 1.3, 29.1, 26.1.1, 26.09: 22.93. 22.89, 1.1.35,

14.33; MALDI-TOF MS m z caled for CyHy O, 922.68. Hund 923.57 [N H|*.

((4-((2,5-Bis(decyloxy)-4-((triisoy Hpylsilyl)ethynyl)phenyl)ethynyl)-2,5-
bis(decyloxy)phenyl)buta-1,3- ynyl)trimethylsilane (282). o asolution of
226 (590 mg. 0.586 mmol) and trimehylsilvlacetylene (1.02 mL, 3.52 mmol) in acetone

(20 mL) was added Hay catalyst (5 mL). The mixture was stirred at rt under



exposure to air overnight. The reaction solvent was evaporated in vacwo. To the
residue was added CHCI;. The resulting content was washed with aq HCL (I N).
satd NaHCO,, and brine sequentially. The organie layver was dried over MgSO | and
evaporated in vacuo to give the crude  roduct. Silica flash column chromatography
(hexanes, CH,Cl,, 4:1) gave compound 282 (513 mg, 0.465 mmol, 7T9%) as a vellow
solid. Mp 70 71 °C; IR (KBr) 2923, 2852, 2196, 2150. 2100, 1622, 1497, 1468, 1389
em™ ' TH NMR (CDCL,. 500 MHz) 6 6.4 (s. 1H), 6.93 (s. 3H), 4.02-3.93 (m, 811.
OCH,), 1.83-1.77 (m, 8H), 1.50-1.47 (m., 8H), 1.34-1.24 (m. 48 H). 1.15 (s, 21H.
Si(CH(CH;),)4). 0.90-0.86 (m. 12H), 0.23 (s. 9H. Si(CH;),): MO NMR (CDCly. 125
MHz) & 155.5. 154.6, 153.5, 163.4 (four C-O carbons in the phenyl rings), 1183,
118.2, 117.2, 116.7, 115.9, 114.4, 112.1. 103.2, 96.7, 92.5. 91.9, 91.2, 88.4, 79.4, 73.7
(aromatic carbons and alkynyl carbons), 70.0, 69.9, 69.4 (C-O carbons in the alkyl
chains), 32.1, 29.8, 29.74. 29.65. 29.57, 29.47. 29.4. 26.4, 26.2, 22.9. 18.9, 14.3, 11.0.

0.19: APCI-MS (positive) m z caled for Co,H,,O,Si, 11029, found 1103.7 [N+ H|*.

1,8-Bis(4-((2,5-bis(decyloxy)-4-((" isopropylsilyl)ethynyl)phenyl)ethy-
nyl)-2,5-bis(decyloxy)phenyl)octa-1,3,5,7-tetrayne (284). To a solution of
compound 282 (513 mg, 0.465 mmol) in 1:1 MceOH "THEF (30 ml.) was added I5,CO;
(100 mg, 0.72 mmol). After bc ;s red at rt for 2 h, the reaction solvent was
evaporated in vacuo. To the resi 1¢ was added CHCL, and then 1 N HCL The
organic layer was isolated and v hed with brine and dried over MgSO,. Filtration to
remove MgSO, followed by concentration under vacuum afforded a dark solid, which
was immediately transferred into a flask ¢ taining acetone (201ml) and Hay catalyst

(5 mL). The mixture was stirred at rt under exposure to for 12 h. The reaction solvent
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was cvaporated in vacuo. To the residue was added CHCIL;. The resulting content
was washed with aq HC1 (1 M), satd NaHCO,. and brine sequentially. The organic
laver was dried with NgSO, and cvap ated in vacuo to give the crude product.
Silica flash column chromatography (hexane C'H,CL, 11) gave compound 284 (105
mg, 0.196 mmol, 85%) as a brownish sc . Mp 71 72 “C; IR (KBr) 2923, 2853,
2194, 2149, 1623, 1499, 1468, 1423, 1388 1! 'H NMR (CDCly, 500 MHz) § 6.98
(s, 2H), 6.97 (s, 2H), 6.95 (s, 4H), 1.04-3.94 (m, 16H, OCEL,), 1.85-1.81 (m, 16H),
1.51-1.48 (m, 16H), 1.37-1.25 (m, 96 H), 1 5 (s, 42H, Si(CH(CHy),)4). 0.92-0.87 (i,
24H, OCH,); C NMR (CDCly, 125 M z) 0 1564, 154.6. 153.6. 1531 (four C-O
carbons in the phenyl rings), 118.2, 118.1, 117.0, 116.8, 116.7, 11.1.6, 114.2, 111.0
(eight aromatic carbons), 103.2, 96.9, 93.2, 91.2, 79.7, 75.2. 70.0. 69.91. 69.85, 69.-1,
69.0, 64.9 (eight alkynyl carbons and four C-O carbons in the alkyl chains). 32.2,
32.1, 29.9, 29.88 (br), 29.83. 29.80, 29.75, 29.71, 29.68, 29.66, 29.6 (br), 29.5, 29.3,
26.4, 26.21, 26.17, 22.94, 22.90, 18.9, 14.35, 1431, 11.6: NALDI-TOI NS m, 2z caled

for C4Hy s O4Si, 2059.62, found 2060.33 [N 1 H| '

1,8-Bis(4-((2,5-bis(decyloxy)-4-ethynylphenyl)ethynyl)-2,5-bis(decyloxy)-
phenyl)octa-1,3,5,7-te yne (¢ ). y a solution of compound 284 (105 mg,.
0.196 mmol) in THF (25 mL) was added TBAF (0.1 mL. 1 M. 0.1 mmol). The
mixture was stirred at rt for 3 h. The rcaction solvent was cvaporated in vacuo. To
the residue was added CHCIL,. The resulting content was washed with aq HCL (1 M),
satd NaHCO,, and brine sequei  ally. The organic laver was dried over MgS0O, and
evaporated ¢n vacuo to give the crude  roduct, which was further purificd by silica

flash column chromatography (hexanes € ,CL. 3:1) to vield compound 285 (287
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mg, 0.164 mmol, 83%) as a brownish sc &, Mp 92 93 °C: IR (KBr) 3311, 2924, 2851,
2194, 2106, 1627, 1499, 1468, 1422, 1386 1 ' 'H NMR (CDCly, 500 MHz) 6 6.973
(5, 2H), 6.969 (s, 2H). 6.96 (s. 1H). £.01-3. i (1, 16H. OCH,). 3.3 (s. 211). 1.85-1.78
(m, 16H). 1.52-1.41 (i, 16H). 1.36-1.24 (1, 96H). 0.90-0.86 (1n, 2 1. CH,): "C NMR
(CDC1,. 125 MHz) 6 156.4, 1544, 153.6. 153.5 (four C-O carbons in the phenyl rings).
118.3, 118.2, 117.2, 117.1, 116.7, 11.L8. 113.1, 111.2 (eight aromatic carbons). 92.8,
91.4, 82.6, 80.2. 79.7. 75.1. 69.9, 69.89. € 33. 69.0, 61.9 (alkvnv] carbons and four
C-O carbons in the alky] chains). 015, 32,12, 29.9, 29.¢  29.80, 29.77, 29.6, 29.58,
29.50, 29.43, 29,41, 29.3, 26.2, 22.9, 14.3: I ALDI-TOF NS i 2 caled for C,0H,,,Oq

1747.35, found 1749.25 |M 1 H|*,

((2,5-Bis(decyloxy)-4-((triisopropylsilyl)ethynyl)phenyl) hexa-1,3,5-tri -
ynyl)trimethylsilane (286). To a solution of compound 278 (1.00 g. 1. 15 mmol)
in 1:1 MceOIl THEF (60 mL) was added KX,C0O, (500 mg. 3.62 mmol). After being
stirred at rt for 2 h, the reaction solvent w  evaporated in vacuo. To the residue was
added hexane and 1 M HCL The organic laver was isolated an washed with brine
and dried over MgSO,. Filtration to remove NgSO, followed by evaporation under
vacuum afforded the deprotected terminal alkyne owhich was immediately transferred
into a flask containing trimethyvlsilvlacetvlene (15 mbL. 0.11 mol). acetone (90 wl.).
and Hayv catalyvst (10 mL). The mixture was stirred at rt under exposure to air for
6 h. When TLC analysis shov  no starting material present, the reaction solvent
was cvaporated in vacuo. To the restdue was added CHCly. T ¢ resulting mixture
was washed with agq HCI (1 M), satd NaHCO,. and brine sequentially. The organic

layer was dried over MgSQO, and evaporated i cacuo to give a brown wax. The
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by silica flash column chromatography (hexane CHLCL. 95:5) to give compound 288
(325 mg. 0.253 mmol, 39%) as a brownish wax. IR (KT 12925, 2859, 2153, 2016.
1499, 1466, 1416 cm 't "H NMR (CDCI,. 500 MHz) 8 6.89 (s. 211). 6.88 (s, 2H).
397 (t, J 6.5 Hz, {H. OCH,). 3.92 (t. J 6.5 Hz. 4H, OCH,). 1.78-1.77 (. 8H).
1.47-1.45 (m, 8H), 1.33-1.27 (m, 48 H). 1.13 (s. 42H. Si(CH(CH,);), 0.91-0.87 (m.
12H, OCH,); C NMR (CDCl,, 125 MHz) ¢ 156.7, 154.3, 117.7, 117.5, 116.9, 110.6
(six aromatic carbons), 102.8, 98.9, 79.3. 718, 70.0, 69.5, 68.9. 65.6. 6-1.3. 63.2 (eight
alkvnyl carbons and two C-Q carbons in the alkyl chains), 32,2, 32,1, 30.1. 29.8, 29.7.
29.6, 29.3, 26.1, 26.2, 22,94, 22,91, 194 193, 19.1. 19.0. 188, 1135, 1.L330 11.6:

MALDI-TOF NS 1.z caled for Cg,Hy,,C 5i, 1282.95, found 1284.96.

(3,5-Diiodophenyl)methanol (292). Mecthod 1: > a solution of 291 (521
mg. 1.34 mmol) in 30 mL THF and EtC  (THF 'EtOH  1:1) was added LiBH,
(175 mg. 8.04 mmol) in three potions over a period of 12 b at vt. Then the reaction
was worked up by adding 1 M HCl (20 n ) at 0 “C and extracted with CHLCL, (3
x 30 mL). The extract was washed with  rine. dried over MgSO, o and the solvent
was removed. The crude product was purified by silica flash column chromatography
(hexane,/CH,CL,, 1:1) to give 292 (355 mg, 0.986 mmol. 74%) as a white solid.
Method 2: To a solution of 291 (1.C g, 2.58 mmol) in dry CILCL, (20 mL) was
added DIBAL (8.67 mL, 1M in THI, 8.67 nimol) at 0 “C in two potions during a
period of 4 h. The reaction treated wi 1 DM HCT slowly at 0 7CLand extracted with
C'H,CL,. The organic layer was washed with brine. dried over NMgSQO L. After removing,
CH,Cl,, the crude product yvielded was pu ied by silica flash column chromatography

(hexane, CH,Cl,. 4:1) to give (880 mg. 2.45 mmol, 95%) as a white solid. Mp
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147 148 °C; 'H NMR (CDCly. 500 MHz) & 7.98 (s, 1H), 7.69 (s, 2H), 1.62 (d. J
6.5 Hz, 2H), 1.76 (t, J 6.0 Hz, 1H): ¥C NMR (CDCly, 125 MHz) 0 145.0, 1144,

135.2. 95.1, 63.7; GC-MS 2 (%) 360 (|M]*. 100).

3,5-Diiodobenzaldehyde (293). To a stirred solution of PCC (1.37 g, 6.34
minol) in 20 mL C'H,Cl, was added a solution of 292 (1.14 g, 3.17 mmol) i 10 mL
of CH,Cl,. The reaction was stirred for another 2 h. The solvent was removed under
vacuum to give a crude product of 293. The crude product was then purified by
silica flash column chromatography (hexa s EtOAc, 80:20) to give compound 293
(1.08 g. 3.02 mmol, 95%) as a white solid. Mp 133 134 - C: "H NAIR (C'DCL,. 500
MHz) 6 9.83 (5. 1H), 829 (t. J 1.5 Hz, 1), 814 (d. J 1.5 Hz, 2H): MO NMR
(CDCl,. 125 MHz) 0 189.5, 151.0, 139.4, 138.2, 195.7; GC-MS i, z (%) 358 ([M]*.

100), 329 ((M CHOJ*, 12).

1-(2,2-Dibromovinyl)-3,5-diiodob« zene (294). 'To a flask filled with 30
mL of dry CH,CL, were added CBry (00 g 2.8 mmol) and PPhy (1.19 ¢. 5.6Y
mmol). The mixture was stirred for 5 min to produce a red solution. Then a solution
of 293 (0.68 g. 1.9 nunol) in 15 mbL of € ,CL, was added dropwise. The reaction
was stirred overnight. The solvent was v 1oved by rotary evaporation. The crude
product was then purified by silica flas - coluinn chromatography (hexanes CH,CL,,
95:5) to give compound 294 (0.91 g, 1.77 munol, 93%) as a white solid. NMp 58 59
°C: 'H NMR (CDCL,. 500 Mliz) § ..99 (s. HI). 7.78 (s, 211). 7.27 (s, 1) BC NMR
(CDC,. 125 MHz) o 1489, 1387, 136.3, 133.8. 909, 93,1 APCL-MS (positive) w2

caled for CH (Br,l, 513.7. found 513.8 |M]'.
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1-Ethynyl-3,5-diiodobenzene (295). LDA (1.8 M in THI. 2.5 mL. 1.8 M in
THEF, 443 mmol) was slowly ¢ led to a solution of 294 (910 myg. 1.77 mimol) in
THE(15 mL) at -78 *C. After stirring at this temperature for 1 h, the reaction was
quenched by addition of a satd NH,Cl solution (10 mL). and the mixture was diluted
with hexane (100 mL). The organic phase was then washed with brine, dried over
MgSO,, and concentrated under vacuum. The crude product was purified by silica
flash column chromatography (pure hexanes) to give compound 295 (511 mg. 1.54
mmol. 87%) as a white solid. N 128 129 <C: "H NMR (CDCL,, 500 MHz, ) 0 8.02
(s, IH), 7.77 (s, 2H). 3.16 (s, 11): BC NMR (CDCly, 125 Milz) o 1157, 140.1, 125.8,

94.3, 80.5, 80.0; GC-MS .z (%) 354 ([M]+. 100), 227 ([N I}*F, 23).

1,4-Bis(3,5-diiodophenyl)bt 1-1,3-diyne (296). To a solution of 295 (70
mg, 0.20 mmol) in 1:1 acetone CH,CL, (20 mL) was added Hay catalyst (2 mL). The
mixture was stirred at rt under exposure to air for 18 h. The solvent was removed by
rotary evaporation. To the resi ae was ¢ led [ A HCL (20 mL). The mixture was
extracted by plenty of CHCL;. The organic solution was washed with brine, and dried
over MgSO,. Then CHCIy was removed under vacuum to give the erude compound.
The crude product was further purified by recryst. 7 ation from CHCL, to give pure
296 (146 mg, 0.065 mmol, 66%) as a white solid. mp 200 “C (dec); IR (KBr) 3075.
3027, 2911, 2198, 1760, 1735. 1618, 1566, 1523. 1399 ¢m '; '"H NMR (CDCl,, 500
MHz) 6 7.70 (t.J 1.OHz, 1H), 742 ( J 1.0 Hz, 2H); "C NMR was not obtained
due to low solubility; APCI-AS (positive) oz caled for O H, I, 705.7, found T05.7

[M]*.



1,4-Bis(3,5-bis((2,5-bis(«  yloxy)- ((triisopropylsilyl)ethynyl)phenyl) -
ethynyl)phenyl)buta-1,3-diyne (297). Compound 296 (11 mg, 0.063 mmol).
230 (150 mg, 0.252 mmol), PdCL(PPh,), (8.9 mg. 0.013 mmol). and Cul (L8 mg.
0.0063 mmol) were added to Et,N (10 mL). The solution was bubbled by N, at 1t
for 5 min and then stirred at vt der N, protection for 12 h. After the reaction was
complete as checked by TLC analysis, the solvent was removed by rotary evaporation.
To the residue obtained was added chloroform. The mixtt + was filtered over NgSO,
pad. Then it was scquentially washed with ag HCL (10%) and brine. The organie
laver was dried over MgSO, and conce  ated under vacuum. The crude product was
then purified by silica flash column chron  ography (hexanes. CHL,CL,. 8:2) to yield
compound 297 (123 mg, 0.0478 mmol, 80%) as a vellow solid. NMp 87 88 °C IR (KBr)
2024, 2859, 2211, 2150, 1633, 15678, 1501, 167, 1421, 1386 cm '; 'H NMR (CDCL,.
500 MHz) 6 7.67 (s, 2H). 7.61 (d, J 1.5 Hz. 1H), 6.95 (s, 1H). 6.9 (s, 1H), 1.02 (t. J

6.5 Hz, 4H, OCH,). 3.97 (t. J 6.5 2z, 4H. OCH,). 1.87-1.76 (1. 1611), 1.57-1.47
(m, 16H), 1.31-1.21 (m. 96 H), 53 (s, - 1. Si{CH(CH,),)5). 0.89 (t. J 6.5 Lz,
1214, CH,), 0.84 (t, J 7.0 Hz, 121, OCH,): "C NMR (C'DClL,. 125 Mz) 6 15
153.8, 135.1, 1319, 124.8, 122.6. 118.0. 116.7. 11.1.8, 113.6 (ten aromatic carbons).
103.1, 97.0, 92.8, 87.9, 80.6, 71.9 (six alkvnvl carbons), 70.0. 69.5 {(two C-O carbons
in the alkyl chains), 32.16, .77 13, 29.9. 29.85, 29.83, 29.7. 29.69, 29.62, 29.6, 20.4,
26.38, 22.9, 18.9, 11.3, 11.6; MALDI-TOF MS m -z caled for C;,H,,,0451, 2571.95,

found 2573.57 [M 1 H|*.

