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Figure 11. Dimeric chain structure of 10·H2O∙2CH3CN. 

Notably, the tin atom in compound 10·H2O∙2CH3CN is coordinated  by only one 

oxygen  atom from the crown ether ring and contrasts well with that observed for the 

corresponding dichloridodiorganotin- and triiodidomonoorganotin-substituted crown 

ethers PhCl2SnCH2-[16]-crown-528  and I3SnCH2-[16]-crown-5.64 Indeed, the tin 

atoms in the two latter compounds are also hexacoordinated, but are intramolecularly 

coordinated by two oxygen atoms of the crown ether ring. The shortening of the 

intermolecular Sn(1)−O(10) distance of 2.197(2) Å is an evidence of a water 

molecule being strongly bound to the tin atom and can be explained by the existence 

of only one intramolecular O→Sn coordination in compound 10·H2O∙2CH3CN. This 

value is close to the sum of the covalent radii33 of Sn and O (2.10 Å) and is slightly 

shorter than that found for Cl3SnCH2-[19]-crown-6·2H2O (2.219(4) Å).65 The 

Sn(1)−F(1) (1.9303(14) Å), Sn(2)−F(2) (1.9371(18) Å) and Sn(1)−F(3) ( 1.9641(16) 

Å) bond lengths of 10·H2O∙2CH3CN are in the range to those found in the 

monoorganotin(IV) trifluoride [(2,6−OMe)2C6H3]3CSnF3 with terminal fluorine atoms 

(Sn−F(1) = 1.956(6) Å, Sn−F(2) = 1.948(7)Å, Sn−F(3) = 1.975(6)Å.63 Among the 

Sn−F bonds distances of compound 10·H2O∙2CH3CN, only one is close to the 

standard covalent Sn−F bond length (1.96 Å).54 In contrast to the analogous 
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Cl3SnCH2-[16]-crown-5·H2O
64 and Cl3SnCH2-[19]-crown-6·2H2O,65 the tin−halogen 

distances are more affected by the intermolecular O→Sn coordination from the water 

molecules than the intramolecular O→Sn from the crown ether oxygen atoms. 

Indeed, the Sn−F(2) bond distance of 1.9371(18) Å is shorter than the Sn−F(3) of 

1.9641(16) Å. The lengthening of the latter bond is the result of its trans position to 

the oxygen atom of the water molecule with this effect being stronger than the 

corresponding one from the crown ether oxygen atoms. 

3.2.4. Structures in Solution of the Trifluoridomonoorganotin-substituted-[16]-

Crown-5. 

        The 119Sn NMR spectrum (CD3OD) at room temperature of the 

trifluoridomonoorganotin-substituted crown ether 10 showed no signal and the 19F 

NMR spectrum displayed broad and unresolved resonances in the area of δ –130 to 

–140 and –150 to –162. These results indicated the exchange processes in solution 

being fast at room temperature on the 119Sn and 19F NMR time scales. The 119Sn 

NMR spectrum of 10 in CD3OD at  –60 °C  showed  a resonance at δ –573 that looks 

like a quartet (1J(119Sn–19F) = 2723 Hz) (Figure 12). 
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 Figure 12. 119Sn NMR spectrum of 10 in CD3OH at –60 °C. 

 The 19F NMR spectrum at –62°C showed a broad signal at δ –156 (1/2 = 752 Hz) for 

which the 117/119Sn satellites are hardly visible (1J(19F–119Sn) = 2683 Hz (Figure 13). 

The latter coupling constant is smaller than that found in the monoorganotin (IV) 

fluoride [(2,6−OMe)2C6H3]3CSnF3 (1J(19F–119Sn) = 3390 Hz.63 The 119Sn and 19F 
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thickness of about 10 mg Sn/cm2. A palladium foil of 0.05 mm thickness was used to 

reduce the tin K X-rays concurrently emitted by this source. The measurement was 

conducted in the usual transmission geometry at 78 K with a total counting time of 

one day. 

Synthesis of 4. Para-methylthiobenzene (0.11 g, 0.881 mmol) was added to a 

solution of 1[26] (0.2 g, 0.294 mmol) in CH3CN (25 mL) and the mixture was stirred for 

3 h. The solvent was removed in vacuo to give colorless solid materials. Single 

crystals of 4 suitable for X-ray diffraction analysis were obtained by vapour diffusion 

of Et2O into a solution of the compound in CH3CN,  yield 39 %; mp. 230°C. 

  

1H NMR (400,13 MHz, CD3CN, 27°C, TMS): δ 1,67 (d, 3J(H–H) = 4.0, 2J(1H–117/119Sn) 

= 80.0Hz, 2H; SnCH2), 2.35 (s, 1J(1H–13C) = 24 Hz, 3H; CH3), 2.91-2.94 (m, 3J(1H–

117/119Sn) = 480.0 Hz, 1H; CH), 3.59–4.45 ppm (m, 20H; O-CH2), 7.25 (d, 3J(1H–1H) = 

8.0, 2H; HC22/HC25), 7.54 (d, 3J(1H–1H) = 8.0, 2H; HC21/HC26); 13C NMR (100.63 

MHz, CD3CN, 27°C, TMS): δ = 20.2 (C17), 20.7 (CH3), 32.3 (2J(13C–117/119Sn) = 76.5 

Hz; C15), 68.5–69.8 (C2-C12), 75.6 (3J(13C–117/119Sn) = 47.3 Hz; C14/C16), 119.4 ppm 

(C1 triflate), 120.8 ppm (C20), 130.5 ppm (1J(13C–1H) = 28.2 Hz; C21/C26), 137.29 ppm 

(1J(13C–1H) = 34.2 Hz, C22/C25), 141.2 ppm (C23); 119Sn{1H} NMR (300 MHz, CD3CN, 

20 °C): δ = –497 Anal. Calcd (%) for C21H30F6O11S3Sn (787.32): C 32.0, H 3.8; found 

C 31.9, H 4.0. 

 

 Synthesis of 5. 2-Naphtholthiobenzene (0.13 g, 0.79 mmol) was added to a solution 

of 126 (0.18 g, 0.26 mmol) in CH3CN (20 mL) and the mixture was stirred for 3 h. The 

solvent was removed in vacuo to give colorless solid materials. Yield 47%; mp. 

238.4°C. The 1H, 13C and 119Sn data are identical with those of compound 4. Anal. 

calcd (%) for C24H30F6O11S3Sn (823.32): C 35.0, H 3.7; found C 34.8, H 3.6. 

 

Synthesis of 6. Diphenyldithiophosphonic acid (0.22 g, 0.88 mmol) was added to a 

solution of 126 (0.2 g, 0.294 mmol) in CH3CN (25 mL) and the mixture was stirred for 

3  h. The 3/4 of the solvent was removed in vacuo and the concentrated solution was 

kept at room temperature for a long period to afford colorless crystals of 6, yield 21%;  

mp. 126 °C. 
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 1H NMR (499,79 MHz, CD3CN, 27°C, TMS): δ 1.80 (d, 3J(1H–1H) = 5 Hz, 2J(1H–

117/119Sn) = 64 Hz, 2H, CH2), 2.54–2.58 (m, 1H, CH), 3.37–3.67 ppm (m, 20H; O-

CH2), 7.37-7.90 (m, 10H; Ph), 13C NMR (125.68 MHz, CD3CN, 27°C): δ = 21.1 (C17), 

36.7 (C15), 69.7–71.1 (C2-C12), 128.3–131.2 (phenyl), 119Sn{1H} NMR (300 MHz, 

CDCl3, δ : –366.24. 31P NMR (300 MHz, CD3CN, 23°C): δ 57 and 58 (Pcis and 

Ptrans). Anal. Calcd (%) for C52H72N2O10P2S6Sn2 (1376.80): C 41.9, H 4.8; found C 

42.4, H 4. 

 

Synthesis of 10·H2O∙2CH3CN. 

To a stirred solution of  [HOSnCH2([16]crown-5)][CF3SO3]2
26 (0.156 g, 0.229 mmol) in 

CH3CN (7 mL) was added dropwise to a solution of NEt3·3HF ( 0.012 mL, 0.074 

µmol). The mixture was stirred at room temperature overnight.  The solution was then 

kept at –5°C for several days to afford 0.06 g (50%) of pure 11 as colorless crystals, 

mp. 90 °C.   

 1H NMR (CD3OD, 300.13 MHz, 295K) δ: 1.13 (d, 3J(1H−1H) = 9.0 Hz, 2J(1H−117Sn) = 

129.0 Hz, 2J(1H−119Sn) = 141.0 Hz, 2H, Sn-CH2), 2.38 (m, 1H, CH), 3.53−3.86 

(complex pattern, 20H, CH2−O−CH2), 4.88 (H2O). 13C{1H} NMR (CD3OD, 75.48 MHz, 

295 K) δ : 16.6 (C17), 34.7 (2J(13C−117/119Sn) = 51 Hz, C15), 69.8−70.4 (C2−C12), 

73.2 (3J(13C−117/119Sn) = 149 Hz,  C14/C16 ). 19F{1H} NMR (CD3OD, 282.4 MHz, 211 

K) δ: –156.3 (1J(19F−117/119Sn) = 2683 Hz). 119Sn{1H} NMR (CD3OD, 111.87 MHz, 

213 K) δ: –572 (q, 1J(119Sn−19F) = 2723 Hz). Anal. Calcd. for C12H23F3O5Sn (424.1), 

Cacld : C 34.0 ; H 5.5. Found: C 34.1; H 6.2%.       
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4. On the Reaction of (t-Bu2SnO)3 with PhX2SnCH2R (X = I, Br, Cl; R 

= 13-crown-4, 16-crown-5). Formation of Novel Asymmetric 

Tetraorganodistannoxane 

4.1. Introduction 

Dimeric tetraorganodistannoxannes of the general formula [R2(X)SnOSn(Y)R2]2 (R = 

alkyl, aryl; X, Y= halogen, OH, OR, OSiMe3, OOCR, OSP(OR)2, NO3, N3, NCS, SH, 

OReO3) (Scheme 1, type A) represent an interesting class of organotin–oxo clusters 

that has attracted a growing interest in the last three decades.1,2  These compounds 

have been reported to be  able to act as homogeneous catalysts in various organic 

reactions.3-9 Dimeric tetraorganodistannoxanne derivatives with X, Y = halogen, OH 

are generally obtained by the controlled hydrolysis of diorganotin dihalides10,11 or 

from the reaction of diorganotin dihalides with equimolar amounts of diorganotin 

oxides.12,13The latter method takes advantage of the trimer (t-Bu2SnO)3 which is a 

convenient oxide transfer reagent in reactions with organotin halides14 and of the fact 

that no by-products are formed that need to be removed.2 In previous work, 

Jurkschat and coworkers made use of the last synthetic strategy to design the 

dimeric tetraorganodistannoxane of type B (Scheme 1).13 The latter compound 

showed that the hydroxide group is bridged between two tin atoms and contains two 

different organic groups at the endo- and exo-cyclic tin atoms. Given the ability of 

crown ethers to interact with Lewis acidic tin center through O→Sn interaction and to 

be involved in hydrogen bonding interactions, we were interested in the synthesis 

and structural determination of novel dimeric tetraorganodistannoxanes of type C 

(Scheme 1), with Z = I, Br, Cl; R´´ = 13-crown-4, 16-crown-5. 
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Scheme 1 

  

4.2. Synthesis of the Tetraorganodistannoxanes. 

The reaction of equimolar amounts of di-tert-butyltin oxide (t-Bu2SnO)3 with 

dihalogenido diorganotin-substituted crown ethers {(PhX2SnCH2-R), R = 13-crown-4, 

16-crown-5, X = I, Br, Cl} in dichloromethane provided the dimeric 

tetraorganodistannoxannes 1–5 (eq. 1). All these Compounds are slight yellow (1 

and 3) or colorless (2, 4 and 5), high-melting crystalline solids, which are soluble in 

common organic solvents such as dichloromethane, chloroform, and toluene. 
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4.3. Molecular Structures of the Tetraorganodistannoxanes 1–5. 

