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1) Experimental details on the crystal structure determinations of compounds 2 and 4: 

The crystal data of 2 and 4 were collected at a Bruker X8APEX diffractometer with a CCD 

area detector and multi-layer mirror monochromated MoKα radiation. The structures were 

solved using direct methods, refined with the Shelx software package (G. Sheldrick, 

University of Göttingen 1997) and expanded using Fourier techniques. All non-hydrogen 

atoms were refined anisotropically. Hydrogen atoms were assigned to idealized positions and 

were included in structure factor calculations. 

 

Crystal data for 2: C18H28BNSi2V,  Mr = 376.34, red-black needle, 0.25×0.05×0.05 mm3, 

Triclinic space group Pī, a = 6.3993(2) Å, b = 11.2164(4) Å, c = 27.1477(10) Å, 

α = 94.135(2)°, β = 91.560(2)°, γ = 96.846(2)°, V = 1928.39(12) Å3, Z = 4, 

ρcalcd = 1.296 g·cm–3, μ = 0.637 mm–1, F(000) = 796, T = 99(2) K, R1 = 0.0409, wR2 = 0.0796, 

7507 independent reflections [2θ≤52.14°] and 409 parameters. 

 

Crystal data for 4: C24H34BNSi2V,  Mr = 454.45, red-black block, 0.04×0.065×0.19 mm3, 

Monoclinic space group P21, a = 10.1981(9) Å, b = 11.1215(10) Å, c = 10.6262(10) Å, 

β = 93.387(5)°, V = 1203.10(19) Å3, Z = 2, ρcalcd = 1.254 g·cm–3, μ = 0.523 mm–1, 

F(000) = 482, T = 100(2) K, R1 = 0.0343, wR2 = 0.0829, 3365 independent reflections 

[2θ≤52.12°] and 263 parameters. 

 

Crystallographic data are also deposited with Cambridge Crystallographic Data Centre. 

Copies of the data [2 and 4: CCDC 670757 and 670756] can be obtained free of charge via 

www.ccdc.cam.ac.uk/data_request/cif, by e-mailing data_request@ccdc.cam.ac.uk, or by 

contacting the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB 

1EZ, UK; fax +44 1223 336033. 
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2) Experimental section: 

General remarks: All manipulations were performed under an inert atmosphere of dry 

argon using standard Schlenk techniques or in a glovebox. Solvents were dried according to 

standard procedures, freshly distilled prior to use, degassed and stored under argon over 

activated molecular sieves. [V(η6-C6H5Li)2]·tmeda[1], Cl2BN(SiMe3)2
[2] and [Pt(PEt3)4][3] were 

prepared according to known methods. Microanalyses for C, H and N were performed on a 

Leco CHNS-932 Elemental Analyzer. DSC analyses were performed under an atmosphere of 

dry N2 on a TA Instruments Calorimeter (TA DSC Q1000, V8.1, Build 261, 10 K/min). The 

samples were prepared in sealable aluminium pans in an inert atmosphere glovebox (argon). 

Mass spectra were recorded on a Finnigan MAT-8200 spectrometer (EI, 70 eV). EPR spectra 

were recorded on a Bruker ESP300E X-band spectrometer with a Hewlett-Packard 5350B 

microwave frequency counter. The field calibration was checked by measuring the resoance 

of the diphenylpicrylhydrazyl (dpph) radical before each series of spectra. Spectra were 

simulated using the Bruker Simfonia programme.  

 

[V(η6-C6H5)-BN(SiMe3)2-(η6-C6H5)], 2: A slurry of [V(η6-C6H5Li)2]·tmeda (1) (0.50 g, 

1.49 mmol) in heptane (20 mL) was cooled to −78 °C and treated dropwise over a period of 

6 h with a solution of Cl2BN(SiMe3)2 (0.36 g, 1.49 mmol) in heptane (10 mL). After complete 

addition, the reaction mixture was allowed to reach ambient temperature. During this time, the 

color of the suspension turned from pale brown to deep-red and a white precipitate deposited. 