1,4-Bis(3,5-bis((2,5-bis(d¢ _ loxy)-4-ethynylphenyl)ethynyl)phenyl)buta-

1,3-diyne (298). To a solution of compound 297 (123 mg. 0.0178 mmol) in THI*



(6 mL) was added TBAF (0.05 mL, 1 M, 0.05 mmol). The mixture was stirred at
rt for 30 min. The solvent was removed I rotary evaporation. To the residue was
added CHCl; and 1 M HCIL. The organic wver was isolated and washed with hrine
and dried over MgSO,. Filtration to remove MgSQO, followed by evaporation under
vacuum afforded the crude product, which was further purified by silica flash column
chromatography (hexanes, CH,Cl,, 7:3) to vield compound 298 (68 mg, 0.035 mmol,
73%) as a brownish wax. IR (KBr) 3283, 2923, 2852, 2210, 2104, 1604, 1578, 1533,
1501, 1469, 1420, 1389 cm~'; 'H NM  (CDCl,. 500 MHz) § 7.67 (s, 2I1), 7.62 (d,
J 1.5 Hz, 4H), 6.99 (s, 1H), 6.98 (s, 4H), 101 (t, J 6.0 Hz, 8H, OCH,). 3.35
(s, 4H), 1.87-1.80 (mn, 16H), 1.57-1 5 (m. 16H). 1.42-1.21 (m, 96 H), 0.88 (1. J

7.0 Hz, 12H, C'Hy), 0.84 (1, J 6.5 Hz, 2HL CHy): C NMR (CDCL, 125 NHz)
6 154.3. 153.9, 135.1, 130.0, 1207, 122.6, 118.0, 117.2, 114.1, 113.4 (ten aromatic
carbons), 93.0, 87.6. 82.7, 80.5, 80.1, 74.9(six alkvnyl carbons), 69.9 (C-O carbon in
alkyl chains), 32.1, 29.9, .79, .76, 29.6, 29.56, 29.54, 29.5, 29.4, 26.3, 26.1, 22.9,

14.3; MALDI-TOF MS m,/z caled for Cy 45Oy 194741, found 1948.98 |M 1 1] 7.

((3,5-Diiodophenyl)ethynyl)trimethylsilane (299). To a solution of 295
(120 mg, 0.234 mmol) in THE (8 mL) was added LDA (1 0.39 mlL. 1.8 M i "THIY,
0.702 mmol) dropwise at -78 °C. The reaction was maintained at -78 “C and stirred for
1 h. To the formed red solution was added  MSCI (0.12 mL, 0.94 mmol) dropwise and
stirred for 1.5 h. To the light yellow solution was added 1 M HCI (5 mL) at -78 °C. The
reaction was then warmed to rt and extracted with CH,ClL,. The organic phase was
washed with brine, dried over I' SO, filtered. and the solvent was evaporated. The

crude produet was purified by silica Hash column chromatography (hexanes CH,CL,.



1:9) to give compound 299 (80 mg, 0.19 mmol. 80%) as a colorless oil. 'H NMR
(CDCl,, 500 MHz) 6 7.99 (t, J 1.5 Hz. ), 7.77 (d. J 1.0 Hz, 2H), 0.25 (s, 911)

GC-MS m/z (%) 426 (M]*. 40), 411 (]M CHy|'. 100).

(4,4°-(5-((Trimethylsilyl hynyl)-1,3-phenylene)bis(ethyne-2,1-diyl)bis-
(2,5-bis(decyloxy)-4,1-phenylene))bis(ethyne-2,1-diyl)bis(triisopropylsilane)
(300). Compound 299 (54 mg, 0.13 mmol), 230 (150 mg. 0.252 mmol).
PdCL,(PPhLy), (9 mg, 0.01 mmol), Cul (8 mg. 0.03 mmol) were added to 154N (5
mL). The solution was bubbled by N, at rt for 5 min and then stirred at rt under
N, protection for 12 h. After the reaction s complete as checked by TLC analysis,
the solvent was removed by rotary evapor ion. To the residue obtamned was added
chloroform. The mixture was filter  throt 1a MgSO, pad. Then it was sequentially
washed with aq HCI (10%) and br . T e organic layer was dried over MgSO, and
concentrated under vacuum. The crude product was purified by silica flash column

chromatography (hexanes, CH,Cl,, 85:15) to vield compound 300 (158 mg, 0.116

o

mmol, 92%) as a vellow wax. IR (I ) 2925, 2862, 2152, 1579, 1500, 467, 1422,
1386 em ™! 'H NMR (CDCl,, 500 M ) 7.61 (s, 1H). 7.57 (d. J 1.5 Hz. 211).
6.95 (s, 2H), 6.93 (s, 2H). 4.02 (t, J 6.5 Hz. 4H, OCH,), 3.96 (t. J 6.0 He,
4H, OCH,), 1.87-1.76 (m, 8H), 1.57-1.46 (m, 8H), 1.42-1.22 (i, 48 ), 1.16 (s, 42H),
0.89 (t, J 7.0 Hz, 6H), 0.86 (t. J 7.5 Hez, 6H), 0.26 (s, 9H); *C NMR (CDCl,,
125 MHz) 6 154.6, 1563.8, 134.5, 134.2, 124.4, 1241, 118.0. 116.7, 11.1.7, 113.8 (ten
aromatic carbons), 103.6, 103.2, 96.9, 95.7, 93.2. 871 (six alkvnyl carbouns), 70.1.
69.5 (two C-O carbons), 32.1, 29.9, 29.8, 29.73, 29.70. 29.63. 29.59, 29.56, 29.4. 206.-1,

26.3, 22.9, 18.9, 18.8, 14.3, 11.6, 0.07; MALDI-TOF MS m z caled for CyH,,,0,Si,
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pylsilane) (302). To a flask containing acetone (8 mL) was added 301 (150 mL,
0.116 mmol), trimethylsilylacetylene (0.164 L, 1.16 mmol) and Hay catalyst (2 mL).
The mixture was stirred at rt under exposure to air for 10 h. When TLC analysis
showed no starting material present. acetone was evaporated o vacao. CHCL, (30
mL) was added. The resulting content w  washed with agq HC (1 ). satd NaHCO,,
and brine sequentially. The organie laver was dried over MgSO, and evaporated in
vacuo to give the crude product. The crude product was purified by silica flash column
chromatography (hexanes, CH,Cl,, 4:1) t¢  eld compound 302 (143 mg, 0.103 mmol,
89% ) as a yellow wax. IR (KBr) 2925, 61, 2211, 2151, 2102, 1620, 1579, 1499,
1467, 1421, 1385 em™ ' 'H NMR (CDCly, 500 MHz) 6 7.65 (s, 1H), 7.56 (4. J 1.5
Hz, 2H), 6.95 (s. 2H), 6.93 (s. 2H), 1.02 (t. J 6.5 Hz. 11, OCH,). 3.97 (t. J 6.5
Hz, 4H, OCH,), 1.87-1.78 (. 8H), 1.57-1.16 (m, 8H), 1.41-1.25 (m. 48 H). 1.16 (s,
12H, Si(CH(CHy),)y), 090 (t, J 7.0 Hz, 6H. CHy), 0.87 (t, J 7.0 Hz, GH, CHy),
0.25 (s, 9H, Si(CH,4)y): C NMR (CDC 125 MHz) 6 154.5, 153.8, 135.1, 135.0.
124.7,122.4, 118.0, 116.7, 114.8, 113.6 (ten aromatic carbons), 103.1, 97.0, 92.8, 91.6.
97.9, 87.8, 75.3, 75.2 (eight alkynvl carbor , 70.0. 69.5 (two C-O carbons in the alkyl
chains), 32.1, 29.92, 29.9. 29.8, 29.74, 29.70. 29.67, 29.59. 29.56. 26.11. 26.36. 22.9.
18.9, 18.8, 14.3, 11.6. 0.22: NIALDI-TOE NS 1 2 caled for Cy H, 0,51, 1383.02.

found 1384.39 |M - H|*.

(4,4-(5-(Buta-1,3-diyny 1,3-phenylene)bis(ethyne-2,1-diyl)bis(2,5-bis- ‘
(decyloxy)-4,1-phenylene))t (ethyn  1-diyl)bis -iisopropylsilane) (303).
To a solution of compound 302 (113 mg, 0.103 mwmol) in 1:1 McOH THE (8 ml) ‘

was added K,C'Oy (50 g, 0.36 mmol). The mixture was stirred at rt for 2 h. then

(8%
o
[\ ]






by silica flash column chromatography (hexanes CH,Cl,, 85:15) to vield compound
304 (94 mg, 0.036 mmol, 86%) as a pale :  low solid. Mp 89 90 °C: IR (KBr) 2924,
2856, 2208, 2150, 1577, 1500, 1467, 1421, 1408, 1387 cm ': '"H NMR (CDCl,, 500
MHz) 6 7.69 (s, 2H), 7.61 (d, J 1.5 2. 4H). 6.95 (s, 1H). 6.93 (s. 1), 102 (t. J

6.5 Hz, 8H. OCH,). 3.97 (t. J 6.5 ¢, 8. OCH,), 1.88-1.78 (m. 1GH). 1.59-1.47
(m, 16H), 1.44-1.26 (m, 96 H), 1.16 (s. 84H. Si(CH(CH,),)). 0.90 (¢, J 7.0 Hz, 121
OCH,), 0.88 (t. J 7.0 Hz. 12H. OCH,); "C NMR (CDCly. 125 MHz) 6 1515, 153.9.
135.6, 135.4, 124.9, 121.5. 117.9, 116.6, 114.9, 1134 (ten aromatie carbons), 103.1,
97.1, 92.6, 88.2. 76.3, 7H.4, 70.0, 69.5, 67.8, 63.8 (cight alkynyl carbons and two C-O)
carbons), 32.2, 32.1, 30.0. 29.9, 29.7. 29.6. 26.1. 22,91, 22,92, 18.9. 18.8. I.1.4. 11.3.

11.6; MALDI-TOY MS ez caled for Cpgll  O0Si; 2619.95. found 2620.67 N - 11 *.

1,8-bis(3,5-bis((2,5-bis(decyloxy)- ethynylphenyl)ethynyl)phenyl)octa-
1,3,5,7-tetrayne (305). To a solution of compound 304 (90 mg, 0.0343 nnuol) in
THF (8 mL) was added TBAF (0.05 L, 1 M, 0.05 mmol). The mixture was stirred at
roomn temperature for 5 min. The solvent was removed by rota vapor. To the residue
was added CHCY, and 1 M HCL The orgar  laver was isolated and wa  ed with brine
and dried over NMgSO,. Filtration to remove MgSO, followed by evaporation under
vacuum afforded the crude product (66 mg. 0.033 mmol, 97%) as dark brown wax.
Due to the poor stability of compound 3C it was not characterized by spectroscopic

analysis and used directly for next step.

1,4-Bis(3,5-bis((4-((2,5-bis(decylc /)-4-((triisopropylsilyl)ethynyl)phe -

nyl)ethynyl)-2,5-bis(decyloxy)pl 1y -ethynyl)phenyl)buta-1,3-diyne (306).



Compound 297 (30 mg, 0.043 mmol), compound 26 (173 mg, 0.172 mmol),
PdCL,(PPh,), (6.0 mg, 0.0086 mmol), and Cul (3.3 mg, 0.017 mmol) were added
to EtyN (10 mL). The solution was bubblc by N, at rt for 5 min and then stirred at
rt under N, protection for 12 h. After the reaction was complete as checked by TLC
analysis, the solvent was removed by rotary evaporation. To the obtained residue
was added chloroform. The mixture was filtered over NgsSO, pad. Then it was
sequentially washed with aq HCI (10%) and brine. The organic laver was dried over
MgSO, and concentrated under vacuum. The crude product was then purified by
silica flash coluinn chromatogr: v (hexanes CH,Cl,o 7:3) to vield compound 306
(156 mg, 0.0369 nmmol, 86%) as a vellow wax. 1R (KBr) 2921 2855, 2213, 2119, 1621,
1579, 1507, 1467, 1425, 1385 cm ' 'H NI R (CDCL. 500 MIlz) 6 7.69 (s, 21). 7.6
(d, J 6.5 Hz. 4H), 7.03 (s. 4H). 7. (s, 4H). 6.97 (s. 4H). 6.95 (s. 1H). 1.07-1.02
(m, 24H, OCH,), 3.97 (t, J 6.5 Hz, ¢ . OCH,), 1.88-1.77 (m, 32H). 1.59-1.16
(m, 32H), 1.39-1.25 (m, 192 H), 1.16 (s, 84H. Si(CH(CHy),)s). 0.91-0.84 (i, 48H.
CH,); ®C NMR (CDCly, 125 MHz) ¢ 154.6. 154.0, 153.6. 153.5 (four C-O carbons in
the phenyl rings), 135.1, 134.9, 1207, 122.6, 118.1, 117.3, 117.2, 116.7. 115.1, 11.1.5,
114.2, 113.4 (twelve aromatic carbons), 103.2, 96.8, 93.0, 92.1. 91..1, 87.9. 80.5, 71.9
(eight alkvnyl carbons), 70.1. 70.0. 69.8. € 1 (four C-O carbons in the alkyl chains).
32.2, 30.0, 29.91, 29.87, 29.8, 29.7, 29.6. 29.55, 26.5, 26.4, 26.2, 22.9. 19.0, 1.L.4, 11.0:

MALDI-TOF MS m/z caled for CogyH g Sty 4221.29, found 1222.90 |M  H|*.

1,4-Bis(3,5-bis((4-((2,5-bis(decylc /)-4-ethynylphenyl)ethynyl)-2,5-bis -
(decyloxy)phenyl)ethynyl)phenyl :a-1,3-diyne (307). ‘To a solution of

compound 306 (156 mg, 0.0369 mmol) in . AF (6 mlL) was added TBAF (0.1 mlL, 1






over MgSO, and concentrated under vacuu  to give the erude product of 308, which
was further purified by silica flash columnn chromatography (hexanes ‘CH,Cl,. 1:1)
to vield compound 308 (330 mg. 0.151 mmol. 36%) as a vellow solid. Mp 42 13
°C: IR (KBr) 2925, 2855, 2210, [48, 1624, 1579, 1508. 1469, 1426, 1386 c¢m LTH
NMR (CDCly, 500 MHz) 0 7.61 (s. 1H), 7.57 (d. J 1.5, 2H). 7.02 (s, 2H). 6.98 (s.
2H), 6.95 (s, 2H), 6.94 (s, 2H), 4.04-4.01 ( . 12H, OCH,), 3.95 (t. J 6.5 Hz. 4H.
OCH,), 1.87-1.76 (m, 16H), 1.._ 1.48 (n, 16H), 1.37-1.24 (m, 96 H), 1.15 (s, 421,
Si(CH(CH,),)4). 0.90-0.83 (m, &, C ), 0.26 (s, 9H, SI(CH,),;): "C NMR (CDCI,,.
125 MHz) & 154.5, 153.9, 153.6, 153.5. 134, 1342, 1203, 124.0. 118.1. 1174, 117.3.
116.7, 114.9, 114.5. 114.2, 113.6 (+  een aromatic carbons), 103.6. 103.2, 96.7, 95.7.
93.3. 92.0, 91.4. 87.4 (eight alkynvl carbons), 70.0. 69.9, 69.8. 69.1 (four C-O carbons
in the alkyl chains), 32.1, 29.90, 29.86, 29.76, 29.7, 29.69. 29.6. 29.59. 29.4, 26..1.
26.3, 26.2, 22.9, 18.9, 14.3, 11.6, 0.07; MALDI-TOF NS 1 2 caled for Cp 5 H,,,O,Si,

2183.69. found 2183.03.

Compound 309. To a solution of compound 308 (336 mg. .154 mmol) in 1:1
MeOH/THF (6 mL) was added K,CO, (50 mg, 0.36 mmol). The mixture was st ed
at rt for 2 h, then the solvent was remove by rotary evaporation. The residue was
diluted in CH,Cl, and sequentially washed with aq HCL (10% ) and brine. The organic
layer was dried over MgSO, and concen ted under vacuum to afford the crude
product of 309, which was fur er purifiecd by silica flash column chromatography
(hexanes CH,CL,, 7:3) to vield compour 309 (268 mg, 0.127 mmol, 83%) as a
vellow solid. NMp 65 66 °C; IR (KBr) 3262, 2955, 2924, 2855, 2209, 2149, 1670, 1626,

1580, 1508, 1467, 1426, 1385 cmn '; '"H NMR (CDCl,. 500 MHz) d 7.67 (s, 111). 7.61



(d, J - 1.0, 2H), 7.03 (s, 2H). 7.01 (s. 2H), 6.97 (s, 2H). 6.96 (s. 2H). 41.06-4.02 (m.
12H, OCH,), 3.97 (t, J 6.5 Hz, 4H, OCH,)). 3.12 (s. 1H), 1.89-1.77 (m. 16H). 1.57-
1.48 (m, 16H), 1.42-1.26 (i, 96 H), 1.17 (s, 42H., Si(CH(CH,),),), 0.92-0.85 (m, 24H,
CH,)); '3C NMR (CDCl,, 125 MHz) 4 154.5. 15-1.0, 153.6, 153.5, 134.7, 13-1.6, 12.1.5.
118.1, 117.3, 117.2, 116.6, 115.0, 114.5, 114.2, 113.5 (fifteen aromatic carbons), 103.2.
96.7. 93.2, 92.0. 91.4, 87.6, 82.3, 78.1 (ci | alkyvnyl carbons), 70.0. 69.9. 69.8. 69.-
(four C-O carbons in the alkyvl chains). 32.1. 29.9. 29.86. 29.82, 29.8. 29.7, 29.6, 29.5.
26.5, 26.4, 26.2, 22.9, 18.9, 14.3, 11.6; NALDI-TOF MS ez caled for €, ,H,,, 0451,

2111.65, found 2112.62 |[M | H|*.

Compound 310. To a fli : containing acetone (10 ml) were added 309 (268
mg, 0.127 mmol), trimethylsily  cetylene 179 mbL, 1.27 mmol) and Hay catalyst (5
mL). The mixture was stirred at rt under ¢ Hosure to air for 45 h. When TLC analvsis
showed no starting material present, accetone was evaporated i vacuo. CHCL (30
mL) was added. The resulting mixture was washed with aq HCL (1 M), satd NaHCO,,
and brine sequentially. The or. ic layer was dried over MgSO, and evaporated in
vacuo to give the crude product. The erude product was purified by silica lash column
chromatography (hexanes, CH,Cl,. ..3) to vield compour 310 (235 mg, 0.106 mmol.
849 ) as a yellow solid. Mp 57 58 “C: IR (IXBr) 2958, 2924, 2851, 2209, 2150. 2101,
1624, 1579, 1557, 1539, 150.. 140, 1427, 1386 e 'y "H NMR (CDCL,, 500 MHz) o
7.07 (s, TH), 7.08 (d, J 1.5, 2H). 7.03 (s, 2H), 7.00 (s. 2H). 6.97 (s, 2H). 6.96 (5. 211).
1.06-1.02 (i, 12H, OCH,), 3.97 (t, J 6 Hz, 4H, OCIlL,). 1.88-1.80 (m, 16H), 1.55-
1.50 (. 16H). 1.41-1.26 (m, 96 H), 1.17 (s, 42H, Si{(CH(CHj),),). 0.92-0.86 (m. 24H,

CH,)), 0.26 (s. 9H, Si(CH,)4); SC NN . (CDCl,. 125 MHz) 6 154.6, 154.1, 153.7.



