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Experimental Section 

 

Reactions were carried out in an MBraun Glovebox under atmosphere of dry N2. Solvents 

were dried on an MBraun solvent purification system and stored over 4 Å molecular 

sieves. Deuterated solvents were purchased from Aldrich and were used as received. All 

chemicals were purchased from Aldrich and solids sublimed before use. Me3SiOTf was 

purchased from Aldrich and distilled prior to use. ANCl (10-chloro-5-hydrophenarsazine) 

was prepared from literature methods.[1] 

 NMR spectra were obtained at room temperature, unless otherwise stated, on a 

Bruker AVANCE 500 1H (500.13 MHz, 11.7 T) and Bruker/Tecmag AC250 1H (250.06 

MHz, 5.9 T). 13C{1H}-NMR (125.76 MHz) chemical shifts were referenced to δTMS = 

0.00, 31P{1H}-NMR (202.46 MHz, 101.26 MHz) to δH3PO4 (85%) = 0.00. Chemical shifts 

(δ) are reported in ppm. NMR spectra on samples were obtained by transferring an 

aliquot of sample in appropriate deuterated solvent into a 5 mm sample tube. The tubes 

were capped and sealed with parafilm prior to removal from the inert atmosphere. 

 The solid state NMR experiments were carried out on a Bruker Avance NMR 

spectrometer with a 9.4T magnet (400 MHz proton Larmor frequency, 162.02MHz 31P 

Larmor frequency). The experimental parameters for the 31P cross-polarization (CP) / 

magic angle spinning (MAS) experiments with TPPM proton decoupling were optimized 

on NH4H2PO4, whose resonance also served as external, secondary chemical shift 

standard at 0.81ppm. The crystalline samples were packed into rotors of 4mm diameter in 

a MBraun glovebox and kept under nitrogen until the start of the experiments. For the 31P 

CP/MAS NMR spectra of the samples 32 scans were accumulated, using 500 μs and 2 ms 
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CP contact times, 24.5s recycle delays, and 7.00, 11.00 and 12.00 kHz MAS frequencies.. 

Sample were prepared by packing crystalline samples into router and sealed with cap and 

parafilm in an MBraun glovebox under nitrogen.  

 IR spectra were obtained from powdered and crystalline samples dissolved in 

CH2Cl2 and spotted on CsI plates. Data collection was on a Bruker Vertex FT-IR 

spectrometer. Peaks are reported in wavenumbers (cm-1) with ranked intensities in 

parenthesis beside the value, where a value of one is indicative of the most intense peak 

in the spectrum. Melting points were recorded on an Electrothermal melting point 

apparatus in sealed capillary tubes under N2. Elemental analysis of selected samples were 

performed by Canadian Microanalytical Services Ltd. Delta, British Columbia, Canada. 

X-ray diffraction data were collected on Bruker PLATFORM/SMART 1000 CCD using 

Mo Kα radiation (α = 0.71073 Å). Crystals were selected under oil, mounted on glass 

fibres, and placed in a cold stream of N2. Structures were solved by direct methods and 

refined using full matrix least squared on F2. Hydrogen–atom positions were calculated.  

 Preparation of [(CyP)4(AN)][OSO2CF3] ANCl (139 mg, 0.500 mmol) and 

Me3SiOSO2CF3 (150 µL, 0.600 mmol) was stirred in CH2Cl2 (3 mL) for 30 minutes 

resulting in a purple solution. (CyP)4 (228 mg, 0.500 mmol) was added to the reaction 

mixture resulting in a dark orange solution. The solution was stirred for 30 minutes then 

layered with hexanes and crystals formed after 24 hours at -25˚C. The solution was 

decanted and the solid was washed with hexanes (3 x 3 mL). Yield: 297 mg, 70% 

Melting point: 196-198°C. FTIR (cm-1, ranked intensities): 3944 (20), 3417 (21), 3054 

