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ABSTRACT 

Supramolecular self-assembly and self-organisation are simple and convenient ways 

to design and create controlled assemblies with organic molecules, and they have 

provoked great interest due to their potential applications in various fields such as 

electronics, photonics, and light-energy conversion. Herein, we describe the synthesis 

of two π-conjugated porphyrin molecules bearing tetraphenylethene moities with high 

fluorescence quantum yield. Photophysical and electrochemical studies were 

conducted to understand the physical and redox properties of these new materials, 

respectively. Furthermore, these derivatives used to investigate self-assembly via the 

solvophobic effect. The self-assembled aggregation was performed in non-polar and 

polar organic solvents which forms nanospheres and ring-like nanostructures, 

respectively. The solution based aggregation was studied by means of UV-vis 

absorption, emission, XRD and DLS analyses. Self-assembled ring-shape structures 

were visualised by SEM and TEM imaging. This ring-shape morphology of nanosized 

macromolecules might be good candidates for the creation of artificial light-

harvesting nanodevices.   

INTRODUCTION 

Self-assembly and self-organisation of optically active and planar aromatic molecules 

have generated much interest due to possible applications in versatile fields such as 

electronics, photonics, light-energy conversion, and catalysis.1,2 Among aromatic 

molecules, porphyrin derivatives continue to attract much attention due to their unique 

π-conjugation and aggregation properties.3,4 Porphyrinic derivatives have thus been 

used for the construction of molecular assemblies having well-defined shapes and 
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dimensions such as spheres, tubes, rods, nanosheets, nanorings, microrings and 

nanowires.5-10 Interesting morphologies that have been described include the self-

assembly of structures from nanospheres to nanofibers, formation of nanosheets, and 

ring shaped architectures.11-16  Amongst all the above nanostructures, the ring-shaped 

assemblies of porphyrins are among those known to occur in nature, in the bacterial 

lightharvesting complex LH2.17 In the LH2 complex, porphyrin molecules are 

arranged as in the ring of a turbine and are responsible for the absorption of light and 

storage & transportation of light energy to the reaction centre, where it is converted 

into chemical energy. Photoinduced electron transfer (PET) and excited energy 

transfer (EET) reactions are essential processes for mimicking natural 

photosynthesis,18,19 and these processes are very important for various applications 

such as optoelectronic devices,20 biological systems,21 solar cells and medicinal 

applications (photodynamic therapy).22-24 In general, intramolecular PET and EET 

systems involve two chromophores, with porphyrins having received significant 

attention due to its similarity in structure to chlorophylls.25,26 

On the other hand, mechanochromic luminescent materials have recently attracted 

attention due to their potential applicability in fields such as mechano-sensors, 

security papers and optoelectronic devices.27,28 In 2001, the Tang group reported for 

the first time that luminescence of silole molecules is stronger in the aggregate state 

than in the solution state,29,30 leading to the so–called “aggregation-induced emission” 

(AIE)31  and “aggregation-induced emission enhancement” (AIEE)32 phenomena. In 

recent years, tetraphenylethene (TPE) has become one of the best-known AIE 

fluorogens and its derivatives have found great potential in various applications such 

as chemosensors, bio-probes, solid-state emitters, as well as real-time cell apoptosis 

imaging.33,34  Interestingly, TPE has also been used for supramolecular building 
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blocks,35-37 and fluorescence ‘‘turn on’’ chemosensors for selective detection of Ag+ 

and Hg2+ ions.34 In our previous work,38 tetrapyridyl-based TPE was used for 

reversible sensing of H+. Thus, continuing our efforts in the field, we are interested to 

develop materials with conjoint use of porphyrin and TPE moieities and to study their 

self-assembly, optical and photophysical properties.  