153.5, 135.0, 135.0, 124.7, 122.5, 1182, 1174, 117.3, 116.7, 115.2. T1.LG6, 11-1.3, 113.1
(sixteen aromatic carbons), 103.3, 96.7, 93.0. 92.1, 91.6, 91.4, 87.9. 87.8, 75.3. 7H.2
(ten alkynyl carbons), 70.1, 70.0, 69.8, 69.5 (four C-O carbons in the alkyl chains),
32.1, 29.9, 29.85, 29.80, 29.75, 29.72. 29.7, 29.6, 26.45, 26.38. 26.2, 22.9, 18.9, 11.3.

11.6; MALDI-TOF MS m/z caled for €, ,7H,y, 0481, 2207.69. found 2208.18 [M < H| '

Compound 311. To a solution of c¢  pound 310 (230 mg, 0.101 mmol) in 1:1
MeOH/THF (20 mL) was added K,CO, (50 mg, 0.36 mmol). The mixture was stirred
at rt for 1 h, then the solvent was remove by rotary evaporation. The residue was
diluted in CHCL; and sequentially washed with aq HCI (10%) and brine. The organic
layer was dried over MgSO, and conec  rated under vacuum to afford the crude
product of 311, which was furt 1 puri d by silica flash column chromatography
(hexanes/ CH,Cl,, 7:3) to yield compound 311 (201 mg, 0.09-1 mnmol, 91%) as a vellow
solid. Mp 57 58 °C; IR (KDBr) 3314, 2924, 2855, 2212, 2119, 1670, 1636. 1578, 1560,
1542, 1508, 1168, 1426, 1386 e s '"H NN (CDCly. 500 MHz) 8 7.67 (5. 111). 7.60
(d.J 1.5, 2H), 7.02 (5, 2H), 6.99 (s, 2H). 6.96 (s, 211), 6.95 (s, 211}, -LO5-L.01 (m.
12H, OCH,), 3.95 (t. J 6.5 Hz, 4H, OCH,)), 2.50 (s, 1H), 1.87-1.77 (in, 16H). 1.56-
1.49 (m, 16H), 1.40-1.25 (m, 96 H), 1.15 (s, 42H, Si(CH(CH,),)5), 0.90-0.81 (m, 24H,
CH,); *C NMR (CDCl,, 125 MHz) 4 151.6, 154.1, 153.7, 153.5, 135.2, 135.1, 124.8.
122.0,118.2, 1174, 117.3, 116.7, 115.2, 114.5, 1113, 113.4 (sixteen aromatic carbons),
103.3. 96.7, 92.9, 92.1, 91.-1, 88.0. . 1.6, 73.8, 72.0, 70.1 (ten alkyvnyl carbons), 70.0,
69.8, 69.-1, 68.1 (four C-O carbons i the all  chains), 32.1, 29.93. 20.89, 29.81, 29.81,
29.75, 29.72, 29.7, .6, 26.43, 1 40, 22,9, 18.9, 14.3, 11.6; MALDI-TOF NS

m/z caled for C; H,,, 0,481, 21. ... fon 2136.59 M { H|*.



Compound 312. To a flask containing 1:1 acetone CH,CL, (10 mL) was added
311 (200 mg, 0.0940 mmol) and Hay catalyst (5 mL). The mixture was stirred at rt
under exposure to air for 2 h. When TLC ¢ lysis showed no starting material present,
acetone was cvaporated i vecuo. CHCly (30 mL) was added. The resulting content
was washed with aq HCI (1 M), satd NaHCO,. and brine sequentially. The organic
laver was dried over MgSO, and evaporated in vacuo to give the erude product. The
crude product was purified by silica flash column chromatography (hexanes C'H,Cl,.
7:3) to yield compound 312 (166 mg, 0.0389 munol, 83%) as a velow wax. IR (KBr)
2923, 2854, 2207, 2149, 1578, 1507, 1 57, 1426. 1388 em ' '"H NMR (CDCly, 500
MHz) 6 7.68 (s. 211), 7.62 (d. J 1.5, 4H), 7.02 (5. 4H), 6.998 (s, 1), 6.95 (s, 4H).
6.94 (s, 1H). .1.05-1.01 (m, 211, OCIL,), 3.95 (t. J 6.5 Hz, 8H, OC11,). 1.88-1.76 (m,
32H). 1.55-1.48 (m, 32H), 1.37-1.25 (m. 19211). 1.15 (s. 8411 Si(CH(CHL),)4). 0.90-
0.85 (m. 48H): O NMR (CDC1y, 125 NMHz) § 15-06, 1541, 153.7, 153.5. 135. 1. 125.0,
121.5, 118.2, 117.4, 117.3, 116.8, 115.3, 11.1.5. 1114, 113.3 (fiftcen aromatic carbons).
103.3, 96.8, 92.8, 92.1, 91.4, 88.2, 75.4, ...1. 70.0. 69.8, 69.5, 67.8. 63.8 (thirteen
alkynyl carbons and C-O carbons in the ¢ vl chains), 32.1, 30.0, 29.9, 29.85. 29.78,
20.7. 29.6, 26.5, 26.2, 22.9, 189, 144, 13, 11.6: MALDI-TOI MS m, 2 caled for

CoxgH 112051, 1269.28, found -1269.52.



Chapter 4

Study of 2D Conjugated H-Shaped

OPr./OPV Fluoro hores

4.1 Introduction

One-dimensionally (1D) m—conji ated oligomers have been the mainstay of advanced
molecular materials for new clectronic an  optoelectronic devices over the past few
decades.  Higher order, multidimension:  m-conjugated svstems, particularly 2D
m—conjugated arylene-based oligomers,**! % have been gaining increasing attention
to a substantial degrec hin the past few vears. The rationale for aiming at complex
2D conjugated molecular architectures is largely based on the ample opportunities to
attain greatly enhanced or even unpreceder  +d electronic and optoelectronic functions
resulting from the versatile e tronic couplings among the multiple constituent
lincarly 7—conjugated branches in the :  conjugated systems. In addition. the

relatively high solubility of 2D conjugated oligomers compared to their corresponding
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linear counterparts can also be considered as an advantage in device applications.
There are a large number of 2D ¢c ugated oligomers with novel structures
and functionalitics emierging in the recent literature on conjugated molecular

systems.  Recent representative contributions to this field include cross-shaped
oligo(phenylencethynylene)s (OPEs),** 3% oligo(phenylenevinylene)s (OPVg) 23 34
oligo(thiophene)s (OTs),*** swivel crucifornt O'Ts, 3 and cruciform OPE OPV co-
oligomers 13 319 to name a few. The deve  pment of these new conjugated materials
has greatly widened the scope of - oligomer candidates applicable in advanced
351,352

335,345 349 0

molecular devices such as sensors. switches,?*® nonlinear optics (NLO),

organic field effect transistors (OFETs) 2% and organic photoluminescence. 3

In 2003, Meicer and co-workers prepar  a series of star-shaped conjugated OPV
oligomers 314a-c with a 1,3,5-triazine ast  pivotal core (Figure 1.1). Intramolecular
charge transfer has been observed on these molecules due to the push-pull effect
among the alkoxy-substituted OP\ branches and the central triazine ring, which act
as electron donors and acceptor respectively. In neutral solution. the long-wavelength
absorption of 314a-c converges to A 427 nm, and the effective conjugation length
is determiined to be ngey, 7. These 2D conjugated oligomers are predicted to be
potential NLO materials. %3

In 2006, Scherf and co-workers sy hesized a pentathiophene-based  swivel
cruciformm 315 (Figure 4.2). Besides possessing similar electronic properties to those
of normal linear oligo(thiophenes), this structurally novel 2D oligothiophene has
greatly increased solubility that  ows 1 the fluidic prepara m of homogencous
microcrystalline films. The output performance of the OFETs fabricated based on

as-prepared 315 is characterized with hip  ficld-effect me ility > to 0.012 cm? - v !
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Figure 4.1: Star-shaped 1,3.5-triazene cer red OPY oligomers 314a-c¢ by Meier ¢f

al.

- s~ high on ‘off ratio (- 105). and very Hw turn-on voltages (1, 0 V). The low
turn-on voltage is a highly desirable OFET characteristic for constructing low power
consimming FETs, Also, the exh ited field-efect mobility is one of the highest values
reported to date for wet-processed devices using oligo(thiophenes). *t!

Crystallinity of coujugated ol mers caused by 7 7 stacking is believed to be
the reason that Huorescence in the sc | state tends to diminish. To be practically
useful in solid-state luminescent devices, atertals ought to have a weak penchant
for crystallization.?®"3°5  In 2007, Ma and co-workers designed and synthesized a
2D diphenylamino-substituted OPV 316 (Figure 4.3).% Both quantum chemical
calculations and 'HE NMR studies confirmed that the molecule took a swivel eruciform
geometry because of the sterie crowding around the central biphenvl core. The

unique molecular shape has efficiently s essed crystalline and intermolecular 70 7
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Figure 4.2: Swivel cruciform oligothiophene 315 by Schert and co-workers.

interactions. Morphology and therm:  properties studied by AFNL N-ray diffraction,
and DSC analyvsis clearly show that compound 316 is resistant to crystallization and
can form high-quality amorphous thin films. Experimentally. the neat solid of 316 is
observed to strongly emit green-blue fluorescent light due to steady-state absorption
and two-photo absorption. The photolun escence (PL) efficieney (1jgo1a) of 316 in
the solid state is measured as 29%., which  far greater than that of a corresponding
linear model compound, 317 (1j0iq 16%). Because of its high PL efficiency. good
film-forming ability, and strong two-photon absorption. compound 316 is currently
viewed as a good candidate for applications in solid-state optoelectronic devices, ™
Most recently, Haley and co-we ers developed a series of donor acceptor
(D/A) substituted tetrakis(arylethynyl)b  zenes (TAEBs) 318-326 (Figure 1.1).%%
Emission from charge recombination bet en radical cations AEB** and radical
anions TAEB®™ evolved from these comp:  nds during the process of pulse radiolvsis
in benzene was monitored. 1t was foun  that the charge recombination between

TAEB®" and TAEB® gave 'TAEDB* as ¢ enissive species due to the large repulsion
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Figure 4.3: Swivel cruciformn OPV 316 and linear ¢V 317.

between substituents caused by the rot. on of C-C single bonds.  Furthermore,
because of the multifold types of charge- wsfer pathways. the emission spectra of
'TAEB* with intramolecular charge transfer (1C7T) characteristics become dependent
on the substitution pattern and the types of donor and acceptor groups during pulse
radiolysis. In this light, by controlling the substitution pattern (tvpes of acceptors,
relative positions between donors and acceptors), fine-tuning of radiolysis-induced
emission color with peak ranges 498-545 nm was realized by the authors. The specifie
emission propertics of D "A substitute  TAEDBs suggest a new way to manipulate the

optical band gaps of conjugated materials, 3
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The Bunz group. which has contin v explored a type of OPE OPV cruciform
systems since 2002, should probably recei  the credit of  aking the most significant
contribution to the recent research on 2D 7 - oligomers. In 2005, for example. this
group successfully synthesized a series of 2D DA substituted conjugated co-olige ers
327-330 (Figure 1.5) and discovered the  dramatic blue and or red shifts of cmission
and absorption took place upon coordination of metal cations. such as Zn*', with
oligomers 328-330. Detailed photophysical data are given in Table 1.1. Such
photophysical properties of the functior  cructforn ohigomers have rendered them
valuable uses in molecular sensory applici ons.*"

Bunz further rationalized the observed spectral changes shown in Table L1 on
the basis of frontier molecular orbital (K1 )) perturbations. ln a general sense. the
spatial locations of the HOMO and LUNC 1 each of the cruciform oligomers 327-330
arc caleulated to be “orthogonal” (z.e. non-superimposable in orientation), which is in
sharp contrast to the scenarios of most simple 1D linear conjugated oligomers where
HOMO and LUMNQO are usually spatially overlapped. In the OPE OPV eruciform
oligomers, the HOMO is locate  on the distyryvlbenzene branch, while the LUMO is
located on the bisarvlethynyl axis of the molecule. The blue shift in 328 and the red
shift in 329 upon addition of zinc ions can > explained as follows. In 328, addition of
the zinc ions will lead to lowered HOMO energy due to the electron-withdrawing effect
of the positive charge caused by zine coordination to the dibutylamino groups. The
LUMO will not be significantly  fected, since it is tocated at the noncoordinating
OPE branch of the cruciform. T reverse is true for 329. Upon coordination of
the pyridine nitrogen to the metal cation, the energy level of LUNO in 329 shonld

drop, while the HONO remains kind of unaffected. As for compound 330, although
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Figure 4.5: Cruciform OPE/OPV fluorophores developed by Bunz et al. as molecular

Sensors.

Bunz did not provide any detailed explani  ons for the observed optical data, a likely
rationalization may be made as Hllows. U on addition of Zn?! ions, the cations will
first coordinate with the dibutylamino groups. which will give rise to a hypsochromic
shift. As the addition of cation continues, the excess cations will begin to coordinate
with the pyridine nitrogen, which in turn duces backward bathochromic shifts. >
The main theme of this chapter is to systematically study two groups of 2D
conjugated OPE/OPV based co-oligomers 331-335 and 336-339, the structures

of which are shown in Figure 4.6. The top row of Figure 1.6 lists a group of 2D

[N



Table 4.1: Photophysical data for cruciform OPE OP\ 327-330.

Compound 327 328 329 330

Nabs 330 340, 146 328, 373(sh) 335, 140

Aaps (1 Zu?t) N'A 331 353, 456(sh) 350

e (M7Pem 1y 92,000 48,000  83.700 5:3.800

Ao 421, 442 530 156 571

Ao (1 Zn?')  NJA 130 564 118 (1 equiv)

D, 0.83 0.31 0. 0.08

d, (+ Zn*') N/A 0.66 0.( 0.10 (1 equiv), 0.10 (4 equiv)

OPE/OPYV co-oligomers with relatively longer OPE branches and more solubilizing
groups, while the bottom row shows a group of OPPE O\ co-oligomers with relatively
shorter OPE branches and without solul izing side chains. The 2D 7 oligomers
designed herein are termed “Il-mers™ due to their unique H-shaped m-topology.
Compared to the 2D oligomers  riefly sviewed in the pret ous context, these
H-mers feature relatively more complex conjugation dimensionality and electronice
interactions. Examination of the 7- ctron delocalization patterns on one of the
short H-mers (e.¢. 339) reveals three linear conjugation paths a. b and ¢, while path
¢ (highlighted bold in IMigure L6) represents the longest linear @ conjugation route
among the others. Paths d. e, and fare cross-conjugated. along which weak clectronice
communications may be induced as we M7 The design of these H-mers is aimed to

create a class of new 2D conjuga 1 flu hore cores whose electronie and photonic

behavior can be flexibly manipulated or fine-tuned via chemical functionalization with



various clectroactive and chromophoric groups. Furthermore, with the properties of
these H-mers thoroughly characterized. it is anticipated that comprehensive structure-
property relationships can be disclosed. based on which rational molecular tailoring
for practical device applications would be  rentually enabled. The following sections

outline the detailed synthesis and photophysical investigations of these target H-mers.
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Scheme 4.1: Synthesis of OPV precursor 346, Reagents and conditions: (1) Br,,
CH,COOH, 53%; (ii) NaNO,, H,50, the KI, 60%: (iii) H,SO,, CH,OH, 98%; (iv)

DIBAL, CH,Cl,, 100%; (v) PDC, CH 1,. 98%: (vi) NaH, THF then 345, 45%.

alkvne 349 in a vield of 91%. After this, ¢ more Sonogashira coupling of 349 with
1odoarenc 203 was iniplemented un the catalysis of Pd Cu to give compound 350.
which was desilyated with K,CO, to afford phenyvlene ethynylene dimer 351 in a vield
of 88%. Following a similar multi-step coupling route, another desired precursor, 356,
was obtained from 4-iodoanisole (352) in  very high ovi ll yield.

With precursors 346, 351 aud 35 and, two functionalized H-mers, 331 and
332, were readily synthesized by a Sonogashira coupling reaction in decent vields.
using PA(PPhy), as the catalyst (Scheme 4.3). Note that the two H-mers feature
svinmetrical substitutions with cither electron withdrawing -CN groups (in 331) or

electron donating -OCH; groups (i 332) on the four termini of the H-mer backbone.
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conditions: (1) Pd(PPh,),. Cul, Et,N, 59% for 331 and 57% for 332,



Since the D-A substituted long H-mm 3, 333 and 334, consist of unsymmetrically
functionalized OPE branches, bearing a donor (OCH,) on one end and an acceptor
group (CN) on the other, their svuthesis was undertake through a different route
than that for D A substituted H-mers & | and 332 (Note that D-A herein refers
to “donor and acceptor”, while D A denotes “donor or acceptor™). The two D-A
substituted H-mers 333 and 334 are regio-isomers to one anc er.  As shown in
Scheme 4.4, D-A substituted OPE branches 358 and 360 were prepared first by
using 5-bromo-2-iodobenzaldehyde (345) as the starting material. Because iodoarene
is more reactive than bromoa e in metal-catalyvzed cross coupling reaction, OPEs
358 and 360 can be synthesized throv 1 flerent coupling sequences, and the molar
ratios of starting materials in the carbon-carbon bond fornming coupling reaction must
be carefully controlled. Onee 358 and 3€  were obtained, H-mer 333 and 334 were
prepared by a Wittig-Horner rc  tion between the phosphonate viide resulting from

206 and respective OPE precu  rs (see Scheme 4.5).
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Scheme 4.4:  Synthesis of symmetrically D-A substituted OPlis 358 and 360.
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In addition to the aforementioned DA and D-A substituted H-mers, another H-
mer 335 with the same molecular 7 -framework as the previous ones, but without
any D/A substituents was also prepared. This nolecule was intended to serve as a
standard to be compared with other functionalized H-mers, so as to better probe the
electronic effects imposed by the D/A groups attached to the phenyl termini of the
H-mier backbone. As shown in Scheme 4 | treating OPV 346 with cexcess TASA
under Sonogashria coupling conditions re [ted in 361 in 82% vield. Desilvlation of
361 with IK,CO, afforded the desired terr 1al alkyne 362 as a brownish solid. Using,
compound 362 as a precursor, H-mer 335 s then prepared via a Sonogashira cross-
coupling reaction with iodoarene 203.