(5), 2987 (8), 2934 (13), 2834 (18), 2685 (16), 2411 (22), 2306 (11), 1595 (14), 1574 

(15), 1461 (3), 1422 (4), 1263 (2), 1162 (6), 1030 (12), 896 (2), 746 (1), 650 (9), 514 
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(17), 443 (19), 286 (10). 31P CP/MAS spectra of [(CyP)4(AN)][SO3CF3] are shown in 

Figure S1.  31P{1H}-NMR (CH2Cl2, 101.3 MHz, 293 K): -58 ppm (bs, solution)  1H-

NMR (CD2Cl2, 500 MHz, 293 K): 1.08-1.51 (20 H), 1.70-2.15 (24 H), 7.16 (t, 3JHH = 9 

Hz, 3 H), 7.41-7.53 (m, 3 H), 7.56 (bt, 2H), 7.92 (s, 1H). 13C{1H}-NMR (CD2Cl2, 125.8 

MHz, 293 K):  Elemental Analysis: Calculated for C37H53AsF3NO3P4S: Calcd. (Found) 

C, 52.42 (52.76); H, 6.30 (6.14). 

 Preparation of [(CyP)4(AN)][GaCl4] ANCl (139 mg, 0.500 mmol) and GaCl3 

(108 mg, 0.600 mmol) was stirred in CH2Cl2 (3 mL) for 30 minutes resulting in a purple 

solution. (CyP)4 (228 mg, 0.500 mmol) was added to the reaction mixture resulting in a 

dark orange solution. The solution was stirred for 30 minutes then layered with hexanes 

and crystals formed after 24 hours at -25˚C. The remaining solvent was removed and the 

solid was washed with hexanes (3 x 3 mL) and remaining solvents were removed in 

vacuo. Yield: 324 mg, 68 %. Melting Point: 218-219°C. FTIR (cm-1, ranked intensities): 

3347 (12), 2916 (2), 2848 (4), 1596 (7), 1572 (8), 1481 (15), 1460 (3), 1439 (6), 1343 (9), 

1262 (10), 1234 (13), 1064 (11), 1026 (16), 997 (17), 750 (5), 597 (14), 506 (14), 369 (1). 

31P CP/MAS spectra of [(CyP)4(AN)][GaCl4] are shown in Figure S2.  31P{1H}-NMR 

(CH2Cl2, 101.3 MHz, 293 K): -58 ppm (bs, solution). 1H-NMR (CDCl3, 500 MHz, 293 

K):  13C{1H}-NMR (CDCl3, 125.8 MHz, 293 K):  Elemental Analysis: Calculated for 

C36.5H54AsCl5GaNP4: Calcd. (Found) C, 45.88 (44.90); H, 5.70 (5.84). 

 Preparation of [(CyP)4SbCl2][Al2Cl7] SbCl3 (91.2 mg, 0.400 mmol), AlCl3 (98.4 

mg, 0.800 mmol) and (CyP)4 (182.4 mg, 0.400 mmol) was stirred in toluene (5 mL) for 

30 minutes resulting in a yellow solution. The solution was stirred for 30 minutes further 

then layered with pentane and crystals formed after 24 hours at -25˚C. The remaining 
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solvent was removed and the solid was washed with hexanes (3 x 3 mL). Melting Point: 

94-96°C FTIR (cm-1, ranked intensities): 3034 (16), 2918 (1), 2848 (3), 2662 (19), 2329 

(20), 1851 (21), 1867 (22), 1811 (23), 1607 (15), 1495 (8), 1443 (4), 1383 (2), 1341 (7), 

1295 (10), 1264 (5), 1176 (9), 1120 (17), 1015 (18), 1001 (6), 889 (2), 850 (12), 812 (16), 

727 (11), 692 (13). 1H-NMR (CD2Cl2, 500 MHz, 293 K): 1.15-1.60 (21 H), 1.71- 2.19 

(21 H), 2.56 (bs, 2H). Chemical shifts are reported in regions as there are many 

overlapping shifts in the 1H NMR spectra. Approximate integrations reported in brackets. 