The molecular structures of compounds 1–5 are shown in Figures 1–5. Selected 

bond distances and bond angles are listed in Tables 1 and 2. All five compounds 

crystallize in the triclinic space group P–1 with one molecule per unit cell. 

Compounds 4 and 5 crystallize each as dichloromethane solvate. 

 

  Figure 1. General view (SHELXTL) of a molecule of 1 showing 30% probability 

displacement ellipsoids and the crystallographic numbering scheme. 
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  Figure 2. General view (SHELXTL) of a molecule of 2 showing 30% probability 

displacement ellipsoids and the crystallographic numbering scheme. 

 

  Figure 3. General view (SHELXTL) of a molecule of 3 showing 30% probability 

displacement ellipsoids and the crystallographic numbering scheme. 
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Figure 4. General view (SHELXTL) of a molecule of 4 showing 30% probability 

displacement ellipsoids and the crystallographic numbering scheme. The 

dichloromethane molecule is omitted for clarity. 

 

 

Figure 5. General view (SHELXTL) of a molecule of 5 showing 30% probability 

displacement ellipsoids and the crystallographic numbering scheme. The  

tert-butyl and phenyl groups are omitted for clarity. 
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Table1. Selected interatomic distances (Å) for compounds 1–5. 

 1 2 3 4 5 

X = I X = Br X = I X = Br  X = Cl 

Sn(1)–O(1) 2.670(3) 2.682(3) 2.819(5) 2.795(3) 2.822(5) 

Sn(1)–O(5) 2.062(3) 2.061(3) – – – 

Sn(1)–O(7) – – 2.070(4) 2.066(3) 2.062(4) 

Sn(1)–O(5A) 2.185(3) 2.190(3) – – – 

Sn(1)–O(7A) – – 2.170(5) 2.155(3) 2.149(4) 

Sn(1)–O(6) 2.123(4) 2.169(3) 2.155(5) 2.155(3) 2.145(4) 

Sn(1)–C(11) 2.141(5) 2.131(5) – – – 

Sn(1)–C(21) – – 2.121(7) 2.119(4) 2.126(6) 

Sn(1)–C(1) 2.116(6) 2.124(5) 2.124(8) 2.118(4) 2.128(6) 

Sn(2)–X(1) 2.9592(5) 2.7114(6) 2.9416(8) 2.7140(7) 2.5367(18) 

Sn(2)–O(5) 2.022(3) 2.014(3) – – – 

Sn(2)–O(6) 2.158(4) 2.169(3) 2.180(5) 2.172(3) 2.206(4) 

Sn(2)–O(7) – – 2.017(4) 2.013(2) 2.028(4) 

Sn(2)–C(31) 2.189(5) 2.205(5) 2.205(8) 2.196(5) 2.191(8) 

Sn(2)–C(21) 2.201(6) 2.191(5) – – – 

Sn(2)–C(41) – – 2.197(8) 2.190(5) 2.207(7) 

H(6)–O(2) 2.23(5) 2.22(2) – – – 

 

Table 2. Selected Bond Angles (deg) for compounds 1–5. 

 

 1 2 3 4 5 

X = I X = Br X = I X = Br X = Cl 

O(5)–Sn(1)–C(1) 113.45(18) 113.95(15) – – – 

O(7)–Sn(1)–C(1) – – 108.1(2) 108.00(13) 108.4(2) 

O(5)–Sn(1)–O(6) 72.69(14) 72.20(11) – – – 

O(7)–Sn(1)–O(6) – – 72.69(18) 72.18(10) 72.69(16) 

C(1)–Sn(1)–O(6) 98.4(2) 100.10(18) 95.0(3) 95.77(14) 97.2(2) 

O(7)–Sn(1)–C(21) – – 108.4(2) 108.16(14) 109.16(19) 

O(5)–Sn(1)–C(11) 104.68(17) 105.28(15) – – – 
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C(1)–Sn(1)–C(11) 141.2(2) 139.86(18) – – – 

C(1)–Sn(1)–C(21) – – 143.6(3) 143.84(16) 142.4(2) 

O(6)–Sn(1)–C(11) 99.28(19) 99.56(16) – – – 

O(6)–Sn(1)–C(21) – – 94.5(3) 94.72(14) 95.1(2) 

O(5)–Sn(1)–O(5A) 74.04(14) 73.66(11) – – – 

O(7)–Sn(1)–O(7A) – – 74.78(19) 74.27(10) 73.71(17) 

C(1)–Sn(1)–O(5A) 90.00(19) 88.99(16) – – – 

C(1)–Sn(1)–O(7A) – – 94.4(2) 94.41(13) 93.7(2) 

O(6)–Sn(1)–O(5A) 146.32(13) 145.47(10) – – – 

O(6)–Sn(1)–O(7A) – – 147.46(18) 146.46(10) 146.40(16) 

C(11)–Sn(1)–O(5A) 93.96(16) 94.19(13) – – – 

C(21)–Sn(1)–O(7A) – – 96.1(3) 95.65(14) 95.5(2) 

O(5)–Sn(1)–O(1) 146.86(12) 146.44(10) – – – 

O(7)–Sn(1)–O(1) – – 151.26(16) 150.14(9) 149.46(16) 

C(1)–Sn(1)–O(1) 70.93(17) 70.61(15) 69.4(2) 69.49(13) 69.6(2) 

O(6)–Sn(1)–O(1) 74.17(14) 74.28(11) 78.97(16) 78.41(10) 77.30(16) 

C(11)–Sn(1)–O(1) 81.20(16) 81.64(14) – – – 

C(21)–Sn(1)–O(1) – – 78.1(2) 78.95(14) 78.73(19) 

O(5A)–Sn(1)–O(1) 138.82(12) 139.45(9) – – – 

O(7A)–Sn(1)–O(1) – – 133.36(16) 134.94(9) 136.13(15) 

O(5)–Sn(2)–O(6) 72.70(14) 72.11(11)    

O(7)–Sn(2)–O(6) – – 73.17(18) 72.81(10) 72.05(16) 

O(5)–Sn(2)–C(31) 113.8(2) 124.16(15) – – – 

O(7)–Sn(2)–C(31) – – 116.4(3) 116.90(15) 117.9(2) 

O(6)–Sn(2)–C(31) 94.68(19) 95.50(17) 94.8(2) 94.68(19) 94.5(2) 

O(5)–Sn(2)–C(21) 124.70(18) 114.06(16) – – – 

O(7)–Sn(2)–C(41) – – 120.7(3) 120.71(15) 118.9(2) 

O(6)–Sn(2)–C(21) 95.0(2) 94.21(16) – – – 

C(31)–Sn(2)–C(21) 121.0(2) 121.15(19) – – – 

C(31)–Sn(2)–C(41) – – 122.3(3) 121.70(18) 122.3(3) 

O(5)–Sn(2)–X(1) 88.49(9) 87.80(8) – – – 

O(7)–Sn(2)–X(1) – – 84.48(13) 84.04(8) 84.80(11) 

O(6)–Sn(2)–X(1) 160.48(11) 159.45(9) 157.64(13) 156.82(7) 156.77(13) 

C(31)–Sn(2)–X(1) 97.76(15) 92.22(13) 94.6(2) 94.72(13) 94.7(2) 
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C(21)–Sn(2)–X(1) 91.42(15) 98.04(13) – – – 

C(41)–Sn(2)–X(1) – – 97.7(2) 99.13(13) 99.8(2) 

 

The overall structures of these compounds are similar and differ from each other by 

the nature of the halogen and the organic groups at the endo-cyclic tin atoms. The 

main feature in the molecular structures of 1–5 are the central four-membered Sn2O2-

rings containing the Sn(1) atoms and the Sn(2) atoms which are linked exo-cyclic to 

these rings. The whole molecule gives rise to the formation of ladder type 

centrosymmetric dimers. Another aspect of the molecular structures of compounds 

1–5 is the location of the crown ethers moieties on both sides of the 

tetraorganodistannoxane ladder core. In other words, compounds 1–5 adopt each a 

trans-configuration in the solid state and are comparable to the usual trans-

configuration found for related compounds in the solid state.15  Each tin atom exhibits 

a distorted trigonal bipyramidal configuration [geometrical goodness ΔΣ(θ)
16 48.06° 

(Sn1) and 81.83°(Sn2) (1), 48.09°(Sn1) and 81.31°(Sn2) (2), 43.91° (Sn1) and 

82.62°(Sn2)(3), 45.36° (Sn1) and 81.42°(Sn2) (4), 44.45° (Sn1) and 79.80°(Sn2) (5) 

with {C(1), C(11), O(6) (Sn1) and C(21), C(31), O(5) (Sn2) (1 and 2), C(1), C(21), 

O(6) (Sn1) and C(31), C(41), O(7) (Sn2) (3–5) occupying the equatorial positions. 

The axial positions are occupied by O(1) and O(5)(Sn1) (1 and 2), O(6), I(1) (1), and 

Br(1)(2)(Sn2), O(1) and O(7)(Sn1) (3–5), O(6), I(1)(3) and Br(1) (4), Cl(1)(5)(Sn2)(3–

5). The distortion is best reflected in the decrease of the O(1)–Sn(1)–O(5) (Sn1, 1), 

O(6)–Sn(2)–I(1) (Sn2, 1), O(1)–Sn(1)–O(5) (Sn1, 2), O(6)–Sn(2)–Br(1) (Sn2, 2), 

O(1)–Sn(1)–O(7) (Sn1, 3), O(6)–Sn(2)–I(1) (Sn2, 3), O(1)–Sn(1)–O(7) (Sn1, 4), 

O(6)–Sn(2)–Br(1) (Sn2, 4), O(1)–Sn(1)–O(7) (Sn1, 5), O(6)–Sn(2)–Cl(1) (Sn2, 5) 

axial angles from 180° to 146.86(12)°, 160.48(11)°, 146.44(10)°, 159.45(9)°, 

151.26(16)°, 157.64(13)°, 150.14(9)°, 156.82(7)°, 149.46(16)°, 156.77(13)°. 