Following a similar synthetic strategy to the prepar ion of D-A H-mers 331-
335, another series of substituted H-ners 363 and 365 were prepared as shown in
Schemes 4.7 and 1.8, In these H-mers, aldehvde groups were utilized as the acceptors
in placement of the -CN groups in the previous H-mers. Asides from probing the
electronic substitution effects, the use of aldehvde groups was also imtended to explore
their potential of enabling further extension of m—conjugation via such reactions as

Wittig-Horner or Schiff base condensation.
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4.2.1.2 Synthesis of short H-mer series

In this subsection, the svnthesis of another series of functionalized conjugated -
mers 336-339 is discussed. Compared with the previous long DA H-mer series, the
D group used for the short H-mers herein is changed from OCH, group to a much
stronger D group. NNe,, in order to both enhance electronic substitution effects
and to incorporate new binding sites for complexation of the H-mers with acidic or
metallic species (2.e. potential as chemical sensors). The OPE chain length on the
short. H-mers is shortencd to trimer, so that clectronic communications among the
electroactive groups can be further enhanced.

Outlined in Seheme 4.9 is the initial synthetic approach attempted for an A-
functionalized H-mer, 336.  First. using 345 as the starting material, aldehvde
367 was obtained through a cross-coupling reaction followed by a desilylation step.
In parallel to the preparation of 367, todoarene 370 was syvnthesized through a
sequence of Sandmeyer and Fischer esterification reactions on commercially available
2-aminobenzoic acid (340). Next, Sonogashira coupling of terminal alkyvne 367 and
iodoarene 370 was performed to atford OPE 371 in a vield of 63%4. From 371, one
more step of Wittig-Horner reaction was envisioned to furnish the desived H-mer 336.
However, this reaction was unsuccessful despite numerous attempts.

The unsuccessful outcome in the above synthesis shifted our focus to an alternative
route as illustrated in Scheme 4.10. In this approach, terminal alkyne 362 was used
as one of the substrates for cross-coupling reaction. The desired H-mer 336 was
obtained in high purity through recrvstalization of the crude product from CHL,Cl,

and hexanes. The vield after purification was T0% and the avoidance of cohnnn






subsequently coupled with iodoarene 373 to form OPE precursor 379. At this point,
it would require one more step of Wittig-Horner reaction to finalize the synthesis:
however. this very step again encountered tremendous difficulties. hience foreing us to
abandon this synthetic approach.

An alternative approach as shown in S cme 113 turned out to be very successful
in preparing H-mer 338, In this approach, the central OPV moiety was first
constructed by a Wittig-Horner reaction  otween 206 and 374. leading to one of
the key building blocks, 380. Cross coupling 380 with TASA then generated 381.
Compound 381 was desilvlated 1d then subjected to another Sonogashira coupling
with iodoarene 370 to give compound 383. Repetition of the desilvlation-Sonogashria
coupling sequence eventually afforded H wer 338 in a reasonable yield.

Apart from the D/A functionalized H-mers, two m—conjugated oligomers 339
and 389 were also prepared as shown in Scheme 414, Compound 339 can be
viewed as a short H-mer backbone without any substituents. while compound 389 1s
a one-dimensional linear m—framework endcapped with two electron-donating groups
(NMe,). The two molecules provide valuable references in the subsequent electronic
spectroscopic characterizations . term of probing various effeets arising from

electronic substitution and conjugation dimensionality on the H-mer 7 framework.
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4.2.2 Electronic spectroscopic properties
4.2.2.1 Electronic spectroscopic properties of long H-mers

The UV-Vis absorption spectra of long H-mers 331-335 were measured in CHCl,
at room temperature and are shown in Figure 4.7. Detailed maximum absorption

wavelengths (A..:) and extinction coeffic its (€) are enumerated in Table 4.2.
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Figure 4.7: UV-Vis absorption spectra of long H-mers 331-335 measured in CHCI,.

From Figure 4.7, it can be clearly observed that the three long H-mers that
are substituted with strong electron-withdrawing CN groups, 331, 333, and 334,
show maximum absorption (An.:) at relatively long wavelengths (393-397 nm).
Tetramethoxy-substituted long H-mer 332 shows blueshi 2d A, at 386 nm, while
non-substituted long H-mer 335 has the west Apq, value at 376 nm. It is also
notable that symmetrical D- or A-substitu | H-mers 331 and 332 exhibit extinction
coeflicients greater than those of D-A substituted H-mers 33 and 334 by more than

two-fold. The difference in molar absorpt .ty can be generally related to different
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transition moments and molecular symmetry. Using the unsubstituted H-mer 335 as
a standard, the redshifts of A, for the | g H-mers arising from D/A substitution
effects are rather small, less than 21 nm (ca. 1407 cm™!), in comparison to the
cases for D/A substituted linear phenylacetylene oligomers. The weakened electronic
substitution effects are likely due to the non-planar long H-mer backbone as a result

of the bulky decyloxy chains appended.
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Figure 4.8: Fluorescence spect of long H-mers 331-335 measured in degassed

CHCl,.

Electronic emission spectra for Ic 7z H-mers 331-335 are shown in Figure 4.8. All
the long H-mers are very emissive upon electronic excitation and give fluorescence
quantum yields in the range of 0.52-0.72 as measured in diluted CHCIy solutions.
The substituted H-mers 331-334 show a very similar maximum emission peak (A..,)
at ca. 450 nm (see Table 4.2), while the unsubsituted H-mer 335 shows a A, value at
439 nm, which is merely blueshifted by ab  t 11 nm (ca. 557 cm™'). In line with the

UV-Vis data, the rather small spectral shifts observed in Figure 4.8 corroborate that
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the electronic substitution cffects on the long H-mer backbone are small. In addition
to the maximum emission peak, an emiss 1 shoulder peak is also clearly discermble

in each spectrum, the origin of which can be attributed to vibronie progressions.

4.2.2.2 Electronic spectroscopic pr¢ erties of short H-mers

Figure 4.9 shows the UV-Vis absorption spectra of short H-mers 336 339 measured
in CHCIl, at room temperature. In conti  t to the long H-mer series, the spectral
behavior of short H-mers is subject to different electronic substitution effeets to a
dramatic extent. Tetrakis( N, N-dimethyvlamino)-substituted short H-mer 337 exhibits
the most redshifted A, relative to that of unsubstituted short H-mer 339 (see
Table 1.2). The speetral shift . a result of tetra-donor substitutions is about 10
i (ca 3333 cm D), which is consider Hly larger than the shifts observed in its long,
H-mer analogues. D-A and A- substituted short H-mers 338 and 336 also show
significautly redshift A,,,, values at 358 and 345 nm respectively versus that of 339.
The substantial spectral shifts signifv strong electronic interactions hetween the short
H-ner backbone and the substituent groups. and the enhanced electronic substitution
effects can be reasoned by the more planar 7-framework of the short 1l-mers than that
of the long H-mers.

The first excited-state {Sy) properties of short H-mers 336 339 were investigated
by steady-state fluorescenee spee see o and the spectral profiles are given in Figure
4.10. The spectrum of unfunctionalized -mer 339 shows a distinctive vibronic
progression with three bands at 425, 150, and 180(sh) nm respectively. The vibronic
spacing is 1.348 cin ', which can be attributed to an averaged vibrational mode

with the largest contribution from the ¢ C streteh in the central vinvlene moiety
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Figure 4.9: UV-Vis absorption »ectra of short H-mers 336 -339 measured in CHCl;.

of 339.37 The emissions of A ibstituted (COOMe) H-mer 336 are observed at
442, 462, 491(sh) nm, which are only sligl y redshifted relative to that of 339. For
D-A substituted (NMe, and COOMe) H-mer 338 and D-substituted (NMe,) H-mer
337, broad peaks centered at 500 (338) and 506 nm (337) instead of distinctive
vibronic bands are observed in = 2 -a. Unlike mer 336, the maximum
emission wavelengths (A.,) of 337 an & 3} are substantially redshifted relative to
unsubstituted H-mer 339 (see Table 4.2). In addition, the fluorescence quantum
vields of short H-mers 336-339 are determined in the range of 0.36-0.56. which are
slightly lower than those of the long H-mers, likely due to stronger w-7 stacking in

solution.

4.2.3 Molecular sensir properties of functional H-mers

The observation of spectral chang of the H-mers in response to various electronic

substitution has suggested a potential to utilize the H-mers as effective sensing









Table 4.3: Summary of sensing ¢ ¢« ss of H-mers 331 339 towards various
species. Note that * " denotes s ificant spectral changes observed upon titration,

“ " denotes no speetral changes upon titration.

Entry TFA AgOT{ Cu(t 1), Zn(OTf), Mg(OTI),

331

332

333

334

335 !

336

337

338 ! : |

339
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its electronic nature is reversed from electron-releasing to electron-withdrawing. The
change of electronic substitution effect hen  alters the electronic characteristics of the
H-mer backbone through 7 conjugation. As such, the amino-functionalized H-mers
arc bestowed with effective absorption and fluorescence sensing functions towards
Bronsted acids or selected transition metal ions that can strongly bind to the NMe,

groups.

4.3 Conclusions

In this chapter, a series of structurally d  inctive two-dimensional conjugated, H-
shaped cooligomers based on OPE-OPY building blocks were prepared mainly via
Sonogashira coupling and Wittig-Horuer reactions.  Electronic and spectroscopic
properties of the H-mers are investigated by UV-vis absorption and fluorescence
spectroscopic characterizations. It is discovered that electronic and photonie behavior
of the H-mers can be flexibly manipulate  or tuned by chemical functionalization
with various electroactive and chromophoric groups at the terminal positions of the
oligomers. Furthermore, both experimental and theoretical analysis demonstrate that
H-mers functionatized with suitable groups (e.g. amino) show fluorescence sensing
function to Bronsted acids and transition metal ions. The results of this project verify
that the m-conjugated scaffold ¢ H-miers can be utilized as a versatile fluorophore

platform for various fluorescence applicatic .
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4.4 Experimental

General procedures and methc 3

Chemicals and reagents were purchased from commercial suppliers and used without
further purification. Tetrabutylammonium fluoride (1 M in THF) and lithium
hexamethyldisilazide (1 M in THF) were | rchased from Aldrich. THF was distilled
from sodium/benzophenone. EtyN and toluene were distilled from LiH. Catalysts,
Pd(PPhy), and Pd(PPh,),Cl,, were prepared from PdCl, according to standard
procedures. All reactions were performed in standard. dry glassware under an nert
atmosphere of N, unless otherwise noted. Evaporations and concentrations were
done at H,O aspirator pressure. Flash column chromatography was carried out with
silica gel 60 (230-400 mesh) from VWR International. Thin-layer chromatography
(TLC) was carried out with silic g 60 F254 covered on plastic sheets and visualized
by UV light or KNnO, stain. Nelti nts (Mp) were measured with a Fisher-
Johns melting point apparatus and are uncorrected. 'H and "™C NMR spectra
were measured on a Bruker Avance 500 MNHz spectrometer.  Chemical shifts are
reported in ppm downfield from e signal of the internal reference SiMe,. Coupling
constants (J) arc given in Hz. The coupling constants of some aryl proton signals
are reported as pseudo first-order spin stems, even though they are second-
order spin systems. Infrared spectra (IR) were recorded on a Bruker Tensor 27
spectrometer. UV-Vis spectra were recore 1 on an Agilent 8453 UV-Vis or a Cary
60001 UV-Vis-NIR spectrophotometer. Fluorescence spectra were measured in CHCI
at ambicnt temperature using a Quantamaster 10000 fluorometer.  APCL mass

spectra were measured on an Agilent 110 series LCNSD spectrometer, and high-
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resolution MALDI-TOF mass spectra on . Applied Biosystems Vovager instrument

with dithranol as the matrix.

Compound 331. Compound 3% (112 mg, 0.207 mmol). 346 (19 mg, 0.033
mmol), Pd(PPh;), (24 mg, 0.021 mmol), ul (7.8 mg, 0.041 mmol) were added to
Et;N (6 mL). The solution was bubbled by N, at rt for 5 min and then heated to
50 °C under stirring and N, pro  tion for 17 h. After the reaction was complete
as checked by TLC analvsis. the solvent s removed by rotary evaporation. The
resulting residuce was diluted with chloroform. The mixture was filtered through a
MgSO, pad. The solution obtain  was sequentially washed with aq HCI (10%) and
brine. The organic layer was dr 1 over MgSO, and concentrated under vacuum to
give crude 331, which was further purifi by silica flash column chromatography
(hexanes, CH,Cl,, 1:1) to yield compound 31 (47 mg. 0.019 mmol. 59%) as a yellow
solid. Np 134 135 °C: IR (KBr) 2924, 2853, 2226, 2207, 1693, 1663, 1552, 1533, 1511,
1467, 1417, 1385 e ' PH NMR (CDCl,. 500 NHz) 0 7.92 (s, 2H). 7.81 (4. J 155
Hz, 2H, alkenyl H), 7.67-7.59 (i, 20H), 7.57 (d. J 85 Hz 2H), 742 (dd, J 1.5
Hz, J — 8.5 Hz, 2H), 7.29 (d, J  15.5 Hz, 2H, alkenvl H), 7.07 (s, 4H), 7.06 (s. 2H).
7.05 (s, 2H), 4.09-4.03 (in, 16H), 1.93-1.82 (m, 12H), 1.77-1.72 (m. 4H), 1.62-1.49 (m,
12H), 1.45-1.18 (m, 100H), 0.90-0.83 (m. > 1. C'H,); "C NMR (CDCL, 125 MHz) o

154.20, 154,17, 153.9, 133.8 (four Ar-O carbons). 139.0, 137.3, 132.8, 132.3, 132.20.

S

132,18, 132.1. 130.7. 130.4, 128,61, 128.56, 128.0, 127.5, 126.6. 123.8. 122.5, 118.73.
118.69, 117.3. 117.2, 117.0, 116.9, 115.3, 115.0, 113.31. 113.28. 111.7. 111.6 (two CN.
24 Ar carbons and two alkenvl car 1as), 95.3, 91.0, 93.5, 93.4, 93.1, 90.8. 90.7. 87.9

(eight alkynyl carons), 70.1, 69.9, 69.8 (OC , carbons). 32.1. 29.9, 29.8, 29.6G.4, 29.61.
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128.0, 127.5, 126.6, 123.8, 122.5, 117.24, 117.20, 117.1, 115.8, 115.2, 115.0, 114.20,
114.18, 113.7, 113.5 (aromatic carbons and alkenvl carbons), 95.5, 95.4, 94.7, 93.3,
88.0, 84.92, 84.89 (alkynyl carbons). 70.04. 69.95, 69.92, 69.9 (four OCH, carbons).
55.5, 5547 (two OCH, carbons), 32.1, 29.9, 29.8. 29.7. 29.68. 29.65, 29.63, 29.58, 29.1,
22.9, 14.3: APCI-MS (positive) mz caled v C o H, O, 2451.6-4. found 2.153.68 [M

i H|".

Compound 333. To an oven-dric sk protected under N, atomsphere were
added compound 206 (12.8 mg, 0.337 ol). NaH (2.02 mg, 0.0843 mmol), and
drv THEF (8 mL). Upon gentle  cating . ca. 50 °C. the solution gradually turned
into a pink color. Aldehvde 358 (80 mg, 0.067 mumol) dissolved in THE (5 mL) was
added in small portions over a period of 1 h through a svringe. The reaction was
kept under stirring and heatii  for another 2 h before work-up. The small excess
NaH was carefully quenched with water . 1 the mixture was extracted three times
with chloroform. The chlorofor  layver v washed with brine, dried over MgSO,.
and concentrated to form a vellow solid. The vellow solid was purified by silica flash
column chromatography (hexar  'CH,Cl,, 1:1) to give commpound 333 (35 ng. 0.011
mmol, 21%) as a yellow solid. Mp 1! 7 PCy IR (IKBr) 2923, 2853, 2227, 2200,
1634, 1605, 1557, 1514, 1496, 1468, 1417, 393 em~'; '"H NMR (CDCL,, 500 MHz) §
7.91 (s, 2H), 7.80 (d. J 165 . 2H.: wenvl H), 7.62 (d. J 8.0 Hz. {4H), 7.60 (s.
4H, central Ar-H), 738 (d, J 80 Hz, 1 . 7.55(d. J 7.0 Hz, 2H). 7.50 (d. J
8.5 Hz, 4H), 743 (d, J - 7.0 Hz, ), 7. (d,J 16.5 Hz, 2H, alkenyl H), 7.06 (s.
2H), 7.05 (s, 2H), 7.041 (s, 2H), 7.036 (s. 2H), 6.90 (d, J 8.5 Hz, 4H), 1.08-1.02 (m,

16H, OCH,), 3.85 (s, 6H. OCH,), 1.90-1.82 (m. 12H). 1.77-1.71 (m, 4H). 1.61-1.49 (.
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12H), 1.42-1.17 (m, 100H), 0.90-0.82 (m, 24H, CH,); C NMR (CDCly, 125 MHz) &
159.9 (one aromatic carbon attached to OCH, group), 15-1.2, 151.0. 153.8, 153.7 (four
aromatic carbons connected to OC,,H,, onp). 139.0, 137.3, 133.3, 132.8. 132.22,
132,16, 130.8, 130.3, 128.6, 128.0, 27.5, 126.6, 12.1.1, 1222, 1187, 117,14, 117.3. 117.1,
116.9, 115.8, 1154, 1151, 114 7 11340 0 3.2, 1116, (one N carbon, 25 aromatic
carbons and two alkenyl carbons) 95.5. 94.6. 94.1, 93.5. 92.9, 90.8. 88.3, 81.8 (cight
alkynyl carbons), .J.2, 70.0, 69.9, 69.8 (fc ~ OCH, carbons), 55.5 (one OCH,), 32.1.
29.9, 29.8, 29.69, 29.66, 29.64, 29.58, 29.4. 26.3. 26.1, 22.9. 1.1.3: NALDI-TOF NS

m-z caled for Cp70HyuNyOpy 24 .61, fou 12440297 [N+ H|*.