13C{1H}-NMR (CD2Cl2, 125.8 MHz, 293 K): 31.1 (s), 30.9 (s), 29.9 (s), 29.4 (s), 27.8 (s), 

26.5 (s), 26.3 (s), 25.9 (s), 25.8 (s), 25.2 (s), 25.1 (s), 24.9 (s). 31P{1H}-NMR (CD3C6D5, 

101.3 MHz, 200 K): See Figure S7. While single crystals could be isolated, bulk samples 

could not be separated from a yellow oily residue, precluding elemental analysis, 

therefore yields are not included. 

 Preparation of [{(CyP)4}2(Sb2Cl2)][AlCl4]2 SbCl3 (68.4 mg, 0.300 mmol), AlCl3 

(75.8 mg, 0.600 mmol) and (CyP)4 (91.2 mg, 0.200 mmol) was stirred in toluene (1.5 

mL) for 12 hours resulting in an orange solution. The solution was then layered with 

pentane and crystals formed after 24 hours at -25˚C. The solution was decanted and the 

solid was washed with hexanes (3 x 3 mL). Melting Point: 161-164°C; FTIR (cm-1, 

ranked intensities): 3034 (16), 2918 (1), 2848 (3), 2662 (19), 2329 (20), 1851 (21), 1867 

(22), 1811 (23), 1607 (15), 1495 (8), 1443 (4), 1383 (2), 1341 (7), 1295 (10), 1264 (5), 

1176 (9), 1120 (17), 1015 (18), 1001 (6), 889 (2), 850 (12), 812 (16), 727 (11), 692 (13); 

31P{1H}-NMR (CD3C6D5, 101.3 MHz, 200 K): 2.9 (t, 1JPP = 220 Hz), -68.5 (t, 1JPP = 220 

Hz).  While single crystals could be isolated, bulk samples could not be separated from 
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an impurity (-36.5 ppm) tentatively assigned as (CyP)4-AlCl3,[2,3]  precluding elemental 

analysis. This reasons is also why yields are not included. 
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Figure S1: 31P CP/MAS spectra of [(CyP)4(AN)][SO3CF3] at 7, 11, and 12 KHz. Spectra 
gives rise to 4 isotropic shifts with integrations (-24.6392 [1P], -30.1169 [1P], -56.4063 
[1P], -71.9315 [1P] ) consistent with crystallographically observed structure. The stars 
indicate spinning sidebands. 
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Figure S2: 31P CP/MAS of [(CyP)4(AN)][GaCl4] at 7, 11, and 12 KHz. Due to the 
similarity of the chemical structure, i.e., the 1H – 31P distances and the chemical shift 
anisotropies, the integration of the 31P CP/MAS spectra are meaningful. There are three 
isotropic shifts with integrations of one phosphorus (-29.843, -50.785, -58.930), and one 
region each with integrations of two (-63.012) and three (-13.618) phosphorus. This total 
integration of eight is consistent with the crystallographically observed structure. The 
stars indicate spinning sidebands. 
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X-Ray Crystallography 
 
X-ray diffraction data were collected on Bruker APEX II CCD area detector/D8 

diffractometer.  Crystals were coated with Paratone-N oil, mounted on glass fibres, and 

placed in a cold stream of N2.  Structures were solved by direct methods (SHELXS-97[4]) 

or Patterson search/structure expansion (DIRDIF-2008[5]), and refined using full matrix 

least squares on F2 (SHELXL-97[4]).  Hydrogen atom positions were calculated from the 

sp2 or sp3 hybridization geometries of their attached atoms.   

