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Abstract 

We present the synthesis of novel oligo(phenylene ethynylene)-[1,1’,3’1”]terphenyls and 

oligo(phenylene ethynylene)-1,8-anthracenes and their analyses at the metal-molecule 

interface when forming self-assembled monolayers (SAMs) on gold surfaces.  The target 

compounds were synthesized with thioacetate functionalities that serve as molecular 

“alligator clips” upon thiol deprotection, to promote metallic adhesion. The resulting 

monolayers were studied and the integrity of the molecule-gold attachment was 

corroborated by single-wavelength ellipsometry (SWE), cyclic voltammetry (CV) and X-

ray photoelectron spectroscopy (XPS).  Additionally, the kinetics of SAM formation on a 

gold electrode were probed by CV, while a clear signal corresponding to the thiol-gold 
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bond was detected by XPS.  These conformationally restricted oligomers are designed to 

be of use in studies utilizing scanning probe microscopy techniques to elucidate 

switching mechanisms and negative differential resistance behavior thought to be based 

on molecular conformational changes.  

 

1.  Introduction 

The rational design and synthesis of molecular candidates for inclusion in the fabrication 

of molecular-scale devices to be used in electronics and sensing is a focus of our 

research.1 In our experience it is best to start with a related series of candidate compounds 

and to verify their surface assembly characteristics before incorporating them into device 

test structures.  When evaluating an organic molecule for potential application as a 

molecular device component, the electronic nature of its functional groups as well as its 

molecular geometry determine, to a great extent, the electronic characteristics.2  Recent 

work has shown experimentally3-5 and theoretically6,7 that the metal-molecule interface in 

particular plays a crucial role in the overall conductivity, and in some cases the behavior 

of the whole system.8   

 

Several theoretical models have aided in understanding this observed switching behavior.  

Specifically, changes in electronic conduction of the molecules has been attributed to a 

wide variety of mechanisms, including reversible reduction9 and rotation of functional 

groups,10 as well as conformationally induced tunnel barriers.11  Several oligo(phenylene 

ethynylene)s (OPE)s have been identified as possessing favorable characteristics for non-

linear electronic responses,12,13 having a low HOMO-LUMO gap relative to the gap in 
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aliphatic chains, thereby providing electron delocalization along the length of the 

molecule.14  Moreover, by lowering the barrier for electron transport when covalently 

attached to metal surfaces, fully conjugated OPEs can have improved electrical 

transport.15,16  An extended π-conjugation throughout the backbone of the molecule is 

also thought to improve the overlap and delocalization of electron orbitals.17  With 

variation in the functional groups and structural rigidity of OPEs, members of this class 

of compounds have been shown to possess the physical properties necessary to act as 

high-conductivity wires,18-21 rectifiers,22 components showing negative differential 

resistance (NDR),23-26 memory elements27 and bistable latches,28,29 depending on the 

testbed used. 

 

This has motivated us to pursue the synthesis of new OPEs that have an extended 

conjugation exemplified by a 1,3-bridging aromatic ring linking two linear phenylethynyl 

backbones.  Six new "U-shaped" OPEs have been synthesized, as shown in Figure 1, 

based on 3,3”-diethynyl-[1,1’;3’,1”]terphenyl and 1,8-diethynyl-anthracene.  

 

 3



 

SAc

SAc

SAc

SAc

SAc

SAc

SAc

SAc

SAc

SAc

NO2

NO2

SAc

SAc

O2N

1 2

3

4

5 6  

Figure 1.  Target compounds 1-6.  

 

We propose that the use of U-shaped molecules will aid in developing a better physical 

understanding of the electronic properties of OPEs when they are present in active 

molecular electronic devices.  Oligomers 3 and 6 bear nitro groups as potential redox 

centers, and all targets are end-functionalized with acetyl-protected molecular alligator 

clips which upon deprotection afford the thiolates or thiols for covalent surface 

attachment.  The terphenyl targets have a relatively low rotational barrier and larger 

dihedral angles at the central terphenyl ring, whereas the anthracene derivatives have 

higher rigidity based on the fully conjugated and planar 1,8-diethynyl-anthracene 

backbone.   

 

2.  Synthesis 
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The synthesis of the terphenyl targets began with commercially available 1,3-

dibromobenzene, as shown in Scheme 1.  A double lithium-bromide exchange reaction 

and stannylation afforded 7, which was used with 3-iodoaniline in a Stille coupling 

reaction30 to provide the terphenyl backbone 8. 
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The anilines were then diazotized with isoamyl nitrite and boron trifluoride etherate31 to 

obtain 9, followed by iodination with sodium iodide and iodine to afford 10.  A final 

Sonogashira coupling32 with the free alkyne 11 gave the terphenyl 1 as the desired target.  

 

Intermediate 10 was also utilized for the synthesis of a longer terphenyl U-shaped 

oligomer, as depicted in Scheme 2.  4-Ethynylaniline33 (12) was used in a Sonogashira 

coupling to afford the bis-aniline 13. Diazotization and iodination conditions similar to 
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those as in Scheme 1 were followed in order to isolate the terphenyl 15.  A final coupling 

with the free alkyne 11 provided the final target 2 in moderate yield.  

 

Scheme 2. 
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The third terphenyl U-shaped target 3 was prepared with a nitro group at the apex 

position as depicted in Scheme 3, starting with 16 which was prepared in 63% yield over 

two steps from 1,3-dibromobenzene.34   

 

 

Scheme 3. 
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A Stille coupling between 16 and 1,3-dibromo-5-nitrobenzene afforded 17.  Alkaline 

deprotection of the alkynes gave 18, which was then coupled with alligator clip 1935 to 

afford the desired oligomer 3. 

 

The synthesis of the anthracene-based U-shaped molecules started with 1,8-diethynyl-

anthracene 2036 as depicted in Scheme 4.  Sonogashira coupling with alligator clip 19 

afforded the anthracene oligomer 4.  

Scheme 4. 

 7



 

PdCl2(PPh3)2
CuI, TEA, RT
45%

I SAc

SAc

SAc

I TMS

     PdCl2(PPh)3, CuI,TEA, RT
2) K2CO3, MeOH, CH2Cl2, RT
      27% over 2 steps

SAc

SAc

1)

Pd(dba)2, PPh3, CuI
19
TEA, RT, 53%

20

19

21

4

22

5  

 

Conveniently, the same starting material, 20, and similar synthetic steps were used for the 

construction of a longer U-shaped target, also shown in Scheme 4.  Compound 20 was 

coupled with iodide 21 followed by deprotection of the alkyne affording 22.  Subsequent 

coupling with alligator clip 19 yielded the target oligomer 5.  

