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Abstract 

This thesis concerns the preparation and char acteris ation of novel 

icosahedral carborane derivatives, and the exploitation of properties 

specific to these derivatives to gain insight into their structural and 

catalytic behaviour. 

Chapter 1 provides a brief introduction to carboranes. 

Chapter 2 deals with the synthesis and characterisation of Lewis base 

adducts of carboranes, focussing on their displayed hydrogen bonding. This 

hydrogen bonding plays a key role in the structural determination of the 

parent carboranes. 

Chapter 3 describes the synthesis and characterisation of novel 

carborane derivatives containing one carborane cage. X-ray diffraction 

studies of these compounds show that some derivatives display unusual 

hydrogen bonding, illustrating their potential as ligand precursors for 

novel metallacarborane synthesis. 

Chapter 4 covers the preparation and characterisation of carborane 

assemblies (being compounds in which two or more carborane cages are 

rigidly linked by robust connecting units). Chapter 5 concerns the 

deboronation of these assemblies. 

Chapter 6 describes the synthesis and characterisation of metallated 

carborane assemblies and summarises a brief study of their catalytic 

potential. 
Chapter 7 outlines the preparative and analytical methods used 

throughout this work. 

The appendices describe brominations in perfluorodecalin, 

supplementary data for X-ray crystal structures, and lectures attended. 



V 

Publications 

The following publications have been taken from this thesis. 

'Definitive crystal structures of ortho-, meta- and para-carboranes: 

supramolecular structures directed solely by C-H ... 0 hydrogen bonding to 

HMPA (HMPA = hexamethylphosphoramide)', M. G. Davidson, T. G. 

Hibbert, J. A. K. Howard, A. Mackinnon and K. Wade, J. Chem. Soc., Chem. 

Commun., 1996.2285. 

'The Use of Perfluorodecalin as a Reaction Medium for the Preparation of 

Anhydrous Metal Bromides' T. G. Fhbbert, D. G. Tuck and K. Wade, Inorg. 

Chem., 1997,36,746. 



vi 

Abbreviations 

Ar Aryl 

BM Bohr magneton 
Bu Butyl 

dabco Diazabicyclooctane 

dms Dimethyl sulphide 

E. A. Elemental analysis 

esr Electron spin resonance 

Hal Generic halide 

hmpa Hexamethylphosphoramide 

IR Infrared 

L Generic ligand 

M Generic metal 

Me Methyl 

NMR Nuclear magnetic resonance 

Ph Phenyl 

PS Proton sponge., 1,8-N, N, N, N-tetramethylnapthalenediamine 

R Generic hydrocarbon group 

thf Tetrahydrofuran 

TMEDA Tetramethylethylenediamine 

UV/Vis Ultraviolet /Visible 



Vil 

"by this crafte alle metailles that growen of myne and been corrupte and 
inparfite been brought and tournydfro ynperfection to perfection" 

Albertus Magnus 

"77iou clumsy ass, thou breakest glasses and burnest charcoal until the 
steam in thy head maketh thee distraught. Thou boilest alum, salt and 
orpiment, seethest blacking 

..... whereby thou makest me sick with thy 
stinking sulphur fumes " 

Jean de Meung 



viii 

Table of Contents 

Chapter 1 Introduction 
1.1 Bonding in carboranes 2 

1.2 Carborane synthesis 5 

1.3 Applications of carborane derivatives 8 

1.4 Aims and objectives 12 

1.5 References 13 

Chapter 2 Hydrogen bonded adducts of carboranes with Lewis 

bases 

2.1 Introduction 18 

2.2 Results and discussion 19 

2.2.1 Orthocarborane/hmpa co-crystallisation 20 

2.2.2 Metacarborane/hmpa co-crystallisation 22 

2.2.3 Paracarborane/hmpa co-crystallisation 25 

2.2.4 1-Phenyl-orthocarborane/hmpa co-crystallisation 28 

2.2.5 1-Methyl-orthocarborane/hmpa co-crystallisation 29 

2.2.6 Orthocarborane/tris(dimethylamino)iminophosphorane 

system 30 

2.2.7 Metacarborane/tris(dimethylamino)iminophosphorane 

system 30 

2.2.8 Paracarborane/tris(dimethylamino)iminophosphorane 

system 31 

2.2.9 1 -Phenyl-orthocarborane /dab co system 32 

2.2.10 1-Methyl-orthocarborane/dabco system 33 

2.2.11 1-Phenyl-orthocarborane/1,3-dimethylimidazolidinone 



ix 

system 34 

2.2.12 Orthocarborane/tris(dimethylamino)iminophosphorane 

system in air 35 

2.2-13 Metacarborane/tris(dimethylamino)iminophosphorane 

system in air 37 

2.2.14 Paracarborane/tris(dimethylamino)iminophosphorane 

system in air 38 

2.2.15 Formation of methyl(triphenyl)phosphonium 1-oxo- 

2-phenyl-1,2-bicarbadodecaborate (12) 41 

2.2.16 Formation of the methyl(triphenyl)phosphonium salt of 

1,2-dimercapto-1,2-dicarbadodecaborane 44 

2.3 Experimental 47 

2.3.1 Orthocarborane/hmpa co-crystallisation 47 

2.3.2 Metacarborane/hmpa co-crystallisation 48 

2.3.3 Paracarborane/hmpa co-crystallisation 48 

2.3.4 1-Phenyl-orthocarborane/hmpa co-crystallisation 49 

2.3.5 1-Methyl-orthocarborane/hmpa co-crystallisation 49 

2.3.6 Orthocarborane/tris(dimethylamino)iminophosphorane 

system 50 

2.3.7 Metacarborane/tris(dimethylamino)iminophosphorane 

system 50 

2.3.8 Paracarborane/tris(dimethylamino)iminophosphorane 

system 51 

2.3.9 1-Phenyl-orthocarborane/dabco system 51 

2.3.10 1-Methyl-orthocarborane/dabco system 52 

2.3.11 1-Phenyl-orthocarborane/1,3-dimethylimidazolidinone 

system 52 

2.3.12 Orthocarborane/tris(dimethylamino)iminophosphorane 

system in air 53 



x 

2.3.13 Metacarborane/tris(dimethylamino)iminophosphorane 

system in air 53 

2.3-14 Paracarborane/tris(dimethylamino)iminophosphorane 

system in air 54 

2.3-15 Formation of methyl(triphenyl)phosphonium 1-oxo- 

2-phenyl-1,2-bicarbadodecaborate (12) 54 

2.3-16 Formation of the methyl(triphenyl)phosphonium salt 

of 1,2-dimercapto-1,2-dicarbadodecaborane 55 

2.4 References 56 

Chapter 3 Novel carborane derivatives 

3.1 Introduction 59 

3.2 Results and discussion 60 

3.2.1 1-(2-picolyl)-orthocarborane 61 

3.2.2 1-(2-picolyl)-metac arbor ane 64 

3.2.3 1-(2-pyridyl)-2-mercapto-orthocarborane 65 

3.2.4 1-(2-pyridyl)-2-(trimethylstannyl)-orthocarborane 69 

3.2.5 1-(2-picolyl)-2-lithio-orthocarborane TMEDA adduct 71 

3.2.6 1-(2-picolyl)-2-lithio-orthocarborane monoglyme adduct 71 

3.2.7 1-orthocarboranylmethyl(phenyl) sulphide 72 

3.2.8 1,2-bis((1,2-di-2' -picolyllethyll-orthocarborane 73 

3.2.9 1,2-bis Q 1,2-diphenyll ethyl) -orthocarbor ane 75 

3.3 Experimental 77 

3.3.1 Synthesis of 1-(2-picolyl)-orthocarborane 77 

3.3.2 Synthesis of 1-(2-picolyl) -meta carb orane 78 

3.3.3 Synthesis of 1-(2-pyridyl)-2-mercapto-orthocarborane 79 

3.3.4 Synthesis of 1-(2-pyridyl)-2-(trimethylstannyl) 

-orthocarborane 
79 



xi 

3.3.5 Synthesis of 1-(2-picolyl)-2-lithicý-orthocarborane 

TMEDA adduct 80 

3.3.6 Synthesis of 1-(2-picolyl)-2-lithio-orthocarborane 

monoglyme adduct 80 

3.3.7 Synthesis of 1-orthocarboranylmethyl(phenyl) sulphide 81 

3.3.8 Synthesis of 1,2-bis(11,2-di-2' -picolyl)ethyll-orthocarborane 82 

3.3.9 Synthesis of 1,2-bis(11,2-diphenyllethyl)-orthocarborane 83 

3.4 References 84 

Chapter 4 Carborane assemblies: synthesis and characte-risation 

of closo systems 

4.1 Introduction 86 

4.2 Results and discussion 90 

4.2.1 1,4-di(phenylorthocarborane)benzene 92 

4.2.2 1,3-di(phenylorthocarborane)benzene 95 

4.2.3 ct., a'-bis(2'-phenyl-l-orthocarboranyl) lutidine 95 

4.2.4 (xcc'-bis(2-methyl-l-orthocarboranyl) lutidine 100 

4.2.5 bis(l-phenylorthocarboran-2-yl) sulphoxide 100 

4.2.6 1,2'-1'2-di-g-sulphoxide bis(orthocarborane) 102 

4.2.7 1.2'-1'2-di-g-sulphide bis(orthocarborane) 103 

4.2.8 Reduction of bis(l-phenylorthocarboran-2-yl) sulphoxide 

to bis(l-phenylorthocarboran-2-yl) sulphide 103 

4.2.9 Reduction of 1,2'-1'2-di-g-sulphoxide bis(orthocarborane) 

to 1,2'-1'2-di-II-sulphide bis(orthocarborane) 104 

4.2.10 Attempted oxidations of 1,2'-1'2-di-ýt-sulphide bis(ortho 

carborane) to 1, T-12-di-ýt-sulphoxide bis(orthocarborane) 104 

4.3 Experimental 105 

4.3.1 Synthesis of 1,4-di(phenylorthocarborane)benzene 105 



xil 

4.3.2 Synthesis of 1,3-di(phenylorthocarborane)benzene 106 

4.3.3 Synthesis of ct, cc-bis(2-phenyl-l-orthocarboranyl) 

lutidine 108 

4.3.4 Synthesis of (x, oc'-bis(2'-methyl-l-orthocarboranyl) 

lutidine 109 

4.3.5 Synthesis of bis(l-phenylorthocarboran-2-yl) sulphoxide 109 

4.3.6 Synthesis of 1,2'-1'2-di-R-sulphoxide bis(orthocarborane) 110 

4.3.7 Synthesis of 1,2'-1'2-di-ýt-sulphide bis(orthocarborane) ill 

4.3.8 Reduction of bis(l-phenylorthocarboran-2-yl) sulphoxide 

to bis(l-phenylorthocarboran-2-yl) sulphide ill 

4.3.9 Reduction of 1,2'-1'2-di-R-sulphoxide bis(orthocarborane) 

to 1,, T-1'2-di-ýI-sulphide bis(orthocarborane) 112 

4.3.10 Attempted oxidations of 1,2'-l'2-di-ýt-sulphide bis(ortho 

carborane) to 1, Z-17-di-ýt-sulphoxide bis(orthocarborane) 112 

4.4 References 113 

Chapter 5 Carborane assemblies: synthesis and characterisation 

of nido systems 

5.1 Introduction 117 

5.2 Results and discussion 121 

5.2.1 K2[1,4-(l-C6H5-C2B9HlO)2C6H4] 121 

5.2.2 [Et4N12 [lf4-(l-C6H5-C2B9Hlo)2C6H4] 123 

5.2.3 [K-18-CrO'*M-612 [1,4-(l-C6H5-C2B9HlO)2C6H4] 124 

5.2.4 [K-18-crown-612 [1,3-(1-C6H5-C2BqHjO)2C6If41 125 

5.2.5 ParaqUat2+ [1,4-(l-C6H5-C2B9HlO)2C6H4] 126 

5.2.6 Paraquat+- [1,4-(l-C6H5-C2B9HlO)2C6H4] radical ion pair 127 

5.2.7 Diquat2+ [1,3-(l-C6H5-C2B9HlO)2C6H4] 129 

5.2.8 Paraquat2+ ll,, 3-(l-C6H5-C2B9HlO)2C6H4] 130 



xiii 

5.2.9 Diquat2+ 11,4-(l-C6H5-C2B9HlO)2C61-141 130 

5.2.10 (2-Cl-C6H4N+-Me)2 [1,4-(l-C6H5-C2B9HlO)2C61-141 131 

5.2.11 T14 [1,4-(I-C6H5-C2B9H9)2C6H4] 132 

5.2.12 PPN2TI2 [1,4-(l-C6H5-C2B9H9)2C6li4l 133 

5.2.13 T14 [1,3-(l-C6H5-C2B9H9)2C6H4] 134 

5.2.14 PPN2TI2 [1,4-(l-C6H5-C2B9H9)2C61-141 134 

5.2.15 rn6 [1,3,5-(l-C6H5C2B9H9)2C6H3] 135 

5.3 Experimental 136 

5.3.1 Synthesis of K2[1,4-(l-C6H5-C2B9HlO)2C6H4] 136 

5.3.2 Synthesis of [Et4N]2 [1,4-(l-C6H5-C2B9HlO)2C6H4] 136 

5.3.3 Synthesis of [K-18-crown-612 [lf4-(l-C6H5-C2B9HlO)2C6H4] 137 

5.3.4 Synthesis of [K-18-crown-612 [1, -3-(l-C6H5-C2B9HlO)2C6H4] 138 

5.3.5 Synthesis of paraquat2+ [1,4-(l-C6H5-C2B9HlO)2C6H4] 139 

5.3.6 Synthesis of paraquat+- [1,4-(l-C6H5-C2B9HlO)2C6H4] 

radical ion pair 140 

5.3.7 Synthesis of diquat2+ [1,3-(l-C6H5-C2B9HlO)2C6H4] 140 

5.3.8 Synthesis of paraquat2+ [1,3-(l-C6H5-C2B9HlO)2C6H4] 141 

5.3.9 Synthesis of diquat2+ [1,4-(l-C6H5-C2BqHjO)2C6H4l 141 

5.3-10 Synthesis of (2-Cl-C6H4N+-Me)2 

[1/4-(l-C6H5-C2B9HlO)2C6H4] 142 

5.3.11 Synthesis of T14 [1,, 4-(l-C6H5-C2B9H9)2C6H4] 143 

5.3.12 Synthesis of PPN2Tl2 [1,4-(l-C6H5-C2B9H9)2C6H4] 144 

5.3.13 Synthesis of T14 [1.3-(l-C6H, 5-C2BqHq)2C61-141 144 

5.3.14 Synthesis of PPN2TI2 [1,3-(l-C6H5-C2B9H9)2C6H4] 145 

5.3.15 Synthesis Of n6 [1,3,5-(l-C6H5-C2B9H9)2C6H3] 146 

5.4 References 146 



x1v 

Chapter 6 Metal complexes of carboranyl assemblies and their 

potential as catalysts 

6.1 Introduction 150 

6.2 Results and discussions 153 

6.2.1 [CO(PPh3)212-1., 4-(l-C6H5-C2B9H9)2C6H4 154 

6.2.2 [Ni(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4 155 

6.2.3 [Pd(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4 155 

6.2.4 [Pt(PPh3)212-1.4-(l-C6H5-C2B9H9)2C6H4 156 

6.2.5 (TiC12)2-1,4-(l-C6H, 9-C2B9H9)2C6l-I4 157 

6.2.6 (ZrCl2)2-1,4-(l-C6H5-C2B9H9)2C6Ii4 157 

6.2.7 (TiCP2)2-1,4-(l-C6H5-C2B9H9)2C6I-4 158 

6.2.8 (ZrCP2)2-1,, 4-(l-C6H5-C2B9H9)2C6H4 158 

6.2.9 [CO(PPh3)212-1.3-(l-C6H5-C2B9H9)2C6l-I4 159 

6.2.10 [Pd(PPh3)212-1/4-(l-C6H5-C2B9H9)2C6H4 160 

6.2.11 [Pt(PPh3)212-1,, 4-(l-C6H5-C2B9H9)2C6H4 160 

6.2.12 [Pd(PPh3)213-1,3,5-(l-C6H5-C2B9H9)2C6H3 161 

6.2.13 [Rh(PPh3)312-lt4-(l-C6H5-C2B9HlO)2C6H4 162 

6.2.14 (UC12)2-1,4-(l-C6H5-C2B9H9)2C6H4 -2 hmpa 163 

6.3 Experimental 163 

6.3.1 Synthesis of [Co(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4 163 

6.3.2 Synthesis of [Ni(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4 164 

6.3.3 Synthesis of [Pd(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4 165 

6.3.4 Synthesis of [Pt(PPh3)21271,4-(l-C6H5-C2B9H9)2C6H4 165 

6.3.5 Synthesis of (TiCl2)2-1,4-(l-C6H5-C2B9H9)2C6H4 166 

6.3.6 Synthesis of (ZrC12)2-1,4-(l-C6H5-C2B9H9)2C6H4 167 

6.3.7 Synthesis of (TiCP2)2-1,4-(l-C6H5-C2B9H9)2C6H4 167 

6.3.8 Synthesis of (ZrCP2)2-1,4-(l-C6H5-C2B9H9)2C6H4 168 



xv 

6.3.9 Synthesis of [Co(PPh3)212-1,3-(l-C6H5-C2B9H9)2C6H4 168 

6.3.10 Synthesis of [Pd(PPh3)212-1,3-(l-C6H5-C2B9H9)2C6H4 169 

6.3-11 Synthesis of [Pt(PPh3)212-1,3-(l-C6H5-C2B9H9)2C6H4 170 

6.3-12 Synthesis of [Pd(PPh3)213-1,3,, 
-5-(l-C6H5-C2B9H9)2C6H3 170 

6.3-13 Synthesis of [Rh(PPh3)312-1,4-(I-C6H5-C2B9HlO)2C6H4 171 

6.3.14 Synthesis Of (UC12)2-1,4-(l-C6H5-C2B9H9)2C6H4 -2 hmpa 172 

6.4 Catalysis 172 

6.5 References 178 

Chapter 7 Experimental Techniques 

7.1 Synthesis 180 

7.1.1 General synthetic tedmique 180 

7.1.2 Purification of solvents 180 

7.1.3 Preparation of starting materials 181 

7.1.4 Specialist equipment - the sealed Soxhlet extractor 182 

7.2 Physical methods 183 

7.2.1 hifrared spectroscopy 183 

7.2.2 Ultraviolet/ visible sPectroscopy 183 

7.2.3 Nuclear magnetic resonance spectroscopy 183 

7.2.4 Electron spin resonance spectroscopy 183 

7.2.5 Mass spectrometry 183 

7.2.6 Magnetic susceptibility measurements 184 

7.2.7 Elemental analyses 185 

7.2.8 Melting point determinations 185 

7.2.9 Single crystal X-ray structure determination 185 

7.3 References 186 



xvi 

Appendix A 

The use of perfluorodecalin as a reaction medium for the 

preparation of anhydrous metal bromides 187 

Appendix B 

Lectures and colloquia attended 190 

Appendix C 

Supplementary crystal data for the structures presented in this thesis 195 

Index of supplementary data 196 

Orthocarborane/hmpa co-crystallate 197 

Metacarborane/hmpa co-crystallate 208 

Paracarborane/lhmpa co-crystallate 215 

(Me2N)3P=NH2+ HC03-/B(OM3 co-crystallate 222 

(Me2N)3P=NH2+ HC03-/B(OH)3/paracarborane co-crystallate 230 

Methyl(triphenyl)phosphor-dum 1-oxo-2-phenyl-1,2- 

dicarbadodecaborate (12) 254 

Methyl(triphenyl)phosphonium salt ofl, 2-dimercapto-1., 2- 

dicarbadodecaborane 263 

1-(2-picolyl)orthocarborane 272 

1-(2-pyridyl)-2-mercapto-orthocarborane 279 

1-(2-pyridyl)-2-(trimethylstannyl)-orthocarborane 287 

1.2-bis(11,2-diphenyl)ethyl)-orthocarborane 295 

1.4-di(phenylorthocarborane)benzene 301 

(x, (x'-bis(2'-phenyl-l-orthocarboranyl) lutidine 308 

Synthesis of bis(l-phenylorthocarboran-2-yl) sulphoxide 319 



Chapter 1 

Introduction 



2 

1.1 Bonding in carboranes 

The term 'carborane' is used for mixed hydrides of boron and carbon 
where the polyhedral boron skeleton contains at least one carbon atom 1. 
A large number of different carboranes exist and many have well 
documented derivative chemistries 1,2. This thesis will focus on the 
chemistry of the icosahedral dicarba-closo-decaboranes and their 
derivatives. Three isomers of dicarba-closo-decaborane exist: the 1,2- ; 1,7- 
and 1,12- isomers, known respectively as ortho-carborane, meta-carborane 
and para-carborane 3, shown below (fig 1.1). In this, and all subsequent 
diagrams, unmarked carborane cage vertices represent BH units. These 

carboranes have high thermal stabilities, are air stable and exhibit 
considerable chemical robustness. Figure 1.2 shows the standard 
numbering scheme for carborane icosahedra. 

Fig 1.1 - The three isomers of dicarba-closo-decaborane 

HHH 

CH 

CH C 

a 

C--, 
H 

Orthocarborane Metacarborane Paracarborane 
(1,2 isomer) (1,7 isomer) (1,12 isomer) 

Fig 1.2 - Standard numbering scheme 

1 J. 
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The carborane cages presented in this thesis can be termed 'electron 
deficient'. 'Electron deficient' describes a situation in which the bonding 
in a molecule (or part of a molecule) cannot adequately be described in 
terms of classical 2-centre-2-electron bonds (2c2e). To rationalise the 
bonding in dicarba-closo-dodecaborane one must postulate the use of 3- 
centre-2-electron bonds (3c2e), where an electron pair is shared between 
three atoms. The adoption of a clustered structure permits the maximum 
use of 3c2e bonds, and thus the most efficient distribution of electron pairs. 

The concept of the 3c2e bond was introduced by Longuet-HigginS4 to 
explain the structure of diborane (B2H6), and extended by Lipscomb5 who 
showed that the bonding in the higher boranes could be rationalised in 
terms of classical 2c2e BB and BH bonds, and 'non-classical' 3c2e BBB and 

I 
I 

I 

BHB bonds. Thus the edges of the polyhedra shown in this thesis do not 
represent formal bonds, merely connectivities. 

The bonding in these carboranes is delocalised, and as such is 
readily portrayed in terms of molecular orbitals. Each cage boron atom is 
attached to one hydrogen atom by an exo bond radially outwards. Each 
boron atom is sp hybridised, with one sp, hybrid bonding to the hydrogen 

and the other sp hybrid, along with the two unhybridised p orbitals, 
involved in cluster bonding (see fig. 1-3) - thus each boron uses one 
electron in exo bonding to H, and contributes the other two to cluster 
bonding. 

Fig 1.3 - Bonding orbitals of a BH unit as part of a carborane cluster 

py 

spz 
-*-- 

Hybrid 

The number of electrons involved in cluster bonding determines the 

structures of these polyhedral compounds. The number of vertices of the 

polyhedron (each containing a cluster atom) will be one less than the 
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number of electron pairs participating in cluster bonding 6. This 
arrangement results in a structure with all the molecular orbital bonding 
levels filled. The delocalised nature of the bonding in these clusters causes 
them to behave, in many respects, like organic aromatic compounds, and 
they are often considered to have 3-dimensional 'pseudo-aromatic' 
character. 

