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Benzodithiophene and Benzotrithiophene as π-Core for Two- and 
Three-Blade Propeller-Shaped Ferrocenyl-Based Conjugated 
Systems 
 
Serena Rossi,[a] Annalisa Bisello,[a] Roberta Cardena,[a] Laura Orian and Saverio Santi*[a] 

 

Abstract: The syntheses of linear and star-shaped bis and 
tris(ferrocenyl) derivatives of benzo[1,2-b:4,5-b’]dithiophene and 
benzo[1,2-b:3,4-b’:5,6-b’’]trithiophene are described via one-pot 
CuI/TMEDA catalyzed manifold annulation of 
bromoethynylbenzenes with sodium sulfide. In addition, an approach 
to prepare in good yield and short reaction time the parent 
benzotrithiophene is achieved via threefold annulation of 1,3,5-
trifluoro-2,4,6-tris(trimethylsilyl)ethynylbenzene. The computed 
structural and electronic features of these ferrocenyl derivatives and 
their UV-vis spectra and the electrochemistry are discussed, 
providing insight on the presence of three rather than two ferrocenyl 
units. At the best of our knowledge 2,5,8-tris(ferrocenyl)benzo[1,2-
b;3,4-b’;5,6-b’’]trithiophene is the first organometallic complex 
containing benzotrithiophene. 

Introduction 

Benzo[b]thiophene (BT, Scheme 1) and its related derivatives 
represent an important class of fused-thiophene compounds due 
to their wide range of biological properties1,2 and also various 
applications in material science.3 
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Scheme 1. Fused-thiophene compounds: benzo[b]thiophene (BT), benzo[1,2-
b:4,5-b’]dithiophene (BDT) and benzo[1,2-b:3,4-b’:5,6-b’’]trithiophene (BTT). 

In particular, (multi)thiophene fused-aromatic compounds are 
attracting current interest as promising electronic materials for 
organic conductors,4 organic light-emitting diode5 photovoltaic  
cells6 and field-effect transistors.7 For this reason thiophene-
based-π-conjugated oligomers have been widely investigated as 
organic semiconductors.8 

Recently, many efforts have been focused on benzo[1,2-b:4,5-
b’]dithiophene (BDT) and benzo[1,2-b:3,4-b’:5,6-b’’]trithiophene 
(BTT) (Scheme 1) as potential π-core for a new class of organic 
semiconductors  since they contain two or three identical 
thiophene moieties with C2h or C3h symmetries that enable two-
dimensional and three-dimensional molecular extensions. 

BDT is a fused dithiophene which has been widely used as 
semiconductors9  and building block in organic solar cells.10 BTT  
is a fused trithiophene with a sulfur-rich, planar and extended π-
system.11 Among the possible isomeric members of the 
benzotrithiophene family, BTT has been studied thoroughly and 
used as a core for the construction of star-shaped oligomers and 
dendrimers.12 

In addition, it was reported that the peculiar aromatic structure 
containing three thiophene units fused to a central benzene ring 
confers a completely planar and highly electron-rich system, 
thus making it a promising candidate for organic photovoltaic 
(OPV) devices.13 Despite its particular molecular structure and 
potential use as a building block for organic electronic devices, 
the application of BTT remains limited. BDT and BTT derivatives 
have become major components or key precursors for the 
design and synthesis of novel material. Some patents14 describe 
the methods to provide these cores at industrially applicable 
level and innovative materials having liquid crystalline and 
semiconductor properties. 

The preparation of multicomponent molecules with specific 
redox, optoelectronic and conductive properties is currently 
fundamental for modern technology.15 In particular 
(multi)ferrocenyl compounds with conjugated spacer groups and 
displaying multielectron redox chemistry are of particular interest 
owing to their unpaired electron density migration properties.16,17             

Ferrocene is one of the most employed organometallic 
components. Its stability, redox properties, specific electron 
donor character and well-developed functionalization chemistry 
make it a primary candidate for testing the communication 
properties in conjugated systems. The literature reports that 
thiophene spacers exhibit better communication compared to 
phenyl spacers in donor-acceptor systems, while ferrocene is a 
widely studied strong donor.16a,18 Therefore, in this work we have 
combined the ferrocenyl moiety with both BTT and BDT. 
Examples of bimetallic BDT derivatives are rather rare19 and at 
the best of our knowledge no BTT trimetallic complexes have 
been reported so far. 

On the basis of these premises, our aim was to synthetize 
end-capped ferrocenyl BTT and BDT conjugated systems, 
2,5,8-tris(ferrocenyl)benzo[1,2-b:3,4-b’:5,6-b’’]trithiophene (1) 
and 2,6-bis(ferrocenyl)benzo[1,2-b:4,5-b’’]dithiophene (2) 
(Scheme 2). In fact, for the further development of new materials 
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based on BTT and BDT, it is of primary importance to plan 
effective synthetic methods. 
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Scheme 2. 2,5,8-tris(ferrocenyl)benzo[1,2-b:3,4-b’:5,6-b’’]trithiophene (1) and 
2,6-bis(ferrocenyl)benzo[1,2-b:4,5-b’]dithiophene (2) complexes.  