 

As illustrated in Scheme 5, a similar anthracene-based U-shaped molecule containing two 

nitro functional groups was also synthesized.  

Scheme 5. 
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4-Bromo-3-nitroaniline37 was coupled with TMSA to afford 23.  The aniline was then 

diazotized and converted to the aryl iodide following known conditions31 to afford 24.  

Sonogashira coupling with 1,8-diethynyl-anthracene (20) gave the bis-TMS-protected 

alkyne 25.  A final alkaline deprotection followed by coupling with alligator clip 19 gave 

the desired dinitro oligomer 6.   

 

3.  Assembly 

 

The thioacetyl groups of these compounds could be easily removed to the free thiol or 

thiolate by deacylation with NH4OH, as described previously.38  Subsequent exposure to 

a gold surface results in the formation of a Au-S bond.  Unlike the assembly of oligomers 

containing one alligator clip,39 the U-shaped OPEs reported here feature two thiolates 

capable of forming Au-S bonds to the surface.  While the planarity enforced by the 

anthracene backbone of OPEs 4-6 increased the probability that both thiols would 

participate in the SAM formation, the terphenyl backbone of OPEs 1-3 has more 
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rotational freedom that could result in incomplete SAM formation and higher defects in 

surface coverage. 

 

Our calculations corroborated this conjecture.  Figure 2 shows calculated energies for 

oligomer 2 at different dihedral angles of the terphenyl moiety.40   

 
Figure 2.  Calculated energies for oligomer 2.  The dihedral angle values correspond to 

C2'-C1'-C1''-C2'' of the terphenyl moiety. The lowest calculated energies were observed at 

39° (structure a) and 139° (zigzag structure b).   
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Two local minima were found, corresponding to dihedral angles of 39° and 139°.  The 

range between the highest and the lowest energy (going from dihedral angle of 95° to 

139°, Figure 2) is only 0.14 Kcal, indicating the free rotation of the terphenyl backbone.  

It is at the dihedral angle of 139° that the two alligator clips are at opposite ends of a 

zigzag structure, and it is this conformation that may lead to SAMs with defects and a 

less ordered organic monolayer.  In order to better understand these calculations, 

experimental analysis at the interface level was performed using cyclic voltammetry 

(CV), single wavelength ellipsometry (SWE) and X-ray photoelectron spectroscopy 

(XPS).   

 

4.  Monolayer Analysis 

 

Monolayer formation on a gold electrode was monitored by CV.  Ion currents at the 

electrode under applied bias are an indirect measure of defect densities in the SAM.  

Figure 3 shows the results of CV tests done at increasing times for SAMs formed, using 

compound 4 on a working Au electrode by applying a potential in aqueous solutions with 

1 mM K3[Fe(CN)6] and 0.1 M KCl.  
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Figure 3.  Cyclic voltammograms of SAMs formed with compound 4 on a gold electrode 

at different self-assembly times: a) 0 min, b) 15 min, c) 30 min, d) 60 min.  A potential 

was applied to the SAM in aqueous solutions with 1 mM K3[Fe(CN)6] and 0.1 M KCl to 

show the passivation ability of the SAM prepared over the differing time intervals.  The 

scan rate was 0.1 V/s at 23ºC, elecrode surface area was 1 cm2, and the intial scan 

direction was negative. 

 

After 15 min of assembly, CV showed that the redox current was decreased by slightly 

more than half and the difference between redox peak potentials was increased compared 

to that of the bare Au electrode (Figure 3a).  After a 30 min assembly (Figure 3c), the 

current was greatly decreased and the CV showed an almost flattened capacitance shape.  

After 1 h, the CV indicated that the electrode was fully passivated (Figure 3d), resulting 

in no electrochemical response at the Au electrode.  The passivation of the Au electrode 

is indicative of SAM formation from compound 4.   
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Additional data was gathered using SWE to measure SAM film thicknesses resulting 

from self-assembly experiments with OPEs 1-6.  Table 1 summarizes the SWE 

thicknesses and theoretical values of monolayers formed on gold for each target 

compound.  In general, measured values were slightly lower than theoretical ones, 

although it should be noted that the tilt angle from surface normal was set at 20˚.38   

 

Table 1.  Comparison of SWE results and theoretical thicknesses of a 24 h (+5 h at 40oC) 

chemical assembly of compounds 1-6 on a Au substrate.  Self-assembly was conducted in 

a solvent mixture solution of THF-EtOH (1:1) and the thioacetates were base-deprotected 

in situ with NH4OH.38

 

Compound Experimental 
Thickness (nm)a

Theoretical 
Thickness (nm)b

1 0.9 1.5 
2 1.8 2.1 
3 1.4 1.6 
4 0.9 1.3 
5 2.5 2.3 
6 2.3 2.3 

aValues with ± 10% of error.  bAt a 20˚ to surface normal angle 

 

Compounds 2, 3, 5 and 6 have thicknesses approaching the theoretical value for complete 

monolayer formation after 24 h provided consideration for molecular tilt and twist 

angles.41,42  Conversely, compounds 1 and 4 showed larger differences with respect to 

theoretical values, most likely due to formation of a less ordered SAM or, in the case of 

1, possibly the preference of the molecule to assemble in a zigzag conformation similar to 

the structure represented in Figure 2b.  As shown in Figure 4, further ellipsometric 

analysis was done by recording the growth kinetics of compound 5 while forming a SAM 

on Au and monitoring the thickness by SWE.   
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Figure 4.  Growth kinetics profile of compound 5 assembled on Au in a 

THF/EtOH/NH4OH solution. 

 

SAM formation was rapid during the first 5 h, then slowed and reached near-saturated 

coverage after 10 h.  Similar phenomena have been observed in the adsorption kinetics of 

nitrated OPEs39 and alkanethiols43,44 on a Au surface.  While alkanethiols show a faster 

film formation (1-2 min), the data in Figure 4 is in agreement with the assembly times 

reported for OPEs.39   

 

The chemical integrity at the interface level of the SAMs was verified by XPS.  Figure 5 

shows multiplex spectra of the S(2p) region of the SAMs formed on Au using compounds 

1-6.   
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Figure 5.  High resolution XPS multiplex for the S(2p) region of SAMs on Au of 

compounds 1-6 assembled for 24 h.  For comparison, the signals shown in a are from 

oligomer 2 as the unreacted solid, and inset b is from a cleaned, bare Au sample with no 

SAM formed.  Deconvolutions were made for the spin-orbit components S(2p3/2) and 

S(2p1/2) peaks.  For the 6-SAM note that the deconvoluted doublet signal for the S(2p) of 

the unreacted 6 thioacetate is shown in green while the doublet signal for the S(2p) of the 

6 thiolate on Au is shown in blue.  Comparison of the two doublets indicates there is a 

~1:1 mixture of unreacted thioacetate to the thiol.  XPS pass energy was 11.75 eV in a 
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45° takeoff angle.  The Au(4f) binding energy of 84.00 eV was taken as a reference for 

all SAMs. 