If a BH unit is removed from the cluster whilst its cluster bonding 
electrons remain behind (ie. it is removed as a BH2+ fragment) then the 
resultant new cluster will resemble the original cluster, minus one vertex. 
This is illustrated in figure 1.4, below. 

Fig 1.4 - Sequential removal of BH2+ units from B12H122- 

B 12H 12 
2- 

Closo 

BH2+ 

L 

BIIHII 

Nido 

BH2+ 

BIOHIO 6- 

Arachno 

A structure in which every vertex is occupied is known as closo (meaning 
'cage-like'), one with a single unoccupied vertex known as nido ('nest- 
like'), and one with two unoccupied vertices known as arachno (web- 
like'). 

A vertex atom may be replaced by another atom, whilst retaining 
the cluster structure, providing that the number of atomic orbitals and 
cluster-bonding electrons remain the same. A BH- unit may be replaced by 

an isoelectronic CH (or CR) unit, giving rise to families of structurally 
similar, isoelectronic clusters (figure 1.5). 

6- 
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Fig. 13 - C2BjOHj2, CB11H12- and B12H122-: examples of isoelectronic 

clusters 

H 

ý, 

1.2 Carborane synthesis 

2- 

Orthocarborane (1,2-dicarbadodecaborane) can be prepared by the reaction 
of ethyne with Lewis base adducts of decaborane, BjOH12L2 (where L=dms, 
CH3CN). The meta and para isomers are usually prepared by thermal 
isomerisation of orthocarborane (at 460 'C and 620 'C respectively) 7. This 
isomerisation occurs because the most thermodynamically stable isomer is 
the para (relative thermodynamic stability is para > meta > ortho), which 
has been attributed to the minimisation of dipole brought about by 

separation of the carbon atoms 8. The formation of paracarborane is 

accompanied by a substantial amount of decomposition. The ortho to 
meta rearrangement is believed to proceed via a 'diamond-square- 
diamond' mechanism (see fig. 1.6), but paracarborane is not obtainable by 
this route, thus accounting for the higher temperature required for its 

synthesis. Metacarborane can also be synthesised 9 by the pyrolysis at 250 'C 

of CB5H9. 

Fig. 1.6 - Postulated 'diamond-square-diamond' mechanism for ortho to 

meta isomer conversion 

I> Bçç2B /\ 
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Unfortunately, attempts to isomerise carboranes possessing organic 
substituents, generally result in decomposition of these substituentS 7a 

' Substituted orthocarboranes may be prepared by reaction of the 
appropriately substituted ethyne with BlOH14 in the presence of a suitable 
Lewis base, (see scheme 1.7). However, ethynes containing hydroxy, 
aldehyde, ketone, amino, nitro or nitrile substituents are unsuitable for 
this reaction 10-13. This is believed to be due to the lone pairs in these units 
interacting with the open face of the BjOH12L2 residue, thus impeding 
approach of the ethyne moiety. 

Scheme 1.7 - Synthesis of substituted orthocarboranes 

R 

BlOH14 
+ 2L 

BIOH12L2 
RCECR' c L-- dms, 

- H2 - H2 CH3CN 

Toluene is a typical solvent and reaction conditions are 1-4 days at 
80-100 oC10,13-16. Ethynes containing electron-withdrawing groups give 
lower yields than those with electron-releasing groups 17. 

Substituents can be attached to both the carbon and boron atoms of 
the preformed cluster by a number of methods. The preparation of boron- 

substituted carboranes is a large field outside the scope of this thesis, but 

typical reactions include chlorination18, alkylation19, mercuration20, 
oxidation2l, and metallation22. These reactions usually proceed via attack 
by electrophilic reagents, or by a photochemically induced radical 
mechanism. 

Carbon-substituted clusters have been the subject of even greater 

study, and a great many derivatives are knownl, 2b. The most common 

method of preparing these compounds is via C-lithiated intermediates. 

The hydrogens on the cluster carbon atoms are acidic, and so can 

participate in C-H ... X hydrogen bonding (see fig. 1-8). This property is 

discussed in chapter 2. They can also undergo reaction with organolithium 

reagents (such as n-butyllithium) to produce C-lithiated carboranes23. 
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Figure 1.8 - C-H-A hydrogen bonding in a carborane derivative 

1 N; lý 
00, 

%% 1-(2-pyridyl) 
orthocarborane 

This carboranyl carbon lithium bond is itself susceptible to electrophilic 
attack at carbon, illustrated below (scheme 1.9), and provides a means of 
preparing substituted ortho, meta and para carboraneS 24. 

Scheme 1.9 - Examples of the use of lithio derivatives in the preparation of 
substituted carboranes 

Li 
I 

R 

C: 

2 equiv. 
n-BuLi 

%. OO, 
H R=H 

'00000 
R=Alkyl, 

I etc. 

1 equiv. 
n-BuLi 

R 

R' 
I 

Li 
2 equiv. 

U 

R'Hal 

LI 
1 equiv. 

R'Hal 

Carboranyl Grignard reagents can be prepared and used in a similar 

manner 23,24, as can copper (I) derivatives 25, sometimes facilitating 

reactions that the lithio derivatives cannot. These families of metallated 
intermediates thus provide an alternative synthetic pathway to C- 

substituted derivatives for which the ethyne route is unsuitable. 



8 

Nido species can be prepared by the selected removal of a BH2+ unit 
from a closo ortho or meta carborane, by a process commonly called 
'deboronation' (this is also possible for paracarborane, but the conditions 
are very forcing and little studied). The most widely used reagent for 
deboronation is KOH dissolved in either MeOH or EtOH, giving the 
appropriate alkoxide ion. The general scheme is shown in scheme 1.10, 
below. 

Scheme 1.10 - Deboronation of orthocarboranes by alkoxide ion 

R', R" 

1,2-C2B, OH12 

RO -+2 ROH 

T, &H Rol 

nido 7,8-C2B9Hl2- 

(RO)3B + H2 

The boron atom removed is one of those adjacent to both carbon 
atoms (ie B3 or B6, see fig 1.2). This is because these are the most positive 
of the boron atoms, and thus the most susceptible to nucleophilic attack. 
Other deboronating reagents include F- ion (as the K+ or R4N+ salts), and 

certain amines. Deboronation is discussed in more depth in chapter 5. 

1.3 Applications of carborane derivatives 

Much interest in icosahedral carboranes has focused on their 

incorporation into polymers 2a. A wide variety of carborane-containing 
polymers is known, including polyesters 26, polyamideS 27 polyurethanes 
28, polyazomethineS 29 and polysiloxanes 30. These last are the most widely 

commercially available carborane polymer, under the trade name 'Dexsil' 

(see fig. 1.11). 
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Fig 1.11 - Dexsil 300 : -, a commercially available carborane polymer 

**N 
oe 

si N, si si 
0 

Dexsil 300: 
An Elastomer 
(the code no, 
indicates no. 
of Si atoms in 
the repeat unit) 

The incorporation of carborane units (usually ortho or meta) into the 
silicone polymers greatly increases their thermal stability. 31 particularly 
above 450 'C, leading to a significant reduction in mass loss through 
degradation at high temperatures,, when compared to non-carboranyl 
analogues 32. Hydrogen elimination from carborane BH bonds,, at high 
temperature, can lead to the formation of crosslinking bonds"33,34 thus 
presenting the prospect of high-performance ceramic materials 35. 
Carborane polymers are also generally chemically robust 31, and the 
combination of these properties leads to the use of carborane polymers in 
such diverse applications as high temperature fittings, oils,, adhesives and 
fire retardants. 

second important prospective application of carborane 
derivatives is their use in boron neutron capture therapy (BNCT). BNCT 
is a cancer treatment, working on the principle that 10B absorbs neutrons 
to produce high energy particles capable of destroying local tissue 
concentrated in tumors36,37 (see scheme 1.12). Carborane derivatives are, 
in principle, particularly good BNCT agents as they combine a high boron 

content with excellent chemical stability. 

Scheme 1.12 - The absorption of a neutron by 10B 

ii * 
ln B 
0 30 5 3" 3Li + IHe + 2.28 MeV 

In order for BNCT treatment to be effective, the boron-containing 

agent must bind selectively to tumor tissue. To this end carboranyl groups 
have been attached to peptides 38, nucleosides 37,, porphyrinS39,40 and 

monoclonal antibodieS40 as part of extensive research in this area. 
A further potential application of carborane derivatives is in the use 

of metallacarboranes as catalysts. Metallacarboranes have been the subject 
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of intense study since the 1960's,, and may be divided into two categories; 
a-bound and n-bound. a-bound metallacarboranes are, as the name 
suggests,, compounds in which a metal fragment is a-bound to one or both 
carbon atoms (or occasionally a boron atom) of a carborane (see fig. 1.13). 
Among the p-block metals, tin, 41 lead, 42 and germaniUM43 O-bound 
carboranes have been prepared, and an even greater number of a-bound 
transition metal carboranes is knoWn44. 

Fig. 1.13 - Some examples of cy-bound metallacarboranes 
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"oe 
PbEt3 

01 

Ni-. wmm PPh3 

PPh3 

Ph 

Zn 
or 

Vh 

Series of stable iron (II), cobalt(][[) and manganese (I) a-bound derivatives 

are known for ortho, meta and paracarborane45-47. Rhodium and iridium 

a-bound carboranyl complexes have attracted much attention as potential 
hydrogenation catalysts 44,48 

. Iridium carboranes, in particular, have been 

shown to hydrogenate alkynes, and some alkenes, under very mild 
conditions 49 

. Nickel 50, palladium 51 and platinum 52 carboranes are all 
known, and the platinum complexes have undergone investigation as 
catalyst precursors 53. Also of interest is the reaction of dilithio-ortho- 

carborane with [NiC12(PPh3)21, which gives a structurally characterised 
product with a chelating carborane 54 (platinum and palladium analogues 
have been reported 55). A series of remarkably stable gold-carborane 
compounds is also known 56. With regard to the f-block metals, 
lanthanum, terbium and ytterbium all form a-bonds with carboraneS 57, 

and similar derivatives with samarium and europium have been 

tentatively reported 57. 

11-bonded metallacarboranes, a very large collection of compounds, 
have been the subject of a recent revieW58. A n-bonded metallacarborane is 

formed by the removal of one cluster BH unit from a carborane, and its 

replacement with an MLn unit. A number of carboranes can undergo this 

procedure59,, 60, but only the dicarba-closo-dodecaboranes are mentioned 
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here. A metallacarborane can be viewed as a metal-containing cation bonded to one or more dicarbollide, [C2B9Hll]2-,, ligands (see fig. 1.14). 

Fig 1.14 - Some examples of ir-bonded metallacarboranes 

Al 

Et4N' Co 

Preparation of the dicarbollide ligand may be effected via two 
established routes, 58,61 (see fig 1.15). 

Fig. 1.15 - Two preparative routes for dicarbollide salts 

"H/ROH 
BgH, 2]- 

2 TI'CH3COO- 
BgHll C2BIOH12 'r" -. [K]+IC2 '0- T12C2 

T7T I Illb-n 

K 9H, I 2C2'a 

The dicarbollide ligand thus generated may be attached to the desired 

metal by reaction with the appropriate metal halide 61 
. The route using 

thallium. acetate, first described by Stone et al, 59 has many advantages, and 
these are discussed in chapter 6. The range of known n-bonded carborane 
derivatives is too large58 to permit discussion here, but this too will also be 

considered in chapter 6. Both ortho- and meta-dicarbollides may be 

prepared (though, to the author's knowledge, not para), but ortho 
derivatives are by far the most common. A large variety of functional 

groups may be attached to the carborane without hindering conversion to 
the dicarbollide. The open face of the IC2BqHjjj2- ligand acts in a similar 

manner to the very familiar cyclopentadienyl anion (Cp-) 62,63, and the 

synthesis and reactivity of many dicarbollide compounds are suggested by 

their Cp analogues. 
Other applications of carborane derivatives include the use of tin 

substituted carboranes as anti-cancer agents64 (separate from BNCT 
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studies), and the potential use of asymmetrically substituted paracarborane 
derivatives in NLO and liquid crystalline materials65. 

1.4 Aims and Obj ectives 

The aims and objectives of the work described in this thesis can be divided 
into three main areas: - 

(1). To exploit the protic acidity of carborane C-H units in a study of 
hydrogen-bonding interactions between carboranes and Lewis bases. The 
purpose of this study was both to obtain structural information on the 
carboranes themselves, and to probe the effects of hydrogen-bonding on 
solid state stacking, in an effort to move towards the crystal engineering of 
carborane derivatives. 

(2). To prepare and characterise a series of novel carborane derivatives in 

which two carborane cages were held within defined distances by 

chemically robust linking units. These compounds would provide models 
for carboranyl polymers, and would also be a starting point for further 

work (see 

(3). To investigate whether the carborane assemblies described in 2 could 
be deboronated and metallated, to produce novel organometallic 

carborane derivatives. These derivatives in turn could be characterised 

and tested for catalytic potential. 
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2.1 Introduction 

Whilst the concept of a 'hydrogen bond' has been with us since at 
least 1920,1 an exact, all-encompassing definition of the term remains 
elusive. As a result it is generally more useful to define 'hydrogen 
bonding' in the context of that which is being studied 2. Thus, for the 
purposes of this thesis, a hydrogen bond is defined as a bonding 
interaction between an electropositive hydrogen atom and one or more 
electronegative atoms to which it does not form a 2-centre-2 -electron 
bond. These interactions are in general notably stronger (10-65 kjmol-1 for 
neutral species 3) than Van der Waal's interactions, and play an extremely 
important role in determining solid state structure and packing. The 
hydrogen bond may be multifurcated with respect to the hydrogen atom, 
the electronegative atom (Lewis base, B), or both (see fig. 2.1) 

Fig. 2.1 - Some common hydrogen bond arrangements 
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Hydrogen bonding is a very important determinant of the structure 
and physical properties of compounds from water to DNA, and has been 
the subject of recent reviews 2,4. The majority of work carried out on 
hydrogen bonding has focussed on molecules containing -OH and -NH 
groups. More recently, the work of Desiraju 5-7 and others 8 has 
demonstrated the importance of C-H ... 0 interactions to molecular 
structure, with ramifications for such diverse fields as protein folding and 
mixed-molecule adsorption 9. 

The three isomeric dicarbadodecaboranes dealt with in this thesis 

contain C-H moieties with unusually protic hydrogen atoms, due to the 

electron-deficient nature of the carborane cluster. These Lewis acidic 
hydrogens cannot, though, form hydrogen bonds in pure carboranes, as 
carboranes have no Lewis basic sites. However, carborane C-H hydrogens 

can interact with external Lewis bases. This has been demonstrated in 
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solution by Leites et al., 10 by comparing the IR stretching frequencies of the 
cluster C-H bonds in Lewis basic (eg. CHC13) and 'Lewis inert' (eg. 
cyclohexane) solvents. 

In the solid state, evidence for C-H---O hydrogen bonding in 
carboranes can be found in the crystal structure of a carboranyl ether 
which adopts a dimeric structure (see fig. 2.2). 

Fig. 2.2 - C-H ... 0 hydrogen bonding in a carboranyl ether 
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With the exception of this carboranyl ether, no study of the 
crystallographic evidence of C-H ... X hydrogen bonding in carboranes had 
been undertaken 12. It was thus deemed that attempts should be made to 
co-crystallise ortho-, meta- and para-carborane with Lewis bases in order to 
study this phenomenon. 

2.2 Results and discussion 

For the initial study it was decided to attempt to co-crystallise the 

parent carboranes with hexamethylphosphoramide (hmpa). Hmpa was 

chosen as the Lewis base because its oxygen atom is very exposed, 

minimising the chances of steric interference, and previous work 13 has 

shown it to be an excellent acceptor of hydrogen bonds. The reasons for 

performing these reactions were twofold: firstly, to show that C-H ... 0 

hydrogen bonding does exist in this case, and to elucidate the differences 

in supramolecular structure brought on by the different CH positions in 

the three carborane isomers; and secondly, to determine definitive crystal 

structures of ortho-, meta- and para-carborane. 
The second point is important because, despite having been 

extensively studied for over 30 years, the precise bond lengths and angles 
for the parent carboranes remain unknown. This is because, with each 
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vertex of the carborane icosahedron being occupied by a similarly-sized 
atom (B or C) the icosahedra may adopt a wide variety of orientations, 
thus ensuring that X-ray structures of the unsubstituted carboranes are 
always disordered 14. This disorder meant that only average bond lengths 

and angles could be obtained for the clusters. Attempts to get around this 
problem by substituting the carboranes at the the B or C atoms were only 
partially successful, due to the electron-withdrawing and highly 
delocalised nature of the clusters. This meant that replacement of the 
hydrogen on aB or C atom with another group (eg. Me or Ph) altered the 

electron density within the cluster and thus, all the bond lengths and 
angles. Gas-phase electron diffraction studies of the three carborane 
isomers did give individual bond length/bond angle values, 15 but the 

errors on the values were notably larger than typical X-ray diffraction 

errors, particularly for ortho- and metacarborane. It was hoped that the 

relatively weak C-H--. O interactions predicted for carborane/hmpa co- 

crystals would locate the cluster carbon atoms (possessing 8+ hydogen 

atoms) with the minimum electronic (and thus structural) perturbation of 
the cage. 

2.2.1 Orthocarborane / hmpa co-crystallisation 
(2.1) 

Me2N 
\ 

Me2N%%""' =0%%1% 

Me2N % H, 
( 

H C: 

Addition of 1 equivalent of hmpa to one millimole of 

orthocarborane partially dissolved in toluene caused complete dissolution 

of the orthocarborane. Slow evaporation of the solvent over a period of 

three days gave a crop of colourless crystals, (2.1). The solid state IR 

spectrum of these crystals showed that they contained both orthocarborane 

and hmpa, but the C-H stretching frequency of the orthocarborane had 

either disappeared or shifted to below 3000 cm-1, and thus been subsumed 

by' the C-H absorptions (compared to Vmax -- 3073 cm-1 for pure 

orthocarborane). This change is indicative of hydrogen bonding 10.1H 



21 

NMR spectroscopy of the crystals in C6D 6 showed a mixture of 
orthocarborane and hmpa signals (unshifted - the hydrogen bonding is not 
evidenced in solution), the integrals of which suggested a 1: 1 ratio of 
orthocarborane to hmpa. This 1: 1 ratio was confirmed by elemental 
analysis. Subsequent repetition of this reaction using a 2: 1 ratio of hmpa to 

orthocarborane gave an identical product (plus unchanged hmpa). 
X-ray diffraction studies of the colourless crystals showed a dimeric 

structure, with C-H---O hydrogen bonds linking the hmpa molecules to 
two similar but crystallographically distinct orthocarborane units (see fig. 

2.3 and table 2.1). 

Fig. 2.3 - Molecular structure of 2.1 
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Table 2.1 - Selected bond lengths and angles for 2.1 

Bond 
C(26)-C(30) 

0 Length/A 

1-629(6) 
Bond 

C(3)-H(3)---0(1) 
Angle/ 

158(4) 
C(3)-C(9) 1.630(6) C(9)-H(9)---0(2) 154(4) 
C(3) ... 0(l) 3.130(5). C(26)-H(26)---0(2) 158(4) 
C(30)-. -0(1) 3.071(6) C(30)-H(30)---0(2) 160(4) 
C(9) ... 0(2) 

. 
3.050(5) 

C(26)---0(2) _ 3.179(6) 

It should be noted that the ( ... HCCH***0)2 ring in 2.1 is far from 

coplanar, presumably due to the need to achieve a close packed structure. 
0 The C-C bond length in 2.1 (av. 1.63 A) is shorter than for structurally 

characterised substituted orthocarboranes, 16 thus providing a quantitative 
benchmark for the study of the effects of substitution on the structure of 
carboranes. 

2.2.2 Metacarborane / hmpa co-crystallisation 
(2.2) 

Me2N 
\ 

Me Nl%"'P: -"--O%.. 
24 

Me2N 

PH 

Addition of 1 equivalent of hmpa to one millimole of 

metacarborane partially dissolved in toluene caused complete dissolution 

of the metacarborane, as in 2.1. Slow evaporation of the toluene over a 

period of 18 hours gave a crop of colourless crystals, (2.2). The solid state IR 

spectrum of these crystals showed that they contained both metacarborane 

and hmpa, and again the C-H stretching frequency of the metacarborane 

was absent, with no peaks being present above 3000 cm-1 (compared to 

vinax(CH) = 3062 cm-1 for pure metacarborane), indicating the presence of 
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hydrogen bonding. The 1H NMR spectrum of the crystals in C6D6 showed 
a mixture of unshiftedmetacarborane and hmpa signals, again integrating 
to a 1: 1 ratio of metacarborane to hmpa, which was confirmed by 

elemental analysis. Repetition of this reaction using a 2: 1 ratio of hmpa to 
metacarborane gave an identical product (plus unchanged hmpa). 

Although this preliminary characterisation of 2.2 suggested close 
similarity to 2.1, X-ray diffraction studies of the colourless crystals showed 
a very different structure. In contrast to the discrete dimers of the ortho 
system, 2.2 possesses a one-dimensional polymeric structure (see figs. 2.4 

and 2.5), with the metacarborane and hmpa units arranged in parallel 
'tramlines'. All the metacarboranes are equivalent, each contributing to 

one near linear and one more acute C-H ... 0 hydrogen bond (see table 2.2). 

Fig. 2.4 - Molecular structure of the metacarborane adduct, 2.2, showing the 

repeat unit 
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Fig. 2.5 - Crystal structure of the metacarborane adduct, 2.2, illustrating its 

polymeric nature 
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Table 2.2 - Selected bond lengths and angles for 2.2 

Bond Length/A Bond Angle/0 
C(3)-C(6)'ý 2.609(7) C(3)-H(3)---0(1) 175(4) 
C(3)---0(1) 3.328(6) C(6)-H(6)---0(1) 164(4) 
C(6)---0(1) 3.234(5) 

Intracage distance 

The polymeric nature of 2.2 (cf. 2.1) is explained by the greater 
separation of the C-H units, favouring the formation of a polymer over an 
oligomer. It is interesting to note that 2.2 precipitates from toluene 
solution appreciably faster than 2.1, presumably due to the much greater 
mass of the polymeric unit. This feature has the potential for explotation 
as a means of separating the ortho and meta isomers of carborane. 

2.2.3 Paracarborane / hmpa co-crystallisation 
(2.3) 

Me2N 

Me2NXI 
4p"_0 Me2N H, 

PH 

Addition of 1 equivalent of hmpa to one millimole of 
paracarborane partially dissolved in toluene caused complete dissolution 

of the paracarborane, as previously. Slow evaporation of the toluene over 

a period of 18 hours gave a crop of colourless crystals, (2.3), whose solid 

state IR spectrum showed that they contained both paracarborane and 
hmpa, and the C-H stretching frequency of the paracarborane had either 
disappeared or shifted to below 3000 cm-1, and thus been subsumed by the 

C-H absorptions (compared to Vmax = 3053 cm-1 for pure paracarborane), 

indicating the presence of hydrogen bonding. The 1H NMR spectrum of 

the crystals in C6D6 showed a mixture of unshifted paracarborane and 
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hrnpa signals, once more integrating to a 1: 1 ratio of paracarborane to 
hmpa, a ratio confirmed by elemental analysis. Repetition of this reaction 
using a 2: 1 ratio of hmpa to paracarborane gave an identical product plus 
unchanged hmpa. 