 
 

Figure S3: Perspective view of [(CyP)4(AN)][SO3CF3] showing the atom labelling 

scheme.  Non-hydrogen atoms are represented by Gaussian ellipsoids at the 50% 
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probability level.  The hydrogen atom attached to the nitrogen atom is shown with an 

arbitrarily small thermal parameter; all other hydrogens are not shown. 

Crystal data for [(CyP)4(AN)][OSO2CF3] (CCDC 747681): C37H53AsF3NO3P4S, Mr = 

847.66, orange plates, 0.41 × 0.34 × 0.07 mm3, triclinic, P1̄ (No. 2), a = 11.5413(7) Å, b 

= 11.5635(7) Å, c = 15.3553 (9) Å, α = 99.0907(8)º, β = 96.0351(8)º, γ = 91.1938(8)º, V 

= 2010.9(2) Å3, Z = 2, ρcalcd = 1.400 g cm-3, µ = 1.106 mm-1, Mo Kα (0.71073 Å), T = 

173(1) K, 2θmax = 54.96º, 16803 total data collected, 9010 independent data (Rint = 

0.0329), structure solution: direct methods (SHELXS-97[4]), R1 = 0.0405 (for 6730 data 

with I ≥ 2σ(I)), wR2 = 0.0988 (for all 9010 unique data), Δρmin,max = 0.717, –0.536 e 

Å-3. 

Selected bond lengths [Å] (aNonbonded distance) and bond angles [˚] (aAngle includes 

nonbonded As…O interaction): As-P1 2.4660(7), As-C51 1.913(3), As-C61 1.921(3), 

As-O2’ 3.391(3)a, P1-P2 2.2054(10), P1-P4 2.2053(9), P1-C11 1.847(2), P2-P3 

2.2327(10), P2-C21 1.855(3), P3-P4 2.2306(10); P1-As-C51 96.81(8), P1-As-C61 

99.66(8), P1-As-O2’ 133.96(6)b, C51-As-C61 97.19(11), C51-As-O2’ 127.71(10)b ,C61-

As-O2’ 87.11(9)b ,As-P1-P2 110.59(3), As-P1-P4 129.11(3), As-P1-C11 106.35(8), P2-

P1-P4 86.11(3), P2-P1-C11 111.67(9), P4-P1-C11 111.16(8), P1-P2-P3 84.94(3), P1-P2-

C21 103.63(9), P3-P2-C21 105.13(8), P2-P3-P4 84.86(3), P2-P3-C31 99.94(9), P4-P3-

C31 100.84(9), P1-P4-P3 84.99(3), P1-P4-C41 108.14(8), P3-P4-C41 105.60(9). 

GooF=1.054, 451 parameters, Temperature 173K, CCDC-747681 
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Figure S4: ORTEP view of both crystallographically independent cations and anions in 

[(CyP)4(AN)][GaCl4]. Non-hydrogen atoms are represented by Gaussian ellipsoids at the 

50% probability level.  The nitrogen-bound hydrogen atom is shown with an arbitrarily 

small thermal parameter; all other hydrogens are not shown. 

Crystal data for [(CyP)4(AN)][GaCl4]·1/2CH2Cl2 (CCDC 747680): C36.5H54AsCl5GaNP4, 

Mr = 952.58, orange blocks, 0.44 × 0.22 × 0.16 mm3, triclinic, P1̄ (No. 2), a = 

11.2986(8) Å, b = 16.5069(12) Å, c = 23.6544(17) Å, α = 92.1892(9)º, β = 100.9413(9)º, 

γ = 96.1712(9)º, V = 4298.6(5) Å3, Z = 4, ρcalcd = 1.472 g cm-3, µ = 1.891 mm-1, Mo 

Kα (0.71073 Å), T = 173(1) K, 2θmax = 55.12º, 37853 total data collected, 19554 

independent data (Rint = 0.0311), structure solution: Patterson search/structure expansion 

(DIRDIF-2008[5]), R1 = 0.0363 (for 14412 data with I ≥ 2σ(I)), wR2 = 0.1059 (for all 

19554 unique data), Δρmin,max = 0.896, –0.427 e Å-3. 