Results and Discussion 

Takimiya and co-workers20 proposed a new route to introduce 
sulfur functional groups to aromatic rings with Na2S⋅9H2O in N-
methyl-2-pyrrolidone (NMP) at 180 °C for 12 h (Scheme 3a). 
They reported that 1,3,5-trichloro-2,4,6-triiodobenzene, 
accessible by iodination of 1,3,5-trichlorobenzene with periodic 
acid, can be utilized as starting compound material for the 
preparation of 1,3,5-trichloro-2,4,6-tris[(trimethylsilyl)ethynyl]-
benzene (3a) with ethynyltrimethylsilane in Sonagashira-
coupling conditions (Scheme 4). Compound 3a was the 
precursor of the cyclization reactions affording the fused-
thiophene BTT. However, as recently reported by Zhang21 and 
Sanz,22 the utility and applicability of the above reactions suffer 
from the harsh reaction conditions and low yield. 
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Scheme 3. Syntheses of benzo[b]thiophenes. 

Actually, we tested the thioannulation reaction of 3a under 
Takimiya’s conditions but we obtained only traces of BTT (Table 
1, entry a). The same reaction in the presence of CuI and 
TMEDA in NMP at 120 °C for 24 h was unsuccessful (Table 1, 
entry b).Therefore, we changed strategy towards a more 
appropriate route for the preparation of BTT.  

Alternative routes for the synthesis of BTT from 1,3,5-
trichlorobenzene,12d hydroxyarenes23 and 2,3-
dibromothiophene12e were reported, but they required several 
steps and very long reaction time. 

Recently, transition-metal-catalyzed carbon-sulfur bond 
forming reactions have been developed.24 In this context, Zhang 
worked out a copper-catalyzed thiolation-annulation reaction of 
bromoalkynylbenzenes giving differently substituted 
benzo[b]thiophenes with sodium sulfide in the presence of CuI 
TMEDA in DMF at 80 °C for 24 h (Scheme 3b).21  

Accordingly, we prepared 1,3,5-tribromo-2,4,6-
tris(trimethylsilyl)ethynylbenzene25 (3b) starting from 1,3,5-
tribromo-2,4,6-triiodo-benzene26 (Scheme 4). Howsoever, this 
step proceeded in low yield (30%). Besides, the thioannulation 
of 3b under Zhang’s conditions proceeded in low yield (Table 1, 
entry c). Reaction of 3b under Takimiya’s conditions once more 
gave only traces of BTT (Table 1, entry d). 
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Scheme 4. Synthesis of substituted tris(ethynylbenzenes). 

Interestingly, it was reported the annulation reaction of 
trifluorotrialkynylbenzenes with CsOH⋅H2O or RNH2 obtaining 
benzotrifuranes and benzotripyrrol27 and of fluoro-
phenylacetylene derivatives with KOH or Na2S giving 
benzofuranes and benzothiophenes.28 In particular, transition-
metal-free thiolation annulation of 2-fluorophenylacethylene with 
Na2S⋅9H2O in DMSO at 90 °C for 10 h gave 2-
phenylbenzo[b]thyophene in outstanding yield (91%).  

We tested this method on 1,3,5-trifluoro-2,4,6-
tris[(trimethylsilyl)ethynyl]benzene (3c),29 synthesized starting 
from 1,3,5-trifluoro-2,4,6-triiodobenzene30, obtaining BTT in 
discrete yield (Table 1, entry e). 
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Table 1. Optimization of the Thioannulation Reaction Conditions 

Product substrate catalyst ligand solvent T  
(°C) 

time 
(h) 

yield 
(%)[f 

BTT[a] 3a - - NMP 180 12 <5 

BTT[b] 3a CuI TMEDA NMP 120 24 - 

BTT[c] 3b CuI TMEDA DMF   80 24 10 

BTT[d] 3b - - NMP 180 12 <5 

BTT[e] 3c - - DMSO 90 10 45 

BTT[f] 3c CuI TMEDA DMF 110 2 78 

1[f] 4a CuI TMEDA DMF 110 2 98 

1[g] 4b CuI TMEDA DMF 110 24 <5 

1[h] 4b - - NMP 180 12 7 

1[i] 4b CuI - DMSO   60 8 <5 

2[f] 5 CuI TMEDA DMF 110 2 55 

Reaction conditions: All the reactions were performed under argon 
atmosphere. a3a (0.5 mmol), Na2S⋅9H2O (3 mmol) in NMP (12 mL). b3a (0.15 
mmol), Na2S⋅9H2O (1.35 mmol), CuI (30 mol%), ligand (60 mol%) in NMP (10 
mL). c3b (0.2 mmol), Na2S⋅9H2O (1.8 mmol), CuI (30 mol%), ligand (60 mol%) 
in DMF (15 mL). d3b (0.5 mmol), Na2S⋅9H2O (4.5 mmol) in NMP (12 mL). e3c 
(0.25 mmol), Na2S⋅9H2O (2.25 mmol) in DMSO (4 mL). fSee experimental 
Section. g4b (0.12 mmol), Na2S⋅9H2O (1.08 mmol), CuI (30 mol%), ligand (60 
mol%) in DMF (9 mL). h4b (0.09 mmol), Na2S⋅9H2O (0.81 mmol) in NMP (6 
mL). i4b (0.08 mmol), Na2S⋅9H2O (0.72 mmol), CuI (30 mol%) in DMSO (6 mL). 

Finally, the threefold thioannulation reaction of the fluorinated 
derivative 3c was improved in the presence of CuI and TMEDA 
in DMF obtaining BTT in higher yield and shorter reaction time 
(Scheme 5). 

30 mol%CuI,  
 60 mol%TMEDA  

 DMF 110°C 
2 h

F

F F

(Me)3Si Si(Me)3

Si(Me)3
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SS

S

BTT (78%)

Na2S 9H2O

 

Scheme 5. Synthesis of BTT. 