Compound 334. To an oven-dried flask protected nnder a N, atomsphere were
added compound 206 (2.88 mg, 0.00761 mmol), NaH (0.36 mg. 0.0152 mumol), and
dry THF (6 mL). Upon gentle heating at ca. 50 “C. the solution gradually turned
into a pink color. Aldehyde 360 (18 mg, 15 mmol) dissolved in THIE (5 mL) was
added in small portions over a period of 1T h through a syringe. The reaction was
kept under stirring and heating for another -1 h before work-up. The small excess
NaH was carcfully quenched with water - d the mixture was extracted three times
with chloroform. The chloroform layer was washed with brine. dried over N 50,
and concentrated to form a vellow i The vellow solid was purified by silica  ash
column chromatography (hexan.  CH,CL,. 1:1}) to give compound 334 (11 mg. 0.0045
mmol, 59%) as a yellow solid. Mp 121 122 °C: IR (KBr) 2 11, 2801, 2226, 2202, 1619,
1635, 1558, 1540, 1514, 1469, 1418, 1385 cm™': 'H NNMR (CDCL,. 500 NMHz) § 7.91
(s, 2H), 7.80 (d, J 155 Hz 2 alkc 1 ). 7.66 (d, J 85 Uz A1), 7.62 (d. J

8.5 Hz, 4H), 7.60 (s, 4H. central H). 7.55 (d. J 8.0 Hz, 211). 7.18 (d. J 8.5 Hz.



1H), 741 (d, J 80Hz 2H). 7 3 (d.J  15.5 Hz, 2H. alkenyl 11). 7.07 (s, 2H). 7.06
(s, 2H), 7.04 (s, 1H), 6.87 (d, J 85 . 4H), 1.09-1.02 (in, 16H. OCH,). 3.83 (s.
6H, OCH,), 1.91-1.83 (m, 12H), 1.76-1.71 (m, 4H), 1.61-1.51 (m. 12H), 1.44-1.17 (m,
100H), 0.90-0.82 (m, 24H, CH,); "“C NMR (CDCly, 125 MHz) § 159.9 (one aromatic
carbon attached to OCH, group), 1564.2, 154.0. 153.8, 153.7 (four aromatic carbons
connected to OC, H,, group), 139.0, 137.3. 133.3. 132.8. 132.3, 132.2. 130.7, 130.3.
128.7, 128.1, 127.5, 126.6, 123.5, 122.8, 118.8, 117.22, 117.19. 117.0, 115.8. 115.21,
115.17, 114.2, 113.6, 113.2, 111.6 (CN, alkenvl and aromatic carbons), 95.55, 95..17,
93.5, 93.4, 93.2, 90.8, 87.7, 81.9 (cight alkynyl carbons), 70.0, 69.96, 69.8 (OCH,
carbons), 55.5 (one OCH,), 32.1, 29.9, 29.8. 29.79, 29.71, 29.66. 29.63, 29.58, 29.1.
26.3, 26.2, 22.9, 14.3; MALDI-TOF I 5 m -z caled for Cp, H,,,N,0,, 2441.61, found

2442.96 [\ 1+ H|*.

1,4-Bis(2,5-bis((2,5-bis(¢ yloxy)-4-((trimethylsilyl)ethynyl)phenyl)eth
-ynyl)styryl)benzene (335). Compor 1362 (16 mg, 0.044 mmol). 203 (106 mg,.
0.174 mmol), PdClL,(PPh,), (6.11 mg, 0. 370 mmol), Cul (3.31 mg. 0.0174 mmol)
were added to Et;N (8 mL). The soluti  was degassed by bubbling N, at rt for
5 min and then stirred for 4 h at rt, th  heated to 50 °C under stirring and N,

protection for 20 h. After the ro tion was complete as checked by 'FLC analysis, the

solvent was removed by rotary evaporatic . The resulting residue was diluted with
chloroform. The mixture was filtered thr  gh a MgSO, pad. . e solution obtained
was sequentially washed with aq HCI ( | aud brine. The organic layver was dried

over MgSO, and concentrated under vacuuin to give the crude product of 335, which

is further purified by silica flash column chromatography (hexanes, CH,Cl,, 7:3) to



vield compound 335 (36 mg, 0.016 mmol, 36%) as a colorless oil. IR (KBr) 2956,
2025, 2854, 2153, 1698, 1683, 1650. 1635. 1558, 1539, 1504, 1470, 1415 e ' 'H NMR
(CDCly. 500 MHz) 6 7.90 (s, 2H). 7.78 (d, J  16.0 Hez, 2H. alkenyl H), 7.58 (s, 1H.
central Ar H), 7.54 (d, J 85 Hz. 2H), 740 (d. J 8.5 Hz, 2H), 727 (d. ] 16.0
Hz, 2H, alkenyl H), 7.01 (s, 1H), 7.00 (s. 2 . 6.99 (s, 1H). 1.06-3.99 (i, 16H. OCH,).
1.90-1.18 (m, 128H), 0.92-0.83 (m, 24H. CH,). 0.30 (s. 18H., Si(CH,)4)), 0.29 (s. 1811,
Si(CH,),)): ¥C NMR (CDCly, 125 MHz) 6 154.4, 153.81, 153.8. 139.0. 137.3. 132.8.
130.7, 130.3, 128.1, 127.5, 126.5. 123.7, 122.5. 117.7, 117.6, 117.11, 117.06, 1114,
114.2, 101.3, 100.6, 100.5, 94.9, 93.5, 93.1, 87.9, 70.0, 69.9. 69.8, 32.1, 29.9, 29.83.
29.77, 29.7, 29.64. 29.29.62, 29.6, _ 4. 26.3, 26.1, 22.9, 14.3, 0.19; MODI-TOF NS

m,/z caled for C 5, HypeO4Si; 2315.64, found 2316.99 |N 1 H|".

Compound 336. To an oven-dried Hask protected under a N, atowmsphere
were charged compound 362 5 mg, 0.069 mmol). 370 (108 mg. 0.412 mmol).
PdCL(PPhy), (9.69 mg, 0.0138 wm H>l), Cul (5.24 mg, 0.0276 mmol). and Et,;N (3
mL). The solution was degasse by bul ling N, at rt for 5 min and then stirred
at rt under N, protection for 1 h. After the reaction was complete as checked by
TLC analysis, the solvent v no' by rotary evaporation. The resulting residuc
was diluted with chloroform. The mixture was filtered through a MNMgSO, pad. The
solution obtained was sequentially wa  »d with aq HC1 (10% ) and brine. The organic
laver was dried over MgSO, and concentrated under vacuum to give the crude product
of 336, which was further purified vy reervstallization from CH,Cl, and hexanes to
vield compound 336 (44 mg, 0.1 3 nunol, - %) as a yvellow solid. Mp 175 176 “C; 1R

(KBr) 3060, 2948, 2840, 2208. 1728, 1595, 1532 cm™ 't 'H NMR (CDCl,, 500 MHz)
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d 8.06-7.96 (m, 8H), 7.75 (s, 4H, central Ar-H). 7.74-7.70 (m. 4H). 7.61 (d. J 8.5
Hz, 2H), 7.57-7.53 (m, 4H). 7.47-7.42 (m, 6H). 7.31 (d. J  16.5 Hz, 2H, alkenyl
H); BC NMR (CDCly, 125 MHz) 6 166.8. 166.5 (two C O ca ons). 139.7, 137.3,
134.5, 1344, 133.3. 132,10, 132.07. 132.0, 131.5, 131.2, 130.8. 130.4, 128.4, 128.3,
128.0, 127.8, 126.4. 124.2, 123.9, 123.8, 122.6 (one coincidental aromatic carbon not
observed), 95.0, 94.4, 93.3, 90.2 (4 alkynyl carbons), 52.49, 5247 (two OCH; carbons):

MALDI-TOF MS .,z caled for C,H,,Of 914,29, found 915.55 [N 1 H|*.

Compound 337. To an oven-dried flask protected under a N, atomsphere
were charged compound 362 (25 mg, 0.066 mmol). 373 (140 mg. 0.568 mmol),
PACL(PPhy), (9.27 mg, 0.0132 mmol), Cul (5.0 mg. 0.026 m ol), and piperidine
(3 mL). The solutton was degassed by bubbling N, at rt for 5 min and then stirred
at rt under N, protection for 24 h. After the reaction was complete as checked by
TLC analysis, the solvent was removed by rotary evapor:  on. The resulting residue
was diluted with chloroform. The mixture was filtered through a MgSO, pad. The
solution obtained was sequentially washed — ith ag HCIL (10%) and brine. The organic
laver was dried over MgSO, and concentrated under vacuumn to give the crude product
of 337. which was further purified by recrvstallization from CHL,ClL and hexanes to
yield compound 337 (44 mg. 0.052 mumol, 79%) as a vellow solid. Mp 300 "C: 1R
(KBr) 3034, 2891, 2856, 2798, 2202, 1607, 1523, 1443 cm ' 'H NMR (CDCL,. 500
MHz) § 7.84 (s, br, 2H), 7.75 (d, J - 16.0 Hz, 2H, alkenyl H). 7.60 (s, -1H, central
Ar-H). 7.48-7.43 (m, 10 H), 7.34 (d, J 8.0 Hz, 2H), 7.26 (d. J  16.5 Hz, 2H, alkenyl
H), 6.70-6.67 (m. 8H), 3.10 (s, 12H, N(C 4). 2.99 (s. 12H, N(CHy)4): a meaningful

BC NMR spectrum could not be obta  ed due to poor solubility: NLALDI-TOL NS

[\
oc
8



m. z caled for Cy,Hy Ny 85443, found 855.23 [N+ H|'.

Dimethyl 2,2’-(3,3’-(1E,1’E)-2,2’-(1,4-phenylene)bis(ethene-2,1-diyl)bis-
(4-((4-(dimethylamino)phe | |)ethynyl)-3,1-phenylene))bis(ethyne-2,1-diyl)
-dibenzoate (338). To an oven-dried flask protected under a N, atomsphere were
charged compound 384 (47 mg, 0.073 mmol), 373 (36 mg. 0.15 mmol). PdCL(PPhy),
(5.1 mg, 0.0072 mumnol)), Cul (2.8 mg, 0.015 mmol), piperidine (2.5 mbL), and dvey THIE
(2.5 mL). The solution was degassed by b Hbling N, at rt for 5 min and then stirred
at 30 °C under N, protection for 12 h. After the reaction was complete as checked by
TLC analysis, the solvent was remove by rotary evaporation. The resulting residue
was diluted with chloroform. The mixture was filtered through a MgSO, pad. The
solution obtained was sequentially washed with ag HCI (10%) and brine. The organic
layer was dried over MgSO, and concentrated under vacuum to give the erade product
of 338. which was purified by +  ca flash column chromatography (CH,CL) to vield
compound 338 as vellow solid (30 mg, 0.C  mumol. 47%). Mp 225 226 ¥C: IR (KBr)
2960, 2930, 2860, 2195, 1728, 1609, 1524, 1488, 1464 cm '; 'H NMR (CDCly, 500
MHz) 6 8.01 (d, J 7.5 Hz, 2H), 7.91 (s, 2H). 7.76 (d, J  16.5 Hz, 211, alkenyl
H), 7.69 (d, J 8.5 Hz 2H), 7.61 (s, -, central Ar-H). 750707 (. 811), 7.13-7.39
(m. 4H), 7.28 (d. J 16.5 Hz, 2H. alkenyl H). 6.70 (d. ./ 9.0 Hz {H), LOO (s,
GH, OCIL,). 3.00 (s, 12H. N(C'),): BC NMR (CDCly. 125 MHz) 6 166.9 (C O),
150.5, 138.5, 137.3, 134.3, 132.9. 132.4, 131.98. 131.95, 130.8. 130..18, 130.43, 128.2,
1274, 126.6, 123.9, 123.6, 122.6, 112 109.9 (of 20 aromatic and alkenyl carbons,
one coincidental peak not observed), 98.2, 94.6. 89.7. 86.3 (-1 alkynyl carbous), 52.5

(OCH,). 40..4 (N(CHy),): APCI-NS (positive) m 2z cacld for Cy, H((N,O 88401 found



885.5 [M | H|*.

1,4-Bis(2,5-bis(phenylethynyl)styryl)benzene (339). To an oven-dried
flask protected under a N, atomsphere were charged compound 362 (30 mg. 0.079
mmol), iodobenzene (129 mg, 0.635 mmol), PdCL(PPly), (11.2 mg, 0.0159 mmol),
Cul (6.0 mg, 0.032 mmol). and piperidine (3 mL). The solution was degassed by
bubbling N, at rt for 5 min and then cated to 50 °C under stirring and N,
protection overnight. After the reaction was complete as checked by TLC analyvsis. the
solvent was removed by rotary ¢ oration. The resulting residue was diluted with
chloroform. The mixture was filtered thre h a MgSO, pad. The solution obtained
was sequentially washed with ag HCL (10%) and brine. The organic layer was dried
over MgSO, and concentrated under vacuum to give the crude product 339, which
was further purified by recrystallization fro 1 CH,Cl and hexanes to yield compound
339 (36 mg, 0.053 mmol, 67%) as a yellow solid. Mp 300 “C; IR (KBr) 3262, 3052,
2208, 1631, 1597, 1499 em ™' "H NMR (C 7L, 500 NHz) 6 7.91 (s, br, 2H), 7.73 (d.
J 17.0 Hz, 2H, alkenvl H), 7.t (s, 4 central Ar-H), 7.60-7.57 (n1, 8H), 7.55 (d. J

8.5 Hz, 2H), 7.41-7.37 (m, 14H), 7.28 (d, J  14.5 Hz, 2H, alkenyl H): Meaningful
BC NMR could not be obtained due to poor solubility; MALDI-TOF MS .,z caled

for C;,H,, 682.27, found 683.26 [M + H|*.

2-Amino-5-bromobenzoic acid (341). Anthrani - acid (15.0 g, 0.11 mol)
was dissolved in 250 mL of glacial acetic acid and cooled below 16 ©C. Then 7.1 mL
of bromine (22.1 g, 0.138 mol) was added opwise. The product was filtered ofl and

then boiled up with 500 mL of water containing 25 mL of concentrated hydrochloric
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™Br, 80), 311 (|M  OHJ*, ¥ Br, 50), 309 (M OH]™. ™Br. 50). 202 (|MI|* . ¥'Br,

30). 200 (M I]*. Br. 30).

Methyl 5-bromo-2-iodobenzoate (343). To 50 mlL of methanol was added
compound 342 (5.1 g, 0.016 mol) and 2.0 mL of H,50,. The solution was refluxed
overnight. The reaction was cooled down to rt. Methanol was removed by rotary
evaporation. The residue was dissolved in EtOAc. The solution was washed by brine,
and dried over MgSO,. After removal of EtOAc¢ under vacuum, the resulted crude
product was purified by silica column flash chromatography (hexanes CHL,CL. B 1)
to vield compound 343 (5.2 g, 0.015 mol. 98%) as a pale vellow solid. Mp 18 19 (.
'H NMR (CDCl,, 500 MHz) ¢ 7.94 (d. J 2.0 Hz, 1H), 7.81 (d. J 8.0 Hz. 1H),
7.28 (dd, J 8.0, 2.5 Hz, 1H), 3.94 (s, 3H, CH,): *C NMR (CDCly. 125 MHz) 0
165.5, 142.7, 136.5. 135.7, 133.9, 13, 92.3, 52.8; GC-MS m 2z (%) 342 (|M]*. *'Br,
60), 340 (|M]*, ™Br, 60). 311 (]M  OCH®|*. ®'Br, 65). 309 (M OCH|*. ™Br, 65).

283 (INI COOCH, ] F. #1Br. 25). 281 (M COOCH,]*. ™Br, 25).

(5-Bromo-2-iodophenyl)methanol (344). To a solution of compound 343
(5.2 g, 0.015 mol) = dry CH,CL, (30 v ) was added DIBAL (30.5 mL, 1 M in
THF, 30.5 mmol) at 0 °C; T! reaction was slowly warmed up to rt and stirred
overnight. The mixture was cooled to 0 °C. treated with 15% a  ieous citrie acid
slowly, and extracted with CH,CL,. The organic layer was washed with brine, and
dried with MgSO,.  After removal of CILCL, under vacuum. the resulting crude
product was purified by silica column  ash chromatography (hexanes: CH,CL i)

to give compound 344 as a white solid (4.79 g, 0.0153 mol, 100%). NMp 111 155 7(C:




'H NMR (CDCl,, 500 MHz) 6 7.65 (d, J 85 Hz, 1H), 7.62 (d. J 2.5 Hz. 1H),
7.13 (dd, J 9.0, 2.0 Hz, 1H), 4.63 (d. J 6.0 Hz, 2H, Cl,). 2.13 (t, J 6.0 U,
1H, OH): C NMR (CDCl,, 125 MHz) § 144.8, 140.5, 132.4, 131.3, 123.2. 91.8. 68.9:

GC-MS 1,z (%) 314 ([M]*. ¥ Br. 99), 312 (|M]". ™Br. 100), 233 (M Br]*. 45).

5-Bromo-2-iodobenzaldehyde (345). ‘lo a stirred solution of PDC (11.0 g.
0.0288 mol) in 60 mL of CH,Cl, was added a solution of 344 (1.50 g. 0.01-£1 mol) in
20 mL of CH,Cl,. The reaction s stirred for another 4 h. The solvent was removed
under vacuum to give the crude | duct of 345, The crude product was purified
by silica flash column chromat hy (hexanes CH,CL,, 70:30) to give compound
345 (4.40 g, 0.0142 mol, 98%) as  white solid. Mp 89 90 °C; 'H NMR (CDC1,, 500
MHz) ¢ 10.02 (s, 1H, CHO), 8.02 (d, J 2.5 Hz, 1H), 7.84 (d. / 8.5 Hz, 1),
7.44 (dd, J 8.5, 2.0 Hz, 1H); "*C N, R (CDCL,. 125 M :) 8 194.5 (C11O). 142.0.
138.4, 136.6, 133.3, 123.7, 98.0: GC-MS 1z (%) 312 (|M]*. Br. 99). 310 (]M]".
B, 100), 283 ([N CHOJ*, ' Br, 20). 0 (M CHOJ*. ™Br, 22), 186 (N 1],

81Br, 16), 184 (|M  1]*. ™Br, 15).

1,4-Bis(5-bromo-2-iodc syryl)ben e (346). To an oven-dried Hask
protected under a N, atomsphere were charged compound 206 (472 mg. 1.25 mmol),
NaH (75 mg, 3.1 nunol), and dry THF ( mL). Upon gentle heating at ca. 50 “C',
the solution gradually turned into a light vellow color. Aldehyde 345 (775 mg. 2,19
mmol) dissolved in THF (5 mL) was added in small portions over a period of 1 h
through a syringe. The reaction was »pt under stirring and heating for another 2

h before work-up. The small excess NaH was carefully quenched with agq HCI (10%)



and the mixture was extracted with chloroform three times. The chloroform laver
was washed with brine, dried over MgSO,. and concentrated to rm a vellow solid.
The vellow solid was recrystallized from CHCL, and CH,;OH to give 346 (380 mg,
0.549 mmol, 45%) as a vellow solid. Np 254-2565 °C; IR (KBr) 3047, 1880, 1628,
1565, 1533 em ™! '"H NMR (CDCl,, 500 1 1z) § 7.76 (d, J 1.5 Hz, 2H). 7.72 (d,
J 8.0 Hy, 2H), 7.58 (s, 4H, central Ar-H), 7.26 (d, J  16.0 Hz, 2H, alkenyl 11).
7.10 (dd, J 8.5, 3.0 Hz, 2H), 6.98 (d. J  16.0 Hz, 2H, alkenyl H): Meaningful C
NAMR spectrum could not be obtained  1e to poor solubilitv.  APCI-NS (positive)

m/z caled for CyH, Br,l, 691.8, found 692.8 |M + H|*.