 

Similarly, Figure 6 summarizes high resolution XPS signals at the C(1s) region for the 

same SAMs.  

 

 
Figure 6.  High resolution XPS multiplex for the C(1s) region of SAMs on Au of 

compounds 1-6.  The bottom profile corresponds to a bare Au sample with no SAM 

formed.  XPS pass energy was 11.75 eV in a 45° takeoff angle.  The Au(4f) binding 

energy of 84.00 eV was taken as a reference for all SAMs. 

 

 

High resolution XPS multiplex of unreacted solids for S(2p) from the thioacetates of 

oligomers 1-6 were also recorded, and the corresponding signal for compound 2 is 
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included in Figure 5 inset a for comparison purposes.  For all unreacted solids, binding 

energies for S(2p1/2) were about 2 eV higher than their corresponding SAMs.  The signals 

for sulfur species, assigned at 162 and 163 eV,42 corresponding to the Au-S-oligomer 

bonding present in the SAM for every compound (Figure 5) was evidence for direct 

attachment of these oliogmers to the Au surface.  It is worth noting that the S(2p) signals 

for SAMs of compounds 4-6 showed small amounts of other sulfur species such as 

thioacetates or thiols from unreacted oligomer that did no undergo surface attachment.  

The SAM formed with compound 6 showed signals for both the SAM thiolate (in blue in 

the 6 SAM spectrum) and higher energy unreacted thioacetate (in green in the 6-SAM 

spectrum) in a ratio ~1:1,45 indicating incomplete SAM formation (Figure 5).  Longer 

assembly times might improve the overall quality of the monolayer.42 These assignments 

fit well with the literature precedent from arylthiolate42 and alkanethiolate46 monolayers 

on gold.  Binding energies and relative concentrations for nitrogen, carbon and sulfur 

species are summarized in Table 2.  The difference in binding energies for unreacted 

thioacetate and the thiolate covalently attached to the Au surface is evident by comparing 

entries 1-6 corresponding to the different SAMs, and entry 7 corresponding to the 

unreacted solid oligomer 6.  The binding energy of 406.1 eV for an electron-deficient 

nitrogen species corresponds to the nitro group present on compounds 3 and 6.   

 

Table 2.  Binding energies and relative concentrations for N, C and S species observed 

by XPS on SAMs formed with each compound.  SAM formation was in a solution of 

THF/EtOH/NH4OH for 24 h.  The Au(4f) binding energy of 84.00 eV was taken as a 

reference for all SAMs. 
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Binding Energy 
(eV)a

Relative 
Concentration (%)bEntry Compound 

N(1s) C(1s) S(2p3/2) S(2p1/2) C(1s) S(2p) N(1s)
1 1-SAM - 284.6 163.28 162.04 57.7 3.1 - 
2 2-SAM - 284.4 163.18 162.05 68.1 1.1 - 
3 3-SAM 406.1 284.8 163.12 162.18 52.1 3.3 6.7 
4 4-SAM - 284.6 163.22 162.06 44.0 3.8 - 
5 5-SAM - 284.4 163.43 162.07 55.4 3.8 - 
6 6-SAM 406.1 284.8 163.36 162.03 64.7 1.5 2.5 
7 6 406.1 284.4 164.45 163.40 95.2 2.8 3.4 

aValues with ± 0.2 eV of error  bValues with ± 2% of error.  For entries 1-6 Au comprised the 

remainder of the measured elements. 

 

The C(1s) signal at 284.6 ± 0.2 eV is assigned to carbon of 1-6, and is different from 

carbon contamination observed in a bare Au sample with no SAM formed (Figure 6).   

 

5.  Summary 

We report a new class of structurally isomorphic U-shaped OPEs containing two alligator 

clips that are capable of forming monolayers on Au surfaces. The quality of this process 

was analyzed by different techniques.  SWE showed near-complete SAM formation after 

10 h on a Au surface.  Complete SAM formation was also observed on a working Au 

electrode monitored by CV when applying a potential in aqueous solution.  XPS showed 

that the U-shaped oligomers produced chemisorbed SAMs with clear evidence for Au-S 

bond formation. Dihedral angle calculations for the terphenyl core of 2 showed that there 

are two energy minimized conformations, one in which both alligator clips would be 

situated for attachment to the same Au surface while in the other the two alligator clips 

would be about 90° apart, possibly leading to incomplete SAM formation.  The 

anthracene-based oligomers showed higher amounts of unreacted thioacetate in the XPS, 

probably due to a lower solubility and the need for longer self-assembly times than we 
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used.  The results of this molecule-metal interface analysis has encouraged us to pursue 

microscopy studies, a work currently in progress, with the aim of developing a better 

understanding of the role of these two classes of OPEs as future candidates for molecular 

electronics testing and development.   

 

6.  Experimental 

 

6.1.  Calculations.  Total energies and energy minimizations of molecular structures 

were calculated using Spartan 5.1.40 The oligomers structures were geometry minimized 

at the parametric method No. 3 (PM3) level previous to a full optimization at the density 

functional theory (DFT) level.  

6.2.  Gold substrates.  Gold films were deposited by thermal evaporation of 200 nm 

thick Au onto Si wafers with a 25 nm Cr adhesion layer at a rate of 1 Å/s at 2×10-6 Torr.  

Before use, the Au substrates were cleaned by a UV/O3 cleaner (Boekel Industries, Inc., 

Model 135500) for 10 min in order to remove organic contamination, and submerged in 

ethanol for 10 min before being dried in flowing N2.  This procedure was used to provide 

a reproducibly clean Au surface.47,48

6.3.  Self-assembly.  The oligomer (1 mg) was dissolved in a solution of THF (3 mL) and 

EtOH (3 mL).  Concentrated NH4OH (10 µL) was then added and the mixture was 

incubated for 10 min at room temperature in order to deprotect the thiol group.  The 

cleaned Au substrates were immersed into the adsorbate solution at room temperature for 

a period of 24 h, followed by 5 h at 40 ˚C, unless otherwise stated.  All the solutions were 

freshly prepared, previously purged with N2 for an oxygen-free environment and kept in 
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the dark during immersion to avoid photooxidation.  After assembly, the samples were 

removed from the solution, rinsed thoroughly with EtOH and blown dry with N2.   