RESULTS AND DISCUSSION 

Synthesis. Herein, we report the synthesis of a new TPE-based porphyrin, its 

aggregation behaviour via solvophobic control, and photophysical and 

electrochemical properties for the first time.  The synthesis of TPE-porphyrins 1 and 2 

are shown in Scheme 1. The synthesis started from the reaction of 5 with 6 in the 

presence of n-butyl lithium (n-BuLi, 2.5 M in hexane), followed by dehydration in the 

presence of p-toluene sulphonic acid (p-TSA), to afford bromo-TPE 4 in 83% yield. 

Suzuki coupling between 4 and (5-formylthiophen-2-yl)boronic acid (7) gave 

compound TPE-aldehyde 3 in 62% yield. TPE-porphyrin (1) was prepared by 

condensation of 3 with pyrrole in propionic acid at reflux temperature for 1 h, and 

gave 7% yield. Metallisation of 1 with Zn(OAc)2 in CHCl3/MeOH gave zinc-TPE-por 

2 in 48% yield.  

Scheme 1. Synthesis of TPE-porphyrin derivatives 1 and 2.  
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UV-vis absorption and fluorescence spectroscopy. The TPE-por 1 and its zinc 

analogue 2 (ca. 1.2×10-4 M), are very soluble in chloroform and presents a spectrum 

that is expected based on the porphyrinic core (Figure 1). The UV-vis absorption of 1 

gives typical salient features including an intense Soret band at 447 nm (ε = 3×105 M-

1 cm-1), along with four weaker Q-bands at 527, 578, 582 and 655 nm and the band at 

342 nm is a typical absorption band of TPE moities19. Interestingly, all the bands in 

the absorption spectrum are largely red shifted (see SI Fig. S1) compared to 

5,10,15,20-tetra(thiophen-2-yl)porphyrin (TThP).39 The zinc analogue of TPE-por 2 

(ca. 0.5×10-4 M) gives a sharp Soret band at 447 nm (ε = 5×105 M-1 cm-1) along with 

two typical Q-bands  at 568 and 613 nm, and the band corresponding to TPE appeared 

at 337 nm. A range of concentrations were measured to ensure that a linear 

relationship was maintained between absorbance and emission intensities for both of 
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the derivatives (1 and 2). These results show that the UV−vis absorption of the TPE-

por derivatives can be readily tuned by the effect of TPE at the porphyrin core. The 

UV−vis absorption of the porphyrin derivatives is significantly red shifted, which 

may be attributed to the elongated π-conjugation between the porphyrin and the four 

TPE moieties compared to zinc-TThP.39 

 
Figure 1. (a) UV−vis absorption and (b) emission spectra (λex = 440 nm) of 
compound 1 and 2 in CHCl3, respectively. 
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The fluorescence spectra of 1 and 2 upon excitation at 440 nm in CHCl3 solution are 

shown in Figure 1b. At this excitation wavelength, the porphyrin cores are selectively 

excited. As can be seen in Fig. 1b, an intense emission band at about 700 nm was 

observed for 1 with a quantum yield of 15%, which is larger than that of free-base 

TThP (Fig. S2, ~8%). This can be rationalized by the elogation π-conjugation 

between TPE and porphyrin moities, which makes the molecule much more rigid and 

reduces the vibrational decay of the excited states efficiently. Similar fluorescence of 

the zinc analogue 2 (Fig. 1b, blue line), excitation at 440 nm results in emission from 

porphyrin at 650 nm with Φf = 0.12, which is larger than that of ZnTPP (Φf = 

0.010).39 

Solution based Self-assembly. We investigated the solvophobic effect on the 

aggregation behaviour of TPE-Por 1. Figure 2 shows the absorption spectra of 1 in a 

mixture of CHCl3/MeOH and CHCl3/cyclohexane. In the CHCl3/cyclohexane 

mixture, it can be clearly seen that aggregation affects the spectrum with a significant 

blue-shift (5 nm) of the absorption band (iii) along with peak broadening. However, in 

CHCl3/MeOH, the UV-vis absorption band (ii) is red-shifted (4 nm) with peak 

broadening. Fluorescence spectroscopy provides evidence for aggregation of 1, 

depending on the solvent used. Compound 1 shows emission at 700 nm in 

chloroform, which is blue-shifted (4 nm) in CHCl3/cyclohexane (1:1, v/v). However, 

in CHCl3/MeOH emission is decreased with peak broadening as shown in Figure 2b. 