X-ray analysis of 2.3 showed a polymeric structure, but one 
substantially different from that of 2.2 (see figs. 2.6 and 2.7). The polymeric 
chains in 2.3 adopt a zigzag formation in which the hmpa molecules 
alternate on each side along the chain. As in 2.2, each hmpa takes part in 

one near-linear and one more acute hydrogen bond, but unlike 2.2 there 

are two inequivalent carborane molecules: one involved solely in near- 
linear C-H ... 0 interactions, the other only forming more acute C-H ... 0 
hydrogen bonds (see table 2.3). Though inequivalent, these two 

paracarboranes have identical bond lengths and angles. 

Fig. 2.6 - Molecular structure of the paracarborane adduct., 2.3,, showing the 

repeat unit 
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Fig. 2.7 - Crystal structure of the paracarborane adduct, 2.3. showing the 

Table 2.3 - Selected bond lengths and angles for 2.3 

Bond 
0 Length/A Bond Angle/' 

C(1)-C(la)'ý 3.052(7) C(l)-H(2l)---O(I) 173(2) 
C(2)-C(2a)'ý 3.059(8) C(2)-H(22)---0(1) 152(3) 

C(l)---0(1) 3.132(4) 

C(2)---0(1) 3.378(4) 

Intracage distance 

zigzag polymer 
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The zigzag structure of this polymer (cf. 2.2) is due to the 
diammetric separation of the C-H groups in paracarborane - the hmpa 
molecules can no longer be on only one side of the straight carborane 
chain. The positioning of the hmpa molecules allows the carboranes in 2.3 
to form a very similar chain to that in 2.2. 

With the three previously mentioned reactions, the unperturbed 
structures of ortho-, meta- and paracarborane have been definitively 
determined 17. Although the nature of the C-H---O hydrogen bonding is 
similar in all three cases, their macromolecular structures are very 
different, due to the different relative CH positions in the carborane 
isomers. These appear to be 'best-fit' macromolecular structures, as the 
addition of excess hmpa has no effect. In order to expand on these results, 
co-crys tall is ation attempts between hmpa and monosubstituted 
orthocarboranes were made. In these monosubstituted systems there was, 
once more, no method for unambiguously identifying the unsubstituted 
carboranyl carbon atom, although a recent study 26 attempted to combine, 
X-ray, gas-phase and ab initio theoretical methods to elucidate the 

structure of 1-phenyl-orthocarborane. 

2.2.4 1-Phenyl-orthocarborane/hmpa system 
(2.4) 

Me2N 

Me2N 11 4 
P-0 

Me2N 

r) 

Addition of 1 equivalent of hmpa to 0.5 millimole of 1-phenyl- 

orthocarborane partially dissolved in toluene, followed by gentle hýeating, 

caused complete dissolution of the 1-phenyl-orthocarborane. Slow 

evaporation of the toluene over a period of 7 days gave a colourless, 

viscous oil, (2.4), whose IR spectrum (neat, between NaCl plates) showed 

that it contained both 1-phenyl-orthocarborane and hmpa. The C-H 
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stretching frequency of the 1-phenyl-orthocarborane had either 
disappeared or shifted to below 3000 cm-1, and thus been subsumed by the 
C-H aborptions (compared to Vmax = 3066 cm-1 for pure 1-phenyl- 
orthocarborane 24),, indicating the presence of hydrogen bonding. The 1H 
NMR spectrum of 2.4 in C6D6 showed a mixture of unshifted 1-phenyl- 
orthocarborane and hmpa signals, integrating to a 1: 1 ratio of 1-phenyl- 
orthocarborane to hmpa. 

2.2.5 1-Methyl-o-rthocarborane/hmpa system 
(2.5) 

Me2N 
\ 

P=O 
Me 

Me2NXV"" 
Me2N 

c 

Addition of 1 equivalent of hmpa to one millimole of 1-methyl- 
orthocarborane partially dissolved in toluene caused complete dissolution 
of the 1-methyl-orthocarborane. Slow evaporation of the toluene over a 
period of 7 days gave a colourless, viscous oil, (2.5), whose IR spectrum 
(neat, between NaCl plates) showed that it contained both 1-methyl- 

orthocarborane and hmpa. The C-H stretching frequency of the 1-methyl- 

orthocarborane had disappeared (or been shifted to below 3000 cm-1, and 
thus been subsumed by the C-H absorptions), compared to 

Vmax = 3066 cm71 for pure 1-methyl-orthocarborane 25, indicating hydrogen 
bonding had occurred (as for the phenyl analogue, 2.4). The 1H NMR 

spectrum of 2.5 in C6D6 showed a mixture of unshifted 1-phenyl- 

orthocarborane and hmpa signals,, again in a 1: 1 ratio of 1-phenyl- 

orthocarborane to hmpa. 

Given the success of the co-crystallisation reactions involving 

hmpa, it was decided to attempt further co-crystallisations using 

tris(dimethylamino) iminophosphorane (a compound structurally similar 

to hmpa) as the Lewis base., in an attempt to observe C-H---N hydrogen 

bonding. 
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2.2.6 Orthocarborane/tris(dimethylamino)iminophosphorane system 
(2.6) 

Me2N 
\H 

Me2N%%"" P=N, 
%.. H 4 %% c Me2N H, 

c 

Ia 

Addition of I equivalent of tris(dimethylamino)iminophosphorane 
to one millimole of orthocarborane partially dissolved in toluene under 
dry N2 caused complete dissolution of the orthocarborane. The volume of 
toluene was reduced by approximately half in vacuo, and the concentrated 
solution was placed in the freezer (c. -30 'C). After standing for several 
months, colourless crystals (2.6) were observed to have grown. These 

crystals were isolated under N2, and their IR spectrum was run. This 

spectrum showed signals attributable to both 

tris(dimethylamino)iminophosphorane and orthocarborane, but the 

carboranyl C-H stretching absorption had disappeared (cf. 3073 cm-1 in 

pure orthocarborane), once more indicating the presence of hydrogen 

bonding. The 1H NMR spectrum of 2.6 showed unshifted 
tris(dimethylamino)iminophosphorane and orthocarborane signals in a 
1: 1 ratio. A sample of the colourles crystals is awaiting X-ray diffraction 

studies. 

2.2.7 Metacarborane/tris(dimethylamino)iminophosphorane system 
(2.7) 

Me2N 
\/H 

Me2N It"' 
P-N 

Me2N 
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Addition of 1 equivalent of tris(dimethylamino)iminophosphorane 
to one millimole of metacarborane partially dissolved in toluene under 
dry N2 caused complete dissolution of the metacarborane. The volume of 
toluene was reduced by approximately half in vacuo, and the concentrated 
solution was placed in the freezer (c. -30 'Q. After standing for several 
months, no crystals were observed to have grown. The solution was then 
split in two aliquots, one of which was returned to the freezer. The solvent 
was removed in vacuo from the second aliquot, leaving a white powder 
(2.7). The IR spectrum of this powder showed signals attributable to both 
tris(dimethylamino)iminophosphorane and metacarborane, but the 
carboranyl C-H stretching absorption had disappeared (cf. 3062 cm-1 in 

pure met, acarborane), again indicating the presence of hydrogen bonding. 
The 1H NMR spectrum of 2.7 showed unshifted 
tris(dimethylamino)iminophosphorane and metacarborane signals ina 
1: 1 ratio. 

2.2.8 Paracarborane/tris(dimethylamino)iminophosphorane system 
(2.8) 

Me2N 
\/H 

Me2N 0"' P=N, 
4 

14. Me2N H%C 

I CH 

Addition of 1 equivalent of tris(dimethylamino)iminophosphorane 

to one millimole of paracarborane partially dissolved in toluene under dry 

N2 caused complete dissolution of the paracarborane. The volume of 

toluene was reduced by approximately half in vacuo, and the concentrated 

solution was placed in the freezer (c. -30 'Q. After standing for several 

months, colourless crystals (2.8) were observed to have grown. These 

crystals were isolated under N2, and their IR spectrum was run. This 

spectrum showed signals attributable to both 

tris (dimethyl amino) iminophosphorane and paracarborane, but the 

carboranyl C-H stretching absorption had disappeared (cf. 3055 cm-1 in 

pure paracarborane), once more indicating the presence of hydrogen 

bonding. The 1H NMR spectrum of 2.8 showed unshifted 
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tris(dimethylamino)iminophosphorane and paracarborane signals in a 1: 1 
ratio. A sample of the colourless crystals is currently awaiting X-ray 
diffraction studies. 

It is hoped to be able to repeat these three co-crystalisations 
substituting (Me2N)3P=NR for the (Me2N)3P=NH, in order to study the 
system in the absence of N-H ... N hydrogen bonding. 

Due to the hmpa adducts of 1-phenyl- and 1-methyl-orthocarborane 
being oils (and the IR evidence of hydrogen bonding in both systems), 
attempts were made to form hydrogen bonded adducts of these substituted 
carboranes with other Lewis bases, namely diazabicyclooctane (dabco) and 
1,3-dimethylimidazolidinone, in the hope of forming solid, ideally 
crystalline, adducts. 

2.2.9 1-Phenyl-orthocarborane/dabco system 
(2.9) 

�wo 

Addition of 1 equivalent of dabco to one millimole of 1-phenyl- 
orthocarborane partially dissolved in toluene, followed by gentle heating, 
caused complete dissolution of the 1-phenyl-orthocarborane,, as in 2.4. 
Slow evaporation of the toluene over a period of 24 hours gave a white 
powder, (2.9). Despite numerous attempts, no crystals could be grown, 
from either toluene or Et20 slutions. The solid state IR spectrum of this 
powder showed that it contained both 1-phenyl-orthocarborane and dabco, 

and once more the C-H stretching frequency of the 1-phenyl- 

orthocarborane was absent (as with 1-phenyl-orthocarborane/hmpa, 2.4),, 

with no peaks being present above 3000 cm-1 (compared to vma" (CH) = 
3066 cm-1 for pure 1-phenyl-orthocarborane 24). This indicated the 

presence of hydrogen bonding 11. The 1H NMR spectrum in C6D6 showed 

a mixture of unshifted 1-phenyl-orthocarborane and dabco signals, 
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integrating to a 1: 1 ratio of 1-phenyl-orthocarborane to dabco, which was 
confirmed by elemental analysis. 

2.2.10 I-Methyl-orthocarborane/dabco system 
(2.10) 

Me 

Addition of 1 equivalent of dabco to to one millimole of 1-methyl- 
orthocarborane partially dissolved in toluene caused complete dissolution 
of the 1-methyl-orthocarborane. Slow evaporation of the toluene over a 
period of 24 hours gave a white powder, (2.10). Despite many attempts,, no 
crystals could be grown, from either toluene or Et20 solutions. The solid 
state IR spectrum of this powder showed that it contained both 1-methyl- 
orthocarborane and dabco, and the C-H stretching frequency of the 1- 

methyl-orthocarborane occurred at Vmax = 3062 cm-1 (compared to Vmax 
(CH) = 3066 cm-1 for pure 1-methyl-orthocarborane 25), suggesting little 

evidence of hydrogen bonding. This contrasts both with the dabco adduct 
of 1-phenyl-orthocarborane (2.9)., and with the hmpa adduct of 1-methyl- 

orthocarborane (2.5),, which both show strong evidence of hydrogen 
bonding in their IR spectra. 

The IH NMR spectrum of 2.10 in C6D6 showed a mixture of 

unshifted 1-methyl-orthocarborane and dabco signals, integrating to a 1: 1 

ratio of 1-methyl-orthocarborane to dabco, which was once more 

confirmed by elemental analysis. 
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21.11 I-Phenyl-orthocarborane /1,3-dimethylimidazolidinone system 
(2.11) 

Me 

N c 
C=O, 

c 
NH 
%c 
Me 

Addition of 1 equivalent of 1,3-dimethylimidazolidinone to 1 
millimole of 1-phenyl-orthocarborane partially dissolved in toluene, 
followed by gentle heating, caused complete dissolution of the 1-phenyl- 
orthocarborane. Slow evaporation of the toluene over a period of 24 hours 
gave a white powder, (2.11). Despite many attempts,. crystals could not be 
grown, from either toluene or Et20 solutions. The solid state IR spectrum 
of this powder showed that it contained both 1-phenyl-orthocarborane and 
1,3-dimethylimidazolidinone co-crystallate, and the C-H stretching 
frequency of the 1-phenyl-orthocarborane occurred at vmax = 3060 cm-1 
(compared to Vmax (CH) = 3066 cm-1 for pure 1-phenyl-orthocarborane 24), 

suggesting little evidence of hydrogen bonding. This is in contrast with 
other 1-phenyl-orthocarborane adducts (with hmpa,, 2.4, and with dabco, 

2.9) which show definite signs of hydrogen bonding in their IR spectra. 
The 1H NMR spectrum of 2.11 in C6D6 showed a mixture of 

unshifted 1-phenyl-orthocarborane and 1,3-dimethyfimidazolidinone co- 

crystallate signals, integrating to a 1: 1 ratio of 1-phenyl-orthocarborane to 

1,3 -dime thylimida zoli dinone co-crystallate, which was once more 

confirmed by elemental analysis. 
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2.2.12 Orthocarborane/tris(dimethylamino)iminophosphorane system in 
air 

(2.12) 

H 
C: 

Me2N 
\/H 

2 
Me2N%%"" Pý--N + 

Me2N 

Moist 
Me2N\ 

(D 

Air 
Vo- Me2N%%, 4 

Pý--N\ 
H+ 

HC03 + B(OH)3 

Me2N 

Me2N 
\ 0/ H 

Me2N%11" 

-4 
\H 

Me2N 

HH 

Addition of 1 equivalent of tris(dimethylamino)iminophosphorane 
to one millimole of orthocarborane partially dissolved in toluene caused 
complete dissolution of the orthocarborane. Slow evaporation of the 
solvent over a period of seven days gave a white, microcrystalline solid 
containing a number of larger colourless crystals. These larger crystals, 
(2.12), were isolated. The solid state IR spectrum of these crystals showed 
that they no longer contained orthocarborane absorptions, but still 
appeared to contain tris (dimethyl amino) iminophos phorane. Also, 

absorptions of B(OH)3 were present. This combination of signals suggested 
that the carborane had been deboronated (B(OK3 is a deboronation by- 

product, see chapter 1), but that the nido carborane residue was not present 
in the larger, isolated crystals. The deboronation theory is plausible as 
(Me2N)P=NH is reasonably nucleophilic and -NH containing compounds 

are known to deboronate orthocarborane 27-29. IR spectroscopy of the 

microcrystalline solid showed a characteristic nido carborane BH 

absorption at Vmax = 2522 cm-1, as well as absorptions similar to those for 

(Me2N)P=NH. X-ray diffraction studies of the isolated crystals showed a 

structure containing B(OH)3., (Me2N)P=NH2+ and HC03-. The HC03- is 

believed to arise from H20 and C02 in the open atmosphere. The crystal 

structure is shown in figure 2.8. 
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Fig. 2.8 - Structure of B(OH)3 I (Me2N)P=NH2+ / HC03- co-crystallate 
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2.13 Metacarborane/tris(dimethylamino)iminophosphorane system in 
air 

(2.13) 

Me2N \H 
2 Me2N,,,, s. -P==N + 

Me2N 

Moist 
Me2N\ (DH E) 

Air "" Me2N X" P ý-- N+ HC03 + B(OH)3 
Me2N H 

Me2N 
. (E) H 

Me2N%'l"P'-'-'ýN 
-4 H MepN 

HH 

Addition of 1 equivalent of tris(dimethylamino)iminophosphorane 
to one millimole of metacarborane partially dissolved in toluene caused 
complete dissolution of the metacarborane. Slow evaporation of the 
solvent over a period of two weeks gave a white, microcrystalline solid 
containing a number of larger, colourless crystals. These larger crystals, 
(2.13), were isolated. The solid state IR spectrum of these crystals showed 
that they no longer contained metacarborane absorptions, but, as 
previously, still appeared to contain tris(dimethylamino) 
iminophosphorane. Also, absorptions of B(OH)3 were present,, suggesting 
that the carborane had been deboronated, but that the nido carborane 
residue was not present in the larger, isolated crystals. ER spectroscopy of 
the microcrystalline solid showed a characteristic nido carborane 

absorption at vmax = 2525 cm-1, as well as absorptions similar to those for 

(Me2N)P=NH. X-ray diffraction studies of the isolated crystals showed a 

structure containing B(OH)3, (Me2N)P=NH2+ and HC03-., which was 
identical to the structure found for 2.12. Again, the HC03- is believed to 

have arisen from H20 and C02 in the open atmosphere. 
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21.14 Paracarborane/tris(dimethylamino)iminophosphorane 

system in air 
(2.14) 

Me2N 
\H 

Me2N%W`PýN 

-4 Me2N 

H 

Moist Air 
Me2N 

\ (D 
/HG 

Me2N%""* + HC03 
.4H Me2N 

H 
c 

+2 

c 
H 

Addition of 1 equivalent of tris(dimethylamino)iminophosphorane 
to one millimole of paracarborane partially dissolved in toluene caused 
complete dissolution of the paracarborane. Slow evaporation of the 
solvent over a period of four days gave a white, crystalline solid. These 
crystals, (2.14), were isolated and their solid state IR spectrum was 
recorded. This spectrum showed the presence of paracarborane (Vma,, 
2600 cm-1), and no sign of B(OH)3. This is consistent with the known fact 
that paracarborane is substantially more resistant to deboronation than the 
other carborane isomers. The IR spectrum also showed signals attributable 
to (Me2N)3P=NH2+- X-ray diffraction studies on 2.14 showed ribbons of 
(Me2N)3P=NH2+ and HC03- ions cross-linked by hydrogen bonding 

paracarboranes (see fig. 2-9). 
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Fig. 2.9 - Paracarborane / (Me2N)3P=NH2+ / HC%- co-crystallate 
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Previous work at Durham has shown that deprotonation of an 
orthocarborane derivative RCBloHlOCXH (where X=0, S, NR), can result in the formation of a double bond between a carboranyl carbon and a non- 
cluster atom 18. This brought about dramatic changes in the cluster bonding (see figure 2.8). 

Fig. 2.8 - Deprotonation of 1-hydroxy-2-phenylorthocarborane 
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0 
ce 

0 el, 8 

The crystal structure of the product shows a C-0 distance of 1.25 A, 

much closer to the average value for a C=O double bond, 1.22 A 19 than 
the average value for a C-0 single bond, 1.43 A 19 (and notably shorter 
than the C-0 bond in phenol, 1.36 A 19). Also, the C-0 stretching frequency 
in the IR occurs at Vmax = 1460 cm-1 18, intermediate between the accepted 
values for C-0 single bonds (c. 1200 cm-1 20) and C=O double bonds (c. 1700 

cm-1 20). These results can be rationalised by ýdelocalisation of the negative 
charge from the oxygen atom into the electron-deficient cluster to form a 
dative n-bond. This addition of an electron pair to the delocalised, 

pseudoaromatic cluster causes the number of skeletal electron pairs to 
increase from 13 to 14. Due to this the cluster adopts the structure of a nido 
residue of a docosahedron (13 vertices), causing a substantial lengthening 

of the cluster C-C bond (2.00 A, compared with 1.64 'A for the protonated 

species 21), and changes in the other cluster bond lengths and angles 18. 
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Also of interest in this crystal stucture are the facts that the 
compound is monomeric, and there are no strong cation/anion 
interactions - the distance from the C=O carbon atom to the removed 
proton being a lengthy 3.85 A 17. This separation is believed to be due to 
the isolation of the H+, being enveloped by two (CH3)2N groups. It was 
thus attempted to synthesise a second salt of the 1-oxo-2-phenyl-1,2- 
dicarbadodecaborate(12) anion, containg a cation with a more accessible H 
atom, in the hope of observing carboranyl C-O---H hydrogen bonding. 
Ph3PMe+ was selected as a suitable cation, as it would be formed by the 
reaction of 1-hydroxy-2-phenylorthocarborane with the yhd Ph3P=CH2 (see 
scheme 2.9). 

2.2.15 Scheme 2.9 - Formation of methyl(triphenyl)phosphonium 
1-oxo-2-phenyl-1,2-dicarbadodecaborate(12) 

Y c, 
OH 

c+ 
Ph3P=CH2 

toluene 
- 

Ph3(Me)P+ 

; Cro 

Addition of a yellow toluene solution of Ph3P=CH2 to a colourless 
toluene solution of 1-hydroxy-2-phenylorthocarborane (1: 1 ratio of 

reactants) caused the immediate disappearance of the yellow colour. 
Removal of approximately half the solvent in vacuo, followed by cooling 

gave colourless crystalline blocks, 2.15. The reaction was performed under 
dry N2, but the crystals proved to be air-stable. 

The IR spectrum of 2.15 showed the C=O stretching frequency at 

Vmax = 1489 cm -1. very close to the value for the previously synthesised 

oxo-anion (Vmax = 1460 cm -1). 1H NMR spectroscopy and elemental 

analysis gave a 1: 1 ratio of carborane to phosphonium salt, as expected. X- 

ray diffraction of the crystals revealed a structure with substantial 

differences to the proton sponge salt (see fig. 2.10). 
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The most striking difference is that the structure of 2.15 is dimeric 
(and rather reminiscent of the structure of the orthocarborane/hmpa 
adduct, 2-1). This is because the CH3 hydrogens of the phosphonium cation 
are more accessible for hydrogen bonding than the H+ enveloped by 
proton sponge. The hydrogen bonding is trifurcated with respect to the 
oxygen atoms, each of them forming three hydrogen bonds to the 
phosphonium cations - one to a phenyl hydrogen, one to a hydrogen on 
the methyl group of each cation (ie. two 'methyl' hydrogen bonds per 
oxygen). The C-0 ... H hydrogen bonds are comparatively short (2.26 - 2.54 
0 A, see table 2.4), and it is believed to be these interactions that cause the 
structure to be dimeric. Despite these differences from the proton sponge 
structure, the C=O bond length (1.231(6) A) and cluster C-C bond length 0 

(2.065(7) A) are similar to the previously determined values. 

Table 2.4 Selected bond lengths for 2.15 

OIA ... H22A 0 2.32(6) A C10A ... H10A 0 1.02(5) A 
01A ... H10A 2.54(5) A C22A ... H22A 0-99(6) A 

01A ... H10C 0 2.26(6) A C2A ... 01A 0 1.234(6) A 
01A ... C22A 0 3.303(6) A H10A ... ClOB 0.95(6) A 

01A ... C10A 3.538(7) A 

01A ... ClOB :1 0 
_3.148(7) 

A 
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Fig. 2.10 - Molecular structure of 2.15 
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Given the success of the previous experiment, it was decided to 
prepare the phosphonium salt of another carborane derivative, 1,2- 
dimercaptoorthocarborane 22. As previously, the proton sponge salt of the 
resultant anion,, C2Bj0H10S2H-, had been prepared 23 - X-ray diffraction 
showed it to be monomeric and broadly similar to the other proton sponge 
salt, but the crystal structure was seriously disordered. Once more, 
Ph3P=CH2 was used as the deprotonating agent to give a stable 
phosphonium cation (scheme 2.11). 