6.4.  SWE measurements.  Measurements of surface optical constants and molecular 

layer thicknesses were taken with a single wavelength (632.8 nm laser) Gaertner Stokes 

Ellipsometer.  The ns and ks values were recorded for every clean Au sample and used for 

their corresponding SAM-adsorbed sample.  The refractive index was nf = 1.55 for all 

compounds (kf  = 0).38

6.5.  CV Monitored Electrode Passivation.  The electrochemistry experiments were 

carried out using a BAS CV-50W voltammetric analyzer (Bioanalytical Systems, Inc).  A 

conventional three-electrode cell was used with a gold substrate as the working electrode 

with surface area of 1 cm2, a platinum wire as the counter electrode, and a Ag/AgNO3 (10 

mM AgNO3 and 0.1 M Bu4NBF4 in acetonitrile) as the reference electrode.  The scan rate 

was 0.1 V/s at 23ºC and the intial scan direction was negative.  Self-assembly on the 

working electrode was performed in an organic solution of 1 mM of the corresponding 

oligomer and base.  After self-assembly for the designated time, samples were removed 

from the solutions, and rinsed with EtOH.  

6.6.  XPS measurements.  A Physical Electronics (PHI 5700) XPS/ESCA system at 

3×10-9 torr was used to take photoelectron spectra.  A monochromatic Al X-ray source at 

350 W was used with an analytical spot size of 800 µm and 45° takeoff angle, with a pass 

energy of 11.75 eV.  The Au(4f) binding energy of 84.00 eV was taken as a reference for 

all SAMs. 

6.7.  Material and General Procedures.  Unless stated otherwise, reactions were 

performed in an oven-dried, nitrogen flushed glassware equipped with a magnetic stir bar 
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and using freshly distilled solvents.  Reagent grade diethyl ether (Et2O) and 

tetrahydrofuran (THF) were distilled from sodium benzophenone ketyl.  Toluene (PhMe) 

and triethylamine (TEA) were distilled from calcium hydride.  Reagent grade n-hexanes, 

methylene chloride (CH2Cl2), methanol (MeOH), ethanol (EtOH) and ethyl acetate 

(EtOAc) were used without further distillation.  Trimethylsilylacetylene (TMSA) was 

donated by FAR Research Inc.  All other commercially available reagents were used as 

received.  Unless otherwise noted, reactions were magnetically stirred and monitored by 

thin-layer chromatography (TLC) using E. Merck silica gel 60 F254 pre-coated plates 

(0.25-mm).  In general, the chromatography guidelines reported by Still were followed.49 

Flash chromatography was performed with the indicated solvent systems using silica gel 

grade 60 (230-400 mesh).  1H and 13C NMR spectra were observed at 400 and 100 MHz, 

respectively, on a Bruker Avance 400 spectrometer.  NMR chemical shifts values for 

deuterated solvents were followed as reported.50 IR spectra were obtained on a Nicolet 

Avatar 360 FTIR.  Mass spectroscopy was performed at the Rice University Mass 

Spectroscopy Laboratory.  Melting point values are uncorrected.  All new compounds 

were named using the Beilstein AutoNom application of Beilstein Commander 2000 

software. 

6.8.  General Procedure for the Coupling of a Terminal Alkyne with an Aryl Halide 

Utilizing a Palladium-Copper Cross-Coupling (Castro-Stephens/Sonogashira 

Protocol).32  To a screw cap tube or a round bottom flask were added the aryl halide, 

bis(triphenylphosphine)palladium(II) dichloride (5 mol% based on aryl halide), and 

copper(I) iodide (10 mol% based on aryl halide).  Alternatively, a mixture of 

bis(dibenzylideneacetone)palladium(0) (10 mol% based on aryl halide) and triphenyl 
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phosphine (10 mol% based on aryl halide) was used.  The vessel was sealed with a rubber 

septum, evacuated and backfilled with nitrogen (3×).  A co-solvent of THF was added 

followed by the amine base.  The terminal alkyne was then added followed by replacing 

the septum with a screw cap and the reaction was heated if necessary.  TLC was used to 

follow the progress of the reaction, and when complete, the reaction vessel was cooled to 

room temperature and the mixture quenched with water or a saturated solution of NH4Cl.  

The organic layer was diluted with organic solvent and washed with brine (3×).  The 

combined aqueous layers were extracted with organic solvent (3×), and the combined 

organic layers were dried over anhydrous MgSO4, the slurry was filtered, and the solvent 

removed from the filtrate in vacuo, followed by further purification of the residue as 

indicated. 

6.9.  General Procedure for the Coupling of a Trialkylaryl Stannane with an Aryl 

Halide Utilizing a Palladium(0) Cross-Coupling (Stille Protocol).30  To a screw cap 

tube or a round bottom flask were added the aryl halide, the stannane, and a mixture of 

bis(dibenzylideneacetone)palladium(0) (10 mol% based on aryl halide) and 

triphenylarsine (20 mol% based on aryl halide).  Alternatively, 

tetrakis(triphenylphosphine)palladium(0) (10 mol% based on aryl halide) was used.  The 

vessel was then sealed with a rubber septum, evacuated and backfilled with nitrogen (3×).  

THF was added and the reaction heated at 75 ˚C (after capping with a screw-cap if a tube 

was used).  The reaction vessel was cooled to room temperature and the mixture 

quenched with water and extracted with organic solvents (3×).  The combined organic 

layers were dried over anhydrous MgSO4, the slurry was filtered, and the solvent 
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removed from the filtrate in vacuo, followed by further purification of the residue as 

indicated. 

6.10. General Procedure for Alkaline Deprotection of Trimethylsilyl-Protected 

Alkynes.  The TMS-protected alkyne was added to an open round bottom flask and a 

solution of K2CO3 in MeOH was added to dissolve the organic compound.  The reaction 

was monitored by TLC every 5 min until deprotection was complete.  The reaction was 

quenched with water and extracted with organic solvents (3×).  The combined organic 

layers were dried over anhydrous MgSO4, the slurry was filtered, and the solvent was 

removed from the filtrate in vacuo to provide a crude product for further purification via 

flash chromatography. 

6.11.  General Procedure for Iodination of Anilines via Diazotization.31 Into a round 

bottom flask inside a glove box was added NOBF4 (1.1 equiv per mole of aniline).  

