Supporting Information

Floriane Malvolti, Cedric Rouxel, Olivier Mongin, Philippe Hapiot, Loic

Toupet, Mireille Blanchard-Desce,and Frédéric Paul*

Optical Electron Transfer through 2,7-Diethynylfluorene Spacers in Mixed-Valent

Complexes Containing Electron-rich "(h*-dppe)(n°>-CsMes)Fe" Endgroups

Including:

1. Synthesis of 1 and 1[P§. p. S2
2. Details about Cyclic Voltammetry Experiments andSimulation Procedure  p. S4
3. IR, UV and NIR Spectra obtained from Equimolar Mixtures of 1 and 1[PFK], p. S6

4. Solvatochromy and Deconvolution of the Near-IR Bsorption p. S7



1. Synthesis of 1 and 1[P#

\/S\i = 0.0 = Si//

\

Synthesis of 2,7-Bis(trimethylsilylethynyl)-9,9-dilutyl-9H-fluorene. Air was removed
from a solution of 9,9-dibutyl-2,7-diiodoFBfluorene (3.0 g, 5.66 mmol) in 30 mL of toluene
and 7.5 mL of BN by blowing argon for 20 min. Then Cul (21.6 mglI8 mmol),
Pd(PPh).Cl, (79.3 mg, 0.113 mmol) and ethynyltrimethylsilarie4( mL, 1.67 g, 16.98
mmol) were added, and deaeration was continued@omin. Thereafter, the mixture was
stirred at 40 °C for 16 h. The solvents were evafgol and the residue was purified by
column chromatography (heptane) to yield 2.35 ¢4B8f the title compound. Anal. calcd
(%) for Gs1H42Si, (470.85): C, 79.08, H, 8.99; found: C, 78.88, H,29. HRMS (El)nvVz calcd
for CsiH42Sh, (M*): 470.2825; found: 470.2848'H NMR (200.1 MHz, CDGJ, din ppm)
7.64 (d,J = 7.5 Hz, 2H), 7.48 (d] = 7.5 Hz, 2H), 7.46 (s, 2H), 1.98 (m, 4H), 1.08 @),
0.69 (t,J = 7.3 Hz, 6H), 0.55 (m, 4H), 0.33 (s, 18H}C{*H} NMR (75.5 MHz, CDC}, Jin
ppm) 150.9, 140.9, 131.3, 126.2, 121.8, 119.9,1 @813, 55.2, 40.2, 25.8, 23.1, 13.8, 0.1.

= O‘O =,

Synthesis of 9,9-Dibutyl-2,7-diethynyl-&i-fluorene. To a solution of 2,7-
bis(trimethylsilylethynyl)-9,9-dibutyl-BI-fluorene (1.94 g, 4.12 mmol) in 100 mL of
THF/MeOH (3/1) was added 30 mL of agueous KOH (1 &hd the mixture was stirred at 20
°C for 15 min. Dichloromethane and water were adaied the organic layer was separated.
The aqueous layer was extracted with,ChH, and the combined organic phases were dried
(N&SOy). The residue obtained after removal of the sdlvemas purified by column
chromatography (heptane/ @El, 80:20) to yield 1.26 g (94%) of the title compounéinal.
calcd (%) for GsHys (326.48): C, 91.97; H, 8.03; found: C, 92.17; OB HRMS (El)m/z
calcd for GsHas (M™): 326.2035; found: 326.2036H NMR (200.1 MHz, CDQ, Jin ppm)
7.63 (d,J = 8.6 Hz, 2H),7.48 (d,J = 8.6 Hz, 2H), 7.46 (s, 2H), 3.15 (s, 2H), 1.94 @Hl),
1.07 (m, 4H), 0.67 (t) = 7.2 Hz, 6H), 0.54 (m, 4H)"*C{*H} NMR (50.3 MHz, CDC}, Jin
ppm) 151.0, 140.9, 131.2, 126.5, 120.8, 119.9,,8451, 55.1, 40.0, 25.8, 22.9, 13.7.



