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Abstract: A series of germinal-diethynylethene (gem-DEE) bridged diferrocenyl compounds, 9 

including 1,1-[bis(ferrocenylethynyl)methylene]cyclohexane (1), 10 

1,1-[bis(ferrocenylethynyl)methylene]tetrahydro-2H-pyran (2), and 11 

1,1-[bis(ferrocenylethynyl)methylene]tetrahydro-2H-thiopyran (3) were synthesized and 12 

characterized. The Fe…Fe distance between the two ferrocenyl termini reaches up to ~9 Å for 13 

compounds 2 and 3. The electrochemical measurements demonstrate moderate electronic 14 

coupling between the gem-DEE-bridged ferrocenyl (Fc) termini in this cross-conjugated 15 

system. UV-vis-NIR spectroscopy studies suggest that the monocation species of these 16 

compounds belong to class II mixed-valence systems in Robin–Day classification. DFT 17 

calculations further reveal electronic structures of these cross-conjugated diferrocenyl 18 

compounds. 19 

Keywords: Diferrocenyl; Diethynylethene; Cross-conjugated; Electronic coupling; 20 

Mixed-valence. 21 
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1. Introduction  1 

The binuclear and poly-nuclear mixed-valence metal complexes with π conjugated 2 

bridging ligand have attracted continuous interests for decades, which offer a good deal of 3 

molecular models for the fundamental study of electron transfer processes [1–26]. In 4 

particular, the long-distance electronic coupling involving metal–metal distance up to 5 

nanometer-scale is of great importance from both fundamental and practical point of view 6 

[27–30]. These nanometer-scale molecular systems with controllable electron transfer 7 

properties have potential applications in molecular electronics and optoelectronic materials. 8 

For instance, Ren and co-workers reported a series of Ru2(Xap)4 (ap = 2-anilinopyridinate) 9 

capped polyyn-diyl (µ-C2m, m = 4–10) diruthenium compounds with the distance between two 10 

Ru2 termini up to ~28 Å [28]. It is revealed that the electronic coupling between the Ru2 11 

termini depends on the length of polyyn-diyl with an attenuation constant between 0.12 and 12 

0.15 Å-1. These results provide in-depth understanding on the long-distance electron transfer 13 

mediated by polyyn-diyl bridge.  14 

Compared to the extensively investigated linearly conjugated bridging ligands, the 15 

redox-active binuclear complexes bridged by cross-conjugated ligands have only been started 16 

to be explored in recent years [31–40]. The weak electronic coupling between two Fc centers 17 

bridged by the cross-conjugated 3-(dibromomethylidene)penta-1,4-diyne ligand was firstly 18 

reported by Xu et al [35]. The Fe…Fe distance in the crystal structure of this diferrocenyl 19 

compound reaches to ~10.5 Å. The diruthenium compounds bearing cross-conjugated 20 

σ-geminal-diethynylethene (gem-DEE) ligand exhibit attenuated electronic coupling between 21 

the two Ru2 termini compared to that of the counterpart with buta-1,3-diyne bridge [36]. In 22 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

3 
 

the recent report by Low and co-workers, using the weakly coordinating electrolyte 1 

n-Bu4N[B{C 6H3(CF3)2-3,5}4], the electronic coupling was more clearly resolved in 2 

cross-conjugated bis- and tris-ferrocenyl complexes Ph2C=C(C≡CFc)2 and FcCH=C(C≡CFc)2 3 

with Fe…Fe distance up to ~10.3 Å [33]. The weakly coordinating electrolyte 4 

Na[B{C6H3(3,5-CF3)2} 4] was also used in our recent investigation on the electron transfer 5 

properties of a series of gem-DEE bridged diferrocenyl compounds [40].  6 

Herein we reported the syntheses, voltammetric and spectroscopic studies of a series of 7 

diferrocenyl compounds bridged by cross-conjugated gem-DEE ligands with different pendent 8 

substituents including cyclohexane, tetrahydro-2H-pyran, and tetrahydro-2H-thiopyran. The 9 

single-crystal X-ray diffraction analyses reveal that the Fe…Fe distances between the Fc 10 

termini in the crystal structures of these compounds reaches up to ~9 Å for compounds 2 and 11 