Selected bond lengths [Å] and bond angles [˚]:As1A-P1A 2.4501(8), As1A-C51A 
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1.917(3), As1A-C61A 1.919(3), P1A-P2A 2.2057(10), P1A-P4A 2.1996(10), P1A-C11A 

1.842(3), P2A-P3A 2.2415(11), P2A-C21A 1.860(3), P3A-P4A 2.2334(10), P3A-C31A 

1.870(3), P4A-C41A 1.857(3), As1B-P1B 2.4545(7), As1B-C51B 1.920(3), As1B-C61B 

1.917(3), P1B-P2B 2.2045(9), P1B-P4B 2.2000(9), P1B-C11B 1.850(3), P2B-P3B 

2.2417(9), P2B-C21B 1.862(3), P3B-P4B 2.2294(9), P3B-C31B 1.869(3), P4B-C41B 

1.853(3); P1A-As1A-C51A 101.82(8), P1A-As1A-C61A 97.93(9) , C51A-As1A-C61A 

97.13(12), As1A-P1A-P2A 110.12(3), As1A-P1A-P4A 127.61(4), As1A-P1A-C11A 

107.50(10), P2A-P1A-P4A 84.78(4), P2A-P1A-C11A 112.56(10), P4A-P1A-C11A 

112.13(10), P1A-P2A-P3A 81.70(4), P1A-P2A-C21A 103.66(9), P3A-P2A-C21A 

105.68(9), P2A-P3A-P4A 83.16(4), P2A-P3A-C31A 104.97(11), P4A-P3A-C31A 

103.59(11), P1A-P4A-P3A 82.01(4), P1A-P4A-C41A 111.19(10), P3A-P4A-C41A 

102.81(10), P1B-As1B-C51B 99.24(8), P1B-As1B-C61B 97.21(8), C51B-As1B-C61B 

97.76(12), As1B-P1B-P2B 111.29(3), As1B-P1B-P4B 127.27(3), As1B-P1B-C11B 

108.47(9), P2B-P1B-P4B 85.93(3), P2B-P1B-C11B 111.04(9), P4B-P1B-C11B 

110.55(9), P1B-P2B-P3B 84.45(3), P1B-P2B-C21B 104.41(8), P3B-P2B-C21B 

104.27(9), P2B-P3B-P4B 84.35(3), P2B-P3B-C31B 99.86(9), P4B-P3B-C31B 99.06(9), 

P1B-P4B-P3B 84.85(3), P1B-P4B-C41B 107.63(9), P3B-P4B-C41B 109.75(9). 

GooF=1.040, 884 parameters, Temperature 173 K, CCDC-747680 
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Figure S5: Perspective view of the [(CyP)4SbCl2]+ ion in [(CyP)4SbCl2][Al2Cl7] 

showing the atom labelling scheme.  Non-hydrogen atoms are represented by Gaussian 

ellipsoids at the 50% probability level.  Only one orientation of the disordered cyclohexyl 

group (C31A to C36A) is shown for clarity.  Hydrogen atoms are not shown.  

 

Crystal data for [(CyP)4SbCl2][Al2Cl7] (CCDC 747678): C24H44Al2Cl9P4Sb, Mr = 951.23, 

yellow blocks, 0.56 × 0.27 × 0.20 mm3, monoclinic, P21/n (an alternate setting of P21/c 

[No. 14]), a = 11.9912(5) Å, b = 21.7620(9) Å, c = 15.6538(7) Å, β = 91.0720(10)º, V = 
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4084.2(3) Å3, Z = 4, ρcalcd = 1.547 g cm-3, µ = 1.481 mm-1, Mo Kα (0.71073 Å), T = 

173(1) K, 2θmax = 54.28º, 34739 total data collected, 9046 independent data (Rint = 

0.0205), structure solution: direct methods (SHELXS-97[4]), R1 = 0.0332 (for 7749 data 

with I ≥ 2σ(I)), wR2 = 0.0882 (for all 9046 unique data), Δρmin,max = 0.796, –0.578 e 

Å-3.   The model was well-behaved enough to allow anisotropic refinement of even the 

disordered cyclohexyl group carbons. 