This suggests that the mode of aggregation varies depending on the solvent used. 

Nevertheless, when more than 50% of MeOH or cyclohexane is used, the compound 

precipitates. The absorption and emission spectroscopy suggest the formation of face-

to-face π-stacks of TPE-por chromophores similar to the ones reported in the case of 

J- and H-aggregates in other porphyrinic derivatives.3-16 
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Figure 2. (a) UV−vis absorption and (b) fluorescence spectra (λex = 378 nm) of 

compound 1 (1.0×10-4 M) in CHCl3, CHCl3/MeOH (1:1, v/v) and CHCl3/cyclohexane 

(1:1, v/v), respectively. (c) Time-dependent (from top to bottom) changes of the 

hydrodynamic diameter (DH) distributions obtained by eight DLS measurements of 

solutions in CHCl3-MeOH (1:1, v/v) of 1 (1×10-4 M). Data was started 10 min after 

the preparation of sample solutions and was taken at 5 min intervals. 
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Dynamic Light Scattering (DLS) Analysis of Nanostructures. To support the 

formation of nanostructures of 1 in CHCl3/MeOH (1:1, v/v), the solution was assessed 

by dynamic light scattering (DLS) analysis. The extended assemblies with 

hydrodynamic diameters (DH) of 20–100 nm were detected, besides larger assemblies 

of around 300–700 nm with the lapse of time (from top-to-bottom Figure 2c). 

Interestingly, the average DH of assemblies showed a time-dependent increase that 

exceeded 0.5 µm after 30 minutes (3rd curve from bottom in Figure 2c). This is an 

indication of the presence of non-equilibrated, extended supramolecular assemblies 

that are expected to be spherical in shape. The cobmined results of UV-vis, emission 

and DLS analysis suggest that there are different modes of aggregation depending on 

solvent used, which led us to further investigate the aggregation of 1 by means of 

scanning electron microscopy (SEM). 

 
Scanning Electron Microscopy (SEM). Samples of 1 in 50% v/v cyclohexane or 

MeOH in CHCl3 were spin coated onto silicon (111) wafers and analysed by SEM. 

Compound  1 ([1]=1×10-4 M)  aggregated into well-formed ring-like nanostructures 

that extended down to nanometer sizes by changing the solvophobicity i.e. in 50% v/v 

CHCl3/MeOH mixes (Figure 3a). Interestingly, three types of the ring-like 

nanostructures were identified. The size of the ring-like nanostructures are 0.25 µm, 

0.50 µm and 0.75 µm, indicating a doubling then trebling of the thinnest of the 

porphyrin nanostructures. This is probably due to the fact that TPE-porphyrin 1 

undergoes the nucleation process originated by 2-D coordination interactions with 

adjacent porphyrins which further comes together to form 3-D structures driven by the 

crystal lattice packing based on π-π stacking of 2-D assembled layered structures 

during the self-assembly process. In case of highly concentrated solutions of 1 (1×10-2 
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M), we observed the merging of a number of ring-like nanostructures into amorphous 

particles of porphyrins (see SI Fig. S3-S5), while 1×10-6 M solution gave relatively 

small ring-like nanostructures which corresponded to the length of approximately one 

porphyrin molecule (see SI Fig. S6).  
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Figure 3. Scanning electron micrograph of 1 ([1] = 1x10-4 M) in: (a) 50% v/v 

CHCl3/MeOH and (b) 50% v/v CHCl3/cyclohexane solvent mixtures, respectively. 

The bar represents 1 µm. 

 
In cyclohexane/CHCl3 (50% v/v) mixture, compound 1 ([1]=1×10-4 M) self-

assembled into defined spherical aggregates that extended to nanometres in size i.e. 