After the solid had settled, the solution was filtered into another flask by a filter canula and 

the filtrate was concentrated to about 5 mL in volume. Cooling to −60 °C afforded a dark red 

solid, which was subsequently recrystallized from hexane at −30 °C. 2 was obtained 

analytically pure after washing with cold pentane (3 × 3 mL, −100 °C) and drying in vacuo 

(0.42 g, 1.12 mmol, 75%). Crystals were grown from saturated hexane solutions at −25 °C. 

EPR (toluene, 140 K): <g> = 1.985; <a> (51V) = 54.3 G; MS (EI): m/z (%) = 376 (100) [M+], 

325 (23) [M+−V], 310 (77) [M+−V−Me], 248 (40) [M+−V−Ph], 160 (78) [N(SiMe3)2
+], 

73 (29) [SiMe3
+]; Elemental Analysis (%) calcd. for C18H28BNSi2V (376.35): C 57.45, 

H 7.50, N 3.72; found C 57.33, H 7.53, N 4.01. 

 

[V(η6-C6H5)-SiiPrMe-(η6-C6H5)], 3: A slurry of [V(η6-C6H5Li)2]·tmeda (1) (0.60 g, 

1.79 mmol) in toluene (35 mL) was cooled to −78 °C and treated dropwise over a period of 

1 h with a solution of Cl2SiiPrMe (0.28 g, 1.79 mmol) in toluene (15 mL). After complete 

addition, the reaction mixture was stirred for additional 2 h at −78 °C and subsequently 
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allowed to reach ambient temperature. During this time, the color of the suspension turned 

from pale brown to deep-orange and a white precipitate deposited. After the solid has settled, 

the solution was filtered into another flask by a filter canula and the filtrate was concentrated 

to about 10 mL in volume. Cooling to −30 °C afforded 3 as an orange crystalline solid, which 

was obtained analytically pure after washing with cold pentane (3 × 3 mL, –100 °C) and 

drying in vacuo (0.52 g, 1.09 mmol, 61%). EPR (toluene, 110 K): <g> = 1.984; <a> 

(51V) = 56.3 G; MS (EI): m/z (%) = 291 (12) [M+], 249 (14) [M+−C3H6], 197 (100) 

[M+−V−iPr], 105 (18) [PhSi+], 43 (9) [iPr+]; Elemental Analysis (%) calcd. for C16H20SiV 

(291.36): C 65.96, H 6.92; found C 65.71, H 7.13. 

 

[(η6-C6D6)V(η6-C6H5B(Ph)N(SiMe3)2], 4: A resealable J. Young NMR tube was charged 

with [V(η6-C6H5)-BN(SiMe3)2-(η6C6H5)] (2) (30.0 mg, 79.71 μmol), [Pt(PEt3)4] (1.6 mg, 

2.39 μmol) and C6D6 (0.5 mL), and heated to 85°C over a period of 4 d. All volatiles were 

removed in vacuo and the black residue was extracted with pentane (2 mL). The solution was 

filtered into another flask by a filter canula and strored at −30 °C. 4 was isolated as a black, 

crystalline solid after washing with cold pentane (3 × 3 mL, –100 °C) and drying in vacuo 

(34.9 mg, 75.73 μmol, 95%). Crystals were grown from saturated pentane solutions at −30 °C. 

EPR (toluene, 110 K): <g> = 1.984; <a> (51V) = 61.8 G; MS (EI): m/z (%) = 460 (22) [M+], 

376 (100) [M+−C6D6], 325 (16) [M+−C6D6−V], 310 (50) [M+−C6D6−V−Me], 248 (25) 

[M+−C6D6−V−Ph], 160 (51) [N(SiMe3)2
+], 98 (46) [BNSiMe3

+], 84 (51) [C6D6
+]; 

Elemental Analysis (%) calcd. for C24H28D6BNSi2V (460.49): C 62.60, H 8.75, N 3.04; 

found C 62.53, H 8.54, N 3.32. 