Synthesis of §*dppe)n’>-CsMes)FeC=C(2,7-Cy1H24)C=CFen°>-CsMes)(n>dppe) (1). In a
Schlenk tube 842 mg Agt-CsMes)(n>-dppe)Cl (1.3 mmol, 2,0 eq), 220 mg 9,9-dibutyl-2,7
diethynylfluorene (0.83 mmol, 1.0 eq) and 273 mg=K&..4 mmol, 2.2 eq) were dissolved in
MeOH (30 mL). The solution was stirred and heated3% °C overnight. The brown
suspension was allowed to settle and was filtratétie solid was washed with degassed
MeOH (2x10 mL) at O °C and extracted with &Hp. The solvent was removed and the
brown solid was dried under vacuum to afford 834 ahgolid which was characterized by
NMR as the bis-vinylidene complex%dppe)°-CsMes)FeC=CH(2,7-GH,,)HC=CFef*-
CsMes)(n*dppe). To this solid, 202 mg BuOK (1.6 mmol, 2.5 eq) in THF (30 mL) were
added. The solution was stirred for 2 h and theestlwas removed. After extraction with
toluene and evaporation of the solvent, the solid washed with degassed pentane (2x10
mL) and MeOH (10 mL) at 0°C to afford the desiraf’-dppe)q>-CsMes)FeG=C(2,7-
C,1H24)C=CFef)>-CsMes)(n>-dppe) complex) as an orange solid (734 mg, 73 %). Anal.
Calc for G/Hi0PsFe: C, 77.49 H, 6.48; Found: C, 77.51, H 6.86. MS (E8I} calc. for
CoH10PsFe (M™): 1502.5631; found: 1502.5641FT-IR (v, KBr, cmi‘): 2043 (s, €C);
1600, (s, Ar). *'P NMR (81 MHz, GDg, & in ppm): 100.7 (SPgppd. ‘H NMR (200 MHz,
CeDs, & in ppm):8.10 (M, 8HHo-dppd, 7.53 (d, 2H Iy n = 7.6 Hz,Hay), 7.30-6.95 (m, 36H,
Hiu et Happd, 2.68 (M, 4HHchz-dppgd, 2.05 (M, 4H, Elogy), 1.82 (M, 4H, Kuz-dppd, 1.57 (S,
30H, Cg,(CHg)s), 1.19 (m, 4H, G'ZBu)a 1.03 (m, 4H, G'ZBu)a 0.70 (t, 6H,3JH,H = 6.8 Hz,
CHagy). CV (CHyCly, 0.1"BusNPF;, 0.1 V.§"): E° = -0.12, -0.21 V/ECSAE, = 60 mV, i

= 1.0). UV=Vis (CHCly, Ama/nm, €/10° dn*.M™.cm): 264 (sh, 35.5), 300 (sh, 26.7), 450
(37.4).

Synthesis of [§*dppe)n>-CsMes)FeC=C(2,7-Co1H»4)C=CFe(n>-CsMes)(n>dppe)][PFe]2
(1[PFs],). In a Schlenk tubenf-dppe)q°-CsMes)FeG=C(2,7-G1H24) C=CFef)>-CsMes)(n*
dppe) (200 mg, 0.13 mmol) andnf¢CsHs)-Fe][PR] (88 mg ,0.27 mmol, 2 eq) were
solubilized in CHCI, (15 mL) and the solution was stirred for 2 h. ekfpartial removal of
the solvent (taca. 5 mL), pentane (60 mL) was added and the solweete filtrated. The
residue was then washed with thoroughly degasdedne (2x2 mL) and pentane (2 mL) at O
°C to obtain the desired rit-dppe)q°>-CsMes)FeG=C(2,7-G1H24)C=CFef>-CsMes)(n*
dppe)][PR]. dication ([PFs],) as a dark green solid (188 mg, 80 %). FTaRKBr, cm):
1980 (s, &C), 1585 (w,Ar), 839 (vs, PE). UV-Vis—Near-IR (CHCly, Ama/nm, €/10°
dm®>.M™t.cm®): 270 (sh, 37.4), 344 (27.7), 496 (8.9), 630 (372 (13.7), 820 (sh, 10.7),
1844 (0.4).



2. Details about Cyclic Voltammetry Experiments and Snulation

Procedure

Cyclic voltammograms were recorded for the oxidatmf the dinuclear compled. This
compound exhibits two overlapping single-electrenersible waves. It is noticeable that the
difference is larger in C¥Cl, than in acetone in agreement with a lower diglectonstant of the
solvent in the first case. In a situation where o electron processes overlap as in the case of

in acetone, the determination of the two standartergials B; and B, can be derived from the
half-sum between the anodic and cathodic peakdtengeak-to-peak potential differendse().

Comparison with tabulated working curves or withnmauical simulations provides the
correspondingAE® differences. These simplified treatments require that the tidseof the
electron transfer processes do not affect the cyditammetric response. The measurement also
demands an exact compensation of the residual obdroje of the working electrode that was
obtained using a home-made potentiostat as prdyialescribed We checked that these two

conditions were obeyed by examining the variatiohdE, as a function of the scan rate and
found only negligible variations for scan ratesopell V.s1.}? AE, tends towards a limit (113-
115 mV in CHCI, and 90-94 mV in acetone) that corresponds to hieemtodynamics of the
electron transfer processes which leads to diff@emfAE’ = 111 mV and 84 mV in Ci€l, and

in acetone, respectively. It is also noticeabl the small variations dIEp with the scan rate<(

1 V.s'1) show that the electron transfer kinetics aretinaly fast, and thus, that the reorganization
energies associated with the change of the reddg ate small, as expected from previous work
on related compounds. The agreement between experimental and simutateces was then
checked by full simulations of the voltammogram<i+Cl, (Fig. 1) and acetone (Fig. S1), using
the DigiElch 4.x softwafeand the Bvalues previously derived. Capacitance backgraumcent

was added in simulations for easier comparison.
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Figure Sla.Voltammograms ofl in CH.Cl, (TBAH, 0.2 M;
25°C) on a 1 mm-diameter gold disk electrode. [Exrpental
(plain line) and simulated (dotted line) Scan a&V.s".
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Figure S1b.Voltammograms ofl in acetone (TBAH, 0.2 M;
25°C) on a 1 mm-diameter gold disk electrode. Expental
(plain line) and simulated (dotted line) Scan a&V.s™.



3. UV, IR and NIR Spectra obtained from Equimolar Mixtures of 1 and
1[PFg],

Preparation of the Mixture containing 1[PFg]. Equimolar amounts of the complexe$33.5
mg) andl[PFs], (40 mg) were admixed in dichloromethane (50 mlgd atirred for 15 mn at
20° C, the solution was then evaporated to dryaadsthe resulting solid crushed. This solid

was subsequently dissolved in the desired solvahtansidered as beind[PFs)".
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Figure S2.Infrared spectra of (a) and 1[PFg). (b) complexes and of an
equimolar mixture ofl and1[PFg]. (c) in dichloromethane (KBr window).
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Figure S3.UV-vis spectra oflL (a) and 1[PFs]. (b) complexes and of an

equimolar mixture ofl and1[PFg]2 (c) in dichloromethane.



4. Solvatochromy and Deconvolution of the Near-IR Bsorption
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Figure S4. Equimolar Mixture ofl and 1[PFgs], in Acetonitrile (Dotted Gray Line; ajn
Acetone (Plain Dark Line; lnd in Dichloromethane (Plain Grey Line; c).



Table S1.Near-IR Data fod[PFg] in Dichloromethane and Acetone (Classical Treathe

Solvent Band . 1a - -
V maxin cm (V1exp dap (VY 12)theo Hab

€ inMlem®)’ (emb? (A)° @emH? (cmH*

Dichloromethane B 5570 (170) 1500 /[ 3590 /
C 4670 (6050) 3050 15.9 3280 380
D 7140 (3770) 3050 /4060 /
E 10120 (1490) 3050 /4830 /

2 values + 25 cnf.  Valuest 10 M™-.cm™. ¢ Evaluated from X-ray structure af 4 calculated following
equation 2 € calculated following equation 3

Note that the much higher intensities of the subdsaC-E preclude an accurate simulation
of the "forbidden” LF transition that should be geat forl[PFs] near 5500 ci (B), since it
is fully “buried” in the near-IR band. According previous investigations with mononuclear
Fe(lll) model complexes these LF transitions shdalek place near ca. 2500 ¢rand 5000
cm® and are significantly narrower than IVCT bands, & 1500 cnt). The present

deconvolution was obtained considering this proe¢&500 crit.