Compounds 1–5 are characterisized by the intramolecular O(1)→Sn(1) interactions 

at distances of 2.670(3) Å, 2.682(3) Å, 2.819(5) Å, 2.795(3) Å, and 2.822(5) Å, 

respectively, which are shorter than the sum of the van der Waals radii17 of tin (2.17 

Å) and oxygen (1.52 Å). In addition, there is formation of an intramolecular 

H(6)···O(2) coordination (1 and 2), when the organic substituent (R) is 13-crown-4. 

The absence of the intramolecular H(6)···O(2) interactions in compounds 3–5 can be 

explained by the presence of the 16-crown-5 moiety which is more bulky than the 13-
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crown-4 analogues. The latter organic group makes the molecule more flexible and 

promotes intramolecular bonds. This finding was confirmed by the Sn(1)–O(1) 

distances found in 3–5 (2.819(5) (3); 2.795(3) (4); 2.822(5) (5))  which are 

significantly longer than the corresponding distances obtained  for compounds 1 

(2.670(3)) and 2 (2.682(3). Both H(6)···O(2) distances (2.23(5)(1) Å, 2.22(2)(2) Å) are 

shorter than the sum of the van der Waals radii17 of H(1.10 Å) and O(1.52 Å). 

Moreover, the IR spectra of the two latter compounds showed for the SnOH group an 

absorption band at  ̅ = 3490 and 3499 cm-1, respectively, which are displaced by 47 

and 56 cm-1, respectively, in comparison with compound 4 in which no intramolecular 

O∙∙∙H bond is present. 

 

Figure 6. Reduced ball-and-sticks molecular structure of 2 showing the 

intramolecular O(2)···H(6) and O(1)→Sn(1) interactions. The crown 

ether ring, the phenyl and the tert-butyl groups are omitted. 
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Figure 7. Reduced ball-and-sticks molecular structure of 4 showing the 

intramolecular O(1)→Sn(1) and no O(5)···H(6) interactions. The crown 

ether ring, the phenyl and the tert-butyl groups are omitted. 

4.4. Structures in Solution of the Tetraorganodistannoxanes 1–5. 

The 119Sn NMR spectrum of a solution of compound 4 in CD2Cl2 shows two major 

resonances, which account for about 70 % of the total integrated signal intensity of 

the 119Sn spectrum, at δ –311 (2J(119Sn–117Sn = 254 Hz)  and – 208 (2J(119Sn–117Sn = 

254 Hz) (Figure 8). Due to the intramolecular Sn(1)–O(1) coordination between the 

oxygen atom of the crown ether ring and the endo-cyclic tin atom, the resonance at δ 

–311.2 is assigned to the trans Sn(1) atom (according to the numbering scheme 

shown in Scheme 4), whereas the resonance at δ –208 correspond to the trans 

exocyclic (t-Bu2Sn) tin atoms (Scheme 2). In addition, the 119Sn NMR spectrum 

contains two signals at δ –310.8 and –209, for which the 117/119Sn satellites could not 

be detected unambiguously. 
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Figure 8. 119Sn NMR spectrum of 4 in CD2Cl2 at 23°C. 

 These resonances contribute approximately 30 % toward the total signal intensity of 

the spectrum, and were assigned to the cis endocyclic (Sn(1)) and the cis exocyclic 

(t-Bu2Sn) tin atoms (Scheme 2).  

 

Scheme 2. Configuration adopted by the endo-cyclic and exo-cyclic tin atoms of 

compound 4 in solution a) cis and b) trans. 

These observations are in contrast to the chemicals shifts of the tin atoms obtained 

for the tetraorganodistannoxanes containing crown ethers {[Bu2Sn(OCOR)]2O}2.
18 

Indeed, the latter compound showed in the 119Sn NMR spectrum two resonances at δ 

– 213.0 and – 217.3.  
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The 1H NMR spectrum of 4 displays three sets of resonances at δ 1.3, 3.26–3.58, 

7.15-8.01, which are assigned to the tert-butyl substituents, the crown ether protons 

and the phenyl groups, respectively. Additional resonances of low intensity appear at 

δ 1.59 (2J(1H–117/119Sn) = 42 Hz), 2.70, which are attributed to the C1 and C2 protons 

(according to the numbering scheme shown in Scheme 4), respectively. This 

assignment is also supported by the 13C NMR spectrum, which displays for the tert-

butyl substituents, the crown ether carbon atoms and phenyl groups, resonances at δ 

29.7–30.6, 69.3–70.5 and 127.0–145.3, respectively. There are additional two low-

intensity resonances at δ 15.1 and 36.1 (2J(13C–117/119Sn) = 21 Hz), which are 

assigned to the C2 and C1 carbon atoms, respectively. Solution NMR results for 

compounds 1–3 and 5 are similar. The ESI-MS spectra in the positive mode of 

compounds 1 and 2  are characterized by the observation of mass clusters centered 

at m/z 831.3, 913.3, 1079.3 and 1139.3 that are assigned to the species a, b, c and d 

(Scheme 3) respectively. For compounds 3–5, the ESI-MS in the positive mode 

revealed mass clusters centered at m/z 919.2, 959.2 and 1167.2 that correspond to 

the species a, e and c, respectively (Chart 2). In addition, for compounds 4 and 5, 

there are mass clusters centered at m/z 1213.4 and 1227.4 that are assigned to the 

species f and g (Scheme 3), respectively. Representatives examples of the 

experimental and simulated mass cluster of compounds 1–5 are shown in Figure 9 

and 10. 

 

 

 

 

 

 

 

 

 



Asymmetric Tetraorganodistannoxanes 

 

187 
 

Scheme 3 
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                   Experimental                                               Simulation 

Figure 9. Experimental (from ESI-MS) and simulated mass cluster of compounds 1a 

and 2a shown in scheme 3. 

                       

                   Experimental                                               Simulation 

Figure 10. Experimental (from ESI-MS) and simulated mass cluster of compounds 

3a –5a shown in scheme 3. 
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4.5. Conclusions 

Novel dimeric tetraorganodistannoxanes have been synthesized and characterized. 

All these compounds exhibit intramolecular O→Sn interactions. It has been shown 

that depending on the nature of the organic groups at the endo-cyclic tin atoms, the 

intramolecular O→H interactions can take place. In contrast to the trans isomer 

obtained in the solid state, all these compounds showed cis-trans isomerisation in 

solution. 
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4.6. Experimental Section 

All solvents were dried according to standart procedures and were freshly distilled 

prior to use. (t-Bu2SnO)3,
19 PhI2SnCH2-13-crown-4,20 PhBr2SnCH2-13-crown-4,20 

(PhX2SnCH2-16-crown-5, X = I, Cl),21 and PhBr2SnCH2-16-crown-522 were 

synthesized according to literature methods. The atom numbering of the crown ether 

fragment is shown in Scheme 4.                                                                                                                                                   

NMR Spectroscopy.The NMR spectra were recorded on Bruker DRX 400 and DRX 

300 spectrometers. Chemical shifts δ are given in ppm and are referenced to solvent 

peaks with the usual values calibrated against tetramethysilane (1H, 13C) and 

tetramethystannane (119Sn).    

Electrospray mass spectra were recorded on a Thermoquest-Finnigan instrument 

using CH3CN as the mobile phase. The samples were introduced as solution in 

CH3CN via a syringe pump operating at 0.5μL/min. The capillary voltage was 4.5 kV 

while the cone skimmer voltage varied between 50 and 250 kV. Identification of the 

expected ions was assisted by comparison of experimental and calculated isotope 

distribution patterns. The m/z values reported correspond to those of the most 

intense peak in the corresponding isotope pattern. Elemental analyses were 

performed on a LECO-CHNS-932 Analyser. Melting points were determined using a 

Büchi Melting Point M-560. 

                     

Scheme 4. Atoms numbering of the crown ether moiety. 

Synthesis of 1-hydroxy-3-iodo-1-phenyl-1-(1,4,7,10-tetraoxacyclotridec-12-

ylmethyl)-3,3-di-tert.-butyldistannoxane (1) 

(t-Bu2SnO)3 (10 mg, 0.04 mmol) was added to a solution of PhI2SnCH2-13-crown-4 

(0.08 g, 0.12 mmol) in CH2Cl2 (10 mL) at room temperature. The reaction mixture 

was stirred overnight. The solvent was removed in vacuo. Addition of n-hexane (10 

mL) to the residue and stirring for two hours, followed by filtration afforded 0.16 g (83 
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%) of 1 as slight yellow solid of mp 184.1°C. Single crystals of 1 suitable for X-ray 

diffraction analysis were obtained by slow evaporation of a solution of the compound 

in CH2Cl2/n-Hexane. 

1H NMR (CDCl3, 400.13 MHz, 300 K) δ: 1.2 (complex pattern, 36H, C(Me3)), 1.56 

(bs, 2J(1H–117Sn) = 40 Hz, 2J(1H–119Sn) = 56 Hz, 4H, SnCH2), 2.82 (m, 2H, CH), 3.43–

3.75 (complex pattern, 32H, CH2-O-CH2), 7.18-8.05 (complex pattern, 10H, Ph). 

13C{1H} NMR (CDCl3, 100.63 MHz, 300 K) δ: 15.7 (SnCH2), 29.7–32.0 (C(Me3)), 37.1 

(2J(13C–117/119Sn) = 26 Hz, C15), 70.0–72.6 (C2–C16), 127.9 (3J(13C–117/119Sn) = 31 

Hz, Cm), 129.3 (Cp), 136.7 (2J(13C–117Sn) = 14 Hz, 2J(13C–117Sn) = 23 Hz, Co), 147.5 

(Ci). 
119Sn{1H} NMR (CDCl3, 111.92 MHz, 294.16 K) δ: –307 (2J(119Sn–117Sn) = 245 

Hz, Sn1 (trans)), δ: –300 (2J(119Sn–117Sn) = 293 Hz, Sn1 (cis)), –184 (2J(119Sn–117Sn) 

= 226 Hz, Sn2 (cis)), –183 (2J(119Sn–117Sn) = 291 Hz, Sn2 (trans)),. Anal. Calcd for 

C48H82I2O12Sn4 (1579.70): C 36.5; H 5.2. Found: C 37.5; H 5.4. 