CH3CN was then added to dissolve the salt and the solution was cooled to -30 ˚C.  Into a 

separate round bottom flask was added the aniline dissolved in CH3CN and/or THF.  The 

aniline solution was transferred dropwise via cannula into the NOBF4 solution, and the 

temperature was allowed to rise to 0 ˚C.  Et2O was then slowly added until a precipitate 

formed.  The solid product was filtered and the filter cake was washed with Et2O (3×) 

and dried in vacuo.  As an alternative procedure, NOBF4 was replaced by BF3
.Et2O (4 

equiv per mole of aniline) and the aniline dissolved in CH3CN and/or THF, was added 

dropwise to the boron trifluoride etherate.  After 30 min, an alkyl nitrite (3.5 equiv per 

mole of aniline) was then added to the reaction.  In either case, the resulting 

aryldiazonium tetrafluoroborate was filtered and slowly added as the isolated solid into a 

mixture of NaI (2 equiv per mole of diazonium salt) and I2 (1.5 equiv per mole of 
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diazonium salt) dissolved in CH3CN.  After 30 min, the reaction mixture was dissolved in 

CH2Cl2 and a saturated solution of Na2S2O3 was added until the dark color disappeared.  

The organic layer was washed with water, and the aqueous phase was extracted with 

CH2Cl2.  The organic layers were combined and dried over MgSO4 and the slurry was 

filtered, followed by removal of the solvent from the filtrate in vacuo for further 

purification. 

SnBu3

SnBu37  

6.11.1.  1,3-Bis-tributylstannanyl-benzene (7).  Into a 500 mL round bottom flask was 

added 1,3-dibromobenzene (30.0 g, 127.1 mmol) dissolved in THF (100 mL) before 

cooling to –78 ˚C.  tert-BuLi (234 mL, 255.5 mmol) was added dropwise from an 

attached addition funnel, and the reaction mixture was stirred for 45 min before adding 

dropwise tri-n-butyltin chloride (74 mL, 267 mmol).  The reaction was allowed to warm 

to room temperature before being quenched with water (100 mL), extracted with Et2O 

(100 mL) and the organic layer dried over MgSO4.  Removal of the solvent in vacuo and 

Kugelrohr distillation (140 ˚C at 0.25 mm Hg) resulted in the removal of starting material 

and mono-adduct.  The remaining clear oil was then purified by flash chromatography 

(hexanes), affording the desired product (33.0 g, 70% yield): IR (neat) 2957, 2732, 2630, 

2353, 1874, 1674, 1551, 1456, 1371, 1288, 1253, 1182, 1076, 1007 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.62 (m, 1H), 7.47 (m, 2H), 7.37 (m, 1H), 1.61 (m, 12H), 1.42 (m, 12H), 

1.12 (m, 12H), 0.94 (m, 12H); 13C NMR (100 MHz, CDCl3) δ 145.0, 141.6, 136.2, 128.0, 

29.3, 27.6, 13.8, 9.8; HRMS calcd for C30H58Sn2 658.2582, found 658.2591. 
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NH2

NH2

8  

6.11.2.  3,3''-Diamino-[1,1';3',1'']terphenyl (8).  Following the Stille coupling protocol, 

7 (5.0 g, 7.6 mmol), Pd(dba)2 (0.3 g, 0.3 mmol), AsPh3 (0.4 g, 0.6 mmol), and 3-iodo-

aniline (3.3 g, 15.2 mmol) were dissolved in THF (40 mL).  The reaction was stirred for 

20 h at 75 ˚C.  Purification by flash chromatography (4:1, hexanes:EtOAc) yielded the 

desired adduct (1.2 g, 31% yield) as a brown oil;  IR (neat) 3471, 3390, 3020, 2401, 

1612, 1520, 1471, 1415, 1216, 1039 cm-1;  1H NMR (400 MHz, CDCl3) δ 7.74 (m, 1H), 

7.49 (m, 3H), 7.25 (m, 4H), 6.96 (dd, J = 7.6, 0.8 Hz, 1H), 6.86 (s, 1H), 6.71 (dd, J = 7.6, 

0.8 Hz, 1H), 3.71 (br s, 4H);  13C NMR (100 MHz, CDCl3) δ 146.9, 143.6, 140.9, 130.2, 

129.9, 125.8, 122.8, 117.5, 114.7, 113.8;  HRMS calcd for C18H16N2 260.1313,  found 

260.1308.  

 

I

I

10  

6.11.3.  3,3''-Diiodo-[1,1';3',1'']terphenyl (10).  Following the general iodination 

procedure via diazotization, 8 (4.0 g, 15.3 mmol) dissolved in THF (5 mL) was added to 

BF3
.Et2O (15.5 mL, 123 mmol) followed by the addition of isoamyl nitrite (14.3 mL, 

107.5 mmol).  After the precipitate was isolated, a solution of NaI (6.3 g, 42.4 mmol) and 

I2 (8.0 g, 31.8 mmol) in CH3CN (50 mL) was added.  Flash chromatography (2:1, 
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hexanes:Et2O) gave the desired product (4.4 g, 60% yield over two steps) as a light 

yellow oil: IR (neat) 3681, 3018, 2401, 1942, 1873, 1761, 1688, 1581, 1555, 1462, 1422, 

1388, 1215, 1080, 1031 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.91 (m, 2H), 7.69 (m, 3H), 

7.51 (m, 2H), 7.45 (m, 1H), 7.31 (m, 2H), 7.18 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

141.7, 136.9, 136.1, 130.9, 130.6, 130.5, 130.2, 126.4, 125.8, 123.1; HRMS calcd for 

C18H12I2 481.9028,  found 481.9025. 

1

SAc

SAc

 

6.11.4.  Thioacetic acid S-{4-[3-(4-acetylsulfanyl-phenylethynyl)-

[1,1';3',1'']terphenyl-3''-ylethynyl]-phenyl} ester (1).  Following the Sonogashira 

coupling protocol, 10 (500 mg, 1.00 mmol), 1151 (384 mg, 2.10 mmol), PdCl2(PPh3)2 (73 

mg, 0.10 mmol) and CuI (40 mg, 0.20 mmol) were dissolved in THF (10 mL) and TEA 

(1.2 mL).  The reaction was stirred overnight at room temperature.  Purification by flash 

chromatography (1:1, hexanes:Et2O) afforded the desired product (150 mg, 26% yield) as 

a light yellow solid:  mp 82-86 ˚C;  IR (KBr)  3059, 1697, 1696, 1558, 1473, 1424, 1385, 

1348, 1256, 1118, 1003 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.76 (m, 3H), 7.60 (m, 4H), 

7.52 (m, 6H), 7.43 (m, 5H), 7.31 (m, 2H), 2.45 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 

193.3, 142.3, 139.9, 134.3, 132.2, 131.0, 130.4, 130.1, 129.0, 128.3, 127.3, 125.7, 124.3, 

123.6, 123.0, 90.8, 89.2, 30.3; HRMS calcd for C38H26O2S2 578.1374,  found 578.1355. 
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NH2

NH2

 

6.11.5.  3,3''-Bis-p-aniline-ethynyl-[1,1';3',1'']terphenyl (13).  Following the 

Sonogashira coupling protocol, 10 (3.4 g, 7.50 mmol), 1233 (1.8 g, 15.80 mmol), 

PdCl2(PPh3)2 (530 mg, 0.70  mmol) and CuI (290 mg, 0.50  mmol) were dissolved in 

THF (30 mL) and TEA (8.4 mL). The reaction was stirred overnight at room temperature.  