4-((Trimethylsilyl)ethynyl)benzor rile (348). 4-Bromobenzonitrile (1.0 g,
5.5 mmol), trimethylsilvlacetylene (1.6 n . 11 mmol), PdCL,(PPhy), (94 mg. 0.14
mmol), Cul (52 mg, 0.27 mmol) were added to Et,N (15 mL). The solution was
bubbled by N, at rt for 5 min : 1 then heated to 50 “C under stirring and N,
protection overnight. After the reaction was complete as checked by TLC analysis,
the solvent was removed by rotary evapora m. The resulting residue was diluted with
chloroform. The mixture was filtered through a MgSO, pad. The solution obtained
was sequentially wi ed with @ HCI {10 1 and brine. The organic layer was dried
over MgS0, and concentrated under vacuum to give the crude product of 348, which
was further purified by silica flash column chromatography (hexanes EtOAce, 9:1) to
yield compound 348 (1.05 g. 5.3 mmol. 95%) as a white solid. Mp 98 99 °C: 'H
NMR (CDCly, 500 MHz) 6 7.59 (d, J 8.5 Hz, 2H), 7.53. (d, J 8.5 Hz. 2l1), 0.28
(s, 9H); ¥C NMR (CDCly, 125 Hz) 1324, 131.9, 127.9. 118.3, 111.8, 103.0, 99.5,

0.25: GC-MS m/z (%) 199 (M, . 1), 184 ([N CH,|*. 100).






500 MHz) § 7.63, 7.59 (AB system. J 8 Hz, 4H). 6.96 (s, 2H). 1.01-3.97 (m, 1H,
OCH,), 1.84-1.80 (mn, 4H), 1.55-1.49 (m, 4H). 1.37-1.28 (m, 21H), 0.90-0.87 (m. GI1,
CH,); ®C NMR (CDCl,, 125 MHz) 6 154.3, 154.0. 132.2, 132.1, 128.6, 118.7, 117.3,
117.1, 115.1, 113.1, 111.6 (one CN carbon and ten aromatic carbons), 101.1. 101.0.
93.2, 90.7 (four alkynyl carbons), 69.8, 69.7 (two C-O carbons in the alkvl chains).
32.1, 29.9, 29.8, 29.6, 29.58, 29.54, 29.5, 26.2, 22.9, 11.3, 0.1.5; APCI-MS (positive)

m/z caled for Cy H;;NO,Si 611.42, found 612.4 M + H]*.

4-((2,5-Bis(decyloxy)-4-ethynylphenyl)ethynyl)benzonitrile (351). 'To
a solution of compound 350 (428 mg, 0.699 nunol) in 1:1 McOII TIHFEF (10 mL) was
added K,CO, (100 mg, 0.724 mmol). The mixture was st ed at rt for 30 min. then
the reaction solvent was removed by rotary evaporation. The residue was diluted in
EtOAc and sequentially washed with ag HCI (10%) and Dbrine. The organic laver was
dried over MgSO, and concentrated under vacuum to afford the crude product of 351,
which was further purified by silica fla  coluinn chromatography (hexanes "CH,Cl,,
8:2) to yield compound 351 (333 mg, 0.6.. mmol, 88%) as a colorless oil. IR (IXBr)
3290, 3256, 2925, 2852, 2226, 2155, 2102, 1639, 1605, 1508, 1191, 1466, 1.109, 1387
em™ 1 TH NMR (CDCly, 500 MHz) 8 7.64, 7.60 (ADB svstem. J 8.5 Hz, [1H). 7.00 (s,
1H), 6.99 (s, 1H), 4.03-3.99 (in, - , OCH,), 3.37 (s, 1H), 1.86-1.80 (m, 41I), 1.55-1.46
(i, 4H), 1.38-1.26 (i, 24H), 0.90-0.87 (m, 6H, CH;). “C NMR (CDCl,, 125 MHz)
5 154.3, 1063.9. 132.21, 132.17, 128.5, 1187, 117.8, 117.1. 113.9, 113.5. 111.7 (one
CN carbon and ten aromatic carbons), 93.2, 90.5, 83.0, 80.0 (four alkynyl carbons).
(9.9, 69.7 (two C-O carbons in the  kyl chains), 32.10, 32.09. 20.9. 29.8, 29.6, 29.53,

29.46, 29.3, 26.2, 26.1, 22.9, 11.3; APCIMS (positive) m. 2z caled for Cy-H ¢ NO,
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for C,,HgO4S1 616.43, found 617.4 M ¢ T

1,4-Bis(decyloxy)-2-ethynyl-5-({ sthoxyphenyl)ethynyl)benzene (356).
To a solution of compound 355 (463 mg, 750 mmol) in 1:1 NeOH CHCL, (16 mL)
was added K,CO, (200 mg. 1.44 mmol). The mixture was stirred at rt for 2 h, then
the reaction solvent was removed by rotary evaporation. The residue was diluted in
CH,Cl, and sequentially washed with aq I 1(10%) ¢ | brine. The organic laver was
dried over MgSO, and concent:  ed under vacuuin to afford the crude product of 356,
which was further purified by silica flash column chromatography (hexanes 'CH,Cl,,
85:15) to vield compound 356 (392 mg, 0.. 2 mmol, 96%) as a white solid. Mp 10 11
°C; IR (IXBr) 3293, 2959, 2920, 2851, 2215, 2152, 1610. 1569. 1516. 1499, 1171, 1110,
1392 em™'; 'H NMR (CDCl,, 500 MHz) 6 742 (d. J 11 Hz, 2H), 6.98 (s. 1H). 6.97
(s, 1H), 6.88 (d, J 11 Hz, 2H), 1.01- 97 (m, 4H. OCH,). 3.82 (s, 3H, OCH;). 3.33
(s, 1H), 1.85-1.79 (mn, 1H, OCH,), 1.0 1.5 (m. 4H). 1.36-1.26 (m, 24H). 0.90-0.87
(m1, 6H, CH,); **C NMR (CDCl,, 125 MHz) 6 160.1, 154.6, 153.7, 133.5, 118.3, 117.2.
116.0, 115.6, 114.4, 112.6 (ten aromatic carbons), 95.5, 84.9, 82.5, 80.5 (four alkynyl
carbons), 70.10, 70.05 (two C-O carbons in the alkyl chains), 55.7 (OCH,, 32.35.
32.34, 30.1, 30.02, 30.0, 29.9, 29.8, 29.6. 26.5, 26.4, 23.1, 14.5: APCIL-MS (positive)

m,z caled for Cy,H;,04 544.39, found 545.5 [N - HJ*.

4-((4-((4-Bromo-2-fc  ylphenyl)ethynyl)-2,5-bis(decyloxy)phenyl)ethy-
nyl)benzonitrile (357). Compound 3« (32 mg, 0.10 mmol). 351 (55.6 mg. 0.103
mmol), PdCL,(PPhy), (3.6 mg, 0.0051 mmol), Cul (1.96 mg, 0.0103 mmol) were

added to Et,;N (6 mL). The solution was bubbled by N, at rt for 5 min and then

293



stirred at rt under N, protection for 3 h.  ‘ter the reaction was complete as checked
by TLC analysis, the solvent was removed by rotary evaporation. The resulting
residue was diluted with chlorofc 1. The ixture was filtered through a MgSO, pad.
The solution obtained was sequentially washed with aqg HCL (10%.) and brine. The
organic layer was dried over MgSO, an oo centrated under vacuum to give the erude
product of 357, which was further puritied by silica flash column chromatography
(hexanes, CH,Cl,, 7:3) to yicld compound 357 (60 mg. 0.083 mmol, 81%) as a white
solid. Mp 82 83 °C; IR (IKBr) 2918, 2851, 2207, 1690, 1631, 1603, 1583, 1552, 1533,
1513, 1497, 1469, 1420 cm™'; 'H NMR (CDC1y, 500 MHz) 6 10.66 (s, 1H), 8.07 (d, J
- 1.5 Hz, 1H), 7.69 (dd. J 8.0, 1.5 Hz, 1H). 7.64, 7.60 (AB, J 8.5 Hz, IH). 7.19
(d, J 8.0 Hz, 1H), 7.02 (s. 1H). 7.01 (s, 1H1), 4.05-4.01 (m, -1H. OCH,), 1.89-1.83
(m, 4H), 1.60-1.16 (i, 4H). 1.30-1.26 (m, 21H). 0.89-0.86 (in, 611, CH,): MC NAR
(CDCly, 125 MHz) § 190.9 (CHO). 154.3. 1510 (two C-O carbons in the phenyl
rings), 137.2, 136.8, 134.3, 132.24, 132.20, 130.3, 128.5, 125.9, 123.4, 118.7, 116.7.
116.4, 114.1, 113.5. 111.8 (one CN carbon and 14 aromatic carbons), 94.3, 93.8, 90.5.
90.2 (four alkvnyl carbons), 6¢  69.6 (two C-O carbons in the alkyl chains). 32.1.
29.9, 29.82, 20.76. 29.6, 29.5, 29.4, 26.3. 22.9,14.3; NAL [-TOF MS m 2z caled for

C,4H:,BrNO, 721.3, 723.3 found 722.4 (M - ' ™Br), 7244 (FBr. [N - H|).

4-((4-((4-((2,5-Bis(decyloxy)-4-((4-methox; henyl)ethynyl)phenyl)ethy-
nyl)-2-formylphenyl)ethynyl)-2,5-bis(decyloxy)phenyl)ethynyl)benzonitrile
(358). Compound 357 (61 mg, 0.084 nunol), 356(1 ! mg. 0.261 mmol), Pd(PPh,),
(15 mg, 0.13 mmol), Cul (5.0 mg, 0.026 unol) were added to Et;N (10 mL). The

solution was bubbled by N, at rt for 5 min. stirred at rt for 3 h, and then heated
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to 60 °C under stirring and N, protection for 4 h. After the reaction was complete
as checked by TLC analysis. the solvent was removed by rotary evaporation. The
resulting residue was diluted with chloroform. The mixture was filtered through a
MgSO, pad. The solution obtained was sequentially washed wi aq HC1 (10%) and
brine. The organic layer was dried over MgSO, and concentrated under vacuum
to give the crude product of 358. which was further purified by silica flash column
chromatography (hexanes CH,CL,. 6:4) to vield compound 358 (80 mg. 0.067 mmol,
80%) as a vellow solid. Mp 128 29 °C: IR (KKBr) 2922, 2851, 2224, 2208, 1696, 1619,
1604, 1557, 1515, 1486, 1467, 1417, 1387 =" 'H NMR (CDCly, 500 MHz) ¢ 10.73
(s, 1H, CHO), 8.11 (d, J - 2.0 Hz. 1H), 7.70 (dd. J 8.5, 2.0 Hz, 1H), 7.66. 7.62
(AB system, J 85 Hz, 4H). 7.61 (d. J 85 Hz, 1H), 749 (d. J 8.5 Hz. 2H).
7.05 (s, 1H), 7.03 (s, 1H), 7.022 (s, 1H), 7.016 (s. = ). 6.0 (d. J 8.5 Hz. 2H),
1.07-14.04 (m, 4H). £.07-1.04 (m. 8H, OCH,). 3.85 (s. 3H, OCH;). 1.91-1.84 (m. 8H).
1.56-1.48 (m, 8H). 1.40-1.27 (m. 48H). 0.91-0.86 (m, 12H, C'H,): "C NMR (CDCl,.
125 MHz) ¢ 191.5 (CHO). 159.9, 154.3, 154.1. 1540, 153.6 (five C-O in the phenyl
rings). 136.2, 136.1, 133.3, 133.0, 132.22, 132.19, 130.3, 128.5, 126.2, 124.5, 118.7,
117.2, 116.9, 116.7, 116.4, 115.7, 115.5. [1.2, 114.0. 113.8, 112.9, 111.7 (twenty-
two aromatic carbons), 95.6, 94.8, 93.7. 93.4, 91.2, 90.7, 89.7, 84.8 (cight alkynyl
carbons), 69.9. 69.8, 69.6 (C-O ca s 1 the alkyl ains), 55.5 (OCH, 32,1, 29.9,
20.83, 20.78, 29.7. 29.6, 29.56, 29.53, 29.5, 206.3, 22.9, 11.3: NMALDI-TOF NS m 2

4

caled for Cg H,,NO, 1185.78. found 1186.12 |[M - H

2-((2,5-Bis(decyloxy)-4-((4-n  h¢ yphenyl)ethynyl)phenyl)ethynyl)-5-

bromobenzaldehyde (359). Compound 345 (32.0 mg. 0.103 mmol), 356 (55.6



mg, 0.103 mmol), PACL,(PPhy), (3.6 mg, J051 mmol). Cul (1.96 mg. 0.0103 mmol)
were added to Et;N (8 mL). The solution was bubl d by N, at rt for 5 min and
then stirred at rt under N, protection for 8 h.  After the reaction was complete
as checked by TLC analysis, the solvent was removed by rotary evaporation. The
resulting residue was diluted with chloroform. The mixture was filtered through a
MgSO, pad. The solution obtained was s uentially washed with aq HCI (10%) and
brine. The organic layer was dried over I 50, and concentrated under vacuum to
give crude 359, which was further purified by silica flash column chromatography
(hexanes. CH,CL,, 7:3) to vield compound 359 (21 1 0.029 mmnol, 28%) as a white
solid. Mp 75 76 °C: IR (KBr) 2920, 2872, 2852 2203, 1692, 1600, 1581, 1568, 1514,
1499, 1466, 1418 ecm~'; '"H NN (CDCl,, 500 MHz) § 10.68 (s, 1H). 8.08 (d. J 1.5
Hz, 1H), 7.70 (dd, J - 8.5, 1.5 Hz, 1H), 7.50, 7.49 (AB system. J 8.5 Hz. 1H), 7.02
(s, IH), 7.01 (s, 1H), 6.90 (d. J -85 ., 1).4.06-1.02 (m, 4H. OCH,), 3.85 (5. 3H.
OCH,). 1.90-1.81 (m, 4H). 1.59-1.47 (m. 1H). 1.12-1.27 (m. 24H). 0.90-0.87 (m, 611,
CH;): BC NMR (CDCl, 125N 2) 6 1913 (CHO). 160.20 1517, 153.8 (C-O carbons
in the phenyvl rings), 1374, 137.0. 134.5, 133.5. 130.5, 126.4, 123.3. 117.1, 116.5. 116.3.
115.8, 114.4, 112.1 (thirteen aromatic ca  ons). 96.2, 95.0, 89.7, 85.0 (four alkvnyl
carbons), 70.2, 69.7 (two C-O carbons in the alkyl chains), 55.7(CHy), 32.3, 30.1,
30.05, 30.01, 30.0, 29.9, 29.8, 29.76, 29.70, 26.5. 23.1, 1.1.5; APCI-MS (positive) m z

caled for C,,H,.BrO, 726.33, found 7274 I - H|*.

4-((4-((4-((2,5-Bis(decyloxy)-4-((4-methoxyphenyl)ethynyl)phenyl)ethy-
nyl)-3-formylphenyl)ethynyl). 5-bis(decyloxy)phenyl)ethynyl)benzonitrile

(360). Compound 359 (21 mg, 0.029 mmol), 351 (31.2 mg, 0.0578 mmol),



PdCL,(PPhy), (2.0 mg, 0.0029 mmol). Cul (1.1 mg. 0.0058 mmol) were added to
Et;N (6 mL). The solution was bubbled by N, at rt for 5 min and then stirred for
3 h at rt and then heated to 60 °C under stirring and N, protection for 5 h. After
the reaction was complete as checked by TLC analvsis, the solvent was removed
by rotarv cvaporation. The resulting residue was diluted with chlorotorm.  The
mixture was filtered through a MgSO, pad. The solution obtained was sequentially
washed with aq HCL (10%) and brine. The organic layver was dried over MgSO, and
concentrated under vacuum to  ve cru - 360, which was further purified by silica
flash column chromatography (hexanes ¢ ,Cl,, 65:35) to vield compound 360 (24
mg, 0.020 mmol. 71%) as a vellow solid.  p 98 99 °C; IR (KBr) 2954, 2924, 2852,
2204, 1694, 1632, 1553, 1535, 1516, = 31, 1468, 1453, 1416 cm ' 'H NMR (C'DCl,,
500 MHz) § 10.73 (s, 1H), 8.09 (d. J 1.0 Hz. 1H), 7.68 (dd. / 8.0, 1.0 Hz. 1H),
7.64. 7.60 (AB svstem, J 8.0 Hz, 4H), 7.60 (d. J 8.0 Hz. 1H), 748 (d. /

8.5 Hz, 2H), 7.02 (s. I1H). 7.01 - 3H). 689 (d. J 85 Hz 2 [ 105103 (m. 411
OCH,), 3.83 (s, 3H, OCH,), 1.90-1.82 (m, 8H), 1.58-1.47 (m, 8H). 1.39-1.25 (m, 48H),
0.89-0.85 (m, 12H, CH;); ¥C NMR (CDCl,, 125 MHz) § 191.7 (CHO). 160.0 (OCH,,.
154.5, 154.1, 153.9. 153.6 (four C-O carbc  in the phenyl rings). 136.2. 136.0, 133.3,
133.0, 132.3, 132.2, 130.4. 128.6. 126.8, 1239, 118.8, 117.1, 117.06. 117.0, 116.3, 116.0,
115.7. 114.6, 114.2. 113.5, 112.1. 111.7 1e ON carbon and twentyv-one aromatic
carbons), 96.0, 95.1. 94.2, 93.5, 90.7, 90.4, 89.0. 84.8 (cight alkvnyl carbons). 70.00.
69.95, 69.8, 69.6 (four C-O carbons in the alkyl chains), 55.5 (OCH,). 32.1, 29.9, 29.8.
29.79, 29.7, 29.6, 29.5, 26.3, 9, 14.3; MALDI-TOF NS m 2 caled for Cg 1), NO,

1185.78, found 1186.68 [N « H|*.
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1467, 1417, 1386 cm ' "H NMR (CDCLy, 500 NMHz) ¢ 10.03 (s. 2H. CHO). 10.00 (s.
2H, CHO), 7.91 (s, 2H). 7.88 (d. J 8.5 Hz. 1), 7.83 (d. J 8.5 He, 1), 7.81 (d.
J 17.5 Hz, 2H, alkenvl H), 7.68 (d, J 9.0 Hz, AH). 7.65 (d. J 8.5 Hz IH).
7.60 (s, 4H). 7.56 (d, J 8.5 Hz, 2H), 7« (d.J 8.0 Hz 2H). 7.28 (d. J 18 Hu,
2H), 7.03 (s, 2H, central Ar-H), 7.06 (s, 1), 7.05 (s, 2H), 4.09-1.03 (m, 16, OCH,),
1.92-1.17 (m, 128H), 0.88-0.79 (m. 24H. CH,): C NMR (CDCL,. 125 MHz) § 191.53,
191.47 (two CHO). 154.19, 154,16, 153.93, 153.86 (£ r Ar-O). 139.0. 137.3. 135.61.
135.57, 132.8, 132.23, 132.20, 130.7, 130  130.0, 129.9, 129.8. 129.7. 128.0, 127.5,
126.6, 123.8, 122.5, 117.4, 117.2, 117.1, 117.0, 115.1, 114.8. 113.7. 113.6 (two alkenyl
carbons and twentv-four aron  ic carbons), 95.3. 94 94.3. 93.9. 93.1, 90..11, 90.3Y.
87.9 (eight alkynyl carbons), 70.1, 69 69.8 (C-O carbons in the alkyl chanis), 32.1.
29.9, 29.8. 29.78, 29.7, 29.6. 29.4, 26.35, 26.31. 26.1. 22.9. 1.1.3: NJALDI-TOF NS m =

caled for C- Hy , O, 244358, found 244 97 [N+ T

1,4-Bis(2-((2,5-bis(decyloxy)-4-((4-methoxyphenyl)ethynyl)phenyl)eth -
ynyl)-5-bromostyryl)benze: (364). Compoun 346 (35.5 mg. 0.0652 mmol).
356 (22.5 mg, 0.0326 mmol), PdCL(PPhy), (2.3 mg. 0.0033 mmol). Cul (1.2 mg.
0.0065 minol) were added to Et;N (8 mL). The solution was bubbled by N, at rt for
5 min and then was stirred at rt under N, protection for 7 h. & er the reaction was
complete as checked by TLC analysis, the solvent was removed by rotary evaporation.
The resulting residue was diluted with chloroform. The mixture was filtered through
a MgSO, pad. The solution obtained was sequentially washed with aq HCI (10%)
and brine. The organic laver was dried ov NMgSO, and concentrated under vacuum

to give the crude product of 364, which was further purified by silica flash column
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CHO was missed due to the mistake of selecting 0-10 ppm range when runing NMR):
BC NMR (CDCly, 125 MHz) 6 190.6 (C O). 136.8. 136.7. 1311, 131.1. 125.5. 123.6
(six aromatic carbons), 86.1. 82.0, 80.6, 79.0( four alkynyl carbons): GC-MS m 2 (%)

154 (100, [M[*). 126 (98. [NM-CHO).