2.2.16 Scheme 2.11 - Formation of the methyl(triphenyl) phosphonium 
salt of 1,2-dimercapto-1,2-dicarbadodecaborane 

SH 
I 

c 

-SH c+ 
Ph3P=CH2 toluene 

SH Ph3(Me)p+ 

rs c 

Addition of a yellow toluene solution of Ph3P=CH2 to a colourless 
toluene solution of 1,2-dimercaptoorthocarborane (1: 1 ratio of reactants) 
caused the immediate disappearance of the yellow colour. Removal of 
approximately half the solvent in vacuo, followed by cooling gave 
colourless crystals, 2.16. The reaction was performed under dry N2, but the 

crystals again proved to be air-stable. 
The ER spectrum of 2.16 showed the C=S stretching frequency at 

Vmax = 1006 an -1 , closer to the value for C=S double bonds (c. 1100 CM-1 20) 

than C-S single bonds (c. 650 cm-1 20). IH NMR and elemental analysis 

again gave a 1: 1 ratio of carborane to phosphonium salt, as expected. The 

crystal structure of 2.16 revealed a similar stucture to that of 2.15. Again, 

the structure is dimeric, with considerable hydrogen bonding between the 

cations and anions (see fig. 2.12). Although there is some degree of 
disorder with respect to the carborane cages, it can be clearly seen that the 

hydrogen bonding is tetrafurcated about the S(1) atoms - each forms two C- 

S ... H hydrogen bonds with phenyl hydrogens (one on each cation) and two 

C-S---H hydrogen bonds with methyl hydrogens (again, one on each 

cation). Further data are given in table 2.5. The C=S bond length is 1.737(3) 
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00 A (compared to 1.729(4) A in the proton sponge salt), similar in both 

compounds. 

Fig. 2.12 - Molecular structure of 2.16 



46 

Table 2.5 - Selected bond lengths for 2.16 

Bond Length/ A Bond Length/A 
SlA.. -ClA 1.737(3) A SlA---C3B 3.704 A 

SlA ... H3CA 2.859 A' SlA ... C3A 3.831 A 
SlA ... H32A 2.793 A 0 SlA ... C32A 3.730 'A' 
SlA ... H3AB 2.819 A 0 SlA ... C22B 3.786 A 
SlA ... H22B 2.850 A 0 

Table 2.6 - Summary of carborane/Lewis base adducts 

IR evidence of 
Adduct State hydrogen 

X-ray evidence of 
hydrogen bonding 

bonding? 
Orthocarborane HNIPA Solid Q Yes Yes 

Metacarborane HN4PA Solid Yes Yes 

Paracarborane HMPA Solid Yes Yes 

1-Phenylortho carborane / 
Oil Yes No 

HMPA 

1-Methylortho carborane / 
Oil Yes No 

HMPA 

Orthocarborane 
Solid Yes Pending 

(Me2N)3P=NH 

Metaarborane / (Me2N)3P=NH Solid Yes No 

Paracarborane / (Me2N)3P=NH Solid Yes Pending 

Orthocarborane dabco 30 Solid Yes No 

Metacarborane dabco 30 Solid Yes No 

Paracarborane dabco 30 Solid Yes No 

i-Phenylortho carborane Solid Yes No 
dabco 

1-Methylortho carborane Solid No No 
dabco 

Orthocarborane / 1/3- 
Solid Yes No 

30 dimethylimid -azohdinone 
Metacarborane / 1,3- 

Solid Yes No 
30 dimethylimid -azohdinone 
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Paracarborane / 1,3- 

_dimethylmud -azolidinone 30 
Solid Yes No 

1-Phenylortho carborane / 1,3- 
dimethylimid -azolidmone 

Solid No No 

1-Methylortho carborane / 1,3- 
dimethylimid -azolidinone 30 Oil No No 

methyl(triphenyl) 
phosphonium 1-oxo-2-phenyl- Solid Yes Yes 

1,2-dicarba dodecaborate(12) 

methyl(triphenyl) phosphonium 1,2- 
di mercapto-1,2-dicarba Solid Yes Yes 

dodecaborate (12) 

The results summarised in the above table indicate that all three 
unsubstituted carborane isomers hydrogen bond more readily than either 
of the substituted carboranes. This can be rationalised by the substituent 
(Ph or Me) donating electron density to the carborane cage, thus reducing 
the Lewis acidity of the carboranyl CH hydrogens. Steric factors may also 
play a part. Of the two substituted orthocarboranes studied, phenyl- 
orthocarborane appears to participate more readily in hydrogen bonding 
(phenyl-orthocarborane/dabco shows hydrogen bonding in its IR 

spectrum, whereas methyl-orthocarborane/dabco does not) - this may be 
due to the fact that the methyl group is more electron-releasing than 

phenyl, and thus counteracts the carborane CH acidity to a greater extent. 
This hypothesis requires further research. 

2.3 Experimental 

2.3.1 Orthocarborane/hmpa co-crystallate 
(2.1) 

Orthocarborane (0.46 g, 3.18 mmol) was partially dissolved in toluene (c. 5 

ml), and hmpa was added (0.50 g,, 3.18 mmol) causing complete dissolution 

of the orthocarborane. Slow evaporation over 3 days gave a crop of 

colourless crystals, (2.1). 
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Yield: 922 mg, 96% 
IR (KBr Disc) vmax/cm-1: 2995 s (methyl CH stretch); 2932 m (methyl CH 
stretch); 2886 s (methyl CH stretch); 2847 m (methyl CH stretch); 2580 vs, br 
(BH stretch); 1489 m (C-N stretch); 1457 m (C-N stretch); 1298 s (P=O 
stretch); 1197 s (P=O stretch); 986 vs (P-N stretch); 720 s (BH wag). 
NMR (C6D6) IH 8 1.0-3.7 ppm (v- broad multiplet, Bli), 2.41 (s, CH3)., 3.58 
(broad s, CM. 
E. A. Found: C 29.5, H 9.3, N 13.0 ; C8H30BION3PO requires C 29.7, H 9.4, N 
13.0. 

2.3.2 Metacarborane/hmpa co-crystallate 
(2.2) 

Metacarborane (0.46 g, 3.18 mmol) was partially dissolved in toluene (c. 5 

ml), and hmpa was added (0.50 g, 3.18 mmol) causing complete dissolution 

of the metacarborane. Slow evaporation over 18 hours gave a crop of 
colourless crystals, (2.2). 

Yield: 883 mg, 92% 
IR (KBr Disc) vmax/cm-1: 2996 s (methyl CH stretch); 2922 m (methyl CH 

stretch); 2889 s (methyl CH stretch); 2847 m (methyl CH stretch); 2807 m 
(methyl CH stretch); 2602 vs, br (BH stretch); 1488 m (C-N stretch); 1458 m 
(C-N stretch); 1300 s (P=O stretch); 1197 s (P=O stretch); 987 vs (P-N stretch); 
720 s (BH wag). 
NMR (C6D, 6) IH 8 1.0-3.8 ppm (v. broad multiplet, BýH), 2.41 (s, CH3), 2.64 
(broad s, C11). 
E. A. Found: C 29.3, H 9.4, N 12.7; C8H3OBjON3PO requires C 29.7, H 9.4, N 

13.0. 

2.3.3 Paracarborane/hmpa co-crystallate 
(2.3) 

Paracarborane (0-46 g, 3.18 mmol) was partially dissolved in toluene (c. 5 

ml), and hmpa was added (0.50 g, 3.18 mmol) causing complete dissolution 

of the paracarborane. Slow evaporation over 3 days gave a crop of 

colourless crystals, (2.3). 
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Yield: 941 mg, 98% 
IR (KBr Disc) vrnax/cm-1: 2993 s (methyl CH stretch); 2925 m (methyl CH 
stretch); 2887 s (methyl CH stretch); 2846 m (methyl CH stretch); 2806 m 
(methyl CH stretch); 2606 vs,, br (BH stretch); 1487 m (C-N stretch); 1459 m 
(C-N stretch); 1299 s (P=O stretch); 1204 s (P=O stretch); 982 vs (P-N stretch); 
721 s (BH wag). 
NMR (C6D6) 1H 5 1.0-3.9 ppm (v. broad multiplet, BNJ, 2.04 (broad s, CID, 
2.41 (s, CH3). 

E. A. Found: C 30.1, H 9.1, N 12.9; C8H3OBjON3PO requires C 29.7, H 9.4, N 
13-0. 

2.3.4 1-Phenyl-orthocarborane/hmpa system 
(2.4) 

1-Phenyl-orthocarborane (0-35 g, 1.59 mmol) was partially dissolved in 
toluene (c. 5 ml), and hmpa was added (0.25 g, 1.59 mmol) causing, after 
gentle heating, complete dissolution of the 1-phenyl-orthocarborane. 
Slow evaporation over 7 days gave a viscous, colourless oil, (2.4). 

Yield: 564 mg, 94% 
IR (NaCI plates) vmax/cm-1: 2994 m (methyl CH stretch); 2878 s (methyl CH 

stretch); 2884 m (methyl CH stretch); 2803 s (methyl CH stretch); 2557 

vs, vbr (BH stretch); 1687 s (unassigned); 1485 s (C-N stretch); 1462 s (C-N 

stretch); 1304 m (P=O stretch); 969 sbr (P-N stretch); 741 vs (BH wag). 
NMR (C6D6) 1H 8 1.1-4.1 ppm (v. broad multiplet, BHJ, 2.42 (s, CH3), 7.30- 

7.43 (multiplet, phenyl C11), 7.47-7.50 (d, phenyl CH). 

E. A. Found: C 41.6, H 9.0, N 10.5 ; C14H34BjON3PO requires C 42.1, H 8.9, N 

10.5. 

2.3.5 1-Methyl-orthocarborane/hmpa system 
(2.5) 

1-Methyl-orthocarborane (0-25 g, 1.59 mmol) was partially dissolved in 

toluene (c. 5 ml), and hmpa was added (0-25 g, 1.59 mmol) causing 

complete dissolution of the 1-methyl-orthocarborane. Slow evaporation 

over 7 days gave a viscous, colourless oil, (2.5). 

Yield: 445 mg, 89% 



50 

IR (NaCl plates) vmax/cm-1: 2996 m (methyl CH stretch); 2881 sbr (methyl 
CH stretch); 2846 s (methyl CH stretch); 2805 s (methyl CH stretch); 2571 
vs, br (BH stretch); 1687 s (unassigned); 1484 m (C-N stretch); 1461 s (C-N 
stretch); 1299 s (P=O stretch); 1201 s (P=O stretch); 972 s (P-N stretch); 749 vs 
(BH wag). 
NMR (C6D6) 1H 8 0.9-3.8 ppm (v- broad multiplet, Bli), 2.02 (s, carborane 
CH3), 2.41 (s, hmpa C-H3), 3.59 (broad s, Co. 
E. A. Found: C 31.6, H 9.3, N 12.3 ; C9H32B 1 ON3PO requires C 32.0, H 9.6, N 
12.4. 

2.3.6 Orthocarborane/tris(dimethylamino)iminophosphorane system 
(2.6) 

Orthocarborane (288 mg, 2.0 mmol) was dissolved in dry, degassed toluene 
(15 ml) under N2, and tris(dimethylamino)iminophosphorane (312 mg, 
2.0 mmol) was added by syringe. Approximately half the solvent was then 
removed in vacuo, and the concentrated solution was left to stand for five 

weeks. After this time, colourless crystals were observed to have formed in 
the Schlenk tube, and these were isolated (under NO and submitted for X- 

ray analysis. 

IR (KBr disc) vmax/crn-1: 3348 s, vbr (NH stretch), 2990 m (methyl CH 

stretch), 2898 m (methyl CH stretch), 2834 m (methyl CH stretch), 2580 

vs, br (BH stretch), 1443 m (C-N stretch), 1282 m (P=N stetch), 998 m (P-N 

stretch), 722 s (BH wag) - 
NMR (C6D6) 1H 8 0.16 ppm (broad s, Nji), 1.0-3.7 (v. broad multiplet, B11), 

2.40 (s, CM), 3.56 (broad s, C-H). 

2.3.7 Metacarborane/tris(dimethylamino)iminophosphorane system 
(2.7) 

Metacarborane (288 mg, 2.0 mmol) was dissolved in dry, degassed toluene 

(20 ml) under N2, and tris(dimethylamino)iminophosphorane (312 mg" 

2.0 mmol) was added by syringe. Approximately half the solvent was then 

removed in vacuo, and the concentrated solution was left to stand. After 

approximately two months, no crystals were observed to have formed in 

the Scl-denk tube, so a small fraction (3 ml) of the solution was extracted 

via syringe,, the solvent removed in vacuo from this fraction (giving a 
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small amount of white powder) and the IR and NMR spectra of the solid 
were swiftly performed. 

IR (KBr disc) vmax/cm-1: 3372 s, vbr (NH stretch), 2992 m (methyl CH 
stretch), 2900 s (methyl CH stretch), 2842 m (methyl CH stretch),, 2587 vs,, br 
(BH stretch), 1427 m (C-N stretch), 1282 m (P=N stetch), 926 m (P-N 
stretch), 723 s (BH wag). 
NMR (C6D6) IH 5 0.24 ppm (broad s, Nji), 1.0-3.8 (v. broad multiplet" BE), 
2.39 (s, CH3), 2.63 (broad s, CH). 

2.3.8 Paracarborane/tris(dimethylamino)iminophosphorane system 
(2.8) 

Paracarborane (288 mg, 2.0 mmol) was dissolved in dry, degassed toluene 
(20 ml) under N2, and tris(dimethylamino)iminophosphorane (312 mg, 
2.0 mmol) was added by syringe. Approximately half the solvent was then 
removed in vacuo, and the concentrated solution was left to stand for five 

weeks. After this time, colourless crystals were observed to have formed in 
the Schlenk tube, and these were isolated (under NO and submitted for X- 

ray analysis. 

IR (KBr disc) vmax/cm-1: 3333 s, vbr (NH stretch), 2989 m (methyl CH 

stretch), 2898 m (methyl CH stretch), 2821 w (methyl CH stretch), 2599 vsbr 
(BH stretch), 1458 m (C-N stretch), 1402 w (C-N stretch), 1286 m (P=N 

stetch), 1000 m (P=N stretch), 722 s (BH wag). 
NMR (C6D6) 1H 5 0.29 ppm (broad s, Nji), 1.0-3.9 (v- broad multiplet, BH), 

3.56 (broad s, CM, 2.40 (s, CH3). 

2.3.9 i-Phenyl-orthocarborane/dabco system 
(2.9) 

1-Phenyl-orthocarborane (220 mg, 1.00 mmol) and dabco (112 mg, 1.00 

mmol) were dissolved in toluene (c 5 ml), with gentle heating. Slow 

evaporation of the solvent over 3 days gave a white powder, (2.9). 

Yield: 315 mg, 95% 

IR (KBr disc) vmax/cm-1: 2953 s (CH2 stretch); 2931 m (CH2 stretch); 2866 m 

(CH2 stretch); 2615 s, sh (BH stretch); 2578 vsbr (BH stretch); 2556 s, sh (BH 
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stretch); 1497 m (C-N stretch); 1449 m (C-N stretch); 1321 m (CH2 stretch); 
1058 s (phenyl i. p. def); 1022 m (phenyl i. p. def); 772 vs (BH wag); 697 m 
(phenyl o. o. p. def); 685 m (phenyl o. o. p. def). 
NMR (C6D6) 1H 5 1.1-4.0 ppm (v. broad multiplet, BE), 2.48 (s, CHO, 7.32- 
7.44 (multiplet, phenyl CH), 7.46-7-52 (multiplet, phenyl QH). 
E. A. Found: C 49.8, H 8.8, N 8.0 ; CAH28BION2 requires C 50.5,, H 8.51 N 8.4. 

2.3.10 1-Methyl-o-rthocarborane/dabco system 
(2.10) 

1-Methyl-orthocarborane (158 mg, 1.00 mmol) and dabco (112 mg, 1.00 
mmol) were dissolved in toluene (c 5 ml). Slow evaporation of the 
solvent over 3 days gave a white powder, (2.10). 

Yield: 254 mg, 94% 
IR (KBr disc) vmax/cm-1: 3062 w (carboranyl CH stretch); 2964 w (CH2/CH3 
stretch); 2945 m (CH2/CH3 stretch); 2875 m (CH2/CH3 stretch); 2571 vs, br 
(BH stretch); 2520 s, sh (BH stretch); 1464 m (C-N stretch); 1458 s (C-N 
stretch); 1057 s (phenyl i. p. def); 997 m (phenyl i. p. def); 774 vs (BH wag); 721 
m (phenyl o. o. p. def). 
NMR (C6D6) IH 8 1.0-3.8 ppm (v. broad multiplet, BH), 2.02 (CH3), 2.48 (s, 
CH9), 3.63 (CU. 
E. A. Found: C 39.7, H 9.3, N 9.9 ; CgH26BION2 requires C 40.0, H 9.7, N 10-4. 

2.3.11 i-Phenyl-orthocarborane/1,3-dimethylimidazolidinone 

system 
(2.11) 

1-Phenyl-orthocarborane (220 mg, 1.00 mmol) and 1,3- 
dimethylimidazolidinone (112 mg, 1.00 mmol) were dissolved in toluene 
(c 5 ml), with gentle heating. Slow evaporation of the solvent over 3 days 

gave a white powder, (2.11). 

Yield: 287 mg. 86% 

IR (KBr disc) vmax/cm-1: 3060 m (carboranyl CH stretch); 3006 m (phenyl 

CH stretch); 2940 m (CH2 stretch); 2865 m (CH2 stretch); 2570 vsbr (BH 

stretch); 1697 vs (C=O stretch); 1504 s (C-N stretch); 1447 s (C-N stretch); 

1399 s (C-N stretch); 1291 m (CH2 stretch); 1249 m (CH2 stretch); 1073 m 
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(phenyl i. p. def); 1003 (phenyl i. p. def); 761 vsbr (BH wag); 737 m (phenyl 
o. o. p. deý; 692 s (phenyl o. o. p. def). 
NMR (C6D6) 1H 8 1.0-4.0 ppm (v. broad multiplet, BID, 2.51 (s, CH3), 2.71 (tj 
Cli2), 3.97 (broad s, Cli), 7.27-7.41 (multiplet, phenyl Cli), 7.47-7.50 (d, 
phenyl C-M - 
E. A. Found: C 46.1, H 7.7, N 7.9 ; C13H26BjON20 requires C 46-7., H 7.8, N 
8.4. 

2.3.12 Orthocarborane/tris(dimethylamino)iminophosphorane in 

moist air 
(2.12) 

0rtho carborane (144 mg/ 1.0 mmol) and 
tr is (dimethyl amino) iminophosphor ane (157 mg, 1.0 mmol) were 
dissolved in toluene (c 5 ml) in a vessel open to the atmosphere. Slow 

evaporation of the solvent over 7 days gave colourless crystals, (2.12), and 

a white powder. 

IR (KBr disc) vmax/cm-1: 3216 vsbr (B-0 stretch/NH stretch), 2998 m 
(methyl CH stretch), 2927 m (methyl CH stretch), 2804 m (methyl CH 

stretch), 2230 s., br (B-0 stretch),, 1588 s (C=O stretch),, 1451 m (C-N stretch). 
1398 m (C=O stretch), 1248 m (P=N stetch), 998 m (P-N stretch). 

IR of white powder (KBr disc) vmax/cm-1: 3148 sbr (NH stretch), 2998 m 
(methyl CH stretch), 2925 m (methyl CH stretch), 2806 m (methyl CH 

stretch), 2522 vsbr (BH stretch), 1449 m (C-N stretch), 1250 m (P=N stetch), 

997 s (P-N stretch), 732 s (BH wag) - 

2.3.13 Metacarborane/tris(dimethylamino)iminophosphorane in 

moist air 
(2.13) 

Meta carborane (144 M91 1.0 mmol) and 

tris (dime thyl amino) iminophosphor ane (157 mg, 1.0 mmol) were 

dissolved in toluene (c 5 ml) in a vessel open to the atmosphere. Slow 

evaporation of the solvent over 14 days gave colourless crystals, (2.13), and 

a white powder. 
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IR (KBr disc) vmax/cm-1: 3230 vs, br (B-0 stretch/NH stretch), 2995 m 
(methyl CH stretch), 2936 m (methyl CH stretch), 2812 m (methyl CH 
stretch)., 2230 s,. br (B-0 stretch), 1588 s (C=O stretch),, 1436 w (C-N stretch), 
1394 m (C=O stretch), 1251 m (P=N stetch), 996 m (P-N stretch). 

IR of white powder (KBr disc) vmax/cm-1: 3199 s, vbr (NH stretch), 2998 m 
(methyl CH stretch), 2926 m (methyl CH stretch), 2808 m (methyl CH 
stretch), 2525 vsbr (BH stretch), 1453 m (C-N stretch), 1248 w (P=N stetch), 
1008 m (P-N stretch), 734 vs (BH wag). 

2.3.14 Paracarborane/tris(dimethylamino)iminophosphorane in 
moist air 

(2.14) 
Para carborane (144 mg/ 1.0 mmol) and 
tr is (dimethyl amino) iminophosphor ane (157 mg, 1.0 mmol) were 
dissolved in toluene (c 5 ml) in a vessel open to the atmosphere. Slow 
evaporation of the solvent over 4 days gave colourless crystals, (2.12). 

IR (KBr disc) vmax/cm-1: 3195 svbr (NH stretch), 2995 m (methyl CH 
stretch),, 2925 m (methyl CH stretch), 2818 w (methyl CH stretch),, 2600 vsbr 
(BH stretch),, 1590 s (C=O stretch),, 1444 w (C-N stretch), 1402 m (C=O 

stretch), 1250 m (P=N stetch),, 999 m (P-N stretch), 720 s (BH wag). 

2.3.15 Methyl(triphenyl)phosphonium 1-oxo-2-phenyl-1,2- 
dicarbadodecaborate(12) 

(2.15) 

1-Phenyl-2-hydroxy-orthocarborane (118 mg, 0.50 mmol) was dissolved in 
toluene (20 ml) under N2. in a Schlenk tube. In a separate Schlenk tube 
PhRýCH2 (138 mg,, 0.50 mmol) was also dissolved in toluene (20 ml), 
giving a yellow solution. The two solutions were cooled to 0 'C, and 

combined, under NZ, in a third Schlenk tube, causing the yellow colour to 
disappear. After 30 minutes stirring, approximately half the solvent was 

removed in vacuo, and the solution was placed in the freezer at -30 'C. 

After 48 hours at this temperature colourless,, block-like crystals were 

observed to have formed. These crystals were isolated and submitted for X- 

ray analysis. 
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Yield 148 mg, 58% 
IR (KBr disc) vmax/cm-1: 3026 m (phenyl CH stretch), 2999 m (phenyl CH 
stretch), 2925 m (methyl CH stretch),, 2834 w (methyl CH stretch), 2560 
vs, vbr (BH stretch), 1489 vs (C=O stretch), 1451 m (P-C stretch), 1064 m 
(phenyl i. p. def), 1052 m (phenyl i. p. def), 731 s (BH wag), 668 m (phenyl 
o. o. p. def). 
NMR (C6D6) IH 8 0.9-3.7 ppm (v. broad multiplet, BH), 2.62 (s, CH3), 7-38- 
7.55 (complex multiplet, phenyl Cli). 
E. A. Found: C 64.0, H 6.3 ; C27H33BjOPO requires C 63.3, H 6.5. 