The preparation of the 2,5,8-tris(ferrocenyl)benzo[1,2-b;3,4-
b’;5,6-b’’]trithiophene (1) (Scheme 6) was achieved starting from 
1,3,5-tribromo-2,4,6-tris(ethynylferrocene)benzene  (4a) obtain-
ed through Sonagashira-coupling of 1,3,5-tribromo-2,4,6-triiodo-
benzene with ethynylferrocene (Scheme 4). The threefold 
thioannulation of 4a proceeded in the presence of CuI and 
TMEDA at 110 °C for 2 h. After appropriate work-up, compound 
1 was isolated without further purifications in almost quantitative 
yield as a red compound (Table 1). 

Conversely, the reaction of 1,3,5-trichloro-2,4,6- 
tris(ethynylferrocene)benzene31 (4b) in the same reaction 
conditions, and also with DMSO/CuI or NMP, gave 1 in poor 
yield (Table 1, entry g and h, respectively).  
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Scheme 6. Synthesis of 1. 

The successful synthesis of 1 prompted us to apply it to for the 
preparation of 2,6-bis(ferrocenyl)benzo[1,2-b:4,5-b’’]dithiophene 
(2) (Scheme 7). The formation of 1,4-dibromo-2,5-
bis(ethynylferrocenyl)benzene (5) was obtained through 
Sonagashira-coupling of 1,4-dibromo-2,5-diiodo-benzene32 with 
ethynyl-ferrocene. Finally, the twofold thioannulation reaction of 
5 with 30% mol of CuI, 40% mol of TMEDA and 6 eq. of 
Na2S·9H2O produced the desired compound 2. 
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Scheme 7. Synthesis of 2. 

The UV−Vis electronic spectra of complexes 1 and 2 between 
230 and 700 nm are reported in Figure 1. The spectra show 
similarities, but the bands of 2 are much less intense. Thus, the 
electronic structure and the spectral properties of both 
compounds were theoretically investigated.  

300 400 500 600 700
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10
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Figure 1. UV-vis spectra of 0.4 mM 1 (red line) and 0.2 mM 2 (blue line) in 
CH2Cl2. The absorbance was corrected for compound concentration and 
optical path. 
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The molecular structures of 1 and 2 have been calculated 
using state-of-the-art DFT methods (Figure 2). In 1, the three 
ferrocenyl groups can be arranged in syn/syn/syn (1sss) or in 
syn/anti/anti (1saa) conformation; both converged geometries 
have eclipsed Cp rings. The metal-metal distance ranges 
between 10.7 and 11.2 Å in 1sss and between 10.8 and 11.6 Å 
in 1saa. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Fully optimized conformers of 1 and 2; level of theory: 
OPBE/TZ2P.  

 

Table 2 Computed excitation energies (level of theory: COSMO-
SAOP/TZ2P all electron) and experimental visible absorptions of the 1sss, 
1saa, 2s and 2a. The values in italics were obtained at COSMO-
SAOP/TZP all electron level. Only contributions above 10% are shown. 
 

 COSMO-TDDFT 
Values 

Electronic transitions 
 

Exp. values 
[assignment] 

1sss 

2.8213 eV (0.15954) 
440 nm 

H→L (31%)  
H−1→L+1 (20%) 
H−1→L (18%) 
H→L+1 (13%) 

 
450 nm 
[MLCT] 

2.8308 eV (0.17610) 
438 nm 

H−1→L (25%) 
H→L+1 (24%) 
H→L (23%) 

 

3.0558 eV (0.5520) 
405 nm 

H→L+2 (44%) 
H−2→L (31%) 

 

3.0679 eV (0.44558) 
404 nm 
3.2093 eV (0.11808) 
386 nm 
3.2134 eV (0.11067) 
386 nm 
3.3232 eV (0.12264) 
373 nm 
3.3267 eV (0.13192) 
373 nm 
3.6422 eV (0.02501) 
340 nm 
3.6474 eV (0.03605) 
340 nm 
 
3.6504 eV (0.03314) 
340 nm 
3.6632 eV (0.08423) 
339 nm 

H−1→L+2 (48%) 
H−2→L+1 (29%) 
H-6→L (51%) 
H-7→L+1 (13%) 
H-7→L (43%) 
H-6→L+1 (21%) 
H-9→L (57%) 
 
H-9→L+1 (38%) 
H-10→L (28%) 
H-2→L+4 (21%) 
H-2→L+3 (13%) 
H-2→L+3 (30%) 
H-1→L+7 (13%) 
H-2→L+4 (11%) 
H-2→L+5 (38%) 
H→L+7 (17%) 
H→L+7 (20%) 
H-1→L+6 (15%) 
H-2→L+3 (11%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

320 nm 

1saa 

2.8277 eV (0.16676) 
439 nm 

H−1→L (27%) 
H→L+1 (26%) 
H→L (16%) 
H−1→L+1 (11%) 

 
450 nm 
[MLCT] 

2.8323 eV (0.17201) 
438 nm 

H−1→L+1 (46%) 
H→L (23%) 
H−2→L+2 (12 %) 

 

3.0605 eV (0.47844) 
405 nm 

H→L+2 (47%) 
H−2→L (31%) 

 
 

3.0697 eV (0.44286) 
404 nm 
3.2036 eV (011412) 
387 nm  
3.2119 eV (0.10644) 
386 nm 
3.3208 eV (0.10141) 
373 nm 
3.3237 eV (0.16653) 
373 nm 
 