150–300 nm (Figure 3b and S7). Compound 1 produced sheets at lower 

concentrations (10-6 M), however, at higher concentration (10-2 M), honey-comb like 

morphologies were observed along with particles (see SI; Fig. S8 and S9). It is 

important to mention that increasing the amount of MeOH or cyclohexane to beyond 

50% causes the compound to precipitate out of the solution and no micro- or nano-

structures were observed, which is an indication of the delicate balance of 

solvophobicity with non-covalent interactions that lead to nanostructure formation. 

No supramolecular structure is seen by this technique in pure chloroform.  

 
An important factor to consider from a design point of view is that compound 2, in 

which the porphyrin core is converted to the zinc analogue, failed to produce ring like 

nanostructures, and only particular aggregates were observed at any proportion of 

MeOH or cyclohexane in CHCl3 (See SI Fig. S10).  

 
Transmission electron microscopy (TEM)  

The ring-shaped nature of the supramolecule assembly of 1 was further confirmed by 

transmission electron microscopy (TEM) imaging. Figure 4 shows the TEM image of 

a droplete of CHCl3/MeOH (1:1, v/v) of 1 (10-4 M) was placed on carbon-coated 

copper grid. Well-defined circular ring-shaped morphology is clearly seen with size 

varies in between 200-700 nm and the width of the rim at 10-25 nm, respectively 

(Figure 4a).  To understand more about the effect of the solvents with self-assembly 
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behaviour, we changed the solvent and performed self-assembly in CH3CN/MeOH 

and CH3CN/cyclohexane. It can be clearly seen that 1 (10-4 M) in CH3CN/MeOH 

(1:1, v/v) self-assembled into bundles of ring-shape morphology with size variying 

from 60-150 nm (Fig. 4b). However, compound 1 in CH3CN/cyclohexane (1:1, v/v) 

assembled into particular aggregates as shown in Figure 4c.  

 

 

Figure 4. TEM images on a carbon-coated copper grid of 1 (10-4 M) from an 
equimolar mixture of (a) CHCl3/MeOH, (b) CH3CN/MeOH and (c) 
CH3CN/cyclohexane, respectively. (d)  XRD profiles of the aggregates of compound 
1 formed in CHCl3/MeOH (1:1, v/v).  
 

X-ray powder diffraction (XRD) analysis. The nanostructure of the 1 (10-4 M) was 

fabricated by injecting a small volume of solution of 1 (CHCl3/MeOH, 1:1, v/v) into 
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1.5 mm diameter Lindéman capillaries and was characterised. The internal structure 

of self-assembled aggregates was investigated by XRD analysis (Figures 4d). In the 

low angle range, the XRD diagram of the nanoscale hollow spheres formed from 

compound 1 in CHCl3/MeOH shows typically three refraction peaks at 2θ = 1.83o, 

2.41o, and 6.11o, corresponding to 5.10 nm, 3.81 nm and 1.87 nm, respectively, which 

are ascribed to the refractions from the (010), (100), and (001) planes.40 

 

The ring-sizes observed in TEM, SEM and DLS based assembly suggest a flattening 

upon being transferred from solution to the silicon surface. Although the self-

assembly is predominantly driven by J- and H- type of aggregation via π−π-stacking 

interactions between the large aromatic cores of 141, solvophobicity plays an 

important role in the formation of each stack in ring-like nanostructures as shown 

schematically in Fig. 5. The formed assemblies are assumed to be the ring-shaped 

nanostructures observed by SEM, TEM and the similar sizes of the rings observed by 

DLS analysis. 
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Figure 5. Graphical representation of self-assembled TPE-porphyrin in polar 

(CHCl3/MeOH) and non-polar (CHCl3/cyclohexane) mixing solvent, respectively. 

 
Electrochemistry. Cyclic voltammetry was used to investigate the redox behaviour 

of 1 and 2. The free base TPE-porphyrin 1 shows two reversible reduction couples 

corresponding to formation of an anion radical and dianion respectively, and an 

irreversible first oxidation couple for formation of a cation radical on the central 

porphyrinic π-ring system, which is preceded by an adsorption peak (Figure 6 and see 

supporting information for a data table and full details of electrochemical studies). 