 

Selected bond lengths [Å] and bond angles [˚]: Sb-Cl1 2.3397(8), Sb-Cl2 2.3333(8), Sb-

P1 2.6178(7), P1-P2 2.1897(10), P1-P4 2.1966(10), P1-C11 1.834(3), P2-P3 2.2226(11), 

P2-C21 1.862(3), P3-P4 2.2336(10), P3-C31A 1.959(6), P3-C31B 1.816(7), P4-C41 

1.860(3); Cl1-Sb-Cl2 96.45(3), Cl1-Sb-P1 88.89(3), Cl2-Sb-P1 94.83(3), Sb-P1-P2 

108.91(3), Sb-P1-P4 112.15(3), Sb-P1-C11 115.94(10), P2-P1-P4 86.29(4), P2-P1-C11 

111.61(11), P4-P1-C11 117.87(10), P1-P2-P3 82.55(4), P1-P2-C21 104.68(9), P3-P2-

C21 108.07(10), P2-P3-P4 84.62(4), P2-P3-C31A 92.7(2), P2-P3-C31B 111.4(3), P4-P3-

C31A 95.9(2), P4-P3-C31B 108.2(2), P1-P4-P3 82.14(3), P1-P4-C41 106.06(9), P3-P4-

C41 103.31(9) 

 GooF=1.079, 442 parameters, Temperature 173 K. CCDC-747678 
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Figure S6: Perspective view of the [Cl2Sb2(µ–tetracyclohexyltetraphosphetane)2][AlCl4]2 

tetrachloroaluminate ions showing the atom labelling scheme.  Non-hydrogen atoms are 

represented by Gaussian ellipsoids at the 50% probability level.  Hydrogen atoms are not 

shown.  Primed atoms are related to unprimed ones via the crystallographic inversion 

center (1/2, 1/2, 1/2) at the midpoint of the Sb–Sb’ bond. Only the phosphorus-bound 

carbons of the cyclohexyl groups are shown. 

 

Crystal data for [{(CyP)4}2(Sb2Cl2)][AlCl4]2 (CCDC 747679): C55H96Al2Cl10P8Sb2, Mr = 

1657.04, orange blocks, 0.55 × 0.38 × 0.19 mm3, monoclinic, P21/n (an alternate setting 

of P21/c [No. 14]), a = 12.0664(7) Å, b = 21.3906(13) Å, c = 14.9019(9) Å, β = 

104.6473(7)º, V = 3721.3(4) Å3, Z = 2, ρcalcd = 1.479 g cm-3, µ = 1.314 mm-1, Mo Kα 

(0.71073 Å), T = 173(1) K, 2θmax = 53.10º, 28434 total data collected, 7740 independent 
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data (Rint = 0.0332), structure solution: Patterson search/structure expansion (DIRDIF-

2008[5]), R1 = 0.0538 (for 6589 data with I ≥ 2σ(I)), wR2 = 0.1295 (for all 7740 unique 

data), Δρmin,max = 1.405, –0.845 e Å-3.  Attempts were made to refine the disordered 

cyclohexyl group carbons with anisotropic displacement parameters, but these refined 

quite unsatisfactorily, giving wildly divergent ranges of bond lengths (1.26–1.61 Å), 

angles (104.7–120.8º), and displacement parameter Ueq’s (0.056–0.338 Å2), plus some 

severely elongated thermal ellipsoids.  Forcing the Uij values to be equal or similar for 

pairs of analogous atoms (e.g. C12A and C12B, C13A and C13B, etc.) tames the wild 

behaviour of the Ueq’s, but the distortions of ring geometry (bond lengths and angles) 

remain.  From the appearance of the thermal ellipsoids for the ‘unsplit’ carbons of this 

ring, the group appears to be disordered via slight rotation about the P1–C11 bond, so 

instead of two (or three, or four, ...) discrete conformers there is most likely a continuum.  