3. The experimental and computational studies suggest that these cross-conjugated 12 

diferrocenyl compounds belong to the weakly coupled Robin–Day class II systems.  13 

 14 

2. Experimental  15 

2.1. Reagents 16 

Tetrabromomethane (98%), cyclohexanone (99%),  tetrahydro-4H-pyran-4-one (98%),   17 

tetrahydro-4H-thiopyran-4-one (98%), triphenylphosphine (99%), heptane (98%),  18 

triethylamine (99%) and NOBF4 (98%) was purchased from commercial suppliers. These 19 

reagents were used as received without further purification. Ethynylferrocene [41], 20 

(1,1-dibromomethylene)cyclohexane [42], and Na[B{C6H3(3,5-CF3)2} 4] [43] were 21 

synthesized by literature methods. 22 
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2.2. Instruments  1 

1H and 13C NMR spectra were recorded on a Bruker BioSpin GmbH 600 MHz 2 

spectrometer using CDCl3 as solvent. Chemical shifts were reported in ppm relative to 3 

internal TMS (0 ppm). Elemental analyses were performed using a Vario MICRO elemental 4 

analyzer. UV–vis–NIR spectra of the samples in CH2Cl2 solutions were obtained on 5 

PerkinElmer Lamda-950 spectrophotometer. 6 

 7 

2.3. Single-crystal X-ray diffraction analysis  8 

The X-ray diffraction data for compounds 1–3 were collected on a Xcalibur Eos Gemini 9 

CCD diffractometer with graphite–monochromated Mo Kα radiation (λ = 0.71073 Å) at room 10 

temperature. The structures were solved by direct methods and refined by full-matrix 11 

least-squares on F2 by using the program SHELX-2016 [44]. Anisotropic thermal factors were 12 

assigned to all the non-hydrogen atoms. The positions of the hydrogen atoms were generated 13 

geometrically, assigned isotropic thermal parameters, and allowed to ride on their respective 14 

parent atoms before the final cycle of least-squares refinement. Detailed crystal data and 15 

structure refinements parameters for compounds 1–3 are listed in Table S1. Further 16 

crystallographic details for the compounds are summarized in CCDCs 1582342 (1), 1582343 17 

(2) and 1582344 (3).  18 

 19 

2.4. Electrochemistry  20 

The electrochemical experiments were carried out with a CHI 660E electrochemical 21 

workstation (CH Instruments). Cyclic voltammetry (CV) and differential pulse voltammetry 22 
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(DPV) measurements were performed using a three-electrode system with a glassy carbon 1 

working electrode, a Pt wire counter electrode, and a Ag/AgCl (3 M KCl) reference electrode 2 

in CH2Cl2 solution containing 0.01 M Na[B{C6H3(3,5-CF3)2} 4] (N2-degassed) as electrolyte. 3 

  4 

2.5. DFT calculations  5 

DFT calculations were carried out using Gaussian 09 software with the B3LYP 6 

exchange-correlation functional and 6-31G** basis set. Geometry optimizations of the 7 

structures were done using parameters from the corresponding crystal structure data as 8 

starting points. No symmetry constraints were used in the optimization. The optimized 9 

geometries were fully characterized as true minima via analytical frequency calculations (no 10 

imaginary eigenvalues). The solvent (CH2Cl2) effects were considered using the polarized 11 

continuum model (PCM).  12 

 13 

2.6. Syntheses of compounds 1–3 14 

2.6.1. Synthesis of 1,1-[bis(ferrocenylethynyl)methylene]cyclohexane (1)  15 

A mixture of (1,1-dibromomethylene)cyclohexane (100 mg, 0.4 mmol), ethynylferrocene 16 

(189 mg, 0.9 mmol), Pd(PPh3)2Cl2 (30 mg, 0.04 mmol) and CuI (20 mg, 0.1 mmol) in 17 

triethylamine (5 mL) was sealed in a 120 mL Teflon screwed tube under N2 atmosphere. The 18 

reaction mixture was heated at 95 oC with stirring for 24 h. After cooling to room temperature, 19 

the reaction mixture was diluted with CH2Cl2 (100 mL), washed with saturated aq. NH4Cl 20 

solution (2 × 50 mL) and distilled water (2 × 50 mL). The organic layer was dried over 21 

anhydrous Na2SO4, and concentrated under reduced pressure. The crude product was purified 22 
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by column chromatography on silica gel (CH2Cl2 : petroleum ether = 1 : 5) to yield the title 1 

compound 1 as red solid (105 mg, 51% yield). 1H NMR (600 MHz, CDCl3): δ 4.47 (s, 4H, 2 