 

Polymerization of 3: A solution of 3 (0.075 g, 0.257 mmol) in toluene (ca. 2 mL) was 

prepared in a grease-less Schlenk tube. To this was added a 2.1-2.3% w/w solution of 

[Pt{(H2C=CHSiMe2)2O}1.5] in xylenes (0.32 mL, 5 mol % Pt) and the reaction mixture heated 

at 50 °C for ca. 18 hours. During this time the initial deep yellow reaction mixture became 

orange in color. All volatiles were removed in vacuo, the residual solid dissolved in thf 

(1 mL) and precipitated into hexanes (ca. 5 mL). The dark yellow-orange solid that so formed 

was separated and dried in vacuo (yield 0.010 g, 13%). 
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3) EPR spectra and EPR spectroscopic parameters: 

The anisotropic EPR spectra of 2 and 3 both exhibit three g-tensors and are therefore 

consistent with the non-axial structure proposed. It is noteworthy that the anisotropic EPR 

spectrum of 3 (toluene; 110 K) displays proton hyperfine coupling to ten pseudo-equivalent 

C6H5-protons [a(1H) = 3.5 G], and that has not previously been resolved for any 

[n]vanadoarenophane.  

 

EPR spectra of [1]silavanadoarenophane 3 and poly-3 as representative examples: 

 

 
 

Figure S1. Isotropic EPR Spectrum of 3 in Fluid Solution (Toluene, 240 K). 
 

 
 

Figure S2. Anisotropic EPR Spectrum of 3 in Rigid Solution (Toluene, 110 K). 
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Figure S3. EPR Spectrum of 3 (Toluene, 110 K): Enlarged Excerpt showing the Proton Hyperfine Coupling. 
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Figure S4. EPR Spectrum of Poly-3 in Rigid Solution (Toluene, 110 K). 
 

Table S1. EPR parameter of compounds 2−4 (toluene). 

 α [°] giso aiso [G]a gx gy gz <g>b ax [G]a ay [G]a az [G]a <a> [G]a,b T [K] 

2 31.1 1.985 54.5 1.975 1.977 2.001 1.985 87.5 74.0 1.5 54.3 140 

3 n. a.c 1.985 56.9 1.975 1.977 1.999 1.984 89.0 83.0 –3.0 56.3 110 

poly-3    1.987        110 

4 5.6 1.985 63.7 19.76 1.976 2.001 1.984 95.8 88.0 1.5 61.8 110 
a a(51V). b mean value. c not available. 

 

4) DSC thermograms of 2 and 3 (heating rate = 10 K/min, under N2): 

Both the onset temperature and the magnitude of the exotherm for 2 are comparable to 

those reported for the ROP of the similarly tilted [1]boraferrocenophane [190−200 °C; 

ΔHROP = 92 kJ·mol−1].[4] The enthalpy of the exotherm for 3, however, appears to be notably 

smaller than those observed for the related [1]silaferrocenophanes [70−80 kJ·mol−1; 

α = 16−20°],[5] despite the similar tilt angles of the two compounds. The discrepancy most 

3200 3250 3300 3350 3400 3450 3500

Field [G] 
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probably arises from the superposition of the endo- and exothermic processes, and similar 

behavior has recently been reported by M. Tamm in the ROP of strained [1]troticenophanes.[6] 
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Figure S5. DSC Thermogram of [1]Boravanadoarenophane 2. 

 

-3

-2

-1

0

1

2

3

4

5

50 100 150 200 250 300

Temperature [°C]

H
ea

t F
lo

w
 [m

W
]

 

Figure S6. DSC Thermogram of [1]Silavanadoarenophane 3. 
 
 

5) Experimental aspects of SAXS 

SAXS measurements were performed at the University of Bristol Physics Department. 

The diffraction measurements were made using copper Kα X-rays (wavelength, 

λ = 0.154 nm), from a sealed tube with other wavelengths removed using a nickel filter and a 

graphite monochromator. The diffraction pattern was detected using a flat multi-wire area 
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detector.[7] It was placed at 840 mm from the sample with an evacuated path to reduce air 

scatter. The sample to detector distance was calibrated using a silver behenate standard.[8] The 

solutions were filled into a Lindemann glass capillary (diameter 2 mm, wall thickness 

0.01 mm), which had been flattened to give a path length of ~1 mm for the X-ray beam. The 

same capillary was repositioned precisely in the 1 mm diameter beam for each measurement. 