3.6437 eV (0.03554) 
340 nm 
3.6490 eV (0.03272) 
340 nm 
 
3.6528 eV (0.01630) 
339 nm 
 
3.6668 eV (0.10178) 
338 nm 

H−1→L+2 (50 %) 
H−2→L+1 (29 %) 
H-6→L (60%) 
H-7→L+1 (13%) 
H-7→L (42%) 
H-6→L+1 (22%) 
H-9→L (48%) 
H-10→L (20%) 
H-9→L+1 (36%) 
H-10→L (21%) 
H-6→L+2 (18%) 
H-2→L+5 (17%) 
H-2→L+4 (17%) 
H-2→L+4 (25%) 
H-2→L+5 (11%) 
H-1→L+7 (10%) 
H-2→L+5 (28%) 
H-2→L+3 (23%) 
H→L+7 (11%) 
H-1→L+7 (31%) 
H→L+6 (19%) 
H-2→L+6 (15%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

320 nm 

2s 

2.605 eV (0.77727) 
476 nm 

H→L (95%)  
470 nm 

2.914 eV (0.26572) 
425 nm 

H−4→L (85%) [MLCT] 

3.2815 eV (0.48424) 
378 nm 

H−7→L (90%) 
 

 
340−350 nm 

2a 

2.608 eV (0.82516) 
475 nm 

H→L (90%) 
 

 
470 nm 

2.915 (0.27125) 
425 nm 

H-4→L (85%)  [MLCT] 

3.2838 (0.51365) 
378 nm  

H−7→L (90%) 
 

 
 

3.6676 (0.10677) 
338 nm 

H→L+5 (79%)  
 

330−370 nm 

 

1ss

1saa 

2s 

2a 
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The energy difference between 1sss and 1saa is negligible and 
the barrier associated to the rotation of a ferrocenyl pendant 
about the carbon-carbon bond connecting the pendant to the 
polycyclic core, is estimated about 5 kcal mol−1 (level of theory: 
OPBE/TZP sc; Figure S14). In both conformers, the couples 
HOMO/HOMO−1 and LUMO/LUMO+1 are very close in energy 
and an identical HOMO-LUMO gap is computed (2.47 eV) 
(Table 2).   

These four molecular orbitals have metal d lobes on the iron 
nuclei as well as carbon/sulfur p lobes of the π linker.  The 
percentage contribution of Fe orbitals is almost 60% in the filled 
MOs and decreases to 20% in the empty ones in both 
conformers. 

Also in 2, different conformations are predicted, i.e. with syn 
(2s) or anti arrangement (2a) of the two ferrocenyl pendants. 
The energies of these two conformers are almost identical and a 
low barrier for their interconversion is computed (about 4 kcal 
mol−1 at OPBE/TZP sc; Figure S15). The ferrocenyl moieties 
show eclipsed Cp rings, which are tilted with respect to the 
thioindacenyl plane in opposite directions by approximately 10º; 
the Fe-Fe distance is 12.6 Å in 2s and 12.9 Å in 2a, respectively. 
In both conformers, the frontier molecular orbitals are 
delocalized. The percentage contribution of Fe d orbitals to the 
HOMOs is almost 60 % and decreases to slightly less than 20% 
in the LUMOs. The HOMO-LUMO gap of both conformers is 
2.18 eV.  

The excitation energies have been computed for 1sss, 1saa, 
2s and 2a at COSMO-SAOP/TZ2P all electron level of theory in 
dichloromethane. The strongest absorptions falling in the visible 
range are reported in Table 2. The lowest values for 1sss (1saa) 
are 440 and 438 nm (439 and 438 nm) and correspond to 
transitions mainly involving the frontier molecular orbitals 
HOMO−1/HOMO and LUMO/LUMO+1. These energies closely 
match to the experimental band centered at approximately 450 
nm. Another couple of rather strong absorptions is found at 404 
and 405 nm for both conformers. Based on the percentage 
contribution of Fe d orbitals to the filled and the empty MOs 
involved in these transitions, which remarkably decreases, to all 
these bands computed in the 500-400 nm range we can assign 
metal to ligand charge transfer (MLCT) character. 

When going from 1 to 2, the recorded spectrum become flatter 
and the lowest peaks are bathochromically shifted. This is well 
reproduced in the model. In fact, the lowest absorption of 2s (2a) 
is at 476 nm (475 nm) and is an almost pure monoelectronic 
HOMO-LUMO transition, to which MLCT character is assigned. 
Also the close absorptions at 425 nm have a high contribution 
from the monoelectronic transition H−4→LUMO and the drastic 
decrease of iron d contribution when going from the filled to the 
empty molecular orbital allows to assign the MLCT character to 
these bands. In contrast, the excitation energies computed 
below 400 nm, i.e. at 378 nm, involve the HOMO−7 and LUMO 
MOs which are both delocalized with similar metal-linker 
composition (about 20-80%).  

Summarizing, the bands in the visible region between 400 and 
500 nm of both 1 and 2 are MLCT transitions, the number of 
which doubles in the former due to the presence of the third 
ferrocenyl pendant, thus justifying the more intense signals 

recorded in the experiment. Also in the higher energy part of the 
spectrum of the triferrocenyl conformers 1sss and 1saa, multiple 
absorptions are computed in the range 386-338 nm; in contrast, 
for the biferrocenyl conformers only two absorptions are 
computed at 378 and 338 nm. They all fall in the region where 
the largest intensity variation is recorded between the spectra of 
1 and 2. Unluckily, for these absorptions below 400 nm, the 
composite nature of the transition and the nature of the involved 
MOs which have Fe d and linker π system contributions, 
preclude a precise assignment. Nevertheless, twofold and 
fourfold numbers of strong absorptions are calculated for 1sss 
and 1saa in correspondence of the most intense peak, this 
phenomenon being an effect of the presence of the third 
ferrocenyl group. 