2.3.16 Methyl(txiphenyl)phosphonium 1-thia-2-mercapto-1,2- 
dicarbadodecaborate(12) 

(2.16) 
1,2-Dimercapto-orthocarborane (208 mg, 1.0 mmol) was dissolved in 
toluene (20 ml) under N2. in a Schlenk tube. In a separate Schlenk tube 
Ph3P=CH2 (257 mg, 1.0 mmol) was also dissolved in toluene (20 ml), 
giving a yellow solution. The two solutions were cooled to 0 'C, and 
combined, under N2. in a third Schlenk tube, causing the yellow colour to 
disappear. After 20 minutes stirring, approximately half the solvent was 
removed in vacuo, and the solution was placed in the freezer at -30 'C. 
After 7 days at this temperature colourless crystals were observed to have 
formed. These crystals were isolated and submitted for X-ray analysis. 

Yield: 200 mg, 43% 
IR (KBr disc) vmax/cm-1: 3027 m (phenyl CH stretch),, 2993 m (phenyl CH 

stretch), 2925 m (methyl CH stretch),, 2808 w (methyl CH stretch), 2564 s,, vbr 
(BH stretch), 1451 m (P-C stretch), 1104 m (phenyl i. p. def), 1088 m (phenyl 

i. p. def), 1006 vs (C=S stretch),, 740 m (phenyl o. o. p. deo, 727 s (BH wag), 668 

m (phenyl o. o. p. def). 

NMR (C6D6) 1H 8 1.0-3.8 ppm (v. broad multiplet, BH), 2.62 (s,, CH3),, 7.41- 

7.54 (complex multiplet, phenyl CH). 

E. A. Found: C 52.2, H 5.8; C2jH29B1OS2P requires C 52.0, H 6.0. 
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Chapter 3 

Novel carborane derivatives 
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3.1 Introduction 

Derivatisation of carboranes has been carried out from the very 
begining of research into the dicarbadodecaborane(12) system, in the early 
1960s 1,2. To date, hundreds of carborane derivatives have been prepared, 
most of them derivatised at the cluster carbon atoms. A comprehensive 
discussion of these compounds is not possible here, but there are several 
relevant reviews 3. As mentioned in chapter 1,, many orthocarborane 
derivatives can be simply prepared from the appropriately substituted 
ethyne and decaborane 4. The other widely used route to substituted 
orthocarboranes (and the chief route to substituted meta- and para- 
carboranes) is reaction of the appropriate halo-derivative with the 
metallated carborane, see figure 3.1. The metal is usually hthium, 5 but 

magnesium 6 (ie. a carboranyl Grignard reagent) and copper(j) 7,8 are also 
useful, particularly where the lithiocarborane proves insufficiently 

reactive. Disubstitution is similarly possible by these routes. 

Fig. 3.1 - Carborane substitution via metallated intermediates 

R 

A 
R'Hal conditions 

vary 

[M] = Li, MgX, Cu 

[M]Hal 

The synthesis of one recently prepared carborane derivative, 1-(2- 

pyridyl)-orthocarborane (fig. 3-2), appeared worthy of further investigation. 

Synthesis via the reaction of decaborane with (2-pyridyl)ethyne proved 

only partially successful - the reaction proved to be low-yielding and 

required a tedious and very time consuming work-up 8. This is believed to 

be because the pyridyl moiety interacts with the open face of the 

decaborane, thus deterring reaction with the acetylenic triple bond. Efforts 

to make 1-(2-pyridyl)-orthocarborane via the metal halide elimination 

route (in this case Cu) also proved unsatisfactory, Attempts to prepare 1-(2- 

pyridyl)-orthocarborane yielded only the disubstituted product (1.2-bis-(2- 
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pyridyl)-orthocarborane) and unchanged orthocarborane. This 
disubstitution is believed to arise from activation of the second carboranyl 
CH hydrogen atom by the newly-added pyridyl group (in the form of a C- 
H---N hydrogen bond), thus transferring the copper moiety to the 
unsubstituted carboranyl carbon and facilitating further attack by pyridyl 
halide 8. This thesis appears to be supported by the discovery of an 
intramolecular C-H-.. N hydrogen bond in the recently determined crystal 
structure of 1-(2-pyridyl)-orthocarborane (the compound is monomeric) 9. 

Fig. 3.2 - 1-(2-pyridyl)-orthocarborane 

To the author's knowledge, this structure, along with that of the 
carboranyl ether illustrated in chapter 2, represent the only crystal 
structures to show carboranyl C-H ... X hydrogen bonding solely involving 

carborane derivatives. Given the importance of hydrogen bonding in 
determining solid state structure, and the possibility of preparing new 
carboranyl ligands possessing pendant Lewis bases (and thus potential 
chelation sites), it was decided to prepare novel carboranyl derivatives 

containing Lewis basic groups capable of participation in C-H ... X hydogen 

bonds. 

3.2 Results and discussion 

Given the difficulties in preparing 1-(2-pyridyl)-orthocarborane 

outlined above, it was decided to attempt an easier route to a carborane 
derivative with a pendant pyridyl group. To this end, 2-picolyl chloride 
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was treated with 1-lithioorthocarborane in an effort to prepare 1-(2- 
picolyl)-orthocarborane. 

3.2.1 1-(2-picolyl)-orthocarborane 

(3.1) 

H2C N 

CH 

'Free' 2-picolyl chloride (obtained by reacting 2-picolyl chloride 
hydrochloride with NaHC03) was treated in Et20 with 1-lithio- 
orthocarborane at -78 'C under dry N2 conditions. The reaction reached 
completion very rapidly, and after isolation and purification, 1-(2-picolyl)- 
orthocarborane, (3.1), was obtained in 57% yield. The solid state IR 
spectrum of 3.1 showed the carboranyl C-H absorption at Vmax = 3017 CM-1, 
outside the region typical for orthocarboranyl C-H absorptions (roughly 
3075-3050 cm-1). This shift, coupled with the broadening of the C-H signal, 
suggested that hydrogen bonding was occurring. When the IR spectrum 
was re-run as a dilute solution in C6D6. the carboranyl C-H absorption 
appeared at the more typical value Of Vmax -- 3058 cm-1. This result 
implied that the hydrogen bonding present was predominantly 
intermolecular, as opposed to the intramolecular C-H ... N hydrogen 
bonding found in the crystal structure of 1-(2-pyridyl)-orthocarborane. This 

conclusion was confirmed by X-ray diffraction studies of a single crystal of 
3.1. The structure showed relatively strong intermolecular C-H ... N 
hydrogen bonds (2.41A, cf. 2.35 Lntramolecular C-H ... N distance in 1-(2- 

pyridyl)-orthocarborane) and comparatively weak intramolecular C-H ... N 
0 interactions of 2.58 A (see fig. 3.3). 
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Fig. 3.3 - Molcular structure of 1-(2-picolyl)-orthocarborane, (3.1) 

This prevalence of intermolecular hydrogen bonding leads to a 
dimeric structure in the solid state. The dimeric pairs stack above one 
another, forming columns of dimers running through the crystal (see fig. 
3.4). This long-range order is absent in the crystal structure of 1-(2-pyridyl)- 
orthocarborane, demonstrating the major changes in macromolecular 
architecture possible via a small change in molecular structure. Hence the 
possibilities of crystal engineering by tailored C-H ... X hydrogen bonding in 
these systems becomes apparent 10. 



Fig. 3.4 - Packing diagram Of I (2-pi colyl)-orthocarb Oran e wing 
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In order to demonstrate that this preparative route was not solely 
applicable to orthocarboranyl systems, the synthesis of 1-(2-picolyl)- 
metacarborane was attempted in an analogous manner. 

3.2.2 1-(2-picolyl)-metacarborane 
(3.2) 

I ***ý 

'. 00 ýo 

O'. 

0e H2C N 
I 

'Free' 2-picolyl chloride (from 2-picolyl chloride hydrochloride and 
NaHC03) was treated in Et20 with 1-lithio-metacarborane at -78 'C under 
dry N2 conditions. The reaction quickly reached completion, and after 
isolation and purification, 1-(2-picolyl)-metacarborane, (3.2), was obtained 
in 18% yield. The reasons for this low yield are not known, and no other 
carborane-containing species (other than unchanged metacarborane) was 
recovered. The solid state IR spectrum of 3.2 showed the carboranyl C-H 

absorption at Vmax = 3013 cm-1, outside the region typical for 

metacarboranyl C-H absorptions (roughly 3070-3040 cm-1). This shift, 

coupled with the broadening of the C-H signal, suggested the occurrence of 
hydrogen bonding as for 3.1. Unfortunately, no crystals suitable for X-ray 

diffraction could be grown. 

As well as making the carboranyl CH groups acidic, the electron- 

withdrawing nature of the carborane cluster increases the acidity of any 

substituents attached to the cage (see, for example, the facile deprotonation 

of carboranyl hydroxy- and carboranyl mercapto-substituents in chapter 2). 

Thus it was decided to try to prepare an orthocarboranyl derivative with a 

Lewis acidic functionality on one cage carbon atom interacting with the 

Lewis basic picolyl nitrogen on the other. To this end 1-(2-pyridyl)-2- 

mercapto-orthocarborane was synthesised. 
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3.2.3 1-(2-pyridyl)-2-mercapto-orthocarborane 

(3.3) 

OOOPO' 

NN 

c 

1-(2-pyridyl)-2-lithio-orthocarborane (prepared by the action of n- 
BuLi on 1-(2-pyridyl)-orthocarborane) was treated with excess resublimed 
sulphur in Et20r under dry N2 conditions. Following overnight stirring, 
the reaction mixture was filtered and treated with a mild acid work-up, 
yielding crude 1-(2-pyridyl)-2-mercapto-orthocarborane, Pure 1-(2-pyridyl)- 
2-mercapto-orthocarborane, (3.3), then spontaneously crystallised fom the 
crude product in 85% yield. The IR spectrum of 3.3 showed a broad 
absorption at Vmax = 2642 cm-1, attributable to a hydrogen bonded S-H 
group 11. X-ray diffraction studies of the colourless crystals showed that 3.3 
possessed a very interesting solid state structure (see figs 3.5 - 3.8). 
Although the molecular structure of 1-(2-pyridyl)-2- 
mercaptoorthocarborane (fig. 3.5) is unsurprising, the individual 
molecules are linked by intermolecular S-H ... S hydrogen bonds to form (x- 
helices (figs. 3.6 - 3.8). This unusual arrangement results in chiral crystals, 
as no 0-helices are present. Hence this, and related, compounds have great 
promise in the area of non-linear optical materials, (NLO). This is because 
3.3 crystallises very readily in good yield, in a non-centrosymmetric space 
group (dictated by the chirality) -a prerequisite for NLO activity 12. It is 
hoped to conduct optical measurements on crystals of 3.3 at Durham. 



Fig. 3.5 - Crystal structure of 1-(2-pyridyl)-2-mercapto-orthocarborane, (3.3) 
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Fig. 3.7 Packing diagram for 1-(2-pyridyl)-2-mercapto-orthocarborane, (3.3), 

view along the a axis 



68 

Fig. 3.8 Packing diagram for 1-(2-pyridyl)-2-mercapto-orthocarborane, (3.3), 

view along the c axis 
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31.4 1-(2-pyridyl)-2-(trimethylstannyl)orthocarborane 

(3.4) 

c SnMe3 

1-(2-Pyridyl)-2-hthio-orthocarborane was prepared from n-BuLi and 
1-(2-Pyridyl)-orthocarborane under dry N2, as in 3.3. This 1-(2-Pyridyl)-2- 
lithio-orthocarborane was then allowed to react in situ with Me3SnCl in 
Et20. Filtration, followed by purification gave 1-(2-pyridyl)-2- 
(trimethylstannyl)-orthocarborane, (3.4), in 74% yield. The product was 
characterised by IR, NMR and elemental analyses, and variable 
temperature (VT) NMR spectroscopy was carried out. The VT 1H NMR 
experiment was performed in order to try to separate the signals from the 
three CH3 groups attached to the tin atom - it was thought that they may 
become inequivalent at low temperature due to interaction between the 
pyridyl nitrogen and the tin atom. However, no such inequivalence was 
observed down to -60 'C in CD202. Large, colourless crystals of 3.3 were 
grown from Et20 and submitted for X-ray diffraction. This revealed a 
monomeric structure (fig. 3.9) with what appears to be a weak 
Lntramolecular N ... Sn interaction - although the distance is long, c. 3.2 AA, 

the pyridyl ring is so positioned as to minimise this distance, and the 
Ccage-Sn and Ccage-Cring bonds are slightly angled toward each other (see 

table 3.3). There is no appreciable intermolecular interaction. 
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Fig. 3.9 - Molecular structure of 1-(2-pyridyl)-2-(trimethylstannyl)- 

O. rthocarborane, (3.4) 

13) 
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It was then decided to try to isolate a lithiated carborane derivative 
containing a pendant pyridyl group. The solid state structure of one 
previous lithiocarborane was known. 13 but not one in which the lithium 
atom interacted with a functional group attached to the carborane. If we 
postulate a Ccage-Li bond and aN... Li interaction, then in order to satisfy 
lithium's preferred coordination number of four 14 we must add either 
two monodentate or one bidentate ligand - the latter route being chosen. 

3.2.5 1-(2-picolyl)-24ithioo-rthocarborane TMEDA adduct 
(3.5) 

me. Me 

,, 
N,, 

Li CH2 

% % N--CM2 
Me Me 

1-(2-picolyl)-orthocarborane was dissolved in dry Et20 at -78 'C and 
n-BuLi added dropwise under N2. After stirring for one hour, dry TMEDA 

was added dropwise and the reaction vessel was left in the freezer (c. -30 
'C) for four days. After this time a white precipitate, 3.5, had formed. 

Despite numerous attempts, it proved impossible to grow X-ray quality 

crystals of 3.5. However, both IR and IH NMR spectra showed a total 

absence of carboranyl CH groups, as expected. 

3.2.6 1-(2-picolyl)-2-lithio-orthocarborane monoglyme adduct 
(3.6) 

Me 

CH2 Li%*' 

0 
ýe 
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1-(2-picolyl)-orthocarborane was dissolved in dry monoglyme under 
N2 and the reaction vessel was left in the freezer (c. -30 OC) for seven days. 
After this time, with no visible change in the colourless solution, the 
volume of the mother liquor was reduced by approximately one half and 
the concentrated solution returned to the freezer. After three further days 
a white precipitate, 3.6, had formed. Despite numerous attempts,, it proved 
impossible to grow X-ray quality crystals of 3.6. However, once more, both 
IR and 1H NMR spectra showed a total absence of carboranyl CH groups. 

3.2.7 I-orthocarboranylmethyl(phenyl) sulphide 
(3.7) 

H2C 

CH 

This compound was synthesised in an attempt to prepare a 

carboranyl derivative with yet another type of hydrogen bonding - C-H ... S. 

1-lithio-orthocarborane was prepared (from n-BuLi and orthocarborane) in 

ether at 0 'C under dry N2, and one equivalent of PhSCH2Cl was added, 

causing immediate reaction. After filtration and purification, 1- 

orthocarboranylmethyl(phenyl) sulphide, (3.7), was obtained in 38% yield. 

The IR spectrum of this compound showed the carboranyl C-H absorption 

shifted to Vmax - 3021 cm-1 (compared to 3075-3050 cm-1 for most 

orthocarborane derivatives) and reduced in intensity, both of which 

suggest hydrogen bonding. Unfortunately, no crystals suitable for X-ray 

diffraction could be grown. 
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3.2.8 1/2-bis(11,2-di-2'-picolyllethyl)-orthocarborane 

(3.8) 

1,2-Dilithio-orthocarborane (prepared from orthocarborane and two 
equivalents of n-BuLi) was suspended in Et20 at -78 'C under dry N2. To 
this was added two equivalents of 'free' 2-picolyl chloride. A rapid, 
exothermic reaction ensued, precipitating LiCl, which was removed by 
filtration. After sublimation in vacuo, to remove unreacted 
orthocarborane, 1,2-bis Q 1,2-di-2'-picolyll ethyl) orthocarborane, (3.8), was 
obtained in 38% yield. No 1,2-bis(2'-picolyl) orthocarborane, the intended 

product, was isolated. IR and NMR spectroscopy, along with m+ /e 

spectrometry and elemental analysis confirmed the identity of the product. 
It is not yet fully understood why 1,2-bis (I 1,2-di-2-picolyll ethyl) - 

orthocarborane is obtained in preference to 1,2-bis(2-picolyl)- 

orthocarborane (a small amount of which was detected in the m+ /e 

spectrum). A mechanism has been postulated (illustrated in fig. 3.10), 

involving rapid transfer of the lithium from the lithio-orthocarborane to 

the methylene carbon atoms of a 1,2-bis(2-picolyl)-orthocarborane 

molecule. The reaction of picolyl chloride with this lithio-species is 

assumed to proceed much faster than with 1,2-dilithio-orthocarborane - 
hence is the observed product. Presumably the two remaining aliphatic 
hydrogens in 1,, 2-biS(11,2-di-2'-picolyllethyl)-orthocarborane experience too 

much steric crowding to undergo lithiation/picolyl chloride attack 

themselves. 
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Fig. 3.10 - Postulated mechanism of 1,2-bis(j1,2-di-2'- 

picolyllethyl)orthocarborane, (3.8), formation 
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3.2.9 Is 1,2-b * (11,2-diphenyllethyl)orthocarborane 

(3.9) 

To a suspension of 1,2-dilithioorthocarborane in Et20 at -78 'C was 
added, under dry N2 conditions, two equivalents of benzyl chloride. Swift, 

exothermic reaction followed, precipitating LiCl, which was removed by 
filtration. Removal of orthocarborane by vacuum sublimation, followed 
by further purification gave 1,2-bis(I 1,2-diphenyll ethyl) orthocarbo rane, 
(3.9), in 39% yield. The reason why 3.9 is obtained rather than 1,2- 
dibenzylorthocarborane is believed to be analogous to that for 3.8. Crystals 

of 3.9 suitable for X-ray diffraction were grown from a toluene solution. 
The crystal structure is shown in fig. 3.11. 
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Li 

Fig. 3.11 - Molecular structure of 1,2-bis(11,2- 
diphenyl)ethyl)orthocarborane, (3.9) 

(18) 
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0 
3.3 Experimental 

3.3.1 Synthesis of 1-(2-picolyl)-orthocarborane 

(31) 

To a solution of orthocarborane (302 mg, 2.1 mmol) in dry Et20 (30 ml) at 
-78 'C under N2 was added n-BuLi in hexanes (1.45 ml, 1.46M, 2.1 mmol), 
forming 1-lithioorthocarborane. 

In a separate vessel 2-picolyl chloride hydrochloride (508 mg, 3.1 
mmol) was dissolved in Et20 and NaHCO3 (430 mg, 5.0 mmol, 60% excess) 
was added to neutralise the HCL After stirring for 1h the unreacted 
NaHC03 was removed by filtration and the Et20 was removed in vacuo, 
leaving 'free' 2-picolyl chloride (319 mg, 2.5 mmol)) as a pale pink oil. 

To the lithio-orthocarborane solution at -78 'C was added 2-picolyl 

chloride (268 mg. 2.1 mmol),, forming a white precipitate of LiCl. After 

warming to room temperature, water (30 n-d) was added, dissolving the 
LiCl. The Et20 layer was further washed with water (2 x 30 ml), and 
isolated before being dried over Na2SO4. Filtration, followed by removal of 
the solvent in vacuo gave a white solid. Unreacted orthocarborane was 
removed by vacuum sublimation (40 'C) to give pure 1-(2-picolyl)- 

orthocarborane. This was recrystallised from Et20., giving colourless 
crystals suitable for X-ray diffraction. 

A v--% ý, ppearance: Colourless crystals 
Yield: 280 mg, 57% 
IR: (KBr disc; vmax ): 3085 vw (pyridyl str), 3017 m, br (carboranyl CH str), 
2965 vw (pyridyl str), 2916 w (CH2 str), 2848 w (CH2 str), 2613 s, sh (BH str), 
2596 vsbr (BH str), 2576 vs, sh (BH str), 2562 s, sh (BH str), 1593 vs (C=N str), 
1571 m (C=N, str),, 1476 s (C=C str), 1438 s (C=C str), 1095 m (pyridyl i. p. def), 

1063 m (pyridyl, i. p. def), 1020 m (pyridyl i. p. def), 771 s (pyridyl o. o. p. def), 750 

m (pyridyl o. o. p. deý, 729 s (BH wag); 
NMR (CDC13): 1H 8 0.7-3.6 ppm (10H,, broad multiplet, BM, 3.66 (2H, s,, 

C131i), 4.07 (JH, s, C2. H), 7.19 (1H, t J=7.8 Hz,, C16-H or C171j)., 7.30 (1H,, d 

J=3.5 Hz, C151j), 7.70 (1H, t J=7.9 Hz, C16-H or C17H), 8.55 (1H., d J=4.8 Hz, 

C18-H). 
E. A. Found: C 41.1 H 7.5 N 6.0, C8BjOH17N requires: C40.8 H 7.3 N 6.0 
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m+/e 233-237 m+(max) 235 

M-p- 79.5 - 80.0 'C 

3.3.2 Synthesis of 1-(2-picolyl)-metacarborane 
(3.2) 

Metacarborane (0.72 g, 5.0 mmol) was dissolved in dry Et20 (30 ml) and 
cooled to O'C prior to the addition of n-BuLi in hexanes (2.1 ml, 2.42 M,, 5.1 

mmol), giving a white suspension of 1-lit-hiometacarborane. 
In a separate vessel 2-picolyl chloride hydrochloride (1-64 g, 10.0 

mmol) was dissolved in Et20, and NaHCO3 (1.00 g, 11.9 mmol, 19% excess) 
was added and the mixture stirred for 1 h. Unreacted NaHC03 was 
removed by filtration and the solution was dried over Na2SO4. Filtration, 
followed by removal of the solvent in vacuo, gave a pale pink oil, 2-picolyl 

chloride (995 mg, 7.8 mmol, 78%). 
The 1-lithio-metacarborane suspension was cooled to -78 'C and 2- 

picolyl chloride (638 mg, 5.0 mmol) was added by syringe. The reaction was 
warmed to room temperature and the etherate was washed with water (3 x 
50 ml) to remove LiCl, before being dried over Na2SO4. The solvent was 

removed leaving a white solid which was sublimed in vacuo (50 'C) to 

remove unreacted metacarborane, leaving pure 1-(2-picolyl)- 

metacarborane. 