Purification by flash chromatography (1:1, hexanes:Et2O) afforded the desired product 

(3.0 g, 87% yield) as a brown oil: IR (neat) 3471, 3377, 3046, 2199, 1594, 1513, 1468, 

1292, 1222, 1173 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.76 (m, 2H), 7.71 (m, 2H), 7.52 

(m, 6H), 7.50 (m, 5H), 7.30 (m, 1H), 6.65 (m, 4H), 3.85 (br s, 4H); 13C NMR (100 MHz, 

CDCl3) δ 142.7, 139.9, 133.2, 130.8, 130.6, 130.5, 130.3, 130.1, 129.0, 126.5, 125.9, 

124.7, 123.1, 114.9, 90.8, 87.2; HRMS calcd for C34H24N2 460.1939,  found 460.1934. 

I

I

15  

6.11.6.  3,3''-Bis-(4-iodo-phenylethynyl)-[1,1';3',1'']terphenyl (15).  Following the 

general iodination procedure via diazotization, 13 (2.6 g, 5.7 mmol) was dissolved in 

CH3CN (10 mL) and added to a solution of NOBF4 (1.4 g, 12.0 mmol) in CH3CN (5 mL).  

The resulting aryldiazonium tetrafluoroborate 14 was added to a solution of NaI (2.4 g, 

14.4 mmol) and I2 (2.7 g, 10.8 mmol) in CH3CN (15 mL).  Flash chromatography (2:1, 

hexanes:Et2O) gave the desired product (2.3 g, 88% yield over two steps) as a pale white 
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powder: mp 73-77 ˚C; IR (KBr) 3429, 3056, 1559, 1474, 1382, 1251, 1046 cm-1; 1H 

NMR (400 MHz, CDCl3) δ 7.77 (m, 4H), 7.72 (m, 4H), 7.53 (m, 5H), 7.43 (m, 1H), 7.32 

(m, 6H); 13C NMR (100 MHz, CDCl3) δ 142.2, 140.0, 137.6, 133.1, 130.9, 130.6, 130.4, 

130.2, 129.0, 127.2, 125.7, 123.6, 123.1, 122.6, 94.5, 90.7; HRMS calcd for C34H20I2 

681.9654,  found 681.9612. 

SAc

SAc

2  

6.11.7.  Thioacetic acid S-[4-(4-{3''-[4-(4-acetylsulfanyl-phenylethynyl)-

phenylethynyl]-[1,1';3',1'']terphenyl-3-ylethynyl}-phenylethynyl)-phenyl] ester (2).  

Following the Sonogashira coupling protocol, 15 (250 mg, 0.37 mmol), 1151 (1.8 g, 15.8 

mmol), PdCl2(PPh3)2 (52 mg, 0.7 mmol) and CuI (28 mg, 0.14 mmol) were dissolved in 

THF (40 mL) and TEA (0.4 mL).  The reaction was stirred overnight at room 

temperature.  Purification by flash chromatography (1:1, hexanes:Et2O) afforded the 

desired product (165 mg, 58% yield) as a light brown solid: mp 258-262 °C; IR (KBr) 

3020, 2400, 1702, 1594, 1508, 1473, 1426, 1214, 1114 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.77 (d, J = 6.4, 4H), 7.55 (m, 16H), 7.43 (m, 6H), 7.41 (m, 2H), 2.46 (m, 6H);  

13C NMR (100 MHz, CDCl3) δ 193.6, 142.5, 140.1, 134.4, 132.3, 131.8, 131.1, 130.8, 

130.5, 130.3, 129.2, 128.5, 127.4, 125.9, 124.4, 123.8, 123.4, 123.1, 123.0, 91.2, 90.9, 

90.7, 89.6, 30.5;  HRMS calcd for C54H34O2S2 778.2000,  found 778.2011. 
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O2N
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TMS

 

6.11.8.  5'-Nitro-3,3''-bis-trimethylsilanylethynyl-[1,1';3',1'']terphenyl (17).  

Following the Stille coupling protocol, 1,3-dibromo-5-nitrobenzene (6.7 g, 24.0 mmol), 

1634 (22.2 g, 48.0 mmol), and Pd(PPh3)4 (2.7 g, 2.4 mmol) were dissolved in PhMe (40 

mL).  The reaction was stirred for 20 h at 75 ˚C.  Purification by flash chromatography 

(4:1, hexanes:EtOAc) yielded the desired adduct (5.0 g, 45% yield) as a brown oil: IR 

(neat) 3088, 2959, 2859, 2677, 2305, 2159, 1794, 1599, 1535, 1452, 1346, 1335, 1258, 

1155, 1100 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.74 (m, 1H), 7.49 (m, 3H), 7.25 (m, 

4H), 6.96 (dd, J = 7.6, 0.8 Hz, 1H), 6.86 (s, 1H), 6.71 (dd, J = 7.6, 0.8 Hz, 1H), 3.71 (br 

s, 4H); 13C NMR (100 MHz, CDCl3) δ 146.9, 143.6, 140.9, 130.2, 129.9, 125.8, 122.8, 

117.5, 114.7, 113.8, 105.2, 94.7, 0.2; HRMS calcd for C18H16N2 260.1313,  found 

260.1308.  

18

O2N

 

6.11.9.  3,3''-Diethynyl-5'-nitro-[1,1';3',1'']terphenyl (18).  Following the general 

deprotection of TMS-alkynes, 17 (5.0 g, 10.7 mmol) was dissolved in a mixture of 

CH2Cl2 (15 mL), MeOH (15 mL) and K2CO3 (11.8 g, 85.5 mmol).  Flash chromatography 

(2:1, hexanes:Et2O) afforded the desired product (3.2 g, 92% yield) as a pale white 

powder:  mp 116-120 ˚C; IR (KBr) 3281, 3073, 1602, 1530, 1527, 1480, 1343, 1107 
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cm-1; 1H NMR (400 MHz, CDCl3) δ 8.35 (m, 2H), 8.02 (m, 2H), 7.71 (m, 2H), 7.56 (m, 

4H), 7.26 (m, 1H), 3.16 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 149.3, 137.7, 136.0, 

132.8, 130.9, 129.5, 127.6, 125.6, 123.5, 120.8, 82.9, 78.5; HRMS calcd for C22H13NO2 

323.0946,  found 323.0954. 