2,5-Diethynylbenzaldehyde (367). 'To a solution of compound 366 (518 mg.
1.74 mmol) in 1:1 MeOH THF (12 mL) v added K,CO; (50 mg. 0.36 mmol). The
mixture was stirred at rt for 5 min, then ¢ reaction solvent was removed by rotary
evaporation. The residue was diluted in CHCL, and sequentially washed with aq HCl
(10%) and brine. The organic layer was dried over MgSO, and concentrated under
vacuum to afford pure compound 3¢ (240 mg. 1.56 mmol. 90%) as a vellow solid.
Mp 142 143 °C: IR (KBr) 3283, 9, 2866. 2104, 1682, 1599, 1481 cm ;"I NMR
(CDCly, 500 Mbtz) 6 1049 (s. 1H, CHO). 8.02 (d. J 1.0 Hz, 1), v.64 (dd. J 8.5,
1.0 Hz, 1H), 7.57 (d. J 8.5 Hz, 1H), 3.56 (s. 1H). 3.2 (s, 1H): C NMR (CDCl,. 125
MHz) 4 191.0 (CHO), 136.5, 136.2, 1 .6, 130.7. 126.3, 124.2 (six aromatic carbons),
104.6, 103.4. 100.0, 98.1 (four a  nyl carbons): GC-- 5 m z (%) 298 (|M]*, 13). 283

(IM  CHyJ*, 100), 268 (]M  2CH , 8).

2-lodobenzoic acid (3( ). A : -mbL round-bottomed flask containing
anthranilic acid (.60 g. 0.0335 mol), 30 mL of water, and 8 mkL of concentrated
hydrochloric acid was heated + il the so d was dissolved. The mixture was then
cooled in ice. When the temperature reached 0 to 5 °CL a solution of NaNQ,, (2.5 g.
0.036 mol) of in 15 mL of water was a led slowly. After 5 min, a solution of K1 (6 g,

0.036 mol) in 8 ml of water was added. The mixture was let stand without cooling
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for 5 min and then carefully warmed to around 45 °C with occasional swirling. When
the reaction reached about 40 °C, a vigorous reaction ensued, characterized by gas
evolution and separation of a tan solid. / cr reacting for 10 min, the mixture was
heated to 90 °C for 10 min and then cooled in ice. A pinch of sodium bisulfite was
added to destroyv any iodine present, and the granular dark tan to brown product
was collected and washed with water. The still-imoist product was recrystalized from
ethanol and water to give 369 (5.3 g, 0.021 mol. 64%) as a slightly vellow solid. Mp
159 160 °C; '"H NMR (CDCL,, 500 MHz) 6 8.08 (d, J 8.0 Hz, 1H). 8.0 (d. J 8.5
Hz, 1H), 7.46 (t, J — 8.0 Hz, 1H), 7.22 (t, J 8.0 Hz, 1H) (proton on COOH was
not observed due to rapid prot.  exchar ) "C NMR (CDCly. 125 MHz) § 171.8
(C 0), 142,14, 134.0, 133.6, 132 128.5, 95.2 (C-1); APCI-NS (negative) 2 caled

for C,H,10, 2479, found 216.8 [Nl H| .

Methyl 2-iodobenzoate (370). To 40 mL of methanol was added 2-
iodobenzoic acid (5.3 g, 0.021 mol) and 2.0 mlL of H,50,. The solution was refluxed
overnight. The reaction was cooled down to rt. Methanol was removed by rotary
evaporation. The residue was dissolved in EtOQAc. The solution was washed by brine,
and dried over MgSO,. After removal of EtOAe un 1 vacuum. the vielded crude
product was purified by chromatography — exanes CIHL,CL. 1:4) to vield 370 (5.1 g.
0.02 mmol. 96%) as a colorless oil. "H NMR (CDCl,. 500 MIiz) 6 7.99 (d, J 85
Hz, 1H), 7.80 (dd. J 7.5, 1.0 Hz, 1H), 740 (, J 7.5 Hz, 1H}. 7.15 (dd. J
7.5, 1.5 Hz, 1H), 3.93 (CH,); *C NMR 'DCly, 125 MHz) ¢ 167.1 (C 0), 141.5.
135.2, 132.8, 131.1, 128.0, 94.2, 52.7 (CH,); GC-MS m z (%) 262 ([M|*, 95). 231

(M OCH,|*. 100), 203 (]M  COOC |*. 40).



Dimethyl 2,2’-(2-formyl-1,4-phe ‘lene)bis(ethyne-2,1-diyl)dibenzoate
(371). Compound 367 (80 mg, 0.52 mmol). 370 (273 mg. 1.04 mmol),
PdACL(PPhy), (36 mg, 0.052 mmol). Cul (20 mg. 0.104 mmol) were added to
Et;N (10 mL). The solution bubblc by N, at rt for 5 min and then stirred
for 3 h at rt. After the reaction was complete as checked by TLC analvsis, the
solvent was removed by rotary evaporatic . The resulting residue was diluted with
chloroform. The mixture was filtered through a MgSO, pad. The solution obtained
was sequentially washed with . HCL (1€ 1 and brine. The organic laver was dried
over MgS0, and concentrated under vacuum to give the crude product of 371, which
was further purified by silica flash co nn wromatography (hexanes CH,CL,, 1:1) to
yield compound 371 (139 mg, 0.329 mmol, 63%) as a vellow solid. Mp 144 115 °C IR
(KBr) 2999, 2950, 2215, 1719, 5c.. 1597, 1564, 1500. 1- 5 em 't "H NMR (CDCly,
500 MHz) 6 10.74 (s. 1H, CHO), 8.1 (s. 1H) 8.04 (d. J 85 Hz 1H). 801 (d.J 8.0
Hz. 1H), 7.77 (d, J 7.0 Hz. 1H), 7.71-7. (. 2H). 7.66 (d. J 8.0, 1H)}, 7.57-7.51
(m, 2H), 747-741 (m, 2H). 3.99 (5. 3, 3.97 (s, 3H): MC NAMR (CDCly, 125 MIH2)
0 191.8 (CHQO), 166.5, 166 (two COOCH3). 136.11, 136.39, 1314, 134.3. 133.6.
132.08, 132.04, 131.95, 131.82, 130.9, 130.7. 130.4, 129.0, 128.6. 126.5, 124.4, 123.2,
122.9 (eighteen aromatic carbons), 96.7, 92.9. 91.5, 89.9 (four alkvnyl carbons). 52.5,
52.4 (two OCH,): APCI-MIS (positive) m z caled for CopmH Oy 122.1, found 123.2 [\l

+ HJ*.

4-Iodo-N,N-dimethylan 1 (373). N.N-Dimecthylaniline (1.21 g. 10 mmol)
was dissolved in dioxane (50 mL) and pyridine (50 mL), and the solution was cooled

to 0 °C. lodine (3.8 g, 15 mmol) was added in one portion. The solution progressively
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(CH ), 137.5. 136.7, 1351, 130.1. 125.9, 123.1 (6 aromatic carbons), 101.1. 100.9
(2 alkvnyl carbons). 18.8. 11.4 (2 i-Pry carbons): APCIL-MNS (positive) m 2 caled for

C3H, M BrOSi 366.1 and CH,,™BrOSi  H.1. found 367.1 and 365.1 [N+ 11]*.

2-((Triisopropylsilyl)ethynyl)-5-((trimethylsilyl)ethynyl)benzaldehyde
(375). Compound 374 (417 mg. 1.14 mmol), trimethylsilvlacetvlene (0.322 ml,
2.28 mmol, mmol), PdCL,(PPhy), (20 mg. 0.029 mmol), Cul (11 mg. 0.057 mmol)
were added to ISt,N (10 mL). The solution was bubbled by N, at rt for 5 min and
then stirred at 60 °C under N, protec m ftor 12 h. After the reaction was complete
as checked by TLC analvsis, the solvent was removed by rotary evaporation. The
resulting residue was diluted with chloroform. The mixture was filtered through a
MgSO, pad. The solution obtained was s unentially washed with aq HCI (10%) and
brine. The organic layver was dried over I 350, and concentrated under vacuum to
give the crude product of 375, which v i further purified by silica Haslhi colummn
chromatography (hexanes CH,Cl,. 85:15) to vield compound 375 (131 mg. 1.13
mmol, 99%) as a colorless oil. NMR (CDCL 500 NMHz) o 1058 (s 1L CHO),
8.01(d, J 1.5 Hz 1H). 7.61 (dd, J 8.0, 1.5 Hz, 1H), 754 (d. J 8.0 Hz. 1H),
1.16 (s, 21H, i-Pr,). 0.28 (5, 9H, C ): BC NAMR (CDClL,, 25 AMllz) 6 190.9 (CH 0).
136.5, 136.3, 133.9, 130.7. 3.6, 1241 (6 aromatic carbons), 103.4. 101.9, 101.3. 98.0
(4 alkvnyl carbons). 18.8, 11.4 (2 -Pry  bons). 0.03 (CHy): APCI-MS (positive)

m -z caled tor CyyHy 081, 382.2 found @ 3 [N - H|'.

5-Ethynyl-2-((triisopropylsilyl)etl ayl)benzaldehyde (376). 'lo a solu-

tion of compound 375 (431 mg, 1.13 mn ) in 1:1 MeOH THI (12 mL) was added

[



K,CO, (50 mg, 0.36 mmol). The mixture was stirred at rt for 1 . then the reaction
solvent was removed by rotary evaporation. The residue was diluted in CH,CL, and
sequentiallv washed with aq HCI (10%) 1 brine. e organic laver was dried over
MgSO, and concentrated under vacuumn to afford the crude product of 376, which
was further purified by silica flash colum  chromatography (hexanes CH,Cl,. 8:2) to
vield compound 376 (371 mg, 1~ mmol, %) as a colorless oil. '"H NMR (CDCl,.
500 MHz) 6 10.57 (s, 1H,CH 0).8.02 (d.J 2.0 Hz, 1H), 7.63 (dd. J 7.5, 2.0 Hz,
1H). 7.55 (d, J 7.5 Hz, 1H). 3.23 (s, 1H, alkynyl proton), 1.15 (s, 21H. +-Pry): BC
NMR (CDCly. 125 NMHz) 6 190.8 (CH  O), 136.8. 136.3, 131.0, 130.8. 127.1. 123.0 (0
aromatic carbons), 101.69, 101.63. 82.2, 80.3 (4 alkvnyl carbons), 18.8. 11.4 (2 -Pry
carbons); APCI-MS (positive) m caled for CyH,,OSt 310.2 . found 311.2 [N

H*.

Methyl 2-((3-formyl-4-((triisoproj lIsilyl)ethynyl)phenyl)ethynyl)benz-
oate (377). Copmound 376 (181 mg. 0.583 mmol). 370 (153 mg. 0.583 mmol).
PACL,(PPhy), (21 mg, 0.0293 mmol), Ci (11.1 mg. 0.0586 mmol) were added to
Et,N (8 mL). The solution was bubbled by N, at rt for 5 min and then stirred at
rt and under N, protection for 5 h. Af - the reaction was complete as checked
by TLC analysis, the solvent was removed by rotary evaporation. The resulting
residue was diluted with chloroform. The mixture was filtered through a MgSO;  ad.
The solution obtained was sequentially w  hed with aq HICL (10%4) and brine. The
organic layver was dried over NgSQO, and concentrated under vacuum to give the crude
product of 377, which was further purified by silica fla  column chromatography

(hexanes 'CH,Cl,. 6:4) to vield compound 77 (196 mg, 0.441 mmol, 76%) as a white
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solid. Mp 82 83 °C; IR (KBr) 2942, 2890, 2865. 2153. 1710, 16¢ 1600, 1493, 1163,
1450, 1384 ¢em™!'; 'H NMR (CDCl,, 500 = _Hz) ¢ 10.60 (s, 1H, CH 0), 8.09 (d. J
— 1.0 Hz, 1H), 7.99 (d, J - 85 Hz, 1), 7.72 (dd, J 8.5, 1.0 Hz, 1H), 7.64 (d,
J 80Hz 1H), 758 (d, J 85 Hz, 1 .751 (t.J 85 Hz 1H), 741 (t. J

8.0 Hz, 1H), 3.97 (5. 3H). 1.16 (s, 21H, i- ,): "*C NMR (CDCl,, 125 MHz) § 191.0
(CH- O), 166.5 {carbonyl carbon on ester group), 136.38. 136.35, 134.3, 134.0, 132.1,
132.0. 130.8, 130.3, 128.6, 126.6. 124.3. 123.2 (12 aromatic carbons), 102.0, 101.4,
92.8, 91.4 (4 alkvnyl carbons), 52.4 (OCH,). 18.8. 11.4 (2 i-Pr, carbons); APCI-AS

(positive) m/z caled for CogH,,O,S1 444.2 | found 4453 [N 1 1] ',

Methyl 2-((4-ethynyl-3-formylpl 1yl)ethy /l)benzoate (378). To a
solution of compound 377 (195 n  0.439 mmol) in THE (8 mL) was added TBAL
(0.05 mL, 1 M, 0.05 mmol). The mixture as stirred at rt for ~ min. The reaction
solvent was removed by rotary evaporatic  The residue was dissolved in chloroform
and sequentially washed with aqg HCI (10 and brine. The organic laver dried over
MgSO,. Filtration to remove MNMgSO,; Hllowed by evaporation under vacuum afforded
the crude product which was purified with silica  ash column chromatography
(hexanes,/ CH,Cl,, 7:3) to vield compound 378 as a yellow solid (99 mg. 0.31 mmol,
78%). Mp 120 121 °C; IR (K ) 3251, 2960, 2855, 2152, 2101, 1724, 1692, 1600,
1566, 1492, 1433, 1389 cm ! 'H NMR (CDCl,. 500 NMHz) ¢ 10.52 (s, 1H. C11 O),
810 (d, J - 1.5 Hz, 1H). 8.01 (d, J 8 Hz, 1H), 7.75 (dd. J  8.0. 1.5 l{z. 1H),
7.66 (d, J 8.0 Hz, 1H), 7.61 (d. J 85 Hz. 1H), 753 (t. J 85 Hz L), 7.13
(t, J 8.0 Hz 1H), 3.98 (s, 3H), 3.58 (s. 1): MC NMR (CDCl,, 125 NMHz) 6 190.8

(CH 0), 166.5 (carbonyl carbon on ester group), 136.7, 136.5, 1344, 134.1, 132.2,



132.0, 130.8, 130.7, 128.7. 125.0. 124.9, 123.1 (12 aromatic carbons). 92.6. 91.6. 86.0.
79.3 (4 alkynyl carbons), 52.5 (OC ;); Al 'I-MS (positive) .z caled for € H,, 0y

288.1 , found 289.1 M 1+ HJ*.

Methyl 2-((4-((4-(N,N-dimethyl: 1ino)phenyl)ethynyl)-3-formylphen-
yl)ethynyl)benzoate (379). Compound 378 (99 mg. 0.34 mmol), 373 (85 mg.
0.34 mmol), PdCL,(PPhy), (12 mg, 0.017 mmol), Cul (6.5 mg, 0.034 mmol) were
added to Et,N (6 mL). The solution was bubbled by N, at rt for 5 min and then stirred
at 40 °C under N, protection for 7 h. After the reaction was complete as checked by
TLC analysis, the solvent was removed by rotary evaporation. The resulting residue
was diluted with chloroform. The mixture was filtered through a MgSO, pad. The
solution obtained was sequential — washed with aq HCI (10%) and brine. The organic
layer was dried over MgSQO, and concentrated under vacuum to give crude 379, which
was further purified by silica flash column chromatography (hexanes CHLCL 1:1) to
vield compound 379 (65 mg, 0. mmol. 17%) as a v ite solid. Np 151 152 °C. IR
(KBr) 2925, 2198, 1730, 1688, 1610, 1526, 1192, 1116, 1432, 1381 cm ' ' NMR
(CDCl,, 500 MHz) 6 10.64 (s, 1H, CH 0), 8.10 (d, J 1.0 Hz, 1H), 8.01 (d, J
8.0 Hz, 1H), 7.72 (dd, J 8.5, 1.0 Hz, 1H), 7.66 (d, J 8.5 Hz, 1H), 7.58 (d, J
8.5 Hz, 1H), 7.52 (t, J 85 Hz, 1H), 7 » (d, J 9.0 Hz, 1), 742 (t, J 8.0
Hz, 1H), 6.68 (d, J - 9.0 Hz, 1H). 3.99 (5. 3H). 3.02 (s. 6H): PC NMR (CDCL, 125
MHz) ¢ 191.5 (CH 0). 166.6 (carbonyl carbon on ester group). 150.9, 136.5. 1351,
134.3, 133.2, 132.9, 132.1. 132.0, 130.8, 13 7. 1285, 127.9. 123,14, 123.0, 111.9, 108.7
(16 aromatic carbons), 100.6, 93.2, 90.9, 83.7 (4 alkvnyl carbons). 52.5 (OCHy), 40.3

(NCH,); APCI-MS (positive) m,z caled for CpHyyNO, 1072, found 408.2 [N+ H|*.