C5H4), 4.23 (s, 10H, C5H5), 4.19 (s, 4H, C5H4), 2.57 (s, 4H, CH2), 1.66 (s, 4H, CH2), 1.62 (s, 3 

2H, CH2). 
13C NMR (150 MHz, CDCl3): δ 158.82, 98.75, 89.51, 82.65, 71.38, 69.93, 68.68, 4 

65.67, 32.86, 27.56, 26.28. Anal. Calcd for C31H28Fe2: C, 72.69; H, 5.51. Found: C, 72.90; H, 5 

5.54.  6 

 7 

2.6.2. Synthesis of 4-(dibromomethylene)tetrahydro-2H-pyran (2a) 8 

In an oven-dried three-necked flask, a mixture of tetrahydro-4H-pyran-4-one (1.0 g, 10 9 

mmol), CBr4 (6.63 g, 20 mmol), PPh3 (10.5 g, 40 mmol) in heptane (100 mL) was refluxed 10 

under N2 atmosphere for 48 h. After cooling to room temperature, the reaction mixture was 11 

filtered through Celite, and the solid residue was washed with petroleum ether. The solvent 12 

was removed under reduced pressure to give crude products. Chromatography on silica gel 13 

using petroleum ether as the eluent afforded the product as white solid (1.3 g, 51% yield). 1H 14 

NMR (600 MHz, CDCl3): δ 3.68 (t, J = 4.9 Hz, 4H, CH2), 2.51 (t, J = 4.9 Hz, 4H, CH2). 15 

13CNMR (150 MHz, CDCl3): δ 139.96, 84.49, 67.37, 35.15. Anal. Calcd for C6H8OBr2: C, 16 

28.16; H, 3.15. Found: C, 28.31; H, 3.16.  17 

 18 

2.6.3. Synthesis of 1,1-[bis(ferrocenylethynyl)methylene]tetrahydro-2H-pyran (2) 19 

This compound was prepared from 2a by the same procedure for that of 1. 20 

Chromatography on silica gel (CH2Cl2 : petroleum ether = 1 : 1) gave the desired product as 21 

red solid (120 mg, 59% yield). 1H NMR (600 MHz, CDCl3): δ 4.47 (s, 4H, C5H4), 4.23 (s, 22 
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10H, C5H5), 4.21 (s, 4H, C5H4), 3.78 (t, J = 4.4 Hz, 4H, CH2), 2.69 (t, J = 4.3 Hz, 4H, CH2). 1 

13C NMR (150 MHz, CDCl3): δ 151.75, 100.65, 90.70, 81.90, 71.41, 69.97, 68.86, 68.18, 2 

65.17, 33.28. Anal. Calcd for C30H26OFe2: C, 70.07; H, 5.10. Found: C, 70.15; H, 5.11.  3 

 4 

2.6.4. Synthesis of 4-(dibromomethylene)tetrahydro-2H-thiopyran (3a) 5 

This compound was prepared from tetrahydro-4H-thiopyran-4-one by the same procedure 6 

for that of 2a. Chromatography on silica gel using petroleum ether as eluent gave the desired 7 

product as light yellow solid (1.5 g, 56% yield). 1H NMR (600 MHz, CDCl3): δ 2.76 (d, J = 8 

5.3 Hz, 4H, CH2), 2.70 (d, J = 5.4 Hz, 4H, CH2). 
13C NMR (150 MHz, CDCl3): δ 141.99, 9 

85.43, 36.62, 29.27. Anal. Calcd for C6H8SBr2: C, 26.49; H, 2.96. Found: C, 26.61; H, 2.98. 10 

 11 

2.6.5. Synthesis of 1,1-[bis(ferrocenylethynyl)methylene]tetrahydro-2H-thiopyran (3) 12 

This compound was prepared from 3a by the same procedure for that of 1. 13 

Chromatography on silica gel (CH2Cl2 : petroleum ether = 1 : 1) gave the desired product as 14 

red solid (115 mg, 54% yield). 1H NMR (600 MHz, CDCl3): δ 4.47 (s, 4H, C5H4), 4.24 (s, 15 

10H, C5H5), 4.22 (s, 4H, C5H4), 2.92 (s, 4H, CH2), 2.78 (d, J = 4.2 Hz, 4H, CH2). 
13C NMR 16 

(150 MHz, CDCl3): δ 153.77, 101.56, 91.18, 81.92, 71.42, 69.96, 68.89, 65.08, 34.38, 30.16. 17 

Anal. Calcd for C30H26SFe2: C, 67.95; H, 4.94. Found: C, 68.09; H, 4.95.  18 

 19 

3. Results and discussion 20 

The gem-DEE bridged diferrocenyl compounds (Fig. 1) were readily synthesized from 21 

the ketones, including cyclohexanone, tetrahydro-4H-pyran-4-one and 22 
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tetrahydro-4H-thiopyran-4-one, by the Corey-Fuchs olefination and subsequent Sonogashira 1 

coupling with ethynylferrocene (Scheme 1). The resulting compounds 2 

1,1-[bis(ferrocenylethynyl)methylene]cyclohexane (1), 3 

1,1-[bis(ferrocenylethynyl)methylene]tetrahydro-2H-pyran (2), and 4 

1,1-[bis(ferrocenylethynyl)methylene]tetrahydro-2H-thiopyran (3), and the 5 

1,1-dibromoalkene intermediates 4-(dibromomethylene)tetrahydro-2H-pyran (2a) and 6 

4-(dibromomethylene)tetrahydro-2H-thiopyran (3a) were characterized by NMR spectroscopy 7 

and elemental analysis. The diferrocenyl compounds are all stable under ambient conditions 8 

in solution or in the solid state.  9 

The molecular structures of compounds 1–3 were determined by single-crystal X-ray 10 

diffraction analysis (Fig. 2). The compounds crystalize in the triclinic space group P-1 (1) and 11 

the monoclinic space group P21/c (2 and 3) with one crystallographically independent 12 

molecule in the asymmetric unit (Table S1). As shown in Fig. 2, the central gem-DEE 13 

backbone exhibits a typical planar Y-shape geometry. The C≡C and C=C bond lengths in the 14 

gem-DEE backbone as well as the alkylidene bond angles are comparable to other 15 

cross-conjugated enediynes (Table 1). A typical chair conformation was observed for the 16 

cyclohexane and tetrahydro-2H-thiopyran pendent substituents in compounds 1 and 3, 17 

respectively, while the tetrahydro-2H-pyran substituent in 2 exhibits an approximately planar 18 

conformation. The Fe…Fe distance between the two ferrocenyl units is 6.761 (10), 9.043 (7), 19 

and 9.172 (6) Å for the compounds 1, 2 and 3, respectively. In our previous report, the four 20 

gem-DEE bridged diferrocenyl compounds show very similar Fe…Fe distance of 6.74–7.18 Å 21 

[40]. For the present diferrocenyl compounds, the obviously increased Fe…Fe distances of 2 22 
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and 3 could be attributed to the different orientation of the two ferrocenyl groups in crystal 1 

structures. This is probably due to the intermolecular interactions including the C–H…
π 2 

hydrogen bonds and π…
π stacking interactions. As can be seen from Fig. S6 and Table S2–4, 3 

the compounds 2 and 3 exhibit stronger C–H…π interactions compared to that for compound 1. 4 

Moreover, the π…
π interactions were observed for compounds 2 and 3, while it is absent in 5 

compound 1.  6 

The electrochemistry of these gem-DEE bridged diferrocenyl compounds were 7 

investigated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) 8 

measurements. The weakly coordinating supporting electrolyte Na[B{C6H3(3,5-CF3)2} 4] was 9 

used in electrochemical experiments. Due to the substantially suppressed ion-pairing effect, 10 

this kind of electrolyte has been proved to be very efficient to improve the resolution between 11 

the coupled oxidation processes in mixed-valence poly-ferrocene compounds [41–46]. The 12 

cyclic voltammograms and differential pulse voltammograms of these compounds are 13 

characterized by a pair of overlapping but partially resolved redox couples, indicating the 14 

stepwise one-electron oxidation of two Fc units (Fig. 3). As estimated from the DPV curves, 15 

the potential difference (∆E) for the pairwise redox couples is 168, 156, and 152 mV for 16 

compounds 1, 2, and 3, respectively (Table 2). This result suggests the moderate electronic 17 

coupling between two Fc centers over the cross-conjugated gem-DEE bridge [33, 36, 40]. It is 18 

noteworthy that, although the Fe…Fe distances reach up to ~9.1 Å for compounds 2 and 3, 19 

they still exhibit comparable degree of electronic coupling in comparison to compound 1 with 20 