Synthesis of 1-hydroxy-3-bromo-1-phenyl-1-(1,4,7,10-tetraoxacyclotridec-12-

ylmethyl)-3,3-di-tert.-butyldistannoxane (2) 

(t-Bu2SnO)3 (16 mg, 0.07 mmol) was added to a solution of PhBr2SnCH2-13-crown-4 

(0.11 g, 0.20 mmol) in CH2Cl2 (10 mL) at room temperature. The reaction mixture 

was stirred overnight. The solvent was removed in vacuo. Addition of n-hexane (10 

mL) to the residue and stirring for two hours, followed by filtration afforded 0.25 g (85 

%) of 2 as a white solid. Recrystallization from ethanol at ambient temperature 

afforded 2 as white crystals, mp 188.9°C.  

1H NMR (CDCl3, 400.13 MHz, 300 K) δ: 1.2 (complex pattern, 36H, C(Me3)), 1.57 (d, 

3J(1H–1H) = 4.0 Hz, 2J(1H–117Sn) = 96 Hz, 2J(1H–119Sn) = 120 Hz, 4H, SnCH2), 2.70 

(m, 3J(1H–117/119Sn) = 40 Hz, 2H, CH), 3.29–3.65 (complex pattern, 32H, CH2-O-CH2), 

7.18-8.05 (complex pattern, 10H, Ph). 13C{1H} NMR (CDCl3, 100.63 MHz, 300 K) δ: 

15.7 (SnCH2), 27.6–31.2 (C(Me3)), 37.1 (2J(13C–117/119Sn) = 29 Hz, C15), 68.8–73.5 

(C2–C16), 127.9 (3J(13C–117Sn) = 13 Hz, 3J(13C–119Sn) = 23 Hz, Cm), 129.1 (Cp), 

136.5 (2J(13C–117/119Sn) = 54 Hz, Co), 147.5 (Ci). 
119Sn{1H} NMR (CDCl3, 111.92 MHz, 

294.16 K) δ: –308 (1J(119Sn–117Sn) = 249 Hz, Sn1(trans)), –299 (2J(119Sn–117Sn) = 

252 Hz, Sn1 (cis)), –209 (2J(119Sn–117Sn) = 56 Hz, Sn2 (cis)) –208 (1J(119Sn–117Sn) = 

316 Hz, Sn2 (trans)). Anal. Calcd for C48H86Br2O12Sn4 (1489.75): C 38.7; H 5.8. 

Found: C 38.6; H 5.8. 
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Synthesis of 1-hydroxy-3-iodo-1-phenyl-1-(1,4,7,10,13-pentaoxacyclohexadec-

15-yl-methyl)-3,3-di-tert.-butyldistannoxane (3) 

(t-Bu2SnO)3 (10 mg, 0.05 mmol) was added to a solution of PhI2SnCH2-16-crown-5 

(0.10 g, 0.14 mmol) in CH2Cl2 (10 mL) at room temperature. The reaction mixture 

was stirred overnight. The solvent were removed in vacuo. Addition of n-hexane (10 

mL) to the residue and stirring for two hours, followed by filtration afforded 0.20 g (80 

%) of 3 as slight yellow solid of mp 170°C. Single crystals of 3 suitable for X-ray 

diffraction analysis were obtained by slow evaporation of a solution of the compound 

in CH2Cl2/n-Hexane. 

1H NMR (CDCl3, 400.13 MHz, 300 K) δ: 1.3 (complex pattern, 36H, C(Me3)), 1.56 

(bs, 2J(1H–117/119Sn) = 40 Hz, 4H, SnCH2), 2.87 (m, 2H, CH), 3.29–3.65 (complex 

pattern, 40H, CH2-O-CH2), 7.11-7.76 (complex pattern, 10H, Ph). 13C{1H} NMR 

(CDCl3, 100.63 MHz, 300 K) δ: 14.0 (SnCH2), 30.1–31.3 (C(Me3)), 35.9 (2J(13C–

117/119Sn) = 24 Hz, C15), 69.5–70.6 (C2–C16), 127.4 (Cm), 127.7 (Cp), 137.7 (Co), 

144.5 (Ci). 
119Sn{1H} NMR (CDCl3, 111.92 MHz, 294.16 K) δ: –315 (2J(119Sn–117Sn) = 

298 Hz, Sn1 (trans)), –313 (Sn1 (cis)), –185 (2J(119Sn–117Sn) = 287 Hz, Sn2 (trans)), 

–184.0 (Sn2 (cis)). Anal. Calcd for C52H102I2O18Sn4 (1743.90): C 35.8; H 5.9. Found: 

C 36.0; H 5.7. 

Synthesis of 1-Hydroxy-3-Bromo-1-Phenyl-1-(1,4,7,10,13-

pentaoxacyclohexadec-15-yl-methyl)-3,3-di-tert.-butyldistannoxane (4) 

(t-Bu2SnO)3 (17 mg, 0.07 mmol) was added to a solution of PhBr2SnCH2-16-crown-5 

(0.12 g, 0.20 mmol) in CH2Cl2 (10 mL) at room temperature. The reaction mixture 

was stirred overnight. The solvent was removed in vacuo. Addition of n-hexane (10 

mL) to the residue and stirring for two hours, followed by filtration afforded 0.28 g (86 

%) of 4 as slight yellow solid of mp 186.3°C. Single crystals of 4 suitable for X-ray 

diffraction analysis were obtained by slow evaporation of the compound in CH2Cl2/n-

Hexane. 

1H NMR (CD2Cl2, 300.13 MHz, 294.16 K) δ: 1.3 (complex pattern, 36H, C(Me3)), 1.59 

(bs, 2J(1H–117/119Sn) = 42 Hz, SnCH2), 2.70 (m, 2H, CH), 3.26–3.58 (complex pattern, 

40H, CH2-O-CH2), 7.15-8.01 (complex pattern, 10H, Ph). 13C{1H} NMR (CD2Cl2, 

75.47 MHz, 296.16 K) δ: 15.1 (SnCH2), 29.7–30.6 (C(Me3)), 36.1 (2J(13C–117/119Sn) = 

21 Hz, C15), 69.3–70.5 (C2–C16), 127.0 (3J(13C–117/119Sn) = 15 Hz, Cm), 128.7 
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(4J(13C–117/119Sn) = 23 Hz, Cp), 136.7 (2J(13C–117/119Sn) = 24 Hz, Co), 145.3 (1J(13C–

117/119Sn) = 12 Hz, Ci). 
119Sn{1H} NMR (CD2Cl2, 111.92 MHz, 296.16 K) δ: –311 

(2J(119Sn–117Sn) = 254 Hz, Sn1 (trans)), –311 (Sn1 (cis)), –209 (2J(119Sn–117Sn) = 

247 Hz, Sn2 (trans)), –208.5 (Sn2 (cis)). Anal. Calcd for C53H96Br2Cl2O14Sn4 

(1662.78): C 38.3; H 5.8. Found: C 38.7; H 6.0. 

Synthesis of 1-hydroxy-3-chloro-1-phenyl-1-(1,4,7,10,13-

pentaoxacyclohexadec-15-yl-methyl)-3,3-di-tert.-butyldistannoxane (5) 

(t-Bu2SnO)3 (26 mg, 0.10 mmol) was added to a solution of PhCl2SnCH2-16-crown-5 

(0.16 g, 0.31 mmol) in CH2Cl2 (12 mL) at room temperature. The reaction mixture 

was stirred overnight. The solvent was removed in vacuo.  Addition of n-hexane (10 

mL) to the residue and stirring for two hours, followed by filtration afforded 0.38 g (82 

%) of 5 as slight yellow solid of mp 188.2 °C. Single crystals of 5 suitable for X-ray 

diffraction analysis were obtained by slow evaporation of a solution of the compound 

in CH2Cl2/n-Hexane. 

1H NMR (CDCl3, 300.13 MHz, 293.16 K) δ: 1.25 (complex pattern, 36H, C(Me3)), 

1.55 (bs, 2J(1H–117Sn) = 18 Hz, 2J(1H–119Sn) = 30 Hz, 4H, SnCH2), 2.70 (m, 2H, CH), 

3.25–3.58 (complex pattern, 40H, CH2-O-CH2), 7.10-7.80 (complex pattern, 10H, Ph). 

13C{1H} NMR (CD2Cl2, 100.63 MHz, 300 K) δ: 14.3 (SnCH2), 30.3–31.0 (C(Me3)), 

36.5 (2J(13C–117/119Sn) = 28 Hz, C15), 69.7–70.8 (C2–C12), 74.13 (C14/C16), 127.5 

(3J(13C–117Sn) = 20 Hz, 3J(13C–119Sn) = 29 Hz, Cm), 127.8 (3J(13C–117/119Sn) = 13 Hz, 

Cp), 129.1 (3J(13C–117/119Sn) = 13 Hz, Co), 137.1(Ci). 
119Sn{1H} NMR (CD2Cl2, 111.92 

MHz, 296.16 K) δ: –304.1 (Sn1 (cis)), –303.5 (2J(119Sn–117Sn) = 237 Hz, Sn1 (trans)), 

–223.1 (2 J(119Sn–117Sn) = 241 Hz, Sn2 (trans)), –222.7 (Sn2 (cis)). Anal. Calcd for 

C52H94Cl2O14Sn4 (1489): C 41.9; H 6.4. Found: C 41.5; H 6.8.                                                                                                                                                                
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5. Summary  

        The main purpose of this work were the syntheses, structures of new ditopic 

receptors based on tin-containing crown ether-substituted ferrocene and 

ferrocenophanes, respectively, and the study of their complexation behaviour toward 

metal salts as well as their electrochemical properties. 

The synthesis of the host molecules was achieved by the combination of a suitable 

Grignard reagent with an organotin halide (Scheme 1). Thus, the tetraorganotin-

substituted crown ethers 1 and 19 and the bis(tetraorganotin)-substituted crown ether 

2 were synthesized and characterized.  

 

        

Scheme 1. Tetraorganotin- and bis(tetraorganotin)-substituted crown ethers. 

The functionalization of the tin atoms of the tetraorganostannane compounds 1, 2 

and 19 with suitable amounts of electron-withdrawing substituents such as halogen 

atoms provided the monohalogenidotriorganotin- and the dihalogenidodiorganotin- 

substituted crown ethers 3, 5, 7, 20, 21, 22 and 11, 13, and the 

bis(monohalogenidotriorganotin)- and the bis(dihalogenidodiorganotin)-substituted 

crown ethers 4, 6, 8, and 12 and 14 (Scheme 2). A common characteristic of all these 

compounds, except compound 20 are the intramolecular O→Sn interactions. 

Compound 20 can formally be interpreted as a Frustrated Lewis Pair in which the 

Lewis base (oxygen atom) does not coordinate to the Lewis acidic Sn atom.  
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Scheme 2. Di- and triorganotin- and bis(di- and triorganotin)-substituted crown 

ethers. 