Appearance: White powder 
Yield: 211 mg, 18% 
IR: (KBr disc; vmax ): 3013 w (carboranyl CH str), 2961 w (pyridyl str), 2932 

vw (CH2 str), 2855 w (CH2 str), 2624 s, sh (BH str), 2603 vsbr (BH str), 1592 s 

(C=N str), 1572 s (C=N str), 1473 s (C=C str), 1437 s C=C str), 1071 s (pyridyl 

i. p. def), 1051 s (pyridyl i. p. def), 1023 s (pyridyl Lp. deý, 995 s (pyridyl i. p. def), 

789 m (pyridyl o. o. p. def), 746 s (pyridyl o. o. p. def), 718 sbr (BH wag), 694 s 

(pyridyl o. o. p. def). 
1H NMR (CDC13): 8(PPM) 0.8-3.9 (10H, broad multiplet, Bli), 1.35 (2H, d 

'JHH=1.2 Hz, CHO., 3.53 (1H, s, carboranyl Cli), 7.36 (1H, t 'JHH=6.3 Hz, 

pyridyl ji), 7.51 (lH/ d 'JHH=6.3 Hz, pyridyl li), 8.43 (1H, t 'JHH=9.1 Hz, 

pyridyl li), 8.60 (1H, d 1JHH=4.8 Hz, pyridyl H). 

E. A. Found: C 41.4 H 7.4 N 5.5, C8BjOHl7N requires: C40.8 H 7.3 N 6.0 

M+/e 233-237, m+(max) 235 
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3.3.3 Synthesis of 1-(2-pyridyl)-2-mercapto-o-rthocarborane 

(3.3) 

1-(2-Pyridyl)orthocarborane (117 mg, 0.53 mmol) was dissolved in dry Et20 
(20 ml) at 0 'C, and n-BuLi in hexanes (1.6M, 0.35 ml, 0.56 mmol) was 
added, with stirring for 15 min. After this time, resublimed sulphur (51 
mg, 1.59 mol, 200 % excess) was added and the reaction was stirred 
overnight. Unreacted sulphur was removed by filtration and the Et20 was 
extracted sequentially with 1M HCI (3 x 40 ml) and water (3 x 40 rrd). The 

combined aqueous fractions were extracted with Et20 (40 ml), and the 
recombined ether fractions were dried over Na2SO4- Removal of the 

solvent in vacuo gave 1-(2-pyridyl)-2-mercapto-orthocarborane as a white 
powder. Recrystallisation from Et20 gave a crop of colourless crystals. 

A r% , -. Fpearance: colourless crystals 
Yield: 114 mg, 85% 
IR: (KBr disc; vmax ): 2962 m (pyridyl CH str), 2926 w (pyridyl CH str), 2642 

m, br (SH str), 2603 sbr (BH str), 2586 s, sh (BH str), 1555 m (C=N str), 1464 m 
(C=C str), 1433 m (C=C str), 1094 s (pyridyl i. p. def), 1019 s (pyridyl i. p. def), 

799 vsbr (BH wag), 740 m (pyridyl o. o. p. def), 725 w (pyridyl o. o. p. def), 689 

m (pyridyl o. o. p. def). 

E. A. Found: C 33.3 H 5.7 N 5.0, C7BloHl, 5NS requires C 33.2 H 6.0 N 5.5. 

3.3.4 Synthesis of 1-(2-pyridyl)-2-(trimethylstannyl)-orthocarborane 
(3.4) 

Orthocarborane (144 mg, 1.00 mmol) was dissolved in dry thf (20 ml) at 0 

OC and n-BuLi in hexanes (0.42 ml, 2.42 M, 1.02 mmol) was added forming 

a solution of 1-lithioorthocarborane. Me3SnCl (200 mg, 1.00 mmol) was 

added forming a white precipitate of LiCl which was removed by filtration. 

The thf was removed in vacuo leaving a yellow solid which was washed 

with pentane (2 x 20 ml). Recrystallisation from Et20 gave pale yellow 

crystals suitable for X-ray diffraction. 

Appearance: Pale yellow crystals 
Yield: 285 mg, 74% 
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IR: (KBr disc; vmax ): 2986 w (pyridyl str), 2916 w (CH3 str), 2876 vw (CH3 
str), 2610 s, sh (BH str), 2597 vs (BH str), 2558 s, sh (BH str), 2546 msh (BH 
str), 1636 m (C=N str), 1591 m (C=N str), 1471 m (C--C str), 1432 vs (C=C str), 
1079 m (pyridyl i. p. deD, 1061 m (pyridyl i. p. deD, 1003 m (pyridyl i. p. def), 825 
w (pyridyl o. o. p. def), 765 sbr (BH wag), 691 w (pyridyl o. o. p. deý. 
NMR: 1H (C6D6) 8=0.20 (s, methyl CH3), 1.6-3.9 (v. broad multiplet, BH), 
6.30 (t, j=2.4 Hz, pyridyl CH), 6.63 (t, j=3.8 Hz, pyridyl QH), 7.02 (d, j=4.2 
Hz, pyridyl CH), 7.41 (d, j=2.0 Hz, pyridyl C-M. 
E. A. Found: C 31.4 H 6.0 N 3.0, CjOH23BjONSn requires: C 31.4 H 6.1 N 3.7 
m. p. 195-196 'C 

3.3.5 Synthesis of 1-(2-picolyl)-24ithioorthocarborane TMEDA adduct 
(3-5) 

1-(2-picolyl)orthocarborane (120 mg, 0.51 mmol) was added to a dry, 
degassed solution of TMEDA (10 ml) in Et20 (30 ml). After cooling to 0 OC, 

n-BuLi in hexanes (2.42 M, 0.22 ml, 0.52 mmol) was slowly added by 

syringe. Over a period of c. 30 min, a white powder precipitated from the 
pale yellow solution. This precipitate, 1-(2-picolyl)-2-lithioorthocarborane 
TMEDA adduct, was isolated by cannula filtration, but numerous attempts 
to grow crystals proved unsuccessful. 

Appearance: White powder 
Yield: 141 mg, 77% 
IR: (KBr disc; vmax ): 2962 w, 2918 w, 2850 vw, 2828 w, 2784 w, 2573 vs, br, 

1660 s, 1642 s, 1594 m, 1464 m, 1436 m, 1096 s, 1076 s, 1036 vs, 1020 vs, 801 s, 
752 m, 728 w, 668 s, 444 m. 
1H NMR (CDC13): 8(PPM) 1.0-3.9 (v. broad multiplet, Bli) 2.06 (s, TMEDA 

CW), 3.40 (s, TMEDA CH2), 3.64 (s, carboranyl CH2), 7.25 (multiplet, pyridyl 
CUJ, 7.99 (multiplet, pyridyl C-M. 

3.3.6 Synthesis of 1-(2-picolyl)-24ithioo-rthocarborane monoglyme adduct 
(3.6) 

1-(2-picolyl)orthocarborane (119 mg, 0.51 mmol) was dissolved in Et20 (40 

ml) at 0 OC under dry N2 conditions, and n-BuLi in hexanes (2.42 M, 0.22 

ml, 0.52 mmol) was slowly added by syringe. The reaction vessel was then 
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placed in the freezer (at c. a -30 OC) for approximately three weeks. After 
this time a white, powdery precipitate (47 mg) was observed to have 
formed, which was isolated and analysed. Despite further cooling in the 
freezer over a period of several weeks, no crystals could be grown. 

A v-% Appearance: White powder 
Yield: 47 mg, 29% 
IR (KBr disc; vma,, ): 2965 w, 2920 w, 2828 w, 2784 w, 2573 vsbr, 1594 m, 1464 
m, 1441 m, 1096 s, 1076 s, 1036 s, 1020 s, 801 s, 752 m, 728 W, 668 s, 444 m. 
1H NMR (CDC13): 8(PPM) 1.0-3.9 (v. broad multiplet, B11) 1.98 (s, 
monoglyme CH3), 3.08 (s, monoglyme CH2), 3.65 (s, carboranyl CH2), 7.31 
(multiplet, pyridyl CH), 7.97 (multiplet, pyridyl Co. 

3.3.7 Synthesis of 1-orthocarboranylmethyl(phenyl) sulphide 
(3.7) 

To a solution of orthocarborane (727 mg, 5.1 mmol) in dry Et20 at 0 'C was 
added n-BuLi in hexanes (2.52 M, 2.0 ml, 4.9 mmol). After 15 min, 
chloromethyl phenyl sulphide, C6H, 5-S-CH2CI., (793 mg, 5.0 mmol) was 
added, producing an immediate white precipitate of LiCl. This precipitate 
was removed by filtration and the ether solution was washed with water 
(3 x 50 ml) to remove any remaining LiCI before being dried over Na2SO4- 
Removal of the solvent in vacuo gave 1-orthocarboranylmethyl(phenyl) 

sulphide as a white solid. 

Yield: 561 mg, 38% 
IR: (KBr disc; vmax ): 3061 w (phenyl CH str), 3028 w (phenyl CH str), 2616 

2577 vsbr (BH str), , 1455 m (C=C str), 1443 s (C=C str), 1077 m (phenyl 

i. p. def), 1028 w (phenyl i. p. def), 820 m (C-S stretch), 758 m (phenyl 

o. o. p. def), 735 s (phenyl o. o. p. def), 701 s (BH wag). 
NMR 1H (C6D6): 6=0.8-4.0 (v. broad multiplet, Bli), 2.01 (broad s, 

carboranyl Cli), 4.30 (s, CH2),. 6.93 (multiplet,, phenyl CH),, 7.28 (multiplet', 

phenyl C-M. 

m. pt. 191.4-191.6 'C. 
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3.3.8 Synthesis of 1,2-bis(11,2-di-2'-picolyllethyl)orthocarborane 

(3.8) 

Orthocarborane (1.12 g, 7.8 mmol) was dissolved in dry Et20 (30 n-d) and 
cooled to 0 'C prior to the addition of n-BuLi in hexanes (6.45 ml, 2.42 M, 
15.6 mmol). T1-ds created a white suspension of 1,2-dihthioorthocarborane. 

In a separate vessel 2-picolyl chloride hydrochloride (3-08 g, 18.8 
mmol) was dissolved in Et20 (100 ml) and NaHC03 (1-89 g, 22.6 mmol, 
20% excess) was added to neutralise the HCI. After stirring for 1 h, excess 
NaHC03 was removed by filtration and the solution was dried over 
Na2SO4. Removal of the solvent in vacuo gave a pale pink oil,, 2-picolyl 
chloride (2-06 g, 15.6 mmol, 83%). 

The 1,2-dilithioorthocarborane suspension was cooled to -78 
OC and 2-picolyl chloride (1.99 g, 15.6 mmol) was added via syringe. The 

reaction was allowed to warm to room temperature and the etherate was 
washed with water (3 x 50 ml) to remove LiCl, before being dried over 
Na2SO4. The solvent was removed leaving a white solid which was 
sublimed in vacuo (45 'C) to remove unreacted orthocarborane, leaving 

pure 1,2-, bis(fl. 2-di-2'-picolyllethyl)orthocarborane. 

A r% Appearance: White powder 
Yield: 930 mg, 38% 
IR: (KBr disc; vma., ): 2956 w (pyridyl str), 2922 m (CH2 str), 2849 m CH2 Str), 
2599 vsbr (BH str), 2574 s, sh (BH str), 1593 s (C=N str), 1573 s (C=N str), 1475 

s (C=C str), 1437 s (C=C str), 1096 m (pyridyl i. p. def), 1048 s (pyridyl i. p. def), 

1018 s (pyridyl Lp. deý, 988 s (pyridyl i. p. def), 790 s (pyridyl o. o. p. def), 772 s 
(pyridyl o. o. p. def), 748 vs (pyridyl o. o. p. def), 719 vsbr (BH wag). 
1H NMR (CDC13): 8(PPM) 0.8-3.8 (10H, broad multiplet, Bli), 1.26 (4H, d 

1JHH=1.2 Hz, CH2), 7.19 (2H, t 1JHH=7.1 Hz, pyridyl ji), 7.28 (2H,, d 'JHH=4.0 

Hz, pyridyl H _), 
8.57 (2H, d 'JHH=6.3 ), 7.71 (2H, t 'JHH=8.5 Hz, pyridyl H Hz 

pyridyl H 
E. A. Found: C 51.7 H 6.9 N 8.6, C8BjOHl7N requires: C 51.5 H 6.8 N 8.6 

m+/e 323-327 m+(max) 325 

m. p. 255.8-257.0 OC 
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3.3.9 Synthesis of 1,2-bis(11,2-diphenyl}ethyl)orthocarborane 
(3.9) 

To a solution of orthocarborane (721 mg, 0.50 mmol) in dry Et20 was 
added n-BuLi in hexanes (2.52 M, 0.2 ml, 0.49 mmol) at 0 'C, causing a 
white precipitate of 1,2-dilithioorthocarborane to form. To this suspension 
was added benzyl chloride (633 ml, 0.50 mol), and stirring proceeded for 1 
hour. The final white solid (LiCl) was removed by filtration, leaving a 
colourless etherate, which was washed with water (3 x 30 ml) before being 
dried over Mg2SO4. Removal of the solvent in vacuo gave a white solid 
which, on analysis, proved to be a mixture of 1,2-bis([1,2- 
diphenyll ethyl) orthocarborane and orthocarborane. The orthocarborane 
was removed by vacuum sublimation at 50 'C with periodic trituration of 
the unsublimed material. Pure 1.2-bis (I 1,2-diphenyl) ethyl) orthocarb or ane 
was thus obtained as a white powder. Recrystallisation occurred by slow 
evaporation of a toluene solution. 

A v-% , -.,,. Fpearance: Colourless crystalline blocks 
Yield: 495 mg, 39% 
IR: (KBr disc; vmax ): 3086 w (phenyl CH str), 3060 w (phenyl CH str), 3028 m 
(phenyl CH str), 2964 vw (phenyl CH str), 2936 w (aliphatic CH str), 2616 

s, sh (BH str), 2586 s, sh (BH str), 2571 vs (BH str), 2551 s, sh (BH str), 1494 m 
(C=C str), 1455 m (C=C str), 1443 m (C=C str), 1435 w (C=C str), 1142 m 
(phenyl i. p. def), 1080 m (phenyl i-p-def), 1028 m (phenyl i. p. def), 1003 w 
(phenyl i. p. def), 762 m (phenyl o. o. p. def), 734 s (phenyl o. o. p. def), 700 vs 
(BH wag), 653 m (phenyl o. o. p. def). 

NNM (C6D6): 1H 6 0.9-3.3 ppm (10H, broad multiplet, BýH), 1.58 (2H, s, CH. 2), 
2.18 (1H, s CUJ, 7.23 (6H, unresolved multiplet, C6H5), 7.35 (2H,, d J=7.3 Hz,, 

C6H5), 7.38 (2H, d J=6.6 Hz, C6115); 13CIlHI 8 41.3 ppm (CH2), 50.0 &M, 79.3 

(carboranyl Q, 128.1,128.2,128.3,128.6,128.7,130.3,130.4,134.9 (C6H5); 

11BIlHI 6 -1.92 ppm,, -4.95 ppm, -8-64 ppm,, -10.48 ppm, -12-52 ppm. 

E. A. Found: C 70.3 H 6.7, C8BjOHj7N requires: C 71.7 H 6.8 
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Chapter 4 

Carborane assemblies: synthesis and 
characterisation. of closo systems 
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4.1 Introduction 

For the purpose of this thesis, carborane assemblies may be defined 
as compounds containing two or more carboranyl groups joined either 
directly, or by a robust linking unit, in either a cyclic or acyclic 
arrangement. Interest in this area has resulted from a realisation of the 
potential of carborane assemblies in such diverse fields as high- 
performance materialsl, polymer precursorsl, 2 and, both as closo and nido 
species, novel ligands for metal-based catalysis3,4. Carborane assemblies 
may be linked through the cage carbon atoms, the cage boron atoms, or 
conceivably both. Carbon-linked carborane assemblies are generally the 
simplest to prepare, and as the work described in this chapter is concerned 
only with carbon-linked compounds, the boron-linked systems will not be 
discussed here. 

The simplest of all acyclic carborane assemblies is biscarborane, 
(C2B1OH11)2,, in which two dicarbadodecaborane cages are directly linked 

via a C-C bond. Bis-orthocarborane,, (fig. 4.1), was first synthesised in 1965 5 

and several derivatives have been prepared. 

Fig. 4.1 - Bisorthocarborane 

H 
If 

Addition of electrons to bis-orthocarborane has yielded an anion, 
(C2BjOHj1)22-, the structure of which throws light on the relationship 
between bond lengths and electron density in carborane cages 6. The C-C 

links within the two nido polyhedra in this anion are 2.414(4) A while the 
0 C-C link between the polyhedra is 1.377(4) A, the latter corresponding to a 

double bond. A dilithiated derivative of bis-orthocarborane has been 

reacted with metal chlorides to give a series of transition metal 

derivatives7' such as those shown in fig. 4.2, overleaf. Bis-paracarborane 

has also been prepared. 8 along with further oligomers of the type (para- 

C2BjOHjo)r, where n=3-6. 



87 

Fig. 4.2 - Metallated derivatives of biso-rthocarborane 
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i(o A variety of carborane assemblies have been synthesised with the 

carborane cages linked by phenyl ether and phenyl ketone moietiesi. 
These have been prepared as precursors to carborane-containing polymers. 
Two carborane cages have also been linked by a bridging boron atom, via 
the reaction of PhBC12 with the appropriate lithiated carborane 
derivativel. Sieckhaus et al demonstrated the linking of carborane cages by 

sulphide and sulphoxide groups, but these compounds were not 
structurally characterised9. Carborane assemblies linked by a 
paraphenylene unit have been reported, both as 1,4-bis(2-methyl- 

orthocarb or anyl) benzene, 10 and 1,4-bis[2-(4-bromo-phenyl)- 

orthocarboranyl] benzene, 11 (fig. 4.3). An assembly linked by a 

perfluorinated paraphenylene ring is also known12. 

Fig. 4.3 - Two carboranyl assemblies incorporating the 1,4- 
bis(orthocarboranyl)benzene unit 

A 

Where R= Me, 
4-Br('6H4 

n- 
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A greater separation of the carborane cages has been acheived in two other 
carborane assemblies, (ýt-2-phenylene-1,2-dimethylene)-bis(2-t-butyl- 
dimethylsilyl) orthocarborane, 13 and a, cc'-bis[2-(tert-butyldimethylsilyl)- 
l'-orthocarboranyl] lutidine, 14 (see fig. 4.4). 

Fig. 4.4 - (, ýt-2-phenylene-1,2-dimethylene)-bis(2-t-butyl-dimethylsilyl) 

orthocarborane and a,, (x-bis[2'-(tert-butyldimethylsilyl)-l'- 
orthocarboranyll lutidine 

Me 
Mee! ý... Au Me, tBu 

sl m ex SI ##* 
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Me, Me Me 
1010 Me H2C N C. H2 

Bu to-skc.. -c C-1 C- 
Si 
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Perhaps the most interesting recent development in acyclic carborane 
assemblies is the synthesis of tri-carboranyl assemblies (ie. three carborane 
groups attached to one linking unit), such as 1,3,5- 
tris(paracarboranyl)benzene 15and 1,3,5-tri s(2'-phenyl-orthoc arbor anyl) 
benzene. 16 both shown in fig. 4.5. These assemblies illustrate the feasibility 

of preparing carborane-containing dendrimers17 and novel two- 
dimensional materials containing carboranes. 

Fig 4.5. Acyclic assemblies containing three carboranes 
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The first cyclic carborane assembly to be synthesised was 1,, 2'-l', 2-di- 
g-carbonyl-bis(orthocarborane), prepared using phosgene 18 (fig. 4.6). 

Fig. 4.6 - 1,21-11,2-di-[t-carbonyl-bis(orthocarborane) and 4,4-dimethyl- 
2,3-. 5,6-bis(l'-2'-orthocarborane)-l-thia-4-silinane 
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Russian workers have made a number of cyclic carborane dimers, using 
main group elements as linking units19-21 -a typical example being the 
stucturally characterised assembly 4,4 -dime thyl-2,3: 5,6-b is (1'-2'- 

orthocarborane)-l-thia-4-silinane, 21 shown in fig. 4.6. Teixidor et al. have 

prepared a number of cyclic carborane assemblies linked by sulphur- 
containing groups. 22,23 but these are only isolated as the nido species and 
as such are discussed in chapter 5. More recently, a pair of mercury-linked 
cyclic carborane assemblies, known as [9]mercuraborand-3 and 
[12]mercuraborand-4,, have been prepared24,25 (fig. 4.7). These compounds 
are interesting in their ability to selectively complex halide anions in an 
analogous way to the complexation of metal cations by crown ethers, aza- 
crowns and cryptands25,26. 

Fig. 4.7 - [91mercuraborand-3 and [12]mercuraborand-4 
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Also of much recent interest are the trimeric, carborane-containing cycles 
27 28 (meta carb orane-l', 3'-C6H4)3 and (meta carborane- 1', 3-C5H3N) 3, 

illustrated in fig. 4.8. As well as being novel cyclophanes in their own 
right29, ' these robust assemblies allow the possibility of further 
functionalisation, both at the carborane cage and at the aryl group. Very 

recently, Hawthorne et al have prepared a wide range of cyclic carborane 
trimers and tetramers linked by various aliphatic and aromatic groups 14. 

Fig 4.8 - Carboranyl/aryl cyclic trimers 
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Where X= CH, N 

4.2 Results and Discussion 

Recent work in this laboratory2 has seen the preparation of novel 

polymers constructed from carborane, phenylene, ether and ketone units. 

These poly-ether-ketone (PEK) and poly-ether-ether-ketone (PEEK) 

polymers are illustrated in fig 4.9, below. 
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Fig 4.9 - Examples of PEK and PEEK polymers 
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The PEK and PEEK polymers show excellent thermal stability and it 

was believed that removal of the ether and ketone groups would increase 
both thermal and chemical robustness. This provided one impetus for the 
synthesis of 1,4-di(phenylorthocarboranyl)benzene and 1,3- 
di(phenylorthocarboranyl)benzene - as model systems for 
carborane/phenylene polymers. The other impetus for the preparation of 
these compounds was their ability to be readily deboronated and 
metallated30, giving a route to potentially catalytic metallacarborane 
assemblies. These processes are discussed in chapters 5 and 6 respectively. 
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4.2.1 1,4-di(phenylorthocarboranvl)benzene (4.1) 

0000- 

1,4-di(phenylorthocarboranyl)benzene was prepared by the reaction of two 
equivalents of BlOH12(dms)2 with 1,4-di(phenylethynyl)benzene in 
toluene. The yield was 77% and the reaction required two days at 90 'C. 
Crystals suitable for X-ray diffraction were grown from cyclohexane. The 

solid state structure of 4.1 is shown in figure 4.10. 

Fig. 4.10 - Molecular structure of 1,4-di(phenylorthocarboranyl)benzene 

i; 3 
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As might be expected, bond lengths and angles in 4.1 and 1,3,5- 
tris(phenylorthocarboranyl)benzene are similar, with the central 
phenylene rings showing no significant quinonoid character16. In both 
cases the carboranyl C-C distance is appreciably longer than that in 
orthocarborane3l (1-630(6) AO); this is believed to be due to the steric 
repulsion of the phenyl/phenylene rings. The bond lengths and angles in 
4.1 correlate well with those found in the X-ray structures of the related 
compounds 1,4-bis-l-(2-methylorthocarboranyl)benzenelO and 1,4-bis-(2- 
phenyl orthocarboranyl)-2,3,5,6-tetrafluorobenzenel2- Key data from the 
structures of 4.1 and 1,3,5-tris(phenylorthocarboranyl)benzene (4.2), along 
with 1,4-bis-l-(2-methyl orthocarboranyl)benzene (4.3), 1,4-bis-(2-Phenyl 
orthocarboranyl)-2,3,5,6-tetrafluorobenzene (4.4), and 1,2- 
diphenylorthocarborane32, are shown in table 4.2. Illustrations of 4.2,4.3 
and 4.4 are given in figure 4.11. 