Fe…Fe distance of ~6.7 Å. This implies that the electronic coupling between the two Fc 21 

termini more likely occurs via the through-bond mechanism. Moreover, in the recent report by 22 
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Low and co-workers, the tris(ferrocenyl) compound FcCH=C(C≡CFc)2 exhibit more strong 1 

electronic coupling (∆E = 216 mV) over the gem-DEE bridge with the Fe…Fe distance up to 2 

~10.3 Å [33]. These results are suggestive of the capability of cross-conjugated gem-DEE 3 

bridging ligand in mediating electronic coupling between Fc termini. The similar ∆E values 4 

also indicate that the heterocyclic pendent substituents in compounds 2 and 3 have little 5 

effects on Fc–Fc electronic coupling in the cross-conjugated system.  6 

Fig. 4a shows UV-vis-NIR spectra recorded during the stepwise chemical oxidation of 7 

compound 1 by NOBF4 [51–53]. The weak and broad low-energy absorption band around 750 8 

nm was gradually generated in the spectrum, which is indicative of the intervalence charge 9 

transfer (IVCT) transition of the mixed-valence monocation 1+. The generation of IVCT 10 

transition was also observed with the broad absorption band at ~800 nm for 2+ and 3+, 11 

respectively (Fig. S7a and S8a). The deconvolution analysis shows that the NIR band of the 12 

mixed-valence species is composed of Gaussian-shaped sub-bands corresponding to the IVCT 13 

transition and the possible ligand-to-FeIII  charge transfer (LMCT) transition (Fig. 4b, Fig. S7b, 14 

and Fig. S8b). The spectroscopic parameters for IVCT band are listed in Table 3. According to 15 

the Hush model, the electronic coupling metric element (Hab) can be estimated from the IVCT 16 

band parameters by using the equation: Hab = 2.05 × 10-2[(νmax εmax ∆ν1/2)
1/2/rab] [48]. The 17 

value of Hab is calculated to be 560, 470, and 382 cm-1 for compounds 1, 2, and 3, 18 

respectively (Table 3). These results suggest that the monocation for these gem-DEE-bridged 19 

diferrocenyl compounds can be described as the weakly coupled Robin–Day class II 20 

mixed-valence species [55].     21 

The electronic structure of these diferrocenyl compounds was studied by DFT 22 
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calculations at the B3LYP level of theory with 6-31G** basis set. As shown in Fig. 5, the 1 

HOMO on the gem-DEE backbone is the out-of-phase combination of three π orbitals on two 2 

acetylene and one ethene units, and it is the in-phase combination of the three π* orbitals for 3 

LUMO. This result is indicative of π electron delocalization across the gem-DEE bridge, as 4 

that revealed by the theoretical investigations on free gem-DEE ligand by Ren and co-workers 5 

[39]. The HOMO of these diferrocenyl compounds has dominant contribution from the Fc 6 

termini mainly on the Fe 3d orbitals, while the electron density on Fc units is significantly 7 

reduced in the LUMO. The pendent substituents in these compounds have little contribution 8 

to the frontier orbitals due to their saturated structure. DFT calculations on the monocation 1+ 9 

show the predominant spin localization on one Fc unit along with some contribution from half 10 

of the gem-DEE skeleton (Fig. 6). This result suggests the localized oxidation on Fc unit in 11 

the monocation 1+ that is characteristic for the electronic structure of class II mixed-valence 12 

species [56–58].  13 

 14 

4. Conclusions 15 

In this study, a series of diferrocenyl compounds bridged by cross-conjugated gem-DEE 16 

ligands with different pendent substituents including cyclohexane, tetrahydro-2H-pyran, and 17 

tetrahydro-2H-thiopyran were synthesized and characterized. The X-ray crystallographic 18 

study reveals the varying Fe…Fe distances between the Fc termini in the crystal structures of 19 

these compounds, which reaches up to ~9 Å for compounds 2 and 3. The gem-DEE-bridged 20 

Fc termini exhibit moderate electronic coupling in this cross-conjugated system. The 21 

electronic coupling only show slight attenuation with increasing Fe…Fe distances from 1 to 3. 22 
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Hush analysis on IVCT bands of the monocation species is suggestive of the Robin–Day class 1 

II mixed-valence system.  2 

 3 
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Crystal data and structure refinements summary for compounds 1–3; Analysis of C–H...π 9 

(Cp-ring) interactions for compound 1–3; 1H and 13C NMR spectra of 1, 2a, 2, 3a, 3; 10 

UV-Vis-NIR spectra recorded during stepwise chemical oxidation of compound 2 and 3 by 11 

NOBF4 in CH2Cl2; The Gaussian deconvolution of NIR absorptions for the monocation 2+ 12 

and 3+. 13 
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Scheme 1. Synthetic route for compounds 1–3. 1 

 2 

Conditions: (i) CBr4 (2.0 equiv), PPh3 (4.0 equiv), heptane, reflux 48 h; (ii) FcC≡CH (3.0 3 

equiv), Pd(PPh3)2 (0.13 equiv), CuI (0.33 equiv), Et3N, 95 oC, 24 h. 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 
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 15 

 16 

 17 

 18 
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Table 1. Selected bond lengths (Å) and angles (deg) for compounds 1–3. 1 

 2 

 1 2 3 

C21–C22 1.179(4) 1.180(4) 1.193(4) 

C24–C25 1.198(4) 1.195(4) 1.190(4) 

C23–C26 1.347(4) 1.348(5) 1.340(4) 

Fe1…Fe2 6.761(10) 9.043(7) 9.172(6) 

C22–C23–C24 113.5(3) 115.6(3) 115.3(3) 

 3 

 4 

Table 2. Electrochemical fata from DPV measurements (vs Ag/AgCl). 5 

 6 

Compd Ox1, mV Ox2, mV ∆E, mV Kc 

1 40 208 168 692 

2 68 224 156 434 

3 56 208 152 371 

 7 

Table 3. Parameters for the IVCT band of 1+–3+. 8 

 9 

Compd 
νmax 

(cm-1) 

ε 

(L mol-1 cm-1) 

∆ν1/2 

(cm-1) 

rab 

(Å) 

∆ν1/2(theor) 

(cm-1) 

Hab 

(cm-1) 

1+ 14278 426 5557 6.761 5743 560 

2+ 12950 901 3650 9.043 5469 470 

3+ 12300 712 3300 9.172 5330 382 

 10 

 11 

 12 

 13 

 14 

 15 
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Fig. 1. The gem-DEE bridged diferrocenyl compounds 1–3. 1 

 2 

 3 

 4 

 5 

Fig. 2. X-ray crystal structures of compounds 1–3. The ellipsoids are drawn at the 30% 6 

probability level. H atoms are omitted for clarity. 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 
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Fig. 3. CV (top) and DPV (bottom) of compounds 1 (a), 2 (b), and 3 (c) recorded in CH2Cl2 1 

solution containing 0.01 M Na[B{C6H3(3,5-CF3)2} 4] at room temperature. Scan rate: 50 mV 2 

s-1. 3 

 4 

 5 

 6 
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Fig. 4. (a) UV-Vis-NIR spectra recorded during stepwise chemical oxidation of compound 1 1 

by NOBF4 in CH2Cl2. (b) The Gaussian deconvolution of NIR absorptions for the monocation 2 

1+. 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 
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Fig. 5. HOMO and LUMO for compounds 1–3. 1 

 2 

 3 

Fig. 6. Spin-density isosurface plot (left) and SOMO (right) of the monocation 1+. 4 

 5 

 6 

 7 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Highlights  

• A series of gem-DEE bridged diferrocenyl compounds were synthesized.  

• The Fe…Fe distance between the two ferrocenyl termini reaches up to ~9 Å. 

• The cross-conjugated systems exhibit moderate electronic coupling between two 

ferrocenyl termini. 