The samples were at room temperature for these measurements. The transmission of the 

samples was determined during the data acquisition runs by taking the counts from the main 

beam (after passing through an attenuating beam stop) on the detector. The transmission was 

determined as the ratio of these counts with and without the sample in the beam. The 

scattering from the area detector was regrouped by averaging pixels at the same scattering 

angle ( θ2 ) from the incident beam to give intensity vs. scattering vector (Q, where 

λθπ /sin4=Q ). The backgrounds from cosmic rays, the scattering from the empty capillary 

and from the pure solvent were subtracted from the scattering from the solution using the 

formula: 

( ) ( )
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−
−−−−−=

emptysolventsolution
mic

empty

empty

solvent

solvent

solution

solution
cor TTT

I
T
I

T
I

T
II φφφφ 111 cos  

where φ  is the volume fraction of the solute (taken to be the same as the weight fraction 

here); solutionI  is the intensity (in counts s-1) from the solution in a capillary tube and solutionT  is 

the transmission of the solution in the tube; solventI and solventT  are the corresponding quantities 

for a sample of the pure solvent; emptyI and emptyT  are the corresponding quantities for the 

empty capillary and micI cos .is the intensity measured when there is no incident X-ray beam. 

The intensity was further corrected for the efficiency of different regions and the inverse 

square law decay by dividing the data by the counts from a 55Fe radioactive source, which 

gave an isotropic flood of X-rays. Although the detector covered a Q range of 0.2 to 6 nm-1, it 

was found that corrected intensity data with good precision could be achieved for the range 

0.3 to 5.5 nm-1 because the scattering was fairly weak. The scattering was scaled to an 

absolute scale by comparison with a standard glassy carbon sample. The Figure S6 below 

shows the corrected intensity from a 2% solution of polymer poly-3 in THF solvent. It shows 

that the scattering from the polymer chains is superimposed on a flat background of about 

3×10-3 cm-1 which we believe is at least partly due to the fluorescence of the vanadium atoms. 
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6) Background theory for SAXS 

The SAXS from a dilute solution of linear polymer chains comprises two regions. The 

transition between two types of Q dependence occurs around GRQ /~ π  where GR .is the 

radius of gyration of the whole molecule. For GRQ /1<  the intensity of scattering decays 

slowly according to the Guinier approximation: 

)exp()( 22
GRQAQI −≈  

where A is a contrast factor the depends upon the difference between scattering length density 

of polymer and solvent, ρΔ , the volume of one polymer chain, PV and the volume fraction of 

polymer in the solution, φ . 

φρ PVA 2Δ=  

For X-ray scattering, the scattering length density is directly proportional to the electron 

density, thus scattering is created by contrast between high atomic number atoms (with high 

electron density) and low atomic number atoms. At GRQ /2π>  there is a change to a power-

law decay: 

vBQQI −≈)(  

where B is a constant and v depends upon the internal structure of a polymer coil. For a theta 

solvent, the internal structure is Gaussian and 2=v , for a self avoiding walk of a flexible 

polymer in a good solvent 3/5=v and if the polymer is rigid so there are significant rod-like 

sections then 1→v . The Debye function models [9 both regions of the curve for 

monodisperse, ideal chains: 

( ) .         where1)exp(2)( 22
2 QRx

x
xxAQI G=
−+−

=  

The detailed analytical forms for the other models may be found elsewhere. [10,11]  
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Figure S7. Corrected Small-Angle X-ray Scattering from Poly-3 in THF Solution as Points. The Line is the Best 

Fit of the Debye Model together with a Flat Background to the Data. 

 

Figure S8. Radius of Gyration (Rg) for a Series of Monodisperse Polystyrene Standards of known Molecular 

Weight (Mw) as Determined by Light Scattering.[12] 
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