The voltammogram for 2 shows that the introduction of Zn(II) affects the reversibility 

of the first radical anion under these conditions, with the first cathodic peak becoming 

irreversible followed by a quasireverisble couple. Comparing the first oxidation peak 

of 1 with the first oxidation peak of 2 (ignoring adsorption peaks) we see that there is 

not a significant shift due to the introduction of Zn(II), although the first reduction 

process of 2 does become easier, indicating stabilisation of the LUMO orbital. If we 

use the onset potentials to estimate the electrochemical bandgap (Eg), the free ligand 

(1) is slightly larger, (1.74 V) compared to 2 (1.54 V).42,43  The first oxidation peak of 

ZnTThP has been shown to have a E1/2 value of  0.43 V, anodic of ZnTPP (0.34 V),39 

whereas 2 has a value of 0.39 V, indicating that the TPE groups make the porphyrinc 

core easier to oxidise compared to ZnTThP, due to the increased conjugation in the 

porphyrin ring.  
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Figure 6. Cyclic voltammograms of 1 (black, top) and 2 (blue, bottom) in 

DCM/TBAPF6 at a scan rate of 50 mV/sConditions: Glassy Carbon working 

electrodes, Pt counter electrode, Ag pseudoreference electrode and Fc/Fc+ internal 

standard. 

 
Photophysical Study. Time-resolved transient absorption spectra of 1 were measured 

by femtosecond laser flash photolysis to study the dynamics of excited states. A 

transient absorption spectra observed after the femtosecond laser pulse excitation at λ 

= 393 nm  in a cyclohexane/CH3CN (9:1, v/v) mix-solution of 1 are shown in Figure 

7a. The transient absorption bands at 490, 550, 630 and 730 nm are those of 

characteristic singlet excited state of 1.44 The intersystem crossing of the singlet 

excited state of 1 to the triplet was monitored at 730 nm (Figure 7b). The lifetime of 

the singlet excited state of 1 was determined as 1.4 ns which is shorter than the 
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excited state lifetime of the singlet excited states of a free base tetraphenylporphyrin 

(H2TPP; τ = 10 ns)45 and zinc tetrathienyl porphyrin (τ = 1.4 ns).39 Thus, the 

intersystem crossing going to the triplet excited state is enhanced by the heavy atom 

effect of four sulphur nuclei in the thiophene spaces.39 No electron transfer was 

observed between the porphyrin and tetraphenylethene entities.  When the 

photodynamics of 1 were observed in the mix-solvent of MeOH/ CH3CN (9:1 v/v), the 

singlet excited state was significantly quenched with the lifetime of 1.4 ps (Figure 

7b). This suggests that singlet-singlet annihilation to be the S0 state occurs between π-

stacked porphyrin molecules in a polar medium as show in Figure 4.46 In the case of a 

zinc complex 2, a similar behaviour was observed as shown in Figure 7c and 7d.  
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Figure 7. Transient absorption spectra of a) 1 in cyclohexane/PhCN (9:1 v/v), b) 1 in 

MeOH/PhCN (9:1 v/v), c) 2 in cyclohexane/PhCN (9:1 v/v), and d) 2 in MeOH/PhCN 

(9:1 v/v) taken after femtosecond laser excitation at 393 nm. Insets: Time profiles of 

absorbance at 730 nm. The gray lines were drawn by single-exponential curve fitting.  

 
 
X-ray Crystal Analysis. X-ray crystals of TPE-aldehyde 3 suitable for analysis were 

grown by vapour diffusion of hexane into a CHCl3 solution (Figure 8).47 The structure 

exhibits 2D packing with extensive π-π interactions through the tetraphenylethene and 

thiophene. The layers have an alternating orientation of the molecules. Each phenyl 

ring of the tetraphenylethene has face-to-edge interactions with two other rings. 