The ability of these receptors to complex ditopically salts was investigated. Thus 

compounds 4, 6, 13, 14 and 21 showed a high affinity for lithium chloride, whereas 

compound 8 can bind cesium fluoride. 
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Scheme 3. Ditopic complexes [5∙LiCl], [6∙LiCl], [8∙CsF], [13∙LiCl], [14∙2LiCl], and 

[21∙LiCl].  

The formation of these complexes was confirmed by multinuclear NMR spectroscopy 

and in the case of [21·LiCl] also by X-ray diffraction analysis. The molecular structure 

of [21·LiCl] shows that the lithium cation is bound inside the cavity of the crown ether 

and the chloride anion is bound to the tin atom.  

Cyclic voltammetry was also employed to prove that compounds 4, 6, 13, 14 and 21 

can concurrently complex lithium chloride. 

 DFT calculations of compounds 20–22 revealed important two-electron stabilization 

in 21 and 22 due to OSn coordination that is absent in 20. 
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Moreover, it has been also shown that compounds 3–8, 11–14 may be involve in 

surface modification. Indeed, it has been demonstrated that covalent grafting of these 

molecules, via the formation of C-Sn bond, occurs allowing one to immobilize Fc 

moiety at such surfaces.   

In the second chapter, novel cationic monoorganotin(IV) complexes of crown ethers 

(4 and 5), as well as the neutral dimeric monoorganotin sulfide derivative (6) have 

been synthesized and characterized (Scheme 4). The molecular structure of 

compound 4 shows that the tin atom is intramolecularly encapsulated by the five 

crown ether oxygen atoms. Most remarkably, the molecular structure of the complex 

4 showed a complete replacement of the OH substituent by the p-MeC6H4S group, 

whereas in 6, the more hindered Ph2P(S)S fragment induced an eviction of the tin 

atom from the crown ether cavity leading to a neutral compound in the solid state.  

Interestingly, a rare example of the monomeric monoorganotin(IV) trifluoride, the 

trifluoridomonoorganotin(IV)-substituted-crown-5 ether compound (10), has been 

synthesized and structurally characterized (Scheme 4). 

                      

Scheme 4. Cationic organotin(IV) complexes of crown ether (4 and 5), dimeric 

monoorganotin sulfide derivative (6) and moorganotin(IV) trifluoride (10).  
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In the third chapter, novel dimeric tetraorganodistannoxanes have been synthesized 

and characterized (Scheme 5). The molecular structures of these compounds show 

that each compound exhibits intramolecular O→Sn interactions and depending on 

the nature of organic groups at the endo-cyclic tin atoms, an intramolecular O→H 

interactions can take place. In contrast to the trans isomer obtained in the solid state, 

all these compounds displayed cis-trans isomerisation in solution.                                                                                               

                                     

Scheme 5. Tetraorganodistannoxanes. 
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6. Zusammenfassung 

Das Ziel dieser Arbeit waren die Synthese und strukturelle Charakterisierung von 

neuen Organozinn-substituierten Kronenethern. Diese werden im Folgenden in drei 

Klasse unterteilt, (1) in Ferrocen- bzw. Ferrocenophan-substituierte zinnhaltige 

Kronenether, die als ditope Rezeptoren dienen, (2) kationische Monoorganozinn(IV)-

Komplexe und neutrale dimere Monoorganozinn(IV)-Trithio-Komplexe von 

Kronenethern, sowie (3) dimere Tetraorganodistannoxane. 

Ein weiteres Ziel war es, die unter (1) genannten ditopen Rezeptoren auf ihr 

Komplexierungsverhalten gegenüber Metallsalzen zu untersuchen, und sie auf ihre 

elektrochemischen Eigenschaften zu prüfen. 

(1)  Die Synthese der Wirtmoleküle wurde durch die geeignete Kombination aus 

einem Grignard-Reagens mit einem Organozinnhalogenid (Schema 1) erreicht. Mit 

diesem Konzept wurden die Tetraorganozinn-substituierten Kronenether 1, 19 und 

der Bis (tetraorganozinn)-substituierte Kronenether 2 synthetisiert und anschließend 

charakterisiert. 

 

Schema 1. Tetraorganozinn-und Bis(tetraorganozinn)-substituierten Kronenether. 

 

Die Funktionalisierung des Tetraorganozinnfragments erfolgt durch die Reaktion mit 

elementaren Iod und anschließende Umsetzung mit AgCl bzw. KF. Die 

Halogenidotriorganostannyl- und die Dihalogenidodiorganostannyl-substituierten 
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Kronenether 3, 5, 7, 20, 21, 22 und 11, 13 und die Bis(halogenidotriorganostannyl)-

and Bis(dihalogenidodiorganostannyl)-substituierten Kronenether 4, 6, 8, 12 und 14 

wurden synthesiert (Schema 2). Ein wesentliches Merkmal dieser 

Verbindungen(ausgenommen 20) ist die intramolekulare O→Sn Wechselwirkung. 

Verbindung 20 kann als ein frustriertes Lewis-Paar interpretiert werden, in dem die 

Lewis-Base (das Sauerstoffatom) mit dem Lewis-sauren Sn-Atom nicht koordinieren 

kann. 

 

Schema 2. Di- und Triorganozinn- und Bis(di-und triorganozinn) substituierte 

Kronenether. 

Die Fähigkeit dieser Rezeptoren zur ditopen Komplexierung  von Salzen wurde 

untersucht. Die Verbindungen 4, 6, 13, 14 und 21 zeigen eine hohe Affinität 

gegenüber Lithiumchlorid, während Verbindung 8 Cäsiumfluorid binden kann. 
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Schema 3 

 

Die Bildung dieser Komplexe wurde durch NMR-Spektroskopie und ESI-Massen 

spektrometrie nachgewiesen. Der Komplex [21∙LiCl] wurde auch durch eine 

Einkristalleröntgenstrukturanalyse charakterisiert. Die molekulare Struktur von 

[21∙LiCl] zeigt, dass das Lithium-Kation im Inneren des Kronenetherhohlraumes und 

das Chlorid-Anion am Zinnatom gebunden ist. 

Cyclovoltammetrie wurde ebenfalls verwendet, um zu beweisen, dass die 

Verbindungen 4, 6, 13, 14 und 21 gleichzeitig Lithium und Chlorid komplexieren 

können. 

DFT-Rechnungen zu den Verbindungen 20–22 zeigen eine Zwei-Elektronen-

Stabilisierung in 21 und 22 aufgrund der OSn Koordination, die in 20 nicht 

vorhanden ist. 
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Mit den Verbindungen 3–8, und 11–14 wurden darüber hinaus Untersuchungen zur 

Oberflächenmodifizierung durchgeführt. Hier hat sich gezeigt, dass die “cathodic 

grafting“ Methode diese Verbindungen kovalent an eine glasartige Kohlenstoff- 

Oberfläche aufbringen kann und somit die Immobilisierung der Ferroceneinheiten auf 

der Elecktrodenoberfläche ermöglicht. 

(2) Im zweiten Kapitel wurden neue kationische Monoorganozinn(IV)-Komplexe von 

Kronenethern (4 und 5), sowie die neutralen dimeren Monoorganozinn Trithio 

Komplexe (6) synthetisiert und charakterisiert (Schema 4). Die molekulare Struktur 

der Verbindung 4 zeigt, dass das Zinnatom intramolekular durch fünf Kronenether- 

Sauerstoffatome eingekapselt ist. Bemerkenswerterweise zeigte die molekulare 

Struktur des Komplexes 4 einen kompletten Austausch des OH-substituenten durch 

die p-SC6H4Me Gruppe, während in 6 die zwei sterisch anspruchsvollen Ph2P(S)S-

substituenten eine Verdrängung des Zinnatoms aus dem Kronenether-Hohlraum 

induzieren. Weiterhin wurde mit Verbindung 10 ein seltenes Beispiel eines 

monomeren Monoorganozinn(IV)-fluorids, strukturell charakterisiert (Schema 4). 

 

Schema 4 

 

(3) Im dritten Kapitel wurden neue dimere Tetraorganodistannoxane dargestellt, die 

sich durch eine intramolekulare O→Sn Koordination auszeichnen (Schema 5). Die 
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molekularen Strukturen dieser Verbindungen zeigten, dass in Abhängigkeit von der 

Natur der organischen Gruppen an den endo-cyclisch Zinnatomen, eine 

intramolekulare O→H Wechselwirkungen stattfinden kann. Im Gegensatz zu dem 

trans-Isomer im festen Zustand liegt in Lösung  eine cis-trans-Isomerisierung dieser 

Verbindungen vor. 

Schema 5 
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7. Appendix 

7.1. Crystallographic Data and Structure Refinements 

 Intensity data for all crystals were collected on an XcaliburS CCD diffractometer 

(Oxford Diffraction) with graphite-monochromated MoK radiation at 173 K, except 

those of crystal 23, which are collected on STOE IPDS2T CCD diffractometer. The 

structure was solved by direct methods using SHELXS-97.1 Refinements were 

carried out against F2 by using SHELXL-97.1 For decimal rounding of numerical 

parameters and su values the rules of the IUCr have been employed.2 The C–H 

hydrogen atoms were positioned with idealized geometry and refined using a riding 

model. The crystallographic data of compounds 12, 13, 14, [13∙Cl]–[Bu4P]+, 14∙2H2O, 

20, 21, [21∙LiCl], 22, 23, 24 and 25 from chapter 1 are given in Table A1–A4. Those 

of compounds 4, 6, 9, 10 and 11 from chapter 2 are given in table A5 and A6. The 

crystallographic data of compounds 1–5 from chapter 3 are given in table A7 and A8.   

Table A1. Crystallographic data and structure refinements for compounds 12–

14 (Chapter 2). 

 

 12 13 14 

formula C40H70FeI4O10Si2Sn2 C25H40Cl2FeO5SiSn C40H70Cl4FeO10Si2Sn2 

fw 1567.97 694.10 1202.17 

cryst syst Monoclinic Triclinic Triclinic 

cryst size, mm 0.47 x 0.21 x 0.10 0.22 x 0.18 x 0.05 0.17 x 0.15 x 0.07 

space group P2(1)/n P-1 P-1 

a, Å 13.1321(8) 9.2069(7) 9.1460(4) 

b, Å 14.6977(7) 11.9182(9) 10.4192(4) 

c, Å 15.1354(10) 14.7860(11) 14.0765(6) 

, deg 90 88.164(6) 90.747(3) 

, deg 110.509(7) 72.788(7) 108.474(4) 

, deg 90 70.766(7) 101.357(3) 

V, Å3 2736.1(3) 1459.4(2) 1243.26(9) 

Z 2 2 1 

calcd, Mg/m3 1.903 1.579 1.606 

, mm-1 3.514 1.609 1.598 
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F(000) 1512 708 612 

 range, deg 2.25 to 25.50 2.40 to 25.50 2.00 to 25.49 

index ranges 

-15h12 

–17k17 

-18l16 

-11h11 

–14k14 

–17l17 

–11h11 

–12k12 

–17l16 

no. of reflns 

collcd 
18730 12689 13100 

completeness 

to max 
99.9 99.9 99.9 

no. of indep 

reflns/Rint 

5091/ 0.0391 
 

5418/0.0686 4629/0.0443 

no. of reflns 

obsd 

with (I > 2(I)) 

3571 2739 3509 

 
no. of refined 

Params 

268 
 

316 
 

268 

GooF (F2) 0.917 0.640 0.867 

R1 (F) (I > 

2(I)) 
0.0341 0.0409 0.0279 

wR2 (F2) (all 

data) 
0.0685 0.0544 0.0506 

(/)max 0.001 0.000 0.001 

largest diff.  

peak/hole, 

e/Å3 

1.092 and -0.830 0.701 and -0.744 0.549 and -0.354 

Absorpn corr multiscan multiscan multiscan 
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Table A2. Crystallographic data and structure refinements for compounds 

[13·Cl]–[Bu4P]+ and [14·2H2O] (Chapter 2). 

 

 [13·Cl]–[Bu4P]+ [14·2H2O] 

formula C41H76Cl3FeO5PSiSn C80H148Cl8Fe2O24Si4Sn4 

fw 988.97 2476.40 

cryst syst Triclinic  Monoclinic  

cryst size, mm 0.50 x 0.19 x 0.17 0.25 x 0.18 x 0.04 

space group P-1   P2/c 

a, Å 11.1357(4) 29.2506(14) 

b, Å 13.1604(5) 8.3814(6) 

c, Å 18.5056(6) 21.8557(12) 

, deg 81.705(3) 90 

, deg 74.328(3) 94.257(5) 

, deg 66.346(3) 90 

V, Å3 2389.82(15) 5343.4(5) 

Z 2 2 

calcd, Mg/m3 1.374 1.539 

, mm-1 1.091 1.493 

F(000) 1036 2528 

 range, deg 2.00 to 25.50 2.25 to 25.50 

index ranges –13h13 

–15k15 

–22l22 

–34h35  

–10k9  

–26l26 

no. of reflns 

collcd 

32424 26206 

completeness 

to max 

99.9 99.7 

no. of indep 

reflns/Rint 

8887/ 0.0370 
 

9926/0.0682 

no. of reflns 

obsd 

with (I > 2(I)) 

6534 4717 
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no. of refined 

Params 

455 586 
 
 

GooF (F2) 1.110 0.445 

R1 (F) (I > 

2(I)) 

0.0555 0.0361 

wR2 (F2) (all 

data) 

0.1629 0.0985 

(/)max 0.000 0.001 

largest diff.  

peak/hole, 

e/Å3 

1.432 and -1.455 0.648 and -0.457 

Absorpn corr multiscan multiscan 

 

Table A3. Crystallographic data for compounds 20 and 21 (Chapter 2).  

 

 20 21 

formula C26H43FeIO4Si2Sn C26H43ClFeO4Si2Sn 

fw 777.22 685.77 

cryst syst Triclinic Monoclinic 

cryst size, mm 0.40 x 0.06 x 0.02 0.21 x 0.20 x 0.03 

space group P ̅ P21/c 

a, Å 8.4753(5) 32.4255(14) 

b, Å 11.1021(5) 10.5826(5) 

c, Å 16.6772(8) 17.6993(7) 

, deg 87.349(4) 90 

, deg 88.247(4) 95.689(4) 

, deg 77.650(4) 90 

V, Å3 1530.92(14) 6043.5(5) 

Z 2 8 

calcd, Mg/m3 1.686 1.507 

, mm-1 2.405 1.503 
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F(000) 776 2816 

 range, deg 2.20 to 25.50 2.25 to 25.50 

index ranges 

 

–10h10 

–13k13 

–19l20 

 

–39h39 

–12k12 

–21l21 

no. of reflns 

collcd 
16310 53652 

completeness 

to max 
100.0 100.0 

no. of indep 

reflns/Rint 

5694/ 0.0578 
 

11239/0.0876 

no. of reflns 

obsd 

with (I > 2(I)) 

3416 5966 

no. of refined 

Params 
328 

639 
 

GooF (F2) 0.741 0.634 

R1 (F) (I > 

2(I)) 
0.0321 0.0298 

wR2 (F2) (all 

data) 
0.0472 0.0426 

(/)max 0.001 0.002 

largest diff.  

peak/hole, e/Å3 
0.594/–0.523 0.458/–0.427 

Absorpn corr multiscan multiscan 
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Table A3. Crystallographic data for compounds 22 and [21·LiCl] (Chapter 2).  

 

 22 [21·LiCl] 

formula C26H43FFeO4Si2Sn C26H43Cl2FeLiO4Si2Sn 

fw 669.32 728.16 

cryst syst Orthorhombic Monoclinic 

cryst size, mm 0.39 x 0.27 x 0.21 0.46 x 0.23 x 0.21 

space group P212121 P21 

a, Å 11.4441(5) 9.7753(4) 

b, Å 14.9310(10) 12.5265(6) 

c, Å 17.1827(8) 12.9160(7) 

, deg 90 90 

, deg 90 96.522(4) 

, deg 90 90 

V, Å3 2936.0(3) 1571.33(13) 

Z 4 2 

calcd, Mg/m3 1.514 1.539 

, mm-1 1.461 1.532 

F(000) 1376 744 

 range, deg 2.14 to 25.50 2.10 to 25.50 

index ranges 
–13h13 

–15≤k≤18 

–20≤l≤18 

–11h11 

–15k15 

–15l15 

no. of reflns 

collcd 
12998 18426 

completeness 

to max 
99.9 100.0 

no. of indep 

reflns/Rint 
5281/0. 0418 5848/0.0509 

no. of reflns 

obsd 

with (I > 2(I)) 

4198 5202 

no. of refined 320 338 
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Params  

GooF (F2) 0.905 0.937 

R1 (F) (I > 

2(I)) 
0.0359 0.0306 

wR2 (F2) (all 

data) 
0.0640 0.0517 

(/)max 0.001 0.001 

largest diff.  

peak/hole, e/Å3 
0.706/–0.743 0.438/–0.412 

Absorpn corr multiscan multiscan 

 

 

Table A4. Crystallographic data and structure refinements for compounds 23–

25 (Chapter 2) . 

 

 23 24 25 

formula C18H28Br2O5Sn C17.50H27Cl5O4Sn2 C32H48Cl4O8Sn2 

fw 602.91 716.02 939.88 

cryst syst Monoclinic Monoclinic Monoclinic 

cryst size, mm 0.20 x 0.20 x 0.10 0.07 x 0.05 x 0.04 0.22 x 0.05 x 0.03 

space group P 21/c P2(1)/n P2(1)/c 

a, Å 8.9498(5) 10.2930(6) 8.3624(9) 

b, Å 13.0285(4) 16.0603(9) 14.3979(15) 

c, Å 18.9267(11) 15.6300(12) 15.9579(16) 

, deg 90 90 90 

, deg 101.839(4) 100.393(7) 90.379(10) 

, deg 90 90 90 

V, Å3 2159.95(19) 2541.4(3) 1921.3(3) 

Z 4 4 2 

calcd, Mg/m3 1.854 1.871 1.625 

, mm-1 4.907 2.512 1.623 

F(000) 1184 1396 944 

 range, deg 2.70 to 28.00 2.20 to 25.50 2.44 to 25.50 
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index ranges 

-11h11 

-17k16 

-24l24 

-12h12 

-19k19 

-18l18 

-10h10 

–17k17 

–19l19 

no. of reflns 

collcd 
19396 12247 15309 

completeness 

to max 
99.7 100.0 99.9 

no. of indep 

reflns/Rint 
5201/0.0664 4733/0.0480 3563/ 0.0855 

 

no. of reflns 

obsd 

with (I > 2(I)) 

3783 
2978 
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no. of refined 

Params 
235 271 

 

196 

GooF (F2) 1.052 0.715 0.823 

R1 (F) (I > 

2(I)) 
0.0373 0.0284 0.0396 

wR2 (F2) (all 

data) 
0.0982 0.0453 0.0438 

(/)max 0.001 0.001 
0.001 

 

largest diff.  

peak/hole, 

e/Å3 

1.575 and -1.411 0.595 and -0.510 1.305 and -1.018 

Absorpn corr multiscan multiscan multiscan 

 

Table A5. Crystallographic data and structure refinements for compounds 4 

and 6 (Chapter 3). 

 4 6 

formula C21H30F6O11S3Sn C52H72N2O10P2S6Sn2 

fw 787.32 1376.80 

cryst syst Orthorhombic Triclinic 
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cryst size, mm 0.40 x 0.06 x 0.02 0.21 x 0.20 x 0.03 

space group Cmc21 P2(1)/c 

a, Å 16.3525(19) 7.5738(3) 

b, Å 22.897(2) 11.7774(4) 

c, Å 7.8002(6) 17.4502(7) 

, deg 90 81.239(3) 

, deg 90 81.076(3) 

, deg 90 77.526(3) 

V, Å3 2920.6(5) 1489.98(10) 

Z 4 1 

calcd, Mg/m3 1.791 1.534 

, mm-1 1.182 1.157 

F(000) 1584 704 

 range, deg 2.49 to 25.49 2.26 to 25.50 

index ranges 

 

–19h18 

–27k27 

–9l9 

 

–9h9 

–14k14 

–21l21 

no. of reflns 

collcd 
9195 17495 

completeness 

to max 
99.8 99.9 

no. of indep 

reflns/Rint 

2791/ 0.0528 
 

5542/0.0393 

no. of reflns 

obsd 

with (I > 2(I)) 

2056 
 

4245 
 

no. of refined 

Params 
203 

335 
 
 

GooF (F2) 0.791 0.825 

R1 (F) (I > 

2(I)) 
0.0299 0.0233 

wR2 (F2) (all 0.0328 0.0427 
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data) 

(/)max 0.000 0.015 

largest diff.  

peak/hole, e/Å3 
1.002/-0.547 0.441/-0.353 

Absorpn corr multiscan multiscan 

 

Table A6. Crystallographic data and structure refinements for compounds 9–10 

(Chapter 3). 