Table 4.2. Important bond lengths and angles for some carborane 
assemblies 

Terminal Central ring 
Compound Ccage-Ccage Ccage-Cphenyl ring / Ccage- Ccage-Ccage 

Cca,,,,,. Torsion 
b- 

Torsion 

angle angle 

4.1 0 1.720(2) A 0 1.506(2) A 

4.2 1.709(2) A 0 1.503(2) A 0 

4.3 0 1.684(5) A N/A N/A 

4.4 1.730(3) A 1.511(2) A 74.4 0 86.3 

Diphenylortho 
0 1.727(4) A 0 1.497(4) A 80.8 - 87.7 N/A 

carborane 1 
-1 

1 1 
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Fig. 4.11 - Some previously characterised carborane assemblies 

4.2 

c1 

C 
1,3,5-Tris(phenylorthocarboranyl)benzene 
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B- 

CH3 c 
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1,4-bis-(2-phenylorthocarboranyl)-2,3,5,6-tetrafluorobenzene 
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4.2.2 1,3-di(, phenylorthocarboranyl)benzene 

`41ý 

1,3-di(phenylorthocarboranyl)benzene, (4.5), was prepared by the reaction 
of two equivalents of BloHl2(dms)2 with 1,3-di(phenylethynyl)benzene in 
toluene. The reaction proceeded in 44% yield over two days. The IR and 
NMR spectra are in accordance with those for 4.1, but the melting point of 
4.5 is markedly lower (342 'C vs 220 'C), perhaps reflecting less ideal 

packing in the solid state. Recrystallisation from a number of solvents 
gave colourless crystals, but none of these proved suitable for X-ray 
diffraction. 

4.2.3 (x. (x-bis(2'-phenyl-i-o-rthocarboranyl) lutidine 

0 H2CX) 

cc, oc'-bis(2 I -phenyl-l-orthocarboranyl) lutidine, (4.6), was prepared in 79% 

yield by the reaction of two equivalents of 1-phenyl-2-lithioorthocarborane 

with 2,6-bis(chloromethyl) pyridine in Et20. The exothermic reaction 

proceeded at -78 'C and was complete after c. a 20 minutes. Recrystallisation 

from Et20 gave a crop of colourless crystals suitable for X-ray diffraction. 

The solid state structure of 4.6 is illustrated in fig. 4.12, and the packing 

diagram in fig. 4.13. 
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Fig. 4.12 - Solid state structure of ace-bis(2'-phenyl-i-orthocarboranyl) 
lutidine 

CM 

C(5') 

Table 4.3 - Selected bond lengths and bond angles for (xa'-bis(2'-phenyl-l- 
orthocarboranyl) lutidine 

Atoms 
C(l)-C(2) 
C(l)-B(3) 
C(l)-B(4) 
C(l)-B(5) 
C(l)-B(6) 
C(1)-C(9) 

C(9)C(1)C(2) 

C(9)C(1)B(3) 

C(9)C(1)B(4) 

C(9)C(1)B(5) 

C(9)C(1)B(6) 

Unprimed 
1.711(4) A 

1.718(4) A 
1.713(5) A 
1.711(5) A 

1.717(5) A 

1.532(4) A 

117.1(3)0 
115.3(3) " 
121.7(3) ' 
123.7(3) ' 
119.0(3)0 

Primed 
0 1.718(4) A 

1.725(5) A 
1.707(5) A 
1.705(5) A 
1.723(5) A 
1.527(4) A 
117.3(3) " 
115.6(3) ' 
121.7(3) ' 
124.2(3)0 
118.9(3)0 

Atoms 
C(2)-B(3) 
C(2)-B(6) 
C(2)-B(7) 

C(2)-B(11) 
C(2)-C(3) 
B-B. av. 

C(3)C(2)B(l) 

C(3)C(2)B(3) 

C(3)C(2)B(6) 

C(3)C(2)B(7) 

C(3)C(2)B(11) 

Unprimed 
1.731(5) A 
1.721(5) A 

1.698(5) A 
1-700(5) A 
1.514(4) A 
1.771(7) A 
119.2(3) " 

116.8(3) ' 

119.5(3) ' 

120.6(3) ' 

122.0(3)0 

Primed 
1.725(5) A 
1.729(5) A 
1.701(5) A 

1.703(5) A 
1.513(5) A 

119.4(3) * 
117.3(3) ' 
119.0(3) ' 
120.9(3) ' 
121.7(3)0 
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The carboranyl C-C distance in 4.6 (1.715(4) A) is again significantly longer 

than for the parent orthocarborane (1.630(6) A)31, presumably due to inter- 

substituent repulsion, and is closer to the Ccage-Ccage distances of those 

compounds featured in table 4.2. Interestingly, the C(l)-C(9) and C(2)-C(3) 
bonds in 4.6 lean towards each other - the average C(9)-X-C(3) angle (where 
X is the centre of the carborane cage) of 60.8 ' is narrower than C(l)-X-C(2) 

64.8 ". Similar effects may be observed in analogous systeMS32,33 , but have 

not yet been adequately explained. The phenyl group A (fig. 4.12) forms a 
dihedral angle of 80.5 ' with the C(3)C(2)C(1)C(9) plane, whilst the C(9)- 

C(10) bond is inclined to this plane by ca. 44 '. The C(9)-C(l) bond is 

perpendicular (89 ') to the pyridyl ring plane. 

Fig. 4.13 - Packing diagram for ace-bis(2'-phenyl-l-orthocarboranyl) 
lutidine 
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The molecules are packed in layers parallel to the (1 0 1) plane (see fig. 
4.13). The phenyl rings are nearly perpendicular to this plane and form 
between them a herringbone motif (characteristic for benzene and many 
polyaromatic systems34), stabilised by weak intermolecular C-H ... n 
interactions. Thus C(6)H interacts with the 7r-electron system of the A' 
ring, and C(6')H interacts with that of the A ring of the adjacent molecule. 
For the calculated hydrogen atom positions (denoting the ring centre as n), 
the above mentioned interactions show the H ... n distances to be 3.17 A and 0 

2.95 A, and C-H ... 7r angles 148 ' and 153 ' respectively. The C-H bonds are 
inclined to the ring planes by 68 ' and 64 ', whilst the H atoms are slightly 

0 shifted from the ring centres by 0.66 A and 0.21 A. Thus the configuration 
is close to the 'tilted T found by Monte Carlo simulations to be the global 
minimum for the interactions between two isolated benzene molecules35 
(with an energy of -2.3 kcal/mol), though at longer distance (5.28 A and 
5.12 A between the centres of the contacting rings, cf. calculated 4.99 A). 0 

Similar, stronger interactions have been previously noted in a phenyl C- 

H ... 7r(furan) system36 (H ... 7c 2.79 AO, C-H ... n angle 1440). The molecular 
layers adopt a distorted hexagonal close packed structure with respect to 

the carborane icosahedra, the layers being stacked in an abab fashion. This 

is shown in fig. 4.14. 
The C(12) atom of one molecule resides directly above and below 

the C(12) atoms of molecules in neighbouring layers (see fig. 4.14) at a 
distance of 3.9 A. It is noteworthy that the pyridyl nitrogen atom 0 

(possessing an electron lone pair) does not participate in any close N---H 

contacts, presumably due to steric crowding. 
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Fig. 4.14 The molecular layers in aec'-bis(2'-phenyl-l-orthocarboranyl) 
lutidine illustrating the psuedo-hexagonal close packed structure, 
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4.2.4 (x, (x'-bis(2'-methyl-l-orthocarboran_ 1) lutidine 

H3CN 
H2C-'-.. 

ý 
N CH2 

C, C, ./ 
CH3 

oc, oc'-bis(2'-methyl-l-orthocarboranyl) lutidine, (4.6a), was prepared in 38% 
yield by the reaction of two equivalents of 1-methyl-2-lithioorthocarborane 
with 2,6-bis(chloromethyl) pyridine in Et20. The exothermic reaction 
proceeded at -78 'C and was complete after c. 20 minutes. As expected, the 
IR and NMR spectra of 4-6a show similarities to those for 4.6, and both of 
these resemble IR and NMR data for related known compounds14. 
Attempts to recrystallise the product from Et20 did not succeed, but it is 
hoped that crystals suitable for X-ray diffraction will eventually be grown, 
in order to determine the packing in the absence of C-H ... n (phenyl) 
interactions. 

4.2.5 Bis(l-phen_ orthocarboran-2: 3LI) sulphoxide 

0&1 

, 1-40' 
%. %*-, 

'% i 

Bis(l-phenylorthocarboran-2-yl) sulphoxide (4.7) was prepared from the 

reaction Of SOC12 with two equivalents of 1 -lithio-2-phenylorthoc arbor ane 

in Et20,, at 0 "C. The reaction proceeded in 34% yield, and was notably 

exothermic. Recrystallisation from a 1: 9 v/v mixture of ethyl ethanoate 
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and cyclohexane gave colourless crystals suitable for X-ray diffraction. The 
solid state structure of 4.7 is illustrated in fig. 4.14. 

Fig. 4.14 - Solid state structure of bis(I-phenylorthocarboran-2-yl) 

sulphoxide 

a 

The solid state structure of 4.7 shows the sulphur atom to be pyramidally 
0 coordinated, as expected. The S=O bond, at 1.45 A, is shorter than usual 

(average sulphoxide S=O bond length is 1.50 A 37). This shortening can be 

attributed to the considerable electron-withdrawing facility of the 

orthocarborane groups making the sulphur atom more positive, thus 

strengthening the ionic interaction between the sulphur and oxygen 
atoms. The C-S bonds average 1.86 A, longer than typical values for C-S 

0 bonds in sulphoxides (1.79 A 37), presumably due to the hexacoordinate 

nature of the carbon atom. Comparison with the structure of bis(1- 

phenylorthocarboran-2-yl) sulphide. 38 which has a C-S bond length of 1.79 
0 A, shows that the S=O bond plays an important role in lengthening the C- 

0 S distance. The carboranyl C-C distance (av. 1.73 A) is very close to that for 
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1,2-diphenylorthocarborane (1.72 A)32 indicating there is very little exo- 
dative pi bonding between the cage and the sulphur atOM39. To the 
authors knowledge40,4.7 is the first structurally characterised carboranyl 
sulphoxide 

4.26 1,2'-I', 2-di-li-sulphoxide-bis(orthocarborane) 

c 

1 

ec 

11 
0 

1,2'-l', 2-di-g-sulphoxide-bis(orthocarborane) (4.8) was prepared in 48% 

yield by the reaction Of SOC12 with 1,2-dilithioorthocarborane in dilute 
Et20 solution. The reaction was carried out at 0 'C, and proved to be 

exothermic. Attempts were made to grow crystals of 4.8 from a variety of 
solvents, but these proved unsuccessful, perhaps due in part to the 
number of possible isomers of 4.8 (see fig. 4.15). However, some of these 
solvents rapidly deboronated the compound, and will be discussed in 

chapter 5. To the author's knowledge, this compound and compound 4.9, 
below, are the only characterised carborane cycles linked only by sulphur 
atoms. 

Fig. 4.15 - Three possible isomers of 1, T-l', 2-di-ýt-sulphoxide- 
bis(orthocarborane) 

0 

C-C 
C-C 

Q9 

C-C 

(9s ýýc-c-, / s '0 
C-c 

Only the C-C bond edges 
of the carborane cages are 

illustrated 
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4.2.7 1,21-11,2-di-U-sulphide-bis(orthocarborane) 

c . 100e 

c 

a, 

1,2'-l', 2-di-ýi-sulphide-bis(orthocarborane) (4.9) was prepared in 45% yield 
by the reaction Of SC12 with 1,2-dilithioorthocarborane in dilute Et20 
solution. The reaction was carried out at 0 'C, proving to be exothermic. 
Attempts were made to grow crystals of 4.9 from a number of solvents, but 
these proved unsuccessful, 

4.2.8 Reduction of bi s(l-p henylorthocarboran-2-yl) sull2hoxide to bis 
(1-p hen ylorthocarboran-2-yl) sulp hid 

. 

0401 0 
II p H2 PCVC 

CH3COOH 
c . 1-100 

s *, ý c 

Reaction of bis(l-phenylorthocarboran-2-yl) sulphoxide, as a suspension in 

glacial ethanoic acid, with H2 took place in the presence of 

palladium/ carbon. The reaction proceeded readily under ambient 

conditions, and the nascent bis(l-phenylorthocarboran-2-yl) sulphide was 

indentified by comparison of the IR and NMR spectra with that of a 

known sample. No bis(l-phenylorthocarboran-2-yl) sulphoxide remained, 

and the reaction proceeded in 66% yield. 
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41.9 Reduction of 1,21-l', 2-di-LL-sulphoxide-bis(orthocarborane) to 1,2- 
1', 2-di-ii-sull2hide-bis(orthocarborane) 

0 
�I 

C 

jSi 
C 

�� 

II 
0 

Is "*-, H2 cc 

Pd/C c C. 

al 

s 

'0- 
Re. action of 1,2'-l', 2-di-g-sulphoxide-bis(orthocarborane), as a suspension 
in glacial ethanoic acid, with H2 took place in the presence of 
palladium/ carbon. The reaction proceeded readily under ambient 
conditions, and the nascent 1,2'-l', 2-di-g-sulphide-bis(orthocarborane) was 
identified by comparison of the IR spectrum with that of a known sample. 
No 1.2'-l', 2-di-g-sulphoxide-bis(orthocarborane) remained, and the 
reaction proceeded in > 95% yield. 

4.2.10 Attempted oxidations of 1,21-11,2-di-li-sulphide-bis(orthocarborane) 
to 1,2'-l'. 2-di-Li-sull2hoxide-bis(orthocarborane) 

H202 

11-00 
s 

IS.. 

**-" s 1--lo, 

0 CH3COOH 
Ill 

H202 
3z - 

H so AIL 2SO4 cc 

MCPB 0 
CHC13 

Three attempts were made to oxidise 1,2'-l', 2-di-ýt-sulphide- 

bis(orthocarborane) to 1,2'-l', 2-di-[t-sulphoxide-bis(orthocarborane), but 

none proved successful. Firstly, a suspension of 1,2'-1', 2-di-g-sulphide- 

bis(orthocarborane) in glacial ethanoic acid was treated with H202, but no 

reaction had occurred within three days. Secondly, the same procedure 

was followed with concentrated H2SO4 replacing the ethanoic acid, but 
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with a similar lack of reaction. Finally, a solution of 1,2'-1', 2-di-g-sulphide- 
bis(orthocarborane) was dissolved in CHC13 with MCPBA - again, there 
was no reaction after three days. All three reactions were monitored by IR, 
and all showed no sign of the intended product, nor of any breakdown of 
the carborane cages. Heating, and more powerful oxidants were not tried, 
due to the potential serious dangers involved in exposing carboranes to 
extremely oxidising conditions. 

The failure to oxidise 1,2'-l', 2-di-ýt-sulphide-bis(orthocarborane) 
may at first seem surprising, in view of the success of Sieckhaus et al in 
oxidising a number of carboranyl sulphides to sulphoxides and even 
sulphones9 using conditions at least as mild as those presented here. 
However, these oxidations appear only to work when there is only one 
carborane attached to the sulphoxide sulphur (and, moreover, when there 
is also a relatively electron-rich phenyl group attached to the sulphur). In 
the case of 1,2'-l', 2-di-g-sulphoxide-bis(orthocarborane) there are two 
electron-withdrawing carboranes attached to the sulphur, thus 
disfavouring oxidation. Conversely, the ready reduction of the two 
sulphoxide species is, perhaps, unsurprising. 

4.3 Experimental 

Synthesis of 1,4-di(phenylorthocarboranyl)benzene 

1.95 g (7-01 mmol) of 1,4-di(phenylethynyl)benzene was partially 
dissolved in 50 ml of dry toluene, leaving a white slurry. 5.59 g (22.9 

mmol) of BjOH12dms2 was added to the toluene slurry, which was then 

slowly heated. As the reaction reached 55-65 OC effervescence was noticed 

(the reaction gives off H2) and after this subsided the reaction was heated 

to 90 OC. The reaction was kept at 90 OC, with periodic venting to remove 

nascent dm. s. 
The reaction was monitored by TLC (5% ethyl ethanoate/95% 

cyclohexane). The first TLC, after 20 hours, showed that most of the diyne 

had been consumed,, and a second TLQ, after 24 hours, showed no sign of 

the diyne - 
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Removal of the toluene left a sticky yellow solid, to which was 
added methanol (80 ml). The methanol addition caused vigorous 
effervescence (formation of H2). The flask was then heated to 80 OC and 
refluxed for 21 hours. The white solid was removed by filtration and 
washed with chilled methanol (3 x 35 ml). The crude product was dried in 
vacuo and a second crop was obtained. The combined product was 
recrystallised from cyclohexane. 

Ha 

Hb 
I 

C7'0 
c sk- C5 

11 1 Hd 

OwC8.. -sPC4 
c 

f/ 

I 
He C3 

ey 

IIc 
C, 

II 

C2 OOC94ý . #. 
Cll 

00p, clo 

Appearance: Colourless crystals 
Yield: 2.78 g, 77% 
IR (KBr disc; vmax ): 3064 w (Ph-H str), 3012 w (Ph-H str), 2572 vs (B-H str), 
1498 m (C=C str), 1450 m (C=C str), 1081 m (phenyl i. p. def. ), 1004 m (phenyl 
i. p. def. ), 844 m (phenyl o. o. p. def. ), 774 m (phenyl o. o. p. def. ), 729 m (B-H 

wag), 688 m (phenyl o. o. p. def. ), 588 m (Ph-H wag). 
NMR (C6D6): 1H 8 1.2-4.3 ppm (20H, broad multiplet, BH), 6.64 (2H, t J=7.4 
Hz, Ha), 6.74 (4H, t J=8.8 Hz, Hb), 6.87 (4H, s, Hd), 6.97 (4H, d J=8.8 Hz, Hc); 
13C 8 84.8,85.8 ppm (ClC2), 129.3,133.0,136.8,138.4 (C6, C4/8, C5/7, C1O/11), ' 
139.6,140.2 (C3, C9); 1 1B 8 -0.61, -2.34 ppm (4B, B9, B12), -8.58, -10.27 (16B,, all 
other B) 
E. A. (%) Found: C 50.3,, H 6.7; C22H34B20 requires C 51.3, H 6.7 

m+/e: 511-518, M+(max) = 515 

m. p. 341.5 - 342.2 OC 

Synthesis of 1,3-di(phenylorthocarboranyl)benzene 

1,3-Di(phenylethynyl)benzene (8-51 g, 30.6 mmol) was dissolved in dry 

toluene (60 ml) under N2 and BjOH12dMS2 (12.0 g, 45.9 mmol, 50% excess) 

was added. The reaction mixture was refluxed (90 'C) under N2 for 4 days 
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before cooling to room temperature. The solvent was removed in vacuo, 
MeOH (60 ml) was slowly added and reflux was resumed for a further 18 h. 
After cooling and removal of the MeOH in vacuo the crude product was 
dissolved in toluene (40 ml) with a small amount of insoluble material 
(polymeric decaborane residue) being removed by filtration. Pure 1,3- 
di(phenylorthocarboranyl)benzene was obtained by recrystallisation from 
benzene. 

Ha 

He 

Appearance: Colourless microcrystals 
Yield: 6.93 g, 44% 
IR: (KBr disc; vmax ): 3064 w (Ph-H str), 3024 w (Ph-H str), 2636 m, sh (B-H 

str), 2592 vsbr (B-H str), 2574 s, sh (B-H str), 1495 m (C=C str), 1488 m (C=C 

str), 1446 s (C=C str), 1076 s (phenyl i. p. def. ), 1021 m (phenyl i. p. def. ), 1004 

m (phenyl i. p. def. ), 803 s (phenyl o. o. p. def. ), 757 m (phenyl o. o. p. def. ), 730 s 
(B-H wag), 691 vs (phenyl o. o. p. def. ). 

NTNM: (C6D6): 1H 5 1.3-4.4 ppm (20H, broad multiplet, BM, 6.18 (lHf tj=8.1 

Hz., He), 6.62 (4H, t J=7.2 Hz, Hb), 6.69 (2H, t J=6.9 Hz, Ha), 6.87 (2H, d J=8.0 

Hz, Hd), 7.02 (4H, d J=7.1 Hz, Hc), 7.26 (1H, s, Hf); 13C 8 83.8,8.58 ppm 
(carboranyl C), 128.1,128.5,128.7,130.5,130.7., 130.9,131j,, 132.4,132.5 

(phenyl Q 11 B8 +2.79, +1.59 ppm (4B,, B9 / B12), -9.78, -11.23 (16B, other B). 

E. A. (%) Found: C 51.7,, H 6.9 ; C22H34B20 requires C 51.3,, H 6.7 

m+/e 511-519, m+(rnax) 515 

m. p. 219.3-220.8 'C 
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Synthesis Of (Xoc'-bis(21-phenyl-l-orthocarboranyl) lutidine 

1-Phenylorthocarborane (1-10 g, 5.0 mmol) was dissolved in Et20 (40 

ml) and cooled to -78 IC. 2.38M n-BuLi in hexanes (2.1ml, 5. Ommol) was 
added and the solution was stirred at -78 'C for 15 min. 2,6- 
bis(chloromethyl)pyridine (0.44 g, 2.5 mmol) was then added via syringe, 
immediately forming a white precipitate (LiCl). The reaction was left to 

warm to room temperature, whereupon the LiCl was removed by 
filtration. Any remaining LiCl was extracted by washing with water (3 x 30 

ml), prior to drying over Na2SO4- Removal of the solvent from the filtrate 

gave the desired product, a, (x-bis(2-phenyl-l-orthocarboranyl) lutidine, as 
a white powder. Recrystallisation from Et20 gave colourless crystals 
suitable for X-ray diffraction. 

Hf 

Ha 
\ 

He, 
C6=" C7 

Cii 

Hd 
, ,, 

c Hb-C5 Hd., T 38 loý 
V\ C9 'N CH2 C4- C3 

C-C Hc 2- Cl 

Appearance: colourless microcrystals 
Yield: 1.07 g, 79% 
IR (KBr disc; vmax ): 3062 w (phenyl str), 2934 w (CH2 str), 2862 w (CH2 str), 

2594 s. sh (BH str), 2584 vs (BH str),, 2572 ssh (BH str)., 1592 m (C=N str), 

1576 m (C=N str), 1456 m (C=C str), 1448 m (C=C str), 1072 m (aryl i. p. def), 

1030 w (aryl i. p. def),, 882 w (aryl o. o. p. deo, 758 m (aryl o. o. p. def), 730 m (aryl 

o. o. p. def), 691 s (BH wag); 
NMR (CDC13): 1H (CDC13): 8 3.19 ppm (4H, s, Hd); 6 6.73 ppm (2H, d 

3j(HH)=7.6I-Iz, He); 8 7.44 ppm (1H, t 3J(HH)=7.6Hz, Hf); 6 7.45 ppm (4H, t 

3j(HH)=8. OHz, Hb); 8 7.52 ppm (2H, t 3j(HH)=7.2Hz, Ha); 6 7.75 ppm (4H, d 

3j(HH)=7.6Hz, Hc). 13CIlHI NMR (CDC13) 8 42.7 ppm (C9), 8 80.5 ppm, 83.7 

ppm (Cl, C2), 8 123.5 ppm (C11), 8 129.0 ppm, 130.7 ppm, 130.8 ppm 

(C3, C5/7., C6), 5 131.5 ppm (C4/8), 8 136.7 ppm (C12), 6 154.9 ppm (C10). 