3

O2N

SAc

SAc

 

6.11.10.  Thioacetic acid S-{4-[3-(4-acetylsulfanyl-phenylethynyl)-5'-nitro-

[1,1';3',1'']terphenyl-3''-ylethynyl]-phenyl} ester (3).  Following the Sonogashira 

coupling protocol, 18 (87 mg, 0.20 mmol) 1951 (150 mg, 0.50 mmol), PdCl2(PPh3)2 (19 

mg, 0.02 mmol), CuI (11 mg, 0.05 mmol) were dissolved in THF (10 mL) and TEA (0.3 

mL).  The reaction was stirred overnight at room temperature.  Purification by flash 

chromatography (CH2Cl2) afforded the desired product (15 mg, 13% yield) as a light 

brown oil: IR (neat) 3021, 2402, 2204, 1705, 1549, 1365, 1216, 1123 cm-1; 1H NMR (400 

MHz, CDCl3) δ 9.37 (m, 4H), 8.04 (m, 2H), 7.75 (m, 2H), 7.59 (m, 2H), 7.55 (m, 5H), 

7.48 (m, 2H), 7.41 (m, 4H), 2.44 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 193.4, 149.3, 

143.6, 137.7, 136.0, 134.3, 132.3, 130.3, 129.5, 128.6, 127.2, 125.5, 124.3, 123.4, 120.8, 

90.2, 89.9, 30.4; HRMS calcd for C38H25NO4S2 623.1225,  found:623.1227. 

SAc

SAc

4  

6.11.11.  Thioacetic acid S-{4-[8-(4-acetylsulfanyl-phenylethynyl)-anthracen-1-

ylethynyl]-phenyl} ester (4).  Following the Sonogashira coupling protocol, 1935 (520 
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mg, 1.88 mmol), 2036 (200 mg, 0.89 mmol), PdCl2(PPh3) (50 mg, 0.08 mmol) and CuI 

(30 mg, 0.15 mmol) were dissolved in THF (20 mL) and TEA (2 mL).  The reaction was 

stirred overnight at room temperature.  Purification by flash chromatography (CH2Cl2) 

afforded the desired product (210 mg, 45% yield): mp 200 ˚C (decomp); IR (KBr) 1697, 

1119, 1093 cm-1; 1H NMR (400 MHz, CDCl3) δ 9.57 (s, 1H), 8.49 (s, 1H), 8.04 (d, J = 

8.6 Hz, 2H), 7.82 (dd, J = 6.0, 0.9 Hz, 2H), 7.59 (d, J = 6.4 Hz, 4H), 7.50 (quart, J = 6.9, 

1.6 Hz, 2H), 7.28 (d, J = 6.4 Hz, 4H), 2.48 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 193.5, 

134.6, 132.5, 131.7, 131.6, 131.0, 129.5, 128.5, 127.8, 125.4, 124.6, 124.1, 121.3, 94.3, 

89.4, 30.5; HRMS calcd for C34H22O2S2 526.1061,  found 526.1063. 

22  

6.11.12.  1,8-Bis-(4-ethynyl-phenylethynyl)-anthracene (22).  Combining the 

Sonogashira coupling protocol and the general deprotection of TMS-alkynes, 2036 (200 

mg, 0.89 mmol), 2152 (550 mg, 1.86 mmol), PdCl2(PPh3)2 (30 mg, 0.04 mmol) and CuI 

(20 mg, 0.09 mmol) were dissolved in THF (15 mL) and TEA (2 mL).  The reaction was 

stirred overnight at room temperature.  Purification by flash chromatography (1:1 

hexanes:CH2Cl2) afforded a yellow solid that was immediately dissolved in a mixture of 

MeOH (30 mL), CH2Cl2 (30 mL) and K2CO3 (960 mg, 7.01 mmol).  The reaction was 

stirred for 6 h.  Purification by flash chromatography (2:1 hexane:CH2Cl2) afforded the 

desired product (100 mg, 27% yield) as a yellow solid: mp 240 ˚C (decomp); IR (KBr) 

3296, 3041, 2923, 2201, 1919, 1637, 1497, 1392, 1336, 1255, 1159, 1097, 1023 cm-1; 1H 

NMR (400 MHz, CDCl3) δ 9.53 (s, 1 H), 8.46 (s, 1H), 8.02 (d, J = 8.5 Hz, 2H), 7.80 (d, J 
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= 6.7 Hz, 2H), 7.49 (m, 6H), 7.37 (d, J = 8.5, 4H), 3.23 (s, 2H); 13C NMR (400 MHz, 

CDCl3) δ 132.4, 131.8, 131.7, 131.6, 131.0, 129.5, 127.8, 125.4, 124.1, 123.8, 122.4, 

121.3, 94.5, 89.8, 83.4, 79.3; HRMS calcd for C34H18 427.1487,  found 427.1479.  

5

SAc

SAc

 

6.11.13.  Thioacetic acid S-[4-(4-{8-[4-(4-acetylsulfanyl-phenylethynyl)-

phenylethynyl]-anthracen-1-ylethynyl}-phenylethynyl)-phenyl] ester (5).  Following 

the Sonogashira coupling protocol, 22 (50 mg, 0.13 mmol), 1935 (70 mg, 0.26 mmol), 

Pd(dba)2 (10 mg, 0.01 mmol), PPh3 (10 mg, 0.01 mmol) and CuI (10 mg, 0.03 mmol), 

were dissolved in THF (10 mL) and TEA (1 mL).  The reaction was stirred overnight at 

room temperature.  Purification by flash chromatography (CH2Cl2) afforded the desired 

product (50 mg, 53%) as a yellow solid: mp 248 ˚C (decomp); IR (KBr) 2921, 2210, 

1915, 1689, 1697, 1504, 1391, 1120, 1010 cm-1; 1H NMR (400 MHz, CDCl3) δ 9.60 (s, 1 

H), 8.51 (s, 1H), 8.06 (d, J = 8.5 Hz, 2H), 7.83 (d, J = 6.4 Hz, 2H), 7.55 (d, J = 8.5 Hz, 

4H), 7.51 (dd, J = 6.4, 1.5 Hz, 2H), 7.45 (d, J = 8.2 Hz, 4H), 7.40 (d, J = 8.2 Hz, 4H), 

7.24 (d, J = 8.2 Hz, 4H), 2.46 (s, 6H); 13C NMR (400 MHz, CDCl3) δ 193.5, 134.4, 

132.4, 131.98, 131.95, 131.8, 131.7, 130.9, 129.5, 128.5, 127.9, 125.5, 124.4 124.2, 

123.5, 123.2, 121.4, 94.8, 90.9, 90.8, 89.8, 30.5; HRMS calcd for C50H31O2S2 727.1766,  

found 727.1754. 