 

 9 10 10 

formula C6H6S2 C24H20OP2S2 C52H72N2O10P2S6Sn2 

fw 142.23 450.46 1376.80 

cryst syst Monoclinic Monoclinic Triclinic 

cryst size, mm 0.29 x 0.12 x 0.05 0.50 x 0.20 x 0.19 0.20 x 0.12 x 0.08 

space group P2(1)/c C 1 2/c 1 P-1 

a, Å 7.7316(8) 15.2637(15) 7.5738(3) 

b, Å 7.1861(12) 9.0462(6) 11.7774(4) 

c, Å 5.8713(7) 17.0707(17) 17.4502(7) 

, deg 90 90 81.239(3) 

, deg 92.070(10) 113.608(12) 81.076(3) 

, deg 90 90 77.526(3) 

V, Å3 326.00(7) 2159.8(3) 1489.98(10) 

Z 2 4 1 

calcd, Mg/m3 1.449 1.385 1.534 

, mm-1 0.697 0.408 1.157 

F(000) 148 936 704 

 range, deg 2.64 to 25.46 2.60 to 25.49 2.26 to 25.50 

index ranges 

–9h9 

–6k8 

–7l7 

-18h18 

-10k10 

-20l20 

-9h9 

-14k14 

-21l21 

no. of reflns 

collcd 
1479 7834 17495 



Appendix

 

216 
 

completeness 

to max 
100.0 100.0 99.9 

no. of indep 

reflns/Rint 
606/0.0355 2013/0.0341 5542/0.0393 

no. of reflns 

obsd 

with (I > 2(I)) 

405 1607 4245 

no. of refined 

Params 
41 

132 
 335 

GooF (F2) 0.870 1.018 0.825 

R1 (F) (I > 

2(I)) 
0.0311 0.0320 0.0233 

wR2 (F2) (all 

data) 
0.0535 0.0760 0.0427 

(/)max 0.001 0.001 0.015 

largest diff.  

peak/hole, e/Å3 
0.246 and -0.285 0.334 and -0.227 0.441 and -0.353 

Absorpn corr multiscan multiscan multiscan 

 

Table A7. Crystallographic data and structure refinements for compounds 1–3 

(Chapter 4). 

 

 1 2 3 

formula C48H82I2O12Sn4 C48H86Br2O12Sn4 C52H102I2O18Sn4 

fw 1579.70 1489.75 1743.90 

cryst syst Triclinic Triclinic 
Triclinic 

 

cryst size, mm 0.36 x 0.28 x 0.16 0.14 x 0.13 x 0.03 0.41 x 0.12 x 0.04 

space group P-1 P-1 P-1 

a, Å 10.6472(5) 10.6755(6) 10.7486(4) 

b, Å 12.3834(5) 12.3191(7) 13.2113(6) 

c, Å 13.3100(7) 13.2499(9) 14.8078(7) 

, deg 65.219(5) 65.725(6) 114.114(4) 
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, deg 68.078(5) 68.669(6) 100.338(4) 

, deg 88.824(3) 89.774(4) 100.818(4) 

V, Å3 1458.71(12) 1457.73(18) 1806.57(16) 

Z 1 1 1 

calcd, Mg/m3 1.798 1.697 1.603 

, mm-1 2.803 3.117 2.278 

F(000) 772 740 864 

 range, deg 2.50 to 29.13 2.08 to 25.50 2.26 to 25.50 

index ranges 

–13h14 

–16k15 

–17l17 

–12h12 

–14k14 

–16l16 

–13h13 

–15k15 

–17l17 

no. of reflns 

collcd 
26381 13472 15485 

completeness 

to max 
99.9 99.1 98.9 

no. of indep 

reflns/Rint 
6984/0.0578 5377/0.0454 6632/0.0465 

no. of reflns 

obsd 

with (I > 2(I)) 

3962 2928 4012 

no. of refined 

Params 
339 329 337 

GooF (F2) 0.845 0.515 0.835 

R1 (F) (I > 

2(I)) 
0.0387 0.0284 0.0430 

wR2 (F2) (all 

data) 
0.0875 0.0630 0.1255 

(/)max 0.001 0.005 0.001 

largest diff.  

peak/hole, e/Å3 
1.633 and –1.371 0.571 and –0.509 1.353 and –1.335 

Absorpn corr multiscan multiscan multiscan 
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Table A8. Crystallographic data and structure refinements for compounds 4 

and 5 (Chapter 4). 

 4 5 

formula C53H96Br2Cl2O14Sn4 C53H96Cl4O14Sn4 

fw 1662.78 1573.86 

cryst syst Triclinic Triclinic 

cryst size, mm 0.40 x 0.36 x 0.27 0.15 x 0.06 x 0.05 

space group P-1 P-1 

a, Å 10.7255(8) 10.6910(5) 

b, Å 13.0905(11) 13.1423(7) 

c, Å 14.7342(12) 14.8318(7) 

, deg 114.611(8) 114.979(5) 

, deg 100.450(7) 100.155(4) 

, deg 99.884(7) 100.008(4) 

V, Å3 1777.5(2) 1786.00(18) 

Z 1 1 

calcd, Mg/m3 1.553 1.463 

, mm-1 2.640 1.583 

F(000) 1236 794 

 range, deg 2.29 to 29.25 2.18 to 25.50 

index ranges 

–12h13 

–17k15 

–20l19 

–12h12 

–15k15, 

–17l17 

no. of reflns 

collcd 
13755 21012 

completeness 

to max 
99.9 99.9 

no. of indep 

reflns/Rint 
8143/0.0341 6635/0.0376 

no. of reflns 

obsd 

with (I > 2(I)) 

5100 5314 
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no. of refined 

Params 
328 361 

GooF (F2) 0.853 1.381 

R1 (F) (I > 

2(I)) 
0.0362 0.0484 

wR2 (F2) (all 

data) 
0.0707 0.1604 

(/)max 0.001 0.002 

largest diff.  

peak/hole, e/Å3 
0.651 and –0.712 1.489 and –0.794 

Absorpn corr multiscan multiscan 

 

7.2. Reference 

(1) Sheldrick, G. M. Acta Cryst. A, 2008, 64, 112. 
 
(2)      Clegg, W. Acta Cryst. E, 2003, 59, e2–e5. 
 
 

7.3. Structure parameters for the ferrocenophanes 20-22 from DFT 

B3LYP/(LANL2DZ + Def2-TZVP) optimization 

Ferrocenophane 20: 

                         Standard orientation:                          

 --------------------------------------------------------------------- 

 Center     Atomic      Atomic             Coordinates (Angstroms) 

 Number     Number       Type             X           Y           Z 

 --------------------------------------------------------------------- 

      1         50           0        0.050866    0.574592   -0.724619 

      2         26           0       -4.404004   -0.795131    0.360000 

      3         14           0       -2.156865   -1.535793   -2.456317 

      4         14           0       -1.626829    0.069024    2.432155 

      5          8           0        5.568658    1.301404   -0.527892 

      6          8           0        3.004208   -0.470642    1.229595 

      7          6           0        2.089602    0.188866   -1.347465 
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      8          1           0        2.249212   -0.865450   -1.143032 

      9          1           0        2.149035    0.333910   -2.421986 

     10          6           0        3.209772    0.992152   -0.656099 

     11          1           0        3.169727    2.033445   -0.949597 

     12          6           0        4.563384    0.422658   -1.079133 

     13          1           0        4.679263   -0.568895   -0.680730 

     14          1           0        4.651929    0.392859   -2.160282 

     15          6           0        6.932991    0.946796   -0.790379 

     16          1           0        7.518941    1.791300   -0.455745 

     17          1           0        7.100326    0.795492   -1.850637 

     18          6           0        3.609124   -0.919493    2.453705 

     19          1           0        2.865747   -0.971327    3.239852 

     20          1           0        4.406063   -0.255569    2.760214 

     21          6           0        3.122852    0.924991    0.868424 

     22          1           0        4.026510    1.346850    1.282599 

     23          1           0        2.267387    1.472149    1.245963 

     24          6           0       -1.352371    0.199085   -2.320986 

     25          1           0       -2.134157    0.952222   -2.272887 

     26          1           0       -0.806078    0.386960   -3.245394 

     27          6           0       -0.351868   -0.468235    1.116028 

     28          1           0       -0.628592   -1.473237    0.795393 

     29          1           0        0.632955   -0.563457    1.566644 

     30          6           0       -2.935696   -1.706245   -4.196945 

     31          1           0       -3.683918   -0.937686   -4.370203 

     32          1           0       -3.414845   -2.674208   -4.308367 

     33          1           0       -2.177723   -1.609975   -4.969260 

     34          6           0       -0.797834   -2.874295   -2.246655 

     35          1           0       -0.304190   -2.820576   -1.279746 

     36          1           0       -0.035484   -2.766147   -3.014088 

     37          1           0       -1.229190   -3.866182   -2.340536 

     38          6           0       -1.045702    1.639030    3.353350 
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     39          1           0       -1.765085    1.903513    4.123167 

     40          1           0       -0.947718    2.484996    2.682920 

     41          1           0       -0.084615    1.472887    3.833620 

     42          6           0       -1.793848   -1.354298    3.709187 

     43          1           0       -2.168290   -2.263234    3.246777 

     44          1           0       -2.472867   -1.080699    4.512392 

     45          1           0       -0.828578   -1.578332    4.155020 

     46          6           0       -3.521039   -1.867726   -1.187447 

     47          6           0       -4.933917   -1.687944   -1.398582 

     48          1           0       -5.318667   -1.262039   -2.130283 

     49          6           0       -5.643441   -2.258398   -0.314189 

     50          1           0       -6.568303   -2.268681   -0.210330 

     51          6           0       -4.704390   -2.806624    0.582982 

     52          1           0       -4.898383   -3.248000    1.378559 

     53          6           0       -3.422505   -2.568179    0.060251 

     54          1           0       -2.626032   -2.826469    0.464943 

     55          6           0       -3.324222    0.351785    1.655044 

     56          6           0       -4.579793   -0.011954    2.223041 

     57          1           0       -4.696579   -0.483321    3.015642 

     58          6           0       -5.623442    0.461302    1.385946 

     59          1           0       -6.535839    0.343087    1.524874 

     60          6           0       -5.032740    1.135447    0.313272 

     61          1           0       -5.485382    1.541956   -0.389602 

     62          6           0       -3.651921    1.097567    0.479241 

     63          1           0       -3.033480    1.496525   -0.090665 

     64          8           0        6.951119   -1.454941   -0.826086 

     65          8           0        5.405192   -2.099124    1.427965 

     66          6           0        7.369786   -0.307684   -0.049952 

     67          1           0        8.450909   -0.317989    0.048455 

     68          1           0        6.914460   -0.331106    0.925426 

     69          6           0        7.065159   -2.720678   -0.159362 
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     70          1           0        7.347408   -3.454265   -0.902317 

     71          1           0        7.829947   -2.687522    0.607988 

     72          6           0        4.193251   -2.292598    2.179250 

     73          1           0        3.469757   -2.863173    1.610851 

     74          1           0        4.412367   -2.813866    3.103644 

     75          6           0        5.740955   -3.116314    0.471370 

     76          1           0        4.974536   -3.175615   -0.291311 

     77          1           0        5.839290   -4.086055    0.949692 

     78         53           0       -0.126520    3.419543   -0.404537 

 --------------------------------------------------------------------- 

 

Ferrocenophane 21: 

                         Standard orientation:                          

 --------------------------------------------------------------------- 

 Center     Atomic      Atomic             Coordinates (Angstroms) 

 Number     Number       Type             X           Y           Z 

 --------------------------------------------------------------------- 

      1         50           0        0.193605   -0.879247   -0.809297 

      2         26           0       -3.861852    0.860098    0.671755 

      3         14           0       -0.942231    2.473751   -0.702510 

      4         14           0       -2.677011   -2.544956    0.508401 

      5          6           0        1.846078   -1.676946   -2.006773 

      6          1           0        1.588718   -2.732064   -2.157973 

      7          1           0        1.788536   -1.203636   -2.992686 

      8          6           0        3.259421   -1.567110   -1.410876 

      9          1           0        3.849350   -2.442766   -1.718491 

     10          6           0        3.246967   -1.589146    0.119508 

     11          1           0        2.847987   -2.546836    0.486750 

     12          1           0        4.253753   -1.444861    0.515945 

     13          6           0        2.409026   -0.272089    1.988977 

     14          1           0        2.392559   -1.217862    2.547562 
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     15          1           0        1.480259    0.267259    2.203861 

     16          8           0        2.394460   -0.615443    0.767105 

     17          6           0        3.575441    0.590649    2.456573 

     18          1           0        3.725387    1.416065    1.747546 

     19          1           0        3.312950    1.018764    3.438774 

     20          6           0        5.934132    0.536498    2.908160 

     21          1           0        6.364778    0.091109    3.814494 

     22          1           0        5.691260    1.583857    3.126706 

     23          8           0        4.755759   -0.198327    2.571591 

     24          6           0        6.957962    0.468678    1.848236 

     25          1           0        7.879661    0.728325    2.396745 

     26          1           0        7.080699   -0.539627    1.427712 

     27          6           0        7.108199    0.985406   -0.566645 

     28          1           0        7.809042    0.143744   -0.489162 

     29          1           0        7.674213    1.873152   -0.886344 

     30          8           0        6.475575    1.236523    0.686751 

     31          6           0        6.040890    0.651222   -1.595282 

     32          1           0        5.252460    1.416821   -1.555808 

     33          1           0        6.476148    0.661086   -2.608059 

     34          8           0        5.323954   -0.332505   -1.441515 

     35          6           0        3.997198   -0.338423   -1.955735 

     36          1           0        3.479903    0.586224   -1.661257 

     37          1           0        4.012181   -0.378717   -3.056645 

     38          6           0        0.215724    1.144619   -0.007918 

     39          1           0        0.050753    1.048917    1.071762 

     40          1           0        1.246637    1.503537   -0.122229 

     41          6           0       -0.793113   -2.408293    0.389761 

     42          1           0       -0.421117   -3.362370   -0.010103 

     43          1           0       -0.379666   -2.334022    1.404193 

     44          6           0       -0.456884    2.824348   -2.494299 

     45          1           0       -1.056088    3.640991   -2.913755 
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     46          1           0       -0.618088    1.937215   -3.116364 

     47          1           0        0.599489    3.111712   -2.575894 

     48          6           0       -0.693781    4.037586    0.339828 

     49          1           0       -1.288778    4.874352   -0.045235 

     50          1           0        0.356904    4.351081    0.333593 

     51          1           0       -0.982580    3.875991    1.385430 

     52          6           0       -3.460504   -2.849634   -1.179576 

     53          1           0       -3.109418   -2.127698   -1.922963 

     54          1           0       -4.553689   -2.784741   -1.122993 

     55          1           0       -3.210729   -3.853438   -1.545286 

     56          6           0       -3.061477   -4.038213    1.617630 

     57          1           0       -2.640878   -3.910105    2.621927 

     58          1           0       -2.647650   -4.962947    1.196236 

     59          1           0       -4.143035   -4.182614    1.730895 

     60          6           0       -2.762471    2.034376   -0.641993 

     61          6           0       -3.437278    0.977380   -1.333000 

     62          1           0       -3.014395    0.306900   -1.857972 

     63          6           0       -4.830548    1.085146   -1.111901 

     64          1           0       -5.497543    0.504493   -1.463209 

     65          6           0       -5.064096    2.204159   -0.277266 

     66          1           0       -5.909373    2.510045    0.031859 

     67          6           0       -3.804672    2.785745    0.013660 

     68          1           0       -3.668565    3.553856    0.556079 

     69          6           0       -3.375332   -1.033392    1.369795 

     70          6           0       -4.745011   -0.719721    1.604354 

     71          1           0       -5.483153   -1.217283    1.270155 

     72          6           0       -4.849155    0.443975    2.409858 

     73          1           0       -5.655018    0.855911    2.702560 

     74          6           0       -3.542452    0.876657    2.696316 

     75          1           0       -3.305923    1.634868    3.217597 

     76          6           0       -2.636615   -0.021679    2.065772 
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     77          1           0       -1.688952    0.040595    2.101155 

     78         17           0       -1.329742   -0.659494   -2.702634 

 --------------------------------------------------------------------- 

 

Ferrocenophane 22: 

                       Standard orientation:                          

 --------------------------------------------------------------------- 

 Center     Atomic      Atomic             Coordinates (Angstroms) 

 Number     Number       Type             X           Y           Z 

--------------------------------------------------------------------- 

      1         50           0        0.183013   -0.163738   -1.222831 

      2          9           0       -1.216293    0.479667   -2.547664 

      3         26           0       -3.908147    0.266727    0.940473 

      4         14           0       -1.303551    2.670571    0.264155 

      5         14           0       -2.382630   -2.582390   -0.652109 

      6          6           0        1.834873   -0.108576   -2.663371 

      7          1           0        1.638791   -0.942653   -3.347334 

      8          1           0        1.708667    0.804347   -3.255753 

      9          6           0        3.261384   -0.216842   -2.091522 

     10          1           0        3.948658   -0.535962   -2.887646 

     11          6           0        3.363814   -1.281042   -0.996959 

     12          1           0        3.079251   -2.268735   -1.390697 

     13          1           0        4.378902   -1.334918   -0.603994 

     14          6           0        2.592494   -1.654350    1.283305 

     15          1           0        2.615922   -2.734141    1.081207 

     16          1           0        1.686751   -1.431178    1.855468 

     17          8           0        2.452764   -0.918291    0.062510 

     18          6           0        3.803652   -1.261373    2.122482 

     19          1           0        3.954812   -0.177113    2.073931 

     20          1           0        3.604003   -1.540436    3.170504 

     21          6           0        6.187710   -1.573479    2.268926 
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     22          1           0        6.799755   -2.480200    2.342321 

     23          1           0        6.017103   -1.197896    3.287272 

     24          8           0        4.958499   -1.963448    1.657013 

     25          6           0        6.959965   -0.544966    1.454113 

     26          1           0        7.986227   -0.475236    1.854146 

     27          1           0        7.019865   -0.888915    0.412753 

     28          6           0        6.710271    1.672627    0.541797 

     29          1           0        7.478077    1.252932   -0.119839 

     30          1           0        7.140234    2.547098    1.048824 

     31          8           0        6.308234    0.718956    1.526424 

     32          6           0        5.511735    2.109136   -0.285325 

     33          1           0        4.711579    2.447997    0.389734 

     34          1           0        5.794178    2.957456   -0.931262 

     35          8           0        5.070973    1.003982   -1.060744 

     36          6           0        3.754976    1.144978   -1.587771 

     37          1           0        3.083443    1.522836   -0.803788 

     38          1           0        3.750740    1.872368   -2.414798 

     39          6           0        0.040077    1.336449    0.346668 

     40          1           0       -0.043228    0.793125    1.294879 

     41          1           0        1.015020    1.840317    0.371555 

     42          6           0       -0.538249   -2.169905   -0.763724 

     43          1           0       -0.104492   -2.811812   -1.543211 

     44          1           0       -0.051922   -2.472828    0.172078 

     45          6           0       -0.997631    3.756497   -1.251227 

     46          1           0       -1.713491    4.586025   -1.288238 

     47          1           0       -1.109961    3.176550   -2.173726 

     48          1           0        0.010614    4.189883   -1.240234 

     49          6           0       -1.149773    3.724626    1.831935 

     50          1           0       -1.864517    4.556245    1.827239 

     51          1           0       -0.145394    4.156355    1.918770 

     52          1           0       -1.332632    3.134351    2.737709 
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     53          6           0       -3.262004   -2.256104   -2.287978 

     54          1           0       -3.046926   -1.254416   -2.670454 

     55          1           0       -4.348619   -2.362390   -2.185461 

     56          1           0       -2.935148   -2.978356   -3.046628 

     57          6           0       -2.526686   -4.435487   -0.264607 

     58          1           0       -2.046106   -4.683850    0.688918 

     59          1           0       -2.058120   -5.047087   -1.045626 

     60          1           0       -3.577025   -4.743242   -0.191250 

     61          6           0       -3.053904    2.005998    0.193008 

     62          6           0       -3.661447    1.237426   -0.851157 

     63          1           0       -3.210801    0.898299   -1.616586 

     64          6           0       -5.035826    1.060093   -0.565966 

     65          1           0       -5.660832    0.586969   -1.105389 

     66          6           0       -5.323455    1.705798    0.660283 

     67          1           0       -6.169717    1.745459    1.091428 

     68          6           0       -4.116504    2.283109    1.128268 

     69          1           0       -4.022735    2.778150    1.933799 

     70          6           0       -3.161503   -1.664128    0.786885 

     71          6           0       -4.534115   -1.657304    1.168088 

     72          1           0       -5.237385   -2.071578    0.680338 

     73          6           0       -4.700811   -0.942144    2.382431 

     74          1           0       -5.521030   -0.794587    2.840962 

     75          6           0       -3.430975   -0.491552    2.783964 

     76          1           0       -3.238329    0.016438    3.563322 

     77          6           0       -2.485259   -0.930036    1.815211 

     78          1           0       -1.550464   -0.761528    1.846166 

 --------------------------------------------------------------------- 
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8. List of New Compounds                                                                                                   
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5 

 

5·LiCl 
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6 

 

[6·2Cl]–[2Ph4P]+ 

 

[6·2LiCl] 

 

7 
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[8·2F]–[2Bu4N]+ 

 

[8·CsF] 

 

11 

 

12 

 

[12·2NaI] 
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[13·Cl]–[Y]+ 
Y = Ph4P, (Ph3P)2N, Bu4P 

 

[13·LiCl] 

 

14 

 

[14·2H2O] 

 

[14·2Cl]-[2Y]+ 
Y = Ph4P, (Ph3P)2N, Bu4P 

 

[14·2LiCl] 
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19 

 

20 

 

21 

 

22 

 

[22∙F]–[Et4N]+ 

 

[21∙LiCl] 

 

23 

 

[23∙Br]–[Ph4P]+ 
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