11B11H) NMR (CDC13) 8 -3.08 ppm (4B; B9, B12), 5 -9.65 ppm (16B; all other 

B). 
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E. A. Found: C 50.8, H 6.8, N 2.6 ; C23H37B20N requires C 50.8, H 6.9, N2.6 
m+/e 539-546, m+(max) 543 

m. p. 231.7-233.2 'C 

Synthesis of (xec-bis(2-methyl-l-orthocarboranyl) lutidine 

1-Methylorthocarborane (222 mg,, 1.42 mmol) was dissolved in Et20 
(30 ml) and cooled to -78 'C. n-BuLi in hexanes (2.52 M,, 0.56 ml,, 1.42 

mmol) was added and the solution was stirred at -78 'C for 15 min. 2,6- 
bis(chloromethyl)pyridine (124 mg,, 0.71 mmol) was then added by syringe, 
forming a white precipitate of LiCl. The reaction was left to warm to room 
temperature, whereupon the LiCl was removed by filtration. Any 

remaining LiCl was extracted by washing with water (3 x 30 ml),, followed 
by drying over Na2SO4. Removal of the solvent in vacuo gave the desired 

product (xa'-bis(2'-methyl-l-orthocarboranyl) lutidine,, as a white solid. 

A v-% Appearance: white powder 
Yield: 112mg, 38% 
IR (KBr disc; vmax ): 2988 w (pyridyl CH str), 2944 w (aliphatic CH str), 2870 

vw (aliphatic CH str), 2590 vsbr (BH str), 1636 w (C=N str), 1577 m (C=N 

str), 1457 s (C=C str), 1395 m (C=C str), 1095 m (phenyl i-p-def), 1032 m 
(phenyl i. p. def), 1016 s (phenyl i. p. def), 789 m (phenyl o. o. p. def), 721 vs (BH 

wag). 
NMR (CDC13): 1H 8 1.0-2.8 ppm (broad multiplet, BH), 1,29 (s, CH3), 2.04 (s, 

CH2), 7.43 (d J=7-2 Hz, pyridyl QH), 7.75 (t J=7.5 Hz, pyridyl QH). 

m+/e 416-421, m+(max) 419 

Synthesis of bis(l-phenylorthocarboranyl) sulphoxide 

To a solution of 1-phenyl-orthocarborane (925 mg, 4.20 mmol) in dry Et20 

(40 ml) at 0 'C was added n-BuLi in hexanes (1.6 ml, 2.7 M, 4.20 mmol), 

and this was stirred under N2 for 1 h. SOC12 (0-19 ml, 2.10 mmol) was 

added, forming a white precipitate (LiCI). After warming to room 

temperature, the LiCl was removed by filtration, and the Et20 evaporated 

leaving a white solid. Pure bis(l-phenylorthocarboranyl) sulphoxide was 

obtained by recrystallisaton from a mixture of ethyl ethanoate and 
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cyclohexane (1: 9 v/v) affording colourless crystals suitable for X-ray 
diffraction. 

Appearance: Colourless crystals 
Yield: 347 mg, 34% 
IR (KBr disc; vmax ): 3064 w (Phenyl CH), 2604 s, sh (BH str), 2576 vs, sh (BH 
str), 2569 vs, br (BH str), 1466 s (S=O str), 1441 s (S=O str), 864 m (C-S str), 
798 s (BH wag). 
NMR (CDC13): 1H 5 1.0-3.9 ppm (20H, broad multiplet, BH), 7.20 (4H" t J=3-8 
Hz., Ph), 7.32 (4H, d J=3.8 Hz, Ph),, 7.42 (2H, t., J=3.8 Hz., Ph); 13C 8 87.3 ppm 
(Cl), 92.3 (Q), 128.5 (C3 or C6), 128.8 (C4 or C5), 131.3 (C4 or C5), 131.9 (C3 or 
C6); 11B 8 +4.76 ppm (2B,, B12)f -0.10 (2B,, B9),, -5.57 (12B,, 
B4, B5,, B7,, B8, BIO, Bll),, -8.69 (4B, B3, B6) 
E. A. Found: C 39.7, H 6.3 ; Cl 6H30B30SO requires C 39.5, H 6.2 
m+/e 484-489., m+(max) 486 

m. p. 261.8-262.3 'C 

Synthesis of 1,21-11,2-di-g-sulphoxide-bis(orthocarborane) 

Orthocarborane (0.723 g, 5.02 mol) was dissolved at 0 'C under N2 in dry 
Et20 (30 ml) and n-BuLi in hexanes (2.42 M, 4.3 ml, 10.4 mmol) was added 
precipitating white 1,2-dilittiioorthocarborane. After 15 min stirring SOC12 
(0.37 ml, 5.07 mmol) was added and the reaction was left to warm to room 
temperature overnight. Water (30 ml) was added, dissolving the nascent 
LiCl, and the ether layer was washed with further water (2 x 30 ml) before 
being isolated and dried over MgS04- Removal of the solvent in vacuo 
gave a white solid. This was sublimed in vacuo at 50 'C to remove 
unreacted orthocarborane, giving pure 
bis(orthocarborane) as a white solid. 

Appearance: white powder 
Yield: 458mg, 48% 

1,, 2'-l',, 2-di-R-sulphoxide- 

IIR (KBr disc; vmax ): 2585 Vsbr (BH str), 1470 m (S=O str), 1454 m (S=O str), 

1259 m (S=O str), 885 m (C-S str), 800 m (BH wag). 

NMR (CDC13): 1H 8 0.9-3.6 ppm (broad multiplet, BH); 13C 5 92.6 ppm 

(carboranyl Q. 

m+/e 375-381, m+(max) 379 
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Synthesis of 1,2'-l', 2-di-R-sulphide-bis(o-rthocarborane) 

Orthocarborane (1.11 g, 7.72 mol) was dissolved at 0 'C in dry Et20 (30 ml) 
under N2 and n-BuLi in hexanes (6-4 ml, 2.42 M, 15.4 mmol) was added 
precipitating white 1,2-dilithioorthocarborane. After 15 min. stirring SC12 
(0.50 ml., 811 mg,, 7.87 mmol) was added and the reaction was left to warm 
to room temperature over 1 h. Water (30 ml) was added, dissolvng the 

nascent LiCl., and the ether layer was further washed with water (2 x 30 ml) 
before being isolated and dried over MgS04. Filtration and removal of the 

solvent gave a white solid which was sublimed in vacuo at 40 'C to 

remove unreacted orthocarborane, then at 100 'C to give pure 1,2'-l',. 2-di- 

ýt-sulphide-bis(orthocarborane)- 

Appearance: White powder 
Yield: 662 mg, 45% 
IR (KBr disc; vmax ): 2585 vsbr (BH str), 885 m (C-S str), 723 s (BH wag) 
NMR (CDC13): 1H 8 0.8-3.6 ppm (broad multiplet, BH); 13C 5 90.7 ppm 
(carboranyl C); 1 1B 6 -0.95 ppm , -3.06, -7.15, -8.31. 
E. A. Found: C 14.0, H 5.9 ; C4H2OB2OS2 requires C 13.8, H 5.8 

m+/e 346-352, m+(max) 348 

m. p. 122.0-122.5 'C 

Reduction of 1,2'-l', 2-di-g-sulphoxide-bis(orthocarborane) to 1, T-l', 2-di-ýt- 

sulphide-bis(o-rthocarborane) 

Cycloorthocarboranyl sulphoxide (50 mg, 0.13 mmol) was suspended in 

glacial ethanoic acid (30 ml) to which was added 5% palladium on carbon 

(21 mg). H2 was slowly bubbled through the suspension, which was stirred 

at room temperature. After 2h the solid material was isolated by filtration, 

and characterised as cycloorthocarboranyl sulphide dimer. 
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Reduction of bis(l-phenyl-orthocarboranyl) sulphoxide to bis(l-phenyl- 
orthocarboranyl) sulphide 

Hydrogen gas was slowly bubbled through a stirred suspension of bis(1- 
phenyl-orthocarboranyl) sulphoxide (84 mg, 0.17 mmol) and 10% 
palladium on carbon (15 mg) in ethanoic acid (10 ml) for 15 h. Removal of 
the solvent from the filtered solution gave crystalline bis(1-phenyl- 
orthocarboranyl) sulphide (54 mg, 66%). IR and NMR spectra proved 
identical to those of an authentic sample (kindly supplied by Dr Wendy 
Gill). 

Attempted oxidations of 1,2'-l', 2-di-g-sulphide-bis(orthocarborane) to 1,2'- 
1', 2-di-ýt-sulphoxide-bis(orthocarborane) 

(i) Cycloorthocarboranyl sulphide dimer (50 ing, 0.144 rnmol) was 
suspended in glacial ethanoic acid (20 ml) and 60% H202 was added (20 mg, 
0.588 mmol). Stirring at room temperature proceeded over 4 days, with 
periodic monitoring by IR spectroscopy. During this period no formation 

of 1,2'-l', 2-di-g-sulphoxide-bis(orthocarborane) was observed. 

(ii) Cycloorthocarboranyl sulphide dimer (50 mg, 0.144 mmol) was 
dissolved in CHC13 (20 ml) and 50% metachloroperbenzoic acid (153 mg, 
0.310 mmol) was added. Stirring at room temperature proceeded over 4 

days, with periodic monitoring by IR spectroscopy. During this period no 
formation of 1,, 2'-l', 2-di-g-sulphoxide-bis(orthocarborane) was observed. 

(iii) Cycloorthocarboranyl sulphide dimer (50 mg, 0.144 mmol) was 

suspended in conc. sulphuric acid (20 ml, approx 12 M) and 60% H202 was 

added (22 mg, 0.647 mmol). Stirring at room temperature proceeded over 4 

days, with periodic monitoring by IR spectroscopy. During this period no 

formation of 1,2'-l', 2-di-g-sulphoxide-bis(orthocarborane) dimer was 

observed. 



113 

4.4 Ref erences 

1. D. A. Brown, H. M. Colquhoun, J-A. Daniels, J. A. H. MacBride, I. R. 
Stephenson and K. Wade, J. Mater. Chem., 1992,2(8), ' 793. 

2. H. M. Colquhoun, P. L. Herbertson and K. Wade, J. Polym. Sci. A, 1996,34,, 
2521. 

3. R. N. Grimes, Metal Interactions with Boron Clusters, 1982, Academic 
Press, New York. 

4. A. K. Saxena and N. S. Hosmane, Chem. Rev., 1993,93,, 1081. 
5. (a) L. H. Hall, A. Perloff,, F. A. Maver and S. Block, J. Chem. Phys., ' 1965, '43" 

3911; (b) T. E. Paxson, K. P. Callaham and M. F. Hawthorne, Inorg. Chem.,, 
1973,, 12,: 708. 

6. (a) T. D. Getman, C. B. Knobler and M. F. Hawthorne, J. Am. Chem. Soc., 
1990,112,, 4593; (b)T. D. Getman,, C. B. Knobler and M. F. Hawthorne, 
Inorg. Chem.,, 1992,31,101. 

7. D. A. Owen and M. F. Hawthorne,, J. Am. Chem. Soc.,, 1971,93,873. 
8. (a) X. Yang, W. Jiang, C. B. Knobler and M. F. Hawthorne,, J. Am. Chem. 

Soc., 1992,114,9719; (b) J. MUller, K. Base, T. F. Magnera and J. Michl, I. 
Am. Chem. Soc., 1992,114,9721. 

9. R. N. Scott, H. Hooks Jr and J-F. Sieckhaus, Inorg. Chem., 1971,10,2358. 
10. T. J. Henly, C. B. Knobler and M. F. Hawthorne, Organometallics, 1992, 

11,2313. 
11. M. A. Fox, W. R. Gill, P. L. Herbertson, J. A. H. MacBride, K. Wade and 

H. M. Colquhoun, Polyhedron, 1996,15,565. 

12. R. Ll. Thomas and A. J. Welch, Acta Cryst., 1996, C52,1689. 

13. F. A. Gomez, S. E. Johnson and M. F. Hawthorne, J. Am. Chem. Soc., 

1991,113,5915. 
14. W. Jiang, I. T. Chizhevsky, M. D. Mortimer, W. Chen, C. B. Knobler, S. E. 

Johnson, F. A. Gomez and M. F. Hawthorne, Inorg. Chem., 1996,35, 

5417. 
15. W. Jiang, C. B. Knobler and M. F. Hawthorne, Inorg. Chem., 1996,35, 

3056. 
16. R. C. B. Copely, P. L. Herbertson, T. G. Hibbert, J. A. K. Howard and K. 

Wade, manuscript in preparation. 
17. G. R. Newkome, C. N. Moorefield, J. M. Keith, G. R. Baker and G. H. 

Escamilla, Angew. Chem., Int. Ed. Engl-, 1994,, 33., 666. 



114 

18. R. W. Rudolph, J. L. pflug., C. M. Bock and M. Hodgson, Inorg. Chem., 
1970,9,2274. 

19. L. I. Zakharkin, V. I. Bregadze and O. Yu. Okhlobystin, 1. Organomet. 
Chem., 1965,4,211 

20. A. I. Yanovskii, N. G. Furmanova., Yu. T. Struchkov, N. F. Shemyakin 
and L. I. Zakharkin, Izv. Akad. Nauk. SSSR, Ser. Khim., 1979,1523. 

21. L. I. Zakharkin, N. F. Shemyakin, A. V. Polyakov, A. I. Yanovskii and 
Yu. T, Struchkov, Zh. Obshch. Khim., 1987,57,611. 

22. C. Vifias, W. M. Butler, F. Teixidor and R. W. Rudolph, 
Organometallics, 1984,3,503. 

23. C. Viiias, W. M. Butler, F. Teixidor and R. W. Rudolph, Inorg. Chem., 
1986,25,4369. 

24. X. Yang, Z. Zheng, C. B. Knobler and M. F. Hawthorne, 1. Am. Chem. 
Soc., 1993,115,193. 

25. X. Yang, C. B. Knobler and M. F. Hawthorne, Angew. Chem., Int. Ed. 
Engl., 1991,30,1507. 

26. X. Yang, C. B. Knobler and M. F. Hawthorne, J. Am. Chem. Soc., 1992, 
114,380. 

27. W. Clegg, W. R. Gill, J-A. H. MacBride and K. Wade, Angew. Chem., Int. 
Ed Engl., 1993,32,1328. 

28. W. R. Gill, P. L. Herbertson, J-A-H. MacBride and K. Wade, J. Organomet. 
Chem., 1996,507,249. 

29. F. Diederich, Cyclophanes Royal Soc. Chem., Cambridge, 1991. 
30. J. L. Spencer, M. Green and F. G. A. Stone, J. Chem. Soc., Chem. 

Commun., 1972,1178. 
31. M. G. Davidson, T. G. Hibbert, J. A. K. Howard, A. Mackinnon and K. 

Wade, J. Chem. Soc., Chem. Commun., 1996,2285. 
32. Z. G. Lewis and A. J. Welch, Acta Cryst., 1993, C49,705. 
33. T. D. McGrath and Aj. Welch, Acta Cryst., 1995, C51,646. 
34. G. R. Desiraju and A. Gavezzotti, J. Chem. Soc., Chem. Commun., 1989, 

621. 
35. W. L. Jorgensen and D. L. Severance, J. Am. Chem. Soc., 1990,112,4768. 

36. R. Hunter, R. H. Haueisen and A. Irving, Angew. Chem., Int. Ed. Engl., 

1994,33,566. 
37. F. H. Allen, 0. Kennard, D. G. Watson, L. Brammer, A. G. Orpen and R. 

Taylor, J. Chem. Soc., Perkin Trans. 11,1987, S1. 

38. W. Clegg, R. Coult, M. A. Fox, W. R. Gill, RS. Grimditch, B. Hall, J. A. H, 

MacBride and K. Wade, manuscript in preparation. 



115 

39. W. Clegg, V. C. Gibson, W. R. Gill, J. A. H. MacBride, R. J. Peace and 
K. Wade, manuscript in preparation. 

40. Search of the Cambridge Crystallographic Database, February 1997. 



116 

Chapter 5 

- synthesis and Carborane assemblies. 
characterisation of nido systems 
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5.1 Introduction 

Deboronation of carboranes can be described as the removal of one 
boron atom from the cluster (effectively as a BH2+ unit), by means of attack 
by a nucleophile. Only deboronations of dicarbadodecaborane derivatives 
are discussed in this thesis, although many other carboranes undergo 
broadly similar deboronations. 

One suitable nucleophile is the alkoxide ion, generated by 
dissolving KOH in either methanol or ethanol. Most published material 
concerning alkoxide deboronations cites methanol, 1 but the author has 
found that reactions proceed to completion more swiftly in ethanol, 
possibly due to the latter's higher boiling point, thus all deboronations 
have been performed in ethanol. As can be seen from scheme 5.1, the only 
non-carborane products are H2 and the appropriate alkoxyborate anion. 

Scheme 5.1 - Alkoxide deboronation of orthocarboranes 

R R" 

1,2-C2R'R"B OHIO 

R" 

+2 RO- +2 ROH 110, - .Aý-. 6e+ 

B(OR)4- + H2 

nido 7,8-C2R'R"BgHlo- 

Another method of deboronation is by reaction with 'naked' 

fluoride ion, F-. This is used either as a tetraalkylammonium salt 2,3 
f 

R4N+F-, or as an alkali metal salt 4 (generally KF, although CsF is also 

effective). The fluoride ion is described as 'naked' in these reactions 

because in solution (generally thf or acetonitrile) the interaction beween 

the cations and anions is small. Addition of 18-crown-6 increases the 

efficacy of KF deboronations 5 by effectively isolating the K+ ion, and thus 

reducing still further any cation-anion interactions 6. A simplified scheme 

of these reactions is given in scheme. 5.2, overleaf. 
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Scheme 5.2 - Simplified scheme for fluoride ion deboronations 

*lk. 000 
R" R' H R" 

Various 
+ KF +H imp. + monoboron + H2 20 

VXA: A 

products 
LJ 

1,2-C2R'R"BjýHjo nido 7,8-C2RR"BgHlo- 

This fluoride ion route has proved more effective than the alkoxide 
3 route at deboronating substituted meta- carb oranes, and is useful in cases 

where carborane substituents are themselves liable to attack by OH- or RO- 
(such as nitro groups or esters). However, with some derivatives a side 
reaction can occur using the fluoride ion method, namely the fluorination 

of one of the cluster boron atoms 7. Hence care was needed when selecting 
the means of deboronation. All deboronations in this thesis were 
performed by the alkoxide route. 

Other, less common, methods of deboronation use nucleophiles 
such as hydrazine, 8 ammonia, 9 trimethylamine 10 and piperidine 11. 

The removal of the cluster boron atom during deboronation is 

selective - for ortho- and meta-carboranes it is always one of the boron 

atoms adjacent to both cluster carbons which is removed (B3 or B6 in 

ortho-carborane) 8-12. This is because these are the most positively charged 
boron atoms, and thus the most susceptible to nucleophilic attack. 
Correspondingly, the ease of deboronation of the carborane isomers is 

ortho > meta > para, precisely because the target boron atoms are most 

positively charged in ortho-carborane and least positively charged in 

paracarborane. Substituents on the cluster carbon atoms generally have a 

relatively small effect on the ease of deboronation. One notable exception 

to this is the work of Teixidor et al. 13 in which it was shown that 

orthocarboranes disubstituted through sulphur linkages deboronate 

extremely readily, a feature which is demonstrated later in this chapter. 

The above discussion relates only to the creation of mo-noanionic 

nido carboranes (C2R2BqH1o-); these themselves can undergo loss of H+ to 

give jLlanionic nido carboranes (C2R2B9H92-). There are two methods for 

achieving this deprotonation - further reaction with an alkali metal 
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hydride or 
ethanoatel5. 

alkyl 14 (NaH, KH or BuLi), or thallation using thallium(I) 
These methods are outlined below. 

01 u 
" 11 I SIS, 6.: 

K2 R' Nff, 

KH 

L 

D n+ -n+ , 'N 
2 TI+EtOO- r% jýý -C-" 

2- 

2- 

Alkali metal hydrides have the disadvantage of requiring rigorously 
anhydrous and anaerobic conditions, and BuLi has the additional 
drawback of reacting with any unsubstituted carboranyl C-H groups. Also, 
these reagents may react with carborane substituents. In contrast,, thallium 
ethanoate can be used under ambient conditions and selectively 
precipitates the dithallium carborane salt, allowing facile separation of the 
desired product. One very important property of these dithallium salts, 
first demonstrated by Stone et al., 15 is that they readily undergo 
metallation reactions with a wide variety of metal halides to give 

metallacarboranes; this is discussed in more detail in chapter 6. These 
dithallium nido carborane salts are highly insoluble powders, but will 
freely undergo heterogeneous reactions. The two thallium atoms are in 

inequivalent positions in these compounds, as shown by X-ray diffraction 
16. One thallium atom is situated close to the site of the removed boron 

atom,, while the other thallium atom is considerably more distant from 

the duster (fig 5-3). 

Fig. 5.3 - Structure Of T12C2B9Hll 

Ti r 
7 'C HI 
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This inequality explains the ability to selectively substitute one 
thallium atom (with, for example, a solubilising PPN+ group), while 
leaving the otlier thallium atom in situ. Care must be taken when dealing 
with thallium salts as they are highly toxic 17. 

Comparatively little of the considerable work on deboronation has 
focussed on carborane assemblies. Among carbon-linked assemblies, the 
bis-nido derivative of 1,4-bis[2-(4-bromo-phenyl)-ortho-carboranyl] 
benzene has been briefly mentioned. 3 and a number of so-called 'Venus 
flytrap' compounds (illustrated in chapter 6) have been prepared 18. 
Various boron-linked assemblies are also known 19,20. In dealing with 
doubly-deboronated carborane assemblies the question of structural 
isomerism is raised. In most doubly-deboronated carborane assemblies 
there are two possible isomers (see fig. 5-4). 

Fig. 5.4- Structural isomerism in doubly-deboronated carborane assemblies 

C, Ililiiiii;; ý Wi 
. 04 

CI 

K 00 c oc 

These isomers are presumed to occur in roughly equal proportions, and 

separation of them is a complex matter. This may account for the difficulty 

in obtaining X-ray quality crystals of deboronated carborane assemblies. For 

simplicity, deboronated carborane assemblies referred to in this chapter 

will be illustrated as one isomer, but it should not be inferred that this is 

the only, or even the most prevalent, isomer. 
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5.2 Results and discussion 

The work described in this chapter concerns the preparation and 
char acterisation. of novel deboronated carboranyl assemblies, and their 
subsequent thallation. These assemblies provide a starting point for the 
synthesis of metallated ýcarborane assemblies (see Chapter 6). Reactions 
were routinely carried out on 0.5 - 2.0 millimolar scales. 

Compounds containing monoