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Formation and Mixed-valent Behaviour of a Substituted

Tetraferrocenylstannane

Daniel Siebler, Christoph Forster, Teuta Gasi, and Katja Heinze*

General procedures: All reactions were performed under argon atmosphere unless otherwise
noted. Dichloromethane was dried over CaH, and distilled prior to use. All reagents were
used as received from commercial suppliers. The copper bronze was purchased from Alfa
Aesar (Bronze powder Cu:Sn 90:10 wt%, 100 mesh). NMR spectra were recorded on a
Bruker Avance DRX 400 spectrometer at 400.31 MHz (*H), 100.07 MHz (**C{*H}) and
149.28 MHz (*°Sn). All resonances are reported in ppm versus the solvent signal as internal
standard [CDCl5 (*H: & = 7.26; 3C: ¢ = 77.0 ppm); CD,Cl, (*H: 6 = 5.32; *C: 6 = 53.8 ppm)]
or SnMe, (1*°Sn: &= 0 ppm) as external standard. IR spectra were recorded with a BioRad
Excalibur FTS 3100 spectrometer using Csl disks. Electrochemical experiments were carried
out on a BioLogic SP-50 voltammetric analyzer using a glassy carbon working electrode, a
platinum wire as counter electrode and a 0.01 M Ag/AgNO; electrode as reference electrode.
The measurements were carried out at a scan rate of 100 mV s for cyclic voltammetry
experiments and at 10 mV s for square wave voltammetry experiments using 0.1 M
(nBusN)(PFg) as supporting electrolyte in CH,Cl,. Potentials are given relative to the
ferrocene/ferrocenium couple (Ey, = 225 + 5 mV under the experimental conditions).
UV/Vis/NIR spectra were recorded on a Varian Cary 5000 spectrometer using 1.0 cm cells
(Hellma, suprasil). FD mass spectra were recorded on a FD Finnigan MAT90 spectrometer.
>"Fe MoRbauer measurements of powder samples were performed in transmission geometry
using a constant-acceleration spectrometer and the source °'Co(Rh). The Recoil 1.03
Mossbauer Analysis Software was used to fit the experimental spectra.®® Isomer shift values
are quoted relative to o-Fe at 293 K. Melting points were determined using a Gallenkamp
capillary melting point apparatus MFB 595 010 and were not corrected. Elemental analyses
were performed by the microanalytical laboratory of the chemical institutes of the University

of Mainz.
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Crystal Structure Determinations: Intensity data were collected with a Bruker AXS
Smart1000 CCD diffractometer with an APEX Il detector and an Oxford cooling system and
corrected for absorption and other effects using Mo-K,, radiation (1 = 0.71073 A) at 173(2) K.
The diffraction frames were integrated using the SAINT package and most were corrected for
absorption with MULABS.5? The structures were solved by direct methods and refined by
the full-matrix method based on F? using the SHELXTL software package.®*% All non-
hydrogen atoms were refined anisotropically while the positions of all hydrogen atoms were
generated with appropriate geometric constraints and allowed to ride on their respective

parent carbon atoms with fixed isotropic thermal parameters.

Density functional calculations were carried out with the Gaussian03/DFT series®™ of
programs. The B3LYP formulation of density functional theory was used employing the
LANL2DZ basis set. No symmetry constraints were imposed on the molecules. No solvent

modeling was employed.

Synthesis of 2:

Activation of copper bronze: 20 g copper bronze (10% Sn) were stirred for 10 min in a
solution of I, in acetone (2%, 200 ml). After filtration the bronze was washed several times
with conc. HCl/acetone (1:1, 100 ml) to remove Cul, finally with acetone and with diethyl
ether to remove residual HCI and dried in vacuo.

4.84 g (15 mmol) 1-bromo-ferrocene-1’-carboxylic acid methyl ester Br-Fn-COOMe™® and
10 g activated copper bronze were mixed and filled in an Argon flushed Schlenk flask. The
Schlenk flask was heated to 130°C for 18 h. The resulting red residue was extracted with
dichloromethane until the washings were nearly colorless. The organic extracts were washed
with 5% agueous ammonia solution (2x 100 mL), water (1x 100 mL) and brine (1x 100 mL)
and dried over MgSO4. The solvent was removed in vacuum and the residue was
chromatographed on silica using dichloromethane / ethyl acetate. The first band eluted
(CHCIy) was starting material and debrominated starting material. The second band (CH,Cl,
/ ethyl acetate 20:1) furnished biferrocene 1 (1.95 g; 4.0 mmol, 53%) and the following band
yielded 135 mg (0.12 mmol, 3%) Sn(FnCOOMe), 2 as an orange powder. Crystals suitable
for X-ray crystallographic analysis were obtained from dichloromethane / diethyl ether by

slow evaporation at room temperature.
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Oxidation of 2 using [N(p-CsH4Br)3]SbCle:

66 mg (0.06 mmol) 2 were dissolved in CH,Cl, (20 ml) and 50 mg (0.06 mmol) tris(4-
bromophenyl)ammoniumyl hexachloroantimonate dissolved in dichloromethane (20 ml) were
added dropwise over five minutes. After stirring for 45 minutes the solvent was evaporated
and the residue was washed with petroleum ether 40/60 / diethyl ether (1:1, 1x 50 ml) and
diethyl ether (2x 50 ml). The green residue was dissolved in dichloromethane (5 ml) and
precipitated with diethyl ether (50 ml) yielding a green powder (77 mg, 0.05 mmol, 89%,
calculated for [2]SbClg).
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Analytical data of 2: orange crystals. Mp: >250°C (decomp.). Anal.: Calc. for
CugH440gFe4Sn (1090.95): C, 52.85; H, 4.07%. Found: C, 52.59; H 4.18%. FD-MS (m/z):
1092 [M]". *H NMR (400 MHz, CDCls, §/ ppm): 4.71 (s, 2H, H"'%), 4.54 (s, 2H, H*%), 4.37
(s, 2H, H*®), 4.15 (s, 2H, H®®), 3.81 (s, 3H, CH3). *C{*H} NMR (100 MHz, CDCls, 5/ ppm):
171.9 (CO), 75.4 (C**, 33(*"%sn'3C) = 44.4 Hz)), 73.3 (C**23(*"1%sn'3C) = 54.7 Hz)),
71.9 (C*9), 71.4 (C®), 70.4 (C"*), 69.7 (C*, 13(**sSn®*C) = 601 Hz, 23(**'Sn™*C) = 574 Hz ),
51.7 (s, CH3). *°Sn{*H} NMR (149 MHz, CDCls, &/ ppm): — 65.3. UV/VIS (CH,Cl,, nm /
g): 228 (68870), 305 (6040), 448 (1110). IR (Csl, cm™): 3121 (m, CHcp), 3102 (w, CHcy),
3078 (m, CHcy), 2995 (M, CHcp), 1719 (vs, C=0), 1464 (vs), 1278 (vs, C-O), 1138 (vs), 504
(m, Sn-C).

IR spectrum of 2 in Csl
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UV/Vis spectrum of 2 in CH,Cl,
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FD mass spectrum of 1 (m/z = 486) and bromo-tri(ferrocenyl)stannane
[(C5H4COOCH3)(C5H4)Fe]gsnBr (m/z =928)
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Paramagnetic *H NMR spectra of 2 + [N(p-CsH4Br)s]SbCls (0.05 — 1.6 eq) in CD,Cl,

N(CgH,Br),
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IR spectrum of partially oxidized 2 at 295 K in CH,Cl, (CO region)
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Gaussian band shape fit of the IVCT bands of [2]"
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Details of the X-ray crystallography of 2

CugHasFes05Sn, M = 1090.92, T = 173(2) K, crystal size 0.33 x 0.25 x 0.18 mm?®, tetragonal,
space group 14,/a, a = b = 19.8605(4), ¢ = 10.4054(5) A, . = f =y = 90°, V = 4104.3(2) A®, Z
= 4, Deac = 1.765 g cm 3, u(Mo-K,) = 2.038 mm %, 12350 collected reflections, 2480 unique
reflections, Ry [I1 > 2o (1)] = 0.0275, wR, = 0.0549 (all data), S = 1.013, largest diff. peak and

hole 0.349 and —0.455 e A3,
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DFT optimised cartesian coordinates of 2
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6 6.176136000 -2.199522000 6.060016000
1 5.841196000 -2.606783000 7.014790000
1 7.080523000 -1.596173000 6.185420000
1 6.374155000 -2.998791000 5.338578000
8 6.293424000 -0.812894000 3.717985000
8 5.062172000 -1.355470000 5.595730000
26 -2.515710000 2.819253000 0.544974000
6 -1.225822000 1.236651000 1.196800000
6 -0.832290000 2.504540000 1.784288000
1 0.119255000 2.998125000 1.639962000
6 -1.926634000 3.025585000 2.564586000
1 -1.933844000 3.959120000 3.109591000
6 -3.019702000 2.089159000 2.465808000
1 -3.997255000 2.198637000 2.914826000
6 -2.594836000 0.999776000 1.625021000
1 -3.204730000 0.151449000 1.348290000
6 -4.089027000 4.030119000 -0.130551000
6 -4.010016000 2.844702000 -0.957325000
1 -4.803555000 2.121253000 -1.076524000
6 -2.718979000 2.839976000 -1.584004000
1 -2.355762000 2.090971000 -2.271656000
6 -1.996400000 4.014097000 -1.149028000
1 -0.992180000 4.282452000 -1.443864000
6 -2.840164000 4.752061000 -0.253233000
1 -2.607500000 5.679253000 0.248059000
6 -5.248226000 4.387768000 0.696645000
6 -6.175922000 6.060599000 2.199369000
1 -5.840896000 7.015368000 2.606569000
1 -7.080337000 6.186038000 1.596068000
1 -6.373941000 5.339207000 2.998680000
8 -6.293429000 3.718508000 0.812852000
8 -5.062040000 5.596206000 1.355269000
26 -2.516062000 -2.819099000 -0.545206000
6 -1.226064000 -1.236609000 -1.197082000
6 -0.832705000 -2.504513000 -1.784654000
1 0.118810000 -2.998192000 -1.640437000
6 -1.927169000 -3.025422000 -2.564877000
1 -1.934517000 -3.958934000 -3.109921000
6 -3.020135000 -2.088891000 -2.465973000
1 -3.997736000 -2.198254000 -2.914916000
6 -2.595091000 -0.999583000 -1.625178000
1 -3.204878000 -0.151207000 -1.348362000
6 -4.089457000 -4.029792000 0.130460000
6 -4.010238000 -2.844383000 0.957224000
1 -4.803685000 -2.120846000 1.076491000
6 -2.719146000 -2.839801000 1.583784000
1 -2.355786000 -2.090835000 2.271404000
6 -1.996735000 -4.014004000 1.148745000
1 -0.992518000 -4.282471000 1.443491000
6 -2.840663000 -4.751874000 0.253028000
1 -2.608149000 -5.679095000 -0.248281000
6 -5.248776000 -4.387308000 -0.696627000
6 -6.176715000 -6.059893000 -2.199470000
1 -5.841815000 -7.014661000 -2.606776000
1 -7.081119000 -6.185288000 -1.596143000
1 -6.374686000 -5.338403000 -2.998704000
8 -6.293877000 -3.717885000 -0.812798000
8 -5.062746000 -5.595707000 -1.355371000
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DFT optimised cartesian coordinates of [2]"
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Spin density plot of [2]" (contour value 0.001 a.u.); isotropic Fermi contact couplings at

selected hydrogen atoms in MHz
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