As preliminary electrochemical measurements, cyclic 
voltammetry (CV) runs of 2.4 mM 1 and 2 were recorded under 
Argon in CH2Cl2/0.1 M [nBu4N][PF6] (Figure 3).  

1.0 0.5 0.0 -0.5
Potential (V vs SCE)

 
Figure 3. Oxidative CVs in CH2Cl2, potential scan rate v = 0.5 V s–1 of 1 (red 
line) and 2 (blue line) with 0.1 M [nBu4N][PF6], Experimental conditions: gold 
disk electrode (diameter 0.5 mm), T = 20 °C. Oxidation potential of ferrocene 
in the same conditions is Ep = 0.58 V vs SCE. The current intensity was 
corrected for compound concentration and square root of potential scan rate. 

In the range from −0.5 to 0.5 V vs SCE, compounds 1 and 2 
show one oxidation wave at peak potentials Epa = 0.25 and 0.28 
V vs SCE, respectively, which is chemical reversible in the range 
of potential scan rates from 0.1 to 50 Vs−1, as they all show 
cathodic/anodic peak current ratios ia/ic ≈ 1. Notably, 1 and 2 are 
oxidized at remarkably lower potentials than 1,5,8-triferrocenyl-
1H-trindene16c (0.47 V) and dihydro-2,6-diferrocenyl-s-
indacenes17b (0.48 V) analogues, respectively.  This effect can 
be attributed to the higher electron donor capability of BTT and 
BTD with respect to trindene and s-indacene.     

Despite of the number of electro-active ferrocenyl groups, 
bimetallic 2 and trimetallic 1 show single waves but their shape 
appears quite large suggesting the presence of unresolved 
subsequent electron transfers. As expected on the basis of the 
ferrocenyl number, the relative intensity of the oxidation waves 
of the two compounds is i1/i2 = ≈ 1.5.  
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These results indicate that in this medium the ferrocenyl 
groups of 1 and 2 are electrochemically undistinguishable.  

Conclusions 

We have synthesized two multi(ferrocenyl) compounds, the 
tris(ferrocenyl) 1 and bis(ferrocenyl) 2 of BTT and BDT, 
respectively, by manifold thioannulation of the corresponding 
bromo derivatives of the (ethynylferrocene)benzenes. In 
particular, to the best of our knowledge 1 represents the first 
examples of metallorganic complex of BTT. Furthermore, we 
prepared the parent BTT following an alternative and high-yield 
approach foreseeing the thioannulation of the fluorinated 3c. 

All these compounds were obtained via one-pot CuI/TMEDA 
catalyzed thioannulations of bromoethynyl (1 and 2) and of 
fluoroethynyl (BTT) benzene derivatives in good or quantitative 
yields and in appreciably short reaction times if compared with 
previously reported methods.20  

The structures of 1 and 2 were investigated through DFT 
calculations. Computed vertical excitations allowed to assign the 
bands recorded in the 500−400 nm range of the UV-vis spectra. 
In addition, the higher intensity of the whole spectrum 
experimentally found for 1 is ascribed to the much higher 
number of close transitions due to the presence of the third 
ferrocenyl pendant. 

The preliminary electrochemical results of 1 and 2 indicates 
that BTT and BDT are stronger electron donor than the 
structurally related trindene and s-indacene. 

 The optical and electrochemical features together with 
calculation outcomes make this ferrocenyl compounds promising 
candidates for the study of intramolecular electron transfer and 
for potentials applications as photoelectronic materials which are 
under investigation. 

Experimental Section 

General Methods: All reactions and complex manipulations were 
performed under oxygen and moisture-free atmosphere utilizing standard 
Schlenk techniques. Diisopropylamine (DIPA) was purified by distillation 
from calcium hydride and tetrahydrofuran (THF) was freshly distilled from 
sodium and benzophenone ketyl under nitrogen. Iodine, periodic acid, 
potassium iodide, 1,3,5-trichlorobenzene, 1,3,5-tribromobenzene, 1,3,5-
trifluorobenzene, 1,4-dibromobenzene, triphenylphosphine, copper 
iodide, bis(triphenylphosphine)Pd(II)dichloride, ethynyltrimethylsilane, 
ethynylferrocene, sodium sulfide nonahydrate, tetramethyl-
ethylenediamine (TMEDA), anhydrous dimethylformamide (DMF), N-
methyl-2-pyrrolidone (NMP) and dimethylsulfoxide (DMSO) were 
purchased from commercial suppliers and used without further 
purification. 1,3,5-trifluoro-2,4,6-triiodobenzene,30 1,3,5-trichloro-2,4,6-
triiodobenzene,31 1,3,5-tribromo-2,4,6-triiodobenzene26 and 1,4-dibromo-
2,5-diiodobenzene32 were prepared following the reported procedures. 
Compound 4b was prepared following the procedure previously 
reported.31 Microanalyses were performed at the Dipartimento di Scienze 
Chimiche, Università di Padova.  HRMS spectra were obtained using an 
ESI-TOF Mariner 5220 (Applied Biosystem) mass spectrometer with 
direct injection of the sample and collecting data in the positive mode. 1H 
and 13C NMR spectra were obtained on a Bruker Avance III HD 

spectrometer (T = 298 K) operating at 400.13 MHz and 100.61 MHz or 
on Bruker Avance DMX at 599.90 MHz, and 150.84 MHz, respectively. 
The 13C resonances for compound 2 were attributed through 2D-
heterocorrelated COSY experiments (HMQC for the H-bonded carbon 
atoms, HMBC for the quaternary ones). Flash column chromatography 
was performed using a BiotageTM Isolera One flash purification system 
with SNAP-ULTRA columns. CV experiments were performed in an air-
tight three electrode cell connected to a vacuum/argon line. The 
reference electrode was a SCE (Tacussel ECS C10) separated from the 
solution by a bridge compartment filled with the same solvent/supporting 
electrolyte solution used in the cell. The counter electrode was a platinum 
spiral with ca. 1 cm2 apparent surface area. The working electrodes were 
disks obtained from cross section of gold wires of 0.5 mm diameter 
sealed in glass. Between successive CV scans the working electrodes 
were polished on alumina according to standard procedures and 
sonicated before use. An EG&G PAR-175 signal generator was used. 
The currents and potentials were recorded on a Lecroy 9310L 
oscilloscope. The potentiostat was home-built with positive feedback loop 
for compensation of the Ohmic drop.33 

Computational details. Amsterdam Density Functional (ADF) program 
was used to carry out all the calculations.34 Geometries were fully 
optimized with OPBE functional35 combined and TZ2P basis sets (triple-
ζ-Slater-type orbital (STO) basis, extended with two polarization 
functions) for all the atoms, frozen core up to 2p for Fe, up to 1s for C, 
and up to 2p for S. This level of theory is denoted OPBE/TZ2P.  
Frequency calculations were run to assess the stationary nature of the 
minima and no imaginary frequency was found. The scan (series of 
constrained geometry optimizations) to estimate the energy associated to 
the rotation of a ferrocenyl pendant about the C-C bond connecting the 
pendant to the π core, was run at a lower level of theory, i.e. OPBE/TZP 
using steps of 10º. TD-DFT calculations were carried out on the 
optimized geometries using all electron TZ2P basis sets for all of the 
atoms; the lowest 20 excitations were computed. The approximate xc 
potential obtained with the statistical averaging of (model) orbital 
potentials (SAOP) was employed.36 This level of theory, denoted 
SAOP/TZ2P all electron, was recently adopted by some of us to study 
the excited states of ferrocenylindenes and of their radical cations.37 
Solvent effects were taken into account with the Conductor-like 
Screening Model (COSMO),38 as implemented in the ADF program.34 For 
dichloromethane we used a solvent-excluding surface with an effective 
radius and relative dielectric constant of 2.94 Å and 8.9, respectively. The 
empirical parameter in the scaling function in the COSMO equation was 
set to 0.0. The radii of the atoms were taken to be MM3 radii,39 divided by 
1.2, giving 1.350 Å for H, 1.700 Å for C, 1.792 for S and 1.858 Å for Fe.40 
For 1 conformers, the number of computed excitation energies was 
increased to 50 to reach the spectral region close to 300 nm and 
COSMO-SAOP/TZP level was employed. The use of a smaller basis set 
shifted the lowest absorptions only by few nm and so results are 
trustworthy.   

Preparation of 1,3,5-tricloro-2,4,6-tris[(trimethylsilyl)ethynyl]-
benzene (3a). In a dry three necked flask,10 mL of  diisopropylamine, 10 
mL of THF, 6.00 mol% of CuI (83 mg, 0.44 mmol) and 1 mol% of 
[PdCl2(PPh3)2] (52 mg, 0.072 mmol) were added and the solution was 
stirred for 5 min. The reaction mixture was treated with 1,3,5-trichloro-
2,4,6-triiodobenzene (1.00 g, 1.79 mmol), ethynyltrimethylsilane (703 mg, 
7.16 mmol) and 6.00 mol% of PPh3 (118 mg, 0.45 mmol). The resulting 
mixture was refluxed T = 80 °C for 24 h, diluted with water (10 mL) and 
extracted with chloroform (10 mL × 3). The extract was washed with brine 
(50 mL × 3) and dried over Na2SO4 (anhydrous). After removal of the 
solvent under vacuum, the product was purified by Biotage flash 
chromatography on silica gel eluted with hexane. Yield: 381 mg (0.81 
mmol, 45%) as white solid. 1H-NMR (400.13 MHz, CDCl3, ppm) δ: 0.29 
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(s, 27H Si(CH3)3). 13C-NMR (100.61 MHz, CDCl3, ppm) δ: - 0.16 
(Si(CH3)3), 98.00 (C≡CSi), 108.16 (C6C≡C), 122.07 (C6C≡C), 139.80 
(CCl) Anal. Calcd for C21H27Cl3Si3: C, 53.66; H, 5.79. Found: C, 53.51; H, 
5.77.  

Preparation of 1,3,5-tribromo-2,4,6-tris[(trimethylsilyl)ethynyl]-
benzene (3b). In a dry three necked flask 18 mL of  diisopropylamine,  
1,3,5-tribromo-2,4,6-triiodobenzene (500 mg, 0.72 mmol), 3% of 
[PdCl2(PPh3)2] and 3% of CuI  were added. Then a solution of 
trimethylsilylacetylene (246 mg, 2.5 mmol) in DIPA (9 mL) was added 
dropwise and lastly 3% of PPh3 (20 mg, 0.076 mmol). At the end of the 
addition, the mixture was warmed up to 80 °C. After 1 h, THF (9 mL) was 
added, and the mixture was left stirring 16 h under argon. The mixture 
was filtered over Celite, diluted with water (35 mL) and extracted with 
chloroform (35 mL × 3). The extract was washed with brine (50 ml × 3) 
and dried over Na2SO4 (anhydrous). After removal of the solvent, the 
residue was purified by Biotage flash chromatography on silica gel eluted 
with hexane. Yield: 131 mg (0.22 mmol, 31%) as white solid. 1H-NMR 
(599.90 MHz, CDCl3, ppm) δ: 0.26 (s, 27H Si(CH3)3). 13C-NMR (100.61 
MHz, CDCl3, ppm) δ: - 0.23 (Si(CH3)3), 104.74 (C≡CSi), 106.45 (C6C≡C), 
126.14 (C6C≡C), 134.51 (CBr) Anal. Calcd for C21H27Br3Si3: C, 41.80; H, 
4.51. Found: C, 41.71; H, 4.30.  

Preparation of 1,3,5-trifluoro-2,4,6-tris[(trimethylsilyl)ethynyl]-
benzene (3c). In a dry three necked flask 18 mL of  diisopropylamine,  
1,3,5-trifluoro-2,4,6-triiodobenzene (500 mg, 0.98 mmol), 3% of 
[PdCl2(PPh3)2] and 3% of CuI  were added. Then a solution of 
ethynyltrimethylsilane (246 mg, 2.5 mmol) in DIPA (9 mL) was added 
dropwise and lastly 3% of PPh3 (20 mg, 0.076 mmol). At the end of the 
addition, the mixture was warmed up to 80 °C. After 1 h, THF (9 mL) was 
added, and the mixture was left stirring 16 h under argon. The mixture 
was filtered over Celite, diluted with water (35 ml) and extracted with 
chloroform (35 ml × 3). The extract was washed with brine (50 ml × 3) 
and dried over Na2SO4 (anhydrous). After evaporated all the solvent, the 
residue was purified by Biotage flash chromatography on silica gel eluted 
with hexane. Yield: 404 mg (0.96 mmol, 98%) as white solid. 1H-NMR 
(400.13 MHz, CDCl3, TMS, ppm) δ: 0.26 (s, 27H Si(CH3)3). 13C-NMR 
(100.61 MHz, CDCl3, TMS, ppm) δ:  0.0 (Si(CH3)3), 88.96 (C≡CSi), 
107.16 (C6C≡C), 162.05 (C6C≡C), 164.66 (CF). 19F-NMR (376.50 MHz, 
CDCl3, ppm) δ: -99.77 (s, 3F). Anal. Calcd for C21H27F3Si3: C, 59.95; H, 
6.47. Found: C, 59.90; H, 6.40.  

Preparation of benzo(1,2-b;3,4-b’;5,6-b’’)trithiophene (BTT). In a 
dry three necked flask containing 17 mL of dimethylformamide backfilled 
with argon (3 cycles), 3c (97 mg, 0.23 mmol), 30 mol% of CuI (14 mg, 
0.074 mmol), 60 mol% of TMEDA (16 mg, 0.14 mmol) and Na2S·9H2O 
(497.17 mg, 2.07 mmol) were added and the reaction mixture was stirred 
at 110 ºC for 2 h. After the reaction was completed, the mixture was 
filtered through a glass filter and washed with ethyl acetate (100 mL). 
The mixture was washed with brine (3x200 mL), the organic layers were 
dried with anhydrous Na2SO4 and evaporated under vacuum. The brown 
residue was purified by silica gel column chromatography eluted with 
hexane. Yield: 45 mg (0.18 mmol, 78%) as pale white needles. 1H-NMR 
(400.13 MHz, CDCl3, ppm) δ: 7.63 (d, 3H CH=CHS), 7.52 (d, 3H 
CH=CHS). 13C-NMR (100.61 MHz, CDCl3, ppm) δ: 122.48 (CH=CHS), 
125.15 (CH=CHS), 131.60 (C6CH), 131.99 (C6S), Anal. Calcd for 
C12H6S3: C, 58.50; H, 2.45; S, 39.04. Found: C, 58.51; H, 2.50; S, 39.09. 
HRMS (ESI+): m/z calcd for C12H6S3 (M+), 246.9704. Found: 246.9723.  

Preparation of 1,3,5-tribromo-2,4,6-tris(ethynylferrocenyl)benzene 
(4a).  In a dry three necked flask 30 mL of diisopropylamine, 6.00 mol% 
of CuI (27 mg, 0.14 mmol) and 1.00 mol% of [PdCl2(PPh3)2] (16 mg, 
0.023 mmol) were added and the solution was stirred for 5‘. The reaction 
mixture was treated with 1,3,5-tribromo-2,4,6-triiodo-benzene (413 mg, 

0.6 mmol), ethynylferrocene (500 mg, 2.4 mmol) and 6.00 mol% of PPh3 
(37 mg, 0.14 mmol). The resulting mixture was refluxed for 24 h whereby 
the red solution turned into an orange suspension. After cooling it to 
room temperature and the evaporation of all volatiles, the orange residue 
was worked-up by Soxhelet extraction with diethyl ether (9 h) to remove 
the appropriate ammonium salt. After elimination of the solvent in vacuo, 
the product was purified by Biotage flash chromatography on silica gel 
eluted with hexane and increasingly dichloromethane from 2% to 25%. 
Yield: 365 mg (0.39 mmol, 65%) as orange solid. 1H-NMR (400.13 MHz, 
CD2Cl2, ppm) δ: 4.31 (s, 15H C5H5), 4.35 (m, 6H C5H4), 4.62 (m, 6H 
C5H4). 13C-NMR (100.61 MHz, CD2Cl2, ppm) δ: 64.13 (FcC≡CC6)  70.27 
(C5H4), 70.85 (C5H5), 72.35  (C5H4), 84.49 (FcC≡CC6), 100.49 (Ci-C5H4), 
127.06 (FcC≡CC6), 128.63 (CBr). Anal. Calcd for C42H27Fe3Br3: C, 53.73; 
H, 2.90. Found: C, 53.62; H, 2.97. HRMS (ESI+): m/z calcd for 
C42H27Fe3Br3 (M+), 937.7695. Found: 937.8595.  

Preparation of 2,5,8-tris(ferrocenyl)benzo[1,2-b;3,4-b’;5,6-
b’’]trithiophene (1). In a dry three necked flask containing 6 mL of 
dimethylformamide backfilled with argon (3 cycles), 4a (80 mg, 0.085 
mmol), 30 mol% of CuI (5 mg, 0.026 mmol), 60 mol% of TMEDA (6 mg 
0.052 mmol) and Na2S·9H2O (172 mg, 0.72 mmol) were added, and the 
reaction mixture was stirred at 110−115 ºC for 2 h. After the reaction was 
completed, the mixture was filtered through a glass filter and washed with 
ethyl acetate (15 mL). The mixture was washed with brine (3x20 mL), the 
organic layers were dried with anhydrous Na2SO4 and evaporated under 
vacuum. Yield: 66 mg (0.083 mmol, 98%)  as red solid. 1H-NMR (400.13 
MHz, CD2Cl2, ppm) δ: 4.17 (s, 15H C5H5), 4.42 (m, 6H C5H4), 4.78 (m, 
6H C5H4), 7.47 (s, 3H CH=C-Fc). 13C-NMR (100.61 MHz, CD2Cl2, ppm) 
δ: 67.86 (C5H4), 69.92 (C5H4), 70.77 (C5H5), 79.91 (Ci-C5H4), 116.61 
(CH=C-Fc), 129.41 (C6-CH), 132.56 (C6-S), 143.82 (CH=C-Ci). Anal. 
Calcd for C42H30Fe3S3: C, 63.18; H, 3.79; S, 12.05. Found: C, 63.05; H, 
3.89; S, 12.02. HRMS (ESI+): m/z calcd for C42H30Fe3S3 (M+), 797.9555. 
Found: 797.9672.  

Preparation of 1,4-dibromo-2,5-bis(ethynylferrocenyl)benzene (5). In 
a dry flask 5.1 ml of diisopropylamine, 25.6 ml of THF, 6 mol% of CuI (52 
mg 0.28 mmol) and 1.00 mol% of [PdCl2(PPh3)2] (32 mg, 0.046 mmol) 
were added and the solution was stirred for 5’. The reaction mixture was 
treated with 1,4-dibromo-2,5-diiodobenzene (1.00 g 2.05 mmol), 
ethynylferrocene (882 mg, 4.1 mmol) and 6 mol% of PPh3 (73 mg, 0.28 
mmol). The resulting mixture was stirred overnight at room temperature 
under argon. After the evaporation of all volatiles, an orange residue was 
isolated. Yield: 1.08 g (1.66 mmol, 81%). 1H-NMR (400.13 MHz, CD2Cl2, 
ppm) δ: 4.28 (s, 10H C5H5), 4.32 (m, 4H C5H4), 4.56 (m, 4H C5H4) 7.73 
(s, 2H C6H2). 13C-NMR (100.61 MHz, CD2Cl2, ppm) δ: 64.33 (FcC≡CC6 ), 
70,10 (C5H4), 70,75 (C5H5), 72,27  (C5H4), 83,61 (FcC≡CC6), 97.15 (Ci-
C5H4), 123.66 (CBr), 126.93 (FcC≡CC6), 136.28 (C6H). Anal. Calcd for 
C30H20Fe2Br2: C, 55.27; H, 3.09. Found: C, 55.15; H, 3.12. HRMS (ESI+): 
m/z calcd for C30H20Fe2Br2 (M+), 651.8610. Found: 651.8716. 

Preparation of 2,6-bis(ferrocenyl)benzo[1,2-b:4,5-b’]dithiophene (2). 
In a dry three necked flask containing 5 mL of dimethylformamide 
backfilled with argon (3 cycles), 5 (130 mg, 0.20 mmol), 30 mol% of CuI 
(11 mg, 0.06 mmol), 40 mol% of TMEDA (9 mg, 0.08 mmol) and 
Na2S·9H2O (288 mg, 1.2 mmol) were added, and the reaction mixture 
was stirred at 110 ºC for 2 h. After the reaction was completed, the 
mixture was filtered through a glass filter and washed with ethyl acetate 
(15 mL). The mixture was washed with brine (3x30 mL), the organic 
layers were dried with anhydrous Na2SO4 and evaporated under vacuum. 
The product was purified by washing with hexane. Yield: 60 mg, (0.11 
mmol, 55%) as brownish red solid. 1H-NMR (400.13 MHz, CD2Cl2, ppm) 
δ: 4.14 (s, 10H C5H5), 4.39 (m, 4H C5H4), 4.71 (m, 4H C5H4) 7.24 (s, 2H 
CH=CCi) 8.04 (s, 2H C6H). 13C-NMR (100.61 MHz, CD2Cl2, ppm) δ: 
67.76 (C5H4), 69.72 (C5H4), 70.55 (C5H5), 79.75 (Ci-C5H4), 115.59 (C6H), 
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117.34 (CH=C-Fc), 137.65 (C6-CH), 138.52 (C6-S), 144.25  (CH=C−Ci). 
Anal. Calcd for C30H22Fe2S2:  C, 64.54; H, 3.97; S, 11.49. Found: C, 
64.41; H, 3.90; S, 11.41. HRMS (ESI+): m/z calcd for C30H22Fe2S2 (M+), 
557.9868. Found: 558.0051. 
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