The model presented herein combines the most satisfactory results (in terms of group 

geometry and displacement parameter behaviour) with the least amount of geometric or 

Uij restraints (i.e. none). 

 

The geometric and displacement parameter misbehaviour was even more pronounced for 

the inversion-disordered solvent toluene molecule, so it was modelled as having an 

idealized phenyl ring (a regular hexagon with a C–C bond length of 1.39 Å) and a 

Cmethyl–Cipso bond length fixed at 1.50 Å.  All carbon atoms were refined with a 

common isotropic displacement parameter. 
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 Selected bond lengths [Å] (aNonbonded distance) and bond angles [˚] (bAngle includes 

nonbonded Sb…Cl interaction): Sb-Sb’ 2.9150(6), Sb-Cl1 2.3654(12), Sb-P1 2.8353(12), 

Sb-P3’ 2.8484(12), Sb-Cl2 3.6489(17)a, P1-P2 2.2161(18), P1-P4 2.2157(17), P1-C11 

1.851(6), P2-P3 2.2139(17), P2-C21 1.859(5), P3-P4 2.2180(18), P3-C31 1.856(5), P4-

C41 1.868(5); Sb’-Sb-Cl1 93.50(3), Sb’-Sb-P1 87.45(3), Sb’-Sb-P3’ 88.56(3) 

Sb’-Sb-Cl2 145.21(3)b, Cl1-Sb-P1 84.46(4), Cl1-Sb-P3’ 83.07(4), Cl1-Sb-Cl2 

117.34(4)b, P1-Sb-P3’ 166.65(4), P1-Sb-Cl2 80.44(4)b, P3’-Sb-Cl2 109.63(4)b, Sb-P1-

P2 118.06(6), Sb-P1-P4 111.67(6), Sb-P1-C11 115.83(19), P2-P1-P4 82.95(6), P2-P1-

C11 113.2(2), P4-P1-C11 110.36(19), P1-P2-P3 78.06(6), P1-P2-C21 108.20(17), P3-P2-

C21 103.55(16), Sb’-P3-P2 107.17(6), Sb’-P3-P4 120.01(6), Sb’-P3-C31 118.54(16), P2-

P3-P4 82.95(6), P2-P3-C31 109.97(16), P4-P3-C31 111.72(17), P1-P4-P3 77.98(6), P1-

P4-C41 105.31(16), P3-P4-C41 109.66(16). 

GooF=1.114, 318 parameters, Temperature 173 K. CCDC-747679 
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Figure S7: mixture 31P{1H}-NMR (CDCl3, 202.6 MHz, 293 K) spectra showing 

formation of [(PCy)4(SbCl2)][Al2Cl7], A2BX spin system. 

 
References 

 
[1] Burton, H, Gibson, C.S., J. Chem. Soc. 1926, 450-464 

[2] A. Kuczkowski, S. Schulz, M. Nieger, P. R. Schreiner. Organometallics 2002, 21, 

1408-1419. 

[3] A. R. Barron. J. Chem. Soc. Dalton. Trans. 1988, 3047-3050. 

[4] G. M. Sheldrick, Acta Crystallogr. 2008, A64, 112–122. 

[5] P. T. Beurskens, G. Beurskens, R. de Gelder, J. M. M. Smits, S. Garcia-Granda, R. O. 

Gould (2008).  The DIRDIF-2008 program system. Crystallography Laboratory, 

Radboud University Nijmegen, The Netherlands 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