NO2

H2N

23

TMS
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6.11.14.  3-Nitro-4-trimethylsilanylethynyl-phenylamine (23).  Following the 

Sonogashira coupling protocol, 4-bromo-3-nitroaniline37 (10.0 g, 45.9 mmol), TMSA 

(7.8 mL, 55.0 mmol), Pd(dba)2 (1.3 g, 2.3 mmol), PPh3 (1.2 g, 4.6 mmol) and CuI (0.6 g, 

3.2 mmol) were dissolved in THF (200 mL) and TEA (35 mL).  The reaction was stirred 

overnight at room temperature.  Purification by flash chromatography (CH2Cl2) afforded 

the desired product (7.7 g, 71%) as an orange solid: mp 95-99 ˚C; IR (KBr) 3483, 3379, 

2956, 2151, 1621, 1516, 1341, 1317, 846 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J 

= 8.4 Hz, 1H), 7.24 (d, J = 2.4 Hz, 1H), 6.78 (dd, J = 8.4, 2.4 Hz, 1H), 4.03 (s, 2H), 023 

(s, 9H); 13C NMR (100 MHz, CDCl3) δ 151.4, 147.3, 136.3, 118.8, 109.8, 107.4, 100.4, 

99.9, 0.0; HRMS calcd for C11H14N2O2Si 234.0825, found 234.0826. 

NO2

I

24

TMS

 

6.11.15.  4-Iodo-2-nitro-phenylethynyl-trimethylsilane (24).  Following the general 

iodination procedure via diazotization, 23 (7.7 g, 32.7 mmol) dissolved in THF (100 mL) 

was added to BF3
.Et2O (16.6 mL, 130.9 mmol) followed by the addition of tert-butyl 

nitrite (13.6 mL, 114.5 mmol).  After the precipitate was isolated, it was added to a 

solution of NaI (7.2 g, 48.3 mmol) and I2 (6.1 g, 24.1 mmol) in CH3CN (150 mL).  

Purification by flash chromatography (1:1, hexanes:CH2Cl2) afforded the desired product 

(7.9 g, 69%) as a yellow oil: IR (neat) 2960, 2163, 1545, 1529, 1468, 1342, 1250, 879, 

846 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 1.7 Hz, 1H), 7.85 (dd, J = 8.2, 1.7 

Hz, 1H), 7.33 (d, J = 8.2 Hz, 1H), 0.27 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 150.2, 

141.7, 136.1, 133.3, 118.0, 105.8, 98.7, 93.0, -0.3; HRMS calcd for C11H12INO2Si 

344.9682,  found 344.9692. 
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6.11.16.  1,8-Bis-(3-nitro-4-trimethylsilanylethynyl-phenylethynyl)-anthracene (25).  

Following the Sonogashira coupling protocol, 20 (350 mg, 1.6 mmol), 24 (1.1 g, 3.3 

mmol), Pd(dba)2 (90 mg, 0.16 mmol), PPh3 (90 mg, 0.33 mmol) and CuI (60 mg, 0.33 

mmol) were dissolved in THF (15 mL) and TEA (3 mL).  The reaction was stirred 

overnight at room temperature.  Purification by flash chromatography (1:1 

hexanes:CH2Cl2) afforded the desired product (350 mg, 34%) as a yellow solid:  mp 157-

161 ˚C; IR (KBr) 2958, 2198, 2158, 1545, 1346, 1246, 863, 843 cm-1;  1H NMR (400 

MHz, CDCl3) δ 9.36 (s, 1H), 8.50 (s, 1H), 8.19, (d, J = 1.7 Hz, 2H), 8.07 (d, J = 8.6 Hz, 

2H), 7.85 (dd, J = 6.9, 0.9 Hz, 2H), 7.67 (dd, J = 8.0, 1.7 Hz, 2H), 7.51 (m, 4H), 0.33 (s, 

18H); 13C NMR (100 MHz, CDCl3) δ 150.4, 135.3, 135.0, 132.2, 131.7, 131.3, 130.3, 

128.3, 127.4, 125.5, 124.4, 123.5, 120.4, 118.2, 106.4, 99.3, 92.4, 92.3, -0.1; HRMS 

calcd for C40H32N2O4Si2 660.1901,  found 660.1906. 

NO2

NO2
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SAc

 

6.11.17.  Thioacetic acid S-[4-(4-{8-[4-(4-acetylsulfanyl-phenylethynyl)-3-nitro-

phenylethynyl]-anthracen-1-ylethynyl}-2-nitro-phenylethynyl)-phenyl] ester (6).  

Combining the general deprotection of TMS-alkynes and the Sonogashira coupling 

protocol, 25 (350 mg, 0.53 mmol) was dissolved in a mixture of CH2Cl2 (30 mL), MeOH 
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(30 mL) and K2CO3 (720 mg, 5.2 mmol), leaving the reaction mixture to stir for 3 h.  

Once an orange solid (222 mg) was isolated as the free alkyne, 19 (230 mg, 0.84 mmol), 

Pd(dba)2 (20 mg, 0.04 mmol), PPh3 (20 mg, 0.08 mmol) and CuI (20 mg, 0.08 mmol) 

where added and dissolved in THF (20 mL) and TEA (2 mL).  The reaction was stirred 

overnight at room temperature.  Purification by flash chromatography (CH2Cl2) afforded 

the desired product (150 mg, 35%) as a yellow solid: mp 204-208 ˚C; IR (KBr) 2212, 

1700, 1540, 1520, 1501, 1343, 1113, 1088, 828 cm-1; 1H NMR (400 MHz, CDCl3) δ 9.46 

(s, 1H), 8.54 (s, 1H), 8.26 (d, J = 1.5 Hz, 2H), 8.10 (d, J = 8.6 Hz, 2H), 7.87 (d, J = 6.9 

Hz, 2H), 7.66 (dd, J = 8.0, 1.5 Hz, 2H), 7.51 (m, 8H), 7.28 (d, J = 8.6 Hz, 4H), 2.46 (s, 

6H); 13C NMR (100 MHz, CDCl3) δ 193.2, 149.5, 135.4, 134.8, 134.3, 132.8, 131.7, 

131.6, 131.5, 130.3, 129.7, 128.2, 127.7, 125.5, 124.2, 123.7, 123.4, 120.4, 118.3, 98.6, 

92.5, 92.2, 86.3, 30.6. 
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Graphical Abstract 

The synthesis and growth of self-assembled monolayers of a new class of U-shaped 

oligo(phenylene ethynylene)s are presented and analyzed using cyclic voltammetry, 

ellipsometry and X-ray photoelectron spectroscopy.  
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