Alternatively each thiophene exhibits face-to-face stacking with two other thiophenes 

in other layers (See Supplementary Information Figure S10-S13). However, after 

several trial crystals of 1 and 2 were obtained by slow evaporation of CHCl3-

cyclohexane mixture at room teperature. Unfortunately, the size of crystals were too 

small to be analysed by X-ray diffraction. 

 

 
Figure 9. Ellipsoid representation of the asymmetric unit cell of intermediate 

compound 3 (hydrogen atoms omitted for clarity). Ellipsoids calculated at 50% 

probability.  
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CONCLUSION 

 
The results described herein are remarkable, as we demonstrate the possibility of 

constructing defined supramolecular architectures of ring-shaped morphology at 

micromolar concentrations of TPE-capped π-conjugated porphyrin molecules. The 

formation of rings were determined by SEM imaging and photophysical studies 

support the π-stacking of TPE-porphyrins. Therefore, the present assembly is novel as 

π-electronic segments are spatially arranged in closed circular ring-shape structures, 

which is reminiscent of the light-harvesting systems of purple photosynthetic bacteria 

in which the chlorophyll pigments are crucial for efficient excitation energy 

migration.48 The electrochemical studies show that changes in the linker and the 

electronegativity of the substituents would be able to be tuned to control the band gap 

of porphyrinic building block in supramolecular structures, which is especially 

important in applications involving electron transfer. We are also elaborating the 

current design strategy for the creation of various π−conjugated donor-acceptor 

functional architectures of defined size and shape. 

 
EXPERIMENTAL SECTION 

General Methods & Materials. All reagents were used as such without any further 

purification. All the solvents were received from commercial sources and purified by 

standard methods. Pyrrole, propionic acid, p-toluenesulfonic acid (PTSA) chloroform, 

methanol dichloromethane and hexane were purchased and used without purification, 

unless otherwise specified. 1H NMR, 13C-NMR spectra were recorded using 

chloroform-d as solvent and tetramethylsilane as an internal standard. The solvents for 
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spectroscopic studies were of spectroscopic grade and used as received. Mass 

spectrometric data were obtained by MALDI-TOF spectrometer technique.  

Sample preparation. Stock solutions (c = 10-2 M) of 1 or 2 were made in CHCl3. A 

0.1 mL aliquot of the stock solution of each one was transferred separately to four 

different volumetric flasks of (i) CHCl3 (100%), (ii) CHCl3/MeOH (1:1, v/v), (iii) 

CHCl3/MeOH (1:1, v/v) and made up to 2 mL volume with respective solvents. The 

solutions were allowed to equilibrate for 30 min prior to the UV-vis, flurescence 

spectroscopy, Scanning Electron Microscopy (SEM) and Transmission Electron 

Microscopy (TEM) measurements.  

Fluorescence Spectroscopy. Fluorescence emission spectra were performed in a 

quartz cell with a 1 cm path length with 440 nm excitation wavelength.  

Scanning Electron Microscopy (SEM). SEM measurements were performed on a 

FEI Nova NanoSEM operating at high vacuum and SEM and images were collected. 

Freshly prepared 0.5 µL of TPE-porphyrin (1 and 2) samples were drop-casting the 

solutions on glass coverslip and solvent evaporation.  

Transmission Electron Microscopy (TEM). A drop of solution of 1 (10-4 M) from 

respective solutions were cast onto a carbon copper grid and the sample was allowed 

to stand for 20 sec and removed of excess solution by blotting. The samples were then 

negatively stained with 5% (w/v) uranyl acetate for 5 min and allowed to dry and 

images were measured on a JEOL-100CX II electron microscope operated at 80 kV. 

Transient Absorption Spectroscopy. Femtosecond transient absorption 

spectroscopy experiments were conducted using an ultrafast source: Integra-C, an 

optical parametric amplifier: TOPAS and a commercially available optical detection 

system: Helios provided by Ultrafast Systems LLC. The source for the pump and 

probe pulses were derived from the fundamental output of Integra-C (λ = 786 nm, 2 
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mJ/pulse and fwhm = 130 fs) at a repetition rate of 1 kHz. 75% of the fundamental 

output of the laser was introduced into a second harmonic generation (SHG) unit: 

Apollo (Ultrafast Systems) for excitation light generation at λ = 393 nm, while the 

rest of the output was used for white light generation. The laser pulse was focused on 

a sapphire plate of 3 mm thickness and then white light continuum covering the 

visible region from λ = 410 nm to 800 nm was generated via self-phase modulation. A 

variable neutral density filter, an optical aperture, and a pair of polarizer were inserted 

in the path in order to generate stable white light continuum. Prior to generating the 

probe continuum, the laser pulse was fed to a delay line that provides an experimental 

time window of 3.2 ns with a maximum step resolution of 7 fs. In our experiments, a 

wavelength at λ = 393 nm of SHG output was irradiated at the sample cell with a spot 

size of 1 mm diameter where it was merged with the white probe pulse in a close 

angle (< 10°). The probe beam after passing through the 2 mm sample cell was 

focused on a fiber optic cable that was connected to a CMOS spectrograph for 

recording the time-resolved spectra (λ = 410 - 800 nm). Typically, 1500 excitation 

pulses were averaged for 3 seconds to obtain the transient spectrum at a set delay 

time. Kinetic traces at appropriate wavelengths were assembled from the time-

resolved spectral data. All measurements were conducted at room temperature, 295 K. 

Synthesis of 1-(4-bromophenyl)-1, 2, 2-triphenylethene (4). This compound was 

prepared following known literature procedure.49 Typically, n-Butyl-lithium (2.5 M in 

hexane, 19.0 mL, 47.59 mmol)  was added drop-wise to a solution of 

diphenylmethane 6 diphenylmethane  (8.0 g, 47.59 mmol) in dry THF (350 mL) at 0 

oC under nitrogen atmosphere. The resulting mixture was stirred for additional 2 h at 

0 oC. Then to it was added a solution of 5 (9.76 g, 37.59 mmol) in THF (60 mL) and 

the mixture was allowed to stir at room temperature for 10 h. Completion of the 
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reaction was monitored by TLC analysis. After completion, reaction mixture was 

quenched by adding aqueous solution of ammonium chloride then the mixture and 

extracted with DCM (3×50 mL). Organic layer was dried over anhydrous magnesium 

sulphate and evaporated on rotavapour to give crude alcohol intermediate. This crude 

intermediate was then dissolved in toluene (100 mL) and p-toluenesulfonic acid 

(PTSA, 2 g) was added to it and refluxed for 16 h. After completion reaction mixture 

was cooled to rt. Reaction mixture was evaporated on rotavapour to give crude 

residue which was purified by silica gel chromatography (40-60 nm) with n-hexane to 

give analytical pure compound 4 as white solid in 83% yield (16.3 g). All the data 

matches with reported compound 4. 1HNMR (300 MHz, CDCl3) δ ppm: 7.27-7.21 (d, 

2H, J = 6.0 Hz), 7.17-7.09 (m, 9H), 7.08-7.00 (m, 6H), 6.95-6.89 (d, 2H, J = 6.0 HZ).  

Synthesis of 5-(4-(1, 2, 2-triphenylvinyl) phenyl) thiophene-2-carbaldehyde (3). 

Compound 4 (3.0 g, 7.30 mmol) was added to a solution of dimethyloxyethane 

(DME): 2 M Na2CO3 solution (3:1, 100 mL) under argon atmosphere followed by 

addition of (5-formylthiophen-2-yl)boronic acid (1.48 g, 9.51 mmol) and resulting 

reaction mixture was degassed for 15 min using argon. Then Pd(PPh3)4 (0.253 g, 0.21 

mmol) was added and resultant mixture was heated to reflux at 150 oC for 24 h. 

Completion of the reactions was monitored by TLC analysis. After completion, 

reaction was quenched with water and extracted with DCM (3x75 mL). The combined 

organic layer was washed with water, dried over anhydrous sodium sulphate and 

evaporated. Crude residue was purified by silica gel column chromatography and 

column was eluted with 5% MeOH in DCM, gives 3 as a yellow solid in 62% yield 

(2.0 g). 1HNMR (300 MHz, CDCl3) δ ppm: 9.8 (s, 1H), 7.62 (d, 1H, J = 3.9 Hz), 

7.36-7.32 (d, 2H, J = 8.7 Hz), 7.26 (d, 1H, J = 4.2 Hz), 7.08-6.93 (m, 17H); 13CNMR 

(75 MHz, CDCl3) δ ppm: 182.7, 154.2, 145.3, 143.3, 143.2, 141.9, 149.9, 137.4, 
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132.1, 131.4, 131.3, 131.2, 127.9, 127.8, 127.6, 126.7, 126.6, 125.6, 123.8; Anal. 

Calcd for C31H22OS: C, 84.13; H, 5.01. Found: C, 84.14; H, 5.01.  

Synthesis of 5, 10, 15, 20-tetrakis (5-(4-(1, 2, 2-triphenylvinyl)phenyl) thiophen-2-

yl) porphyrin (1). Condensation of 3 (1.0 g, 2.25 mmol) with equimolar amount of 

pyrrole (0.156 mL, 2.25 mmol) was heated in propionic acid (100 mL) at reflux 

temperature for 1 h. Thereafter, resulting mixture was allowed to cool at 0 oC for 30 

min. Black colour solid residue was filtered through Buchner funnel. Solid residue 

was washed with MeOH and crude residue was purified by silica gel column 

chromatography with 50% DCM in hexane to give pure compound as a blackish 

compound in 7% yield (0.3 g). 1HNMR (300 MHz, CDCl3) δ ppm: 9.09 (s, 2H), 7.75 

(d, 1H, J = 3.6 Hz), 7.59 (d, 1H, J = 3.6 Hz), 7.57-7.51 (d, 2H, 8.4 Hz), 7.16-6.98 (m, 

18H), -2.60 (bs, 2H); 13CNMR (75 MHz, CDCl3) δ ppm:  147.0, 143.7, 143.6, 141.7, 

141.3, 140.4, 132.2, 132.1, 131.4, 131.3, 127.9, 127.7, 127.6, 126.6, 124.9, 122.0 

Anal. Calcd for C140H94N4S4: C, 85.77; H, 4.83; N, 2.86.  Found: C, 85.75; H, 4.81; N 

2.84.  

Synthesis of zinc-5, 10, 15, 20-tetrakis (5-(4-(1, 2, 2-triphenylvinyl)phenyl) 

thiophen-2-yl)porphyrin (2). To a stirred solution of TPE-porphyrin 1 (0.1 g, 0.051 

mmol) in CHCl3 (20 mL) was added solution of Zn(OAc)2 (0.1 g) in MeOH (2 mL) 

and resultant was allowed to stir at rt for 16 h. Reaction completion was checked by 

TLC analysis with spot disappearance of 1. After completion, reaction mixture was 

evaporated on rotary-evaporator to complete dryness and crude residue obtained was 

purified by silica gel column chromatography. Compound 2 was eluted in 50% DCM 

in hexane as blackish solid in 48% yield (0.050 g). 1HNMR (300 MHz, CDCl3) δ 

ppm: 9.20 (s, 2H), 7.74 (d, 1H, J = 3.6 Hz), 7.60 (d, 1H, J = 3.6 Hz), 7.56 (d, 2H, J = 

8.1 Hz), 7.16-6.98 (m, 19H); 13CNMR (75 MHz, CDCl3) δ ppm: 151.2, 143.7, 143.6, 
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143.4, 141.4, 132.1, 131.5, 131.4, 127.9, 127.7, 126.6, 124.9, 122.0; Anal. Calcd for 

C140H92N4S4Zn: C, 83.08; H, 4.58; N, 2.77.  Found: C, 83.09; H, 4.59; N 2.79.  
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