1,4-Bis(5-bromo-2-((tri >propyls /l)ethynyl)styryl)benzene (380). To
an oven-dried flask protected under a N, atomsphere were charged compound 206
(51.8 mg. 0.137 mmol). Nall (9 mg. 011 mmol). and dry THEF (4 mL). Upon gentle
heating at ca. 40 °C, the solution gradually turned into a light vellow color. Aldehyde
374 (100 mg, 0.274 mmol) dissolved in THF (4 mL) was added in small portions over
a period of 1 h through a syringe. The reaction was kept under stirring and heating for
another 0.5 h before work-up. The small excess NaH was carefully quenched with aq
HCI (10%) and the mixture was extracted with chloroform three times. The organice
layer was dried over MgSO, and concentrated under vy uum to give crude 380, which
was further purified by silica Hash cohnnn chromatography (hexanes CH,CL,. 9:1) to
vield compound 380 (50 mg, 0.062 mmol, 45%) as a vellow solid. Mp 174 175 °C,
IR (KBr) 2941, 2890, 2864, 2152, 1631, 1..J, 1560, 1541, 1510, 1467 cm'; 'H NMR
(CDCl,, 500 MHz) 6 7.83 (d, 1.5 Hz, 2H), 7.67 (d, J  16.0 Hz, 2H. alkenyl
H), 7.52 (s, 4H, central Ar-H), 7.36 (d, J 8.5 Hz, 2H). 7.31 (dd. J 7.5, 1.5 Hu,
2H), 7.14 (d. J  16.5 Hz. 2H, alkenyl H). 1.18 (s, 42H, ¢-Pry): BC NMR (CDCL,,
125 MHz) 6 141.0, 137.0. 1317, 131.0, 130.5. 127.53. 127.46. 125.8, 123.1. 121.6 (10
aromatic and alkenyl carbons), 104.6, 97 (2 alkyvny  carbons). 19.0, 11.6 (2 -Pry)
carbons); APCI-MS (positive) m,z calc  for CyHyimo BrySi, 800.2. found 801.3 |M

H]*

1,4-Bis(2-((triisopropyls /l)ethynyl)-5-((trimethylsilyl)ethynyl)styryl)-
benzene (381). Compound 30 (305 mg. 0.381 mmol). trimethylsilylacetylene (0.2
mL, 0.14 g. 1.4 mmol), PdCL(I 1), (26.8 mg, 0.0381 minol). Cul (145 mg, 0.0762

mmol) were added to Et,;N (10 mL). The solution was bubbled by N, at rt for 5



min and then stirred at 60 °C under N, | Htection for 12 h. After the reaction was
complete as checked by TLC analysis, e solvent was removed by rotary evaporation.
The resulting residue was diluted with chloroforni. The mixture was filtered through
a MgSO, pad. The solution obtained was sequentially washed with aq HCL (10%)
and brine. The organic laver was dried over NgSO, and concentrated under vacuum
to give crude 381, which was further puri d by silic  Hash coluimn chromatography
(hexanes/CH,Cl,, 95:5) to vield compound 381 (297 mg, 0.356 mmol, 93%) as a
yellow solid. Mp 211 212 °C; IR (KKBr) 2043, 2893, 2865, 2154, 1632, 1595, 1534,
1511, 1477 em ™% '"H NMR (CDCl,, {1 MHz) 6 7.82 (s, br, 214), 7.71 (d. J  16.5
Hyz, 2H, alkenyl H), 7.53 (s, AH, central  -H), 740 (d, J 7.0 Hzo 2H) 7.28 (dd,
J 80, 1.0 Hz, 2H), 7.19 (d, J 16.5 Hz, 2H, alkenyl 11), 1.19 (s, 4211 -Pry).
0.29 (s, 18H, Si(CH,);); "C NMR (€ ' | 125 MHz) 6 139.2, 137.1, 133.3, 130.6.
130.5, 128.1, 127.7, 126.2, 123.5, 122.7 (10 aromatic and alkenyl carbons), 105.2,
104.9, 98.2, 96.2 (14 alkynyl carbons), 19.  11.6 (2 ¢-Pry carbons), 0.14 (Si(CHy),):

APCI-MS (positive) m/z caled C; H-,Si, 315, found 835.6 [N H|t.

1,4-Bis(5-ethynyl-2-((triisopropylsilyl)ethynyl)styryl)benzene (382). 'lo
a solution of compound 381 (335 mg. 101 mmol) in 1:1 McOH, THF (12 mlL) was
added K,CO, (50 mg, 0.36 nunol). The mixture was st ed at rt for 15 min, then
the reaction solvent was removed by rotary evaporation. The residue was diluted in
EtOAc and sequentially washed with aqg HCL (10%) and brine. The organic layer
was dried over MgSO, and concentrated nder vacuum to afford crude 382, which
was further purified by silica £ h colum  chromatogray v (hexanes CH,CL,. 95:5)

to yield compound 382 (220 2, 0.318 mumol, 79%) as a vellow solid. Mp 143 111



°C; IR (KBr) 3300, 3033, 2942, 2891, 2864, 2149, 1632, 1596, 1536, 1511, 1464 ¢ ';
'H NMR (CDCl,, 500 MHz) § 7.87 (d, J - 1.0 He, 2H), 7.74 (d. J  16.0 Hz, 2H,
alkenyl H), 7.55 (s, 4H, cent  Ar-H), 7.34 (dd, J 8.5, 1.0 Hz, 2H), 7.21 (d, J
= 16.5 Hz, 2H. alkenyl H), 3.21 (s. 2H, alkvnyl H), 1.22 (s, 42H. -Pr,): C NMR
(CDC1,, 125 MHz) 0 139.3. 1371, 13340 130.7. 130.6. 1283, 1274, 126.1. 1231, 1221
(10 aromatic and alkenyl carbons), 105.0. 98.4. 83.5. 78.9 (4 alkvnyl ca  ons), 19.0,
11.6 (2 i-Pry carbons); APCI-MS (positive) m -z caled for € H: Si, 6904, found

691.5 [M + HJ.

Dimethyl 2,2’-(3,3’-(1..,1° ’,2’-(1,4-phenylene)bis(ethene-2,1-diyl)bis-
(4-((triisopropylsilyl)ethynyl) -3,1-p] nylene))bis(ethyne-2,1-diyl)dibenzoate
(383). To an oven-dried flask protected under a N, atomsphere were charged
compound 382 (220 mg, 0.318 munol), ¢ ) (168 mg, 0.637 nunol). PdCL(PPhy),
(22 mg, 0.032 mmol)), Cul (121 ; 0.064 mmol) and Et;N (10 mL). The solution was
bubbled by N at rt for 5 min and then rred at 40 °C under N, protection for 12 h.
After the reaction was complete  che  »d by TLC analysis, the solvent was removed
by rotary evaporation. The rest it 1o due was diluted with chloroform.  The
niixture was filtered through a MgSO, pad. The solution obtained was sequentially
washed with aq HCl (10%) and brine. The organic laver was dried over MgS0O, and
concentrated under vacuum to give crude 383, which was further purified by silica
flash column chromatography (hexanes/CH,Cl,, 20:&  to vield compound 383 (233
mg, 0.243 mmol, 76%) as a vellow solid. Mp 185 186 °C; IR (KBr) 3032, 2943, 2891,
92864, 2210, 2148, 1731, 1631, 1597, 1567, 1489 cm ; '"H NMR (CDCL,. 500 MHz) 6

8.02 (dd, J 8.0, 1.0 Hz, 2H), 7.92 (s, br, 2H), 7.75 (d, J  16.5 Hz. 2H, alkenyl H),
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and alkenyl carbons, one coincidental  ¢i not observed). 910, 90.2, 810, 82.0 (1
alkynyl carbons), 52.5 (OCH,); APCI-NS (positive) m 2 caled for O H, O, 646.2

found 647.3 [N + H|T.

1,4-Bis((trimethylsilyl)ethynyl)be :ene (387). To an oven-dried flask
protected under a N, atomsphere were charged with compound 386 (329 mg, 1.00
mmol), trimethylsilylacetylene (0.566 n . 393 mg, 4.00 mmol). PdCL(PPhy), (35
mg, 0.050 mmol), Cul (19 mg, 0.10 mmol) and Et,;N (15 mL). The solution was
bubbled by N, at rt for 5 min and  n stirred under N, protection for 2 h. After the
reaction was complete as checked by TLC analvsis, the solvent was removed by rotary
evaporation. The resulting resi 1e was diluted with chloroform. The mixture was
filtered through a NgSO, pad. e solution obtained was sequentially washed with
aq HCI (10%) and brine. The organic lay  was dried over MgSO, and concentrated
under vacuum to give the crude  Hduet of 387, which was further purified by silica
flash column chromatography (hexanes ¢ ,CL 99 to vield compound 387 (273
mg, 1.00 mmol, 100%) as a vellow solid. y 121 122 2Cq IR (KBr) 2956. 2898,
2155, 1618, 150:4, 1492, 1413, 1. " em 'y 'H NMR (CDCly, 500 MHz) 6 7.39 (s, 4H.
central Ar-H), 0.26 (s, 18H, Si(C ,),): "C NMR (CDCly, 125 MHz) § 132.0. 123.4
(two aromatic carbons), 104.8, 96.5 (two a  nvlcarbons), 0.11 (Si(CHy),): APCI-MS

(positive) m -z caled for CgH, , 270.1, found 272.0 [N - 2H]".

1,4-Diethynylbenzene (388). 'lo a solution of compound 387 (270 mg. 0.100
mmol) in 1:1 MeOH CH,Cl (16 mL) was added KOH (50 mg. 0.89 mmol). The

mixture was stirred at rt for 1h, th  the reaction solvent was removed by rotary



evaporation. The residue was diluted in - H,CL, and sequentially washed with aq
HCT (10%) and brine. The organic laver was dried over MgSO, and concentrated
under vacuum to afford pure 388 (113 mg. 0.900 mmol. 90A) as a vellow solid. Mp
98 99 °C; IR (KBr) 3263, 2925, 280 . )3, 1617, 1538, 1507, 1494, 1465, 1403,
1383 cin™'; '"H NMR (CDCl,, 500 MHz) 6 7.44 (s, 4H, central Ar-H), 3.17 (s, 2H);
BC NMR (CDCl,, 125 MHz) § 2, 122.8 (two aromatic carbons), 83.2, 79.3 (two

alkvnyvl carbons); GC-MS iz (W) 126 ([N . 100).

4,4’-(1,4-Phenyleneb  ethyne-2,1 iyl))bis(N,N-dimethylaniline) (389).

To an oven-dried flask protected under a N, atomsphere were charged compound 388
(48 g, 0.38 mmol), 385 (282 mg, 1.14 mmol). PACL,(PPL,), (27 mg, 0.038 mmol),
Cul (14 mg, 0.076 mmol) were added to triethylamine (15 ml). The solution was
bubbled by N, at rt for 5 min and then stirred at rt under N, protection for 2 h.
After the reaction was complete  checked by TLC analysis, the solvent was removed
by rotary evaporation.  The resulting v due was diluted with chloroform.  The
mixture was filtered through a MgSO, pad. The solution obtained was sequentially
washed with ag HCL (10%) and brine. The organic layver was dried over MgSO, and
concentrated under vacuum to gi - crude 389, which was turther purified by silica
flash column chromatography (hexanes CH,Cl,. 7:3) to vield compound 389 (93.4
mg, 0.256 mmol, 67%) as a vellow solid. Mp 98 99 °C: IR (KBr) 2893, 2800, 2207.
1606. 1526, 1478, 1142, 1406. 1359 cm 's 'H NMR (CDC -, 500 Mllz) § 701 (s, 1H,
central Ar-H), 741 (d, J 9.0 Hy, -111), 6.67 (d, J 9.0 Hz, -IH). 3.00 (s. 121):
BC NMR (CDCl,, 125 MHz) 4 150.4, 133.0, 131.3, 123.4. 112.1. 110.2 (six aromatic

carbons), 92.5. 87.7 (two alkvuyvl carbons), 10.4 (CHy): APCI-MS (positive) m 2z
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caled for CygH, N, 364.2, found 365.3 |1+ H|*.



Chapter 5

Conclusions a1 4 Future Work

5.1 Conclu ng remarks

The main theme running throughout the research of this thesis resides at the
interface between “organic synthesis™ and “physical organic chemistry™ in other
words, design and preparation of unprecedented  molecular systems based  on
modern synthetic methodologies, fi  owed by investigations on the interrclationships
between molecular structure and proper /reactivity using various state-of-the-art

instrumental analytical techniques.

Major synthetic efforts in this thesis have been focused on the construction of

three classes of carbon-rich conjugated ¢ gomerie systems, na ly Cgo-OPl OPV-
Ceo triads, Cg-oligoyne-Cey dumbbells, and H-shaped two-dimensional conjugated
OPE/OPV co-oligomers . The combination of Pd-catalyzed Sonogashira coupling
and Horner-Wittig olefination reactions turns out to be a potent strategy in preparing,

phenylene ethynylene and phenylene vinylene based co-oligomers with various 1D and
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2D m-frameworks, as mainly demonstrated by the synthetic works in Chapters 2 and
4. Also, the svnthesis of various Cgg-oligomer adducts in Chapters 2 and 3 evince
the effectiveness and reliability of the i situ alkvnvlation reaction of Cyy in terms of
generating novel Cgy-oligomer hybrids directly from conjugated oligomer precursors
that bear terminal akyvnyl moicties. From a methodological viewpoint, the synthetic
routes reported in this thesis wo  should he applicable to the svnthesis of a wide range
of m-conjugated oligomers, poly  rs,and  ated Cyy derivatives that arve structe ally
analogous to the compounds studied in this thesis.

In the investigations of structurce-property relationships, the linear OPE QPV
co-oligomers prepared in Chayp v 2 show better electron-donating ability  than
their cruciform-shaped isomers, presumably due to a greater degree of 7 electron
delocalization and relativelv b er-Iving HHOMO energles. It is also found that the
HONMIO energies of cruciform OPE OPY co-oligomers can be considerably inereased
by incorporating clectron donating gror s to the molecular backbone.  In the
corresponding Cyp-OPE OPV-Cyy triad svstems. there are no significant electronie
interactions between the central oligomer its and the endceapping Cyg groups based
on the results of electronic ahsorption spectroscopie and evelie ve  ammetric analyses.
However, a substantial quenching of the radiative decay of the OPE OP\ moicties
is observed in the Auorescence spectra ¢ both the linear and cruciform shaped -
OPE OPV-Cyy ensembles, suggesting rapid intramolecular electron transfer from the
oligonier to the Cyy group.,

The Cyp-oligoyne-Cegy dumbbells prepared in Chapter 3 are found to undergo
random solid-state polvinert  ions at  »vated temperatures.  The solid-state

reactivity as revealed by UV-Vis, IR, ¢ I 7 analvses stems from the central






. D) - B . .
metal ions, Ag? and Cu**. These properties demonstrate the usefulness of these

short H-mers as versatile chromophores fluorophores  functinal chemical sensors.

5.2 Future work

Most of the target molecules have been suceessfully svithesized and their properties
are systemically characterized this thesis.  However, there are still a number
of problematic svntheses that need to be addressed in the future work. A major
svathetic challenge lies in the synthesis of Cyy oligoyne Cyo compounds in Chapter
3. wherein the central oligovie moiety ¢¢ ists of odd-numbered acetylenic bonds.
Our preliminary efforts to pre; e trivine 274 all ended with unsuccessful results.
As discussed previously, the difficulty could be the steric crowding imposed by the
long alkyl chains adjacent to the aldehvde group in precursor 271, which prevents
the occurrence of nucleophilic ¢ lition to the carbonyl group. If this is the case.
alternative precursors such as 390 and 391 as proposed below should make 1t easier
to obtain the desired trivne 394, since the shorter alkvl chains present less steric
hinderance and still maintain su  sient solubility for 394 (see Scheme 5.1).

In Chapter 4, it has been verified that the electronic and photonic behavior of the
H-mers can be flexibly manipulated or fine  1ed via chemical functionalization with
various electroactive and chromophoric groups. This may offer o) ortunities for the
H-mers to be further exploited as advanced optoelectronic materials. For instance.
with compounds such as 346 described i T pter 4, compound 396 should be readily
obtained (sce Scheme 5.2). The evelic  olvether moieties in 396 may enhance the

binding of 396 with various alkali imet: ions. hencee rendering the new H-mer sensing
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Scheme 5.1: Nodified method to syvnthesis of bifull  ne endeapped trivne 294.

functions toward alkalt metal io1

Of equal importance to metal sensing is the detection of carbohydrates using the
H-mers. This can be possibly developed v attaching boronic actd groups to the
H-mer backbone. Selective recognition of natural biopolymers such as polvpetides,
oligonucleic acids and oligosaccharides by small molecules has fascinated organic
chemists for several decades. Among them. the use of boronic acid derivatives is
regarded as one of the most promising aj roaches f recognition of carbohydrate
derivatives.358 361 Nost recently, Hall . d co-workers ported benzoboroxoles such

as 397 could be used as efficient glycopyranoside-binding agents to form complex

398 under physiological conditic  5.%? In a similar vein, if compound 397 could be
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Scheme 5.2: Compound { 3 potential metal ion sensor

integrated into the H-mer backbone to give such functional H-mers as 399 (Scheme
5.3). novel fluorescence sugar sensors would be possibly achieved.

Finallv, it should be noted that « understanding o the  photophyvsical
properti  of Cyy-OPE "'OPV-Cyy ds | ared in C apter 2 s still premature and
awaits further investigations usii - sophis  ated spectroscopic techniques, although
photoinduced electron transfer has been identified as the major deactivation pathway
according to present experimmental evidence. We are currently collaborating with Dr.
D. \WW. Thompson's group at Memorial University to unravel the exact photophysical
mechanisis by means of nanosecon  laser flash photolysis experiments. In addition.
the binding constants for the amino-+ Hstituted short H-mers with various metal

ions will be calculated using a glol  spec 1l fitting  ethod. These results will be



Scheme 5.3: Compound 399 as pote i fluorescence probes for carbohyvdrates

reported in the PhD dissertation of my co ague. Li Wang, as well as our collaborative

publications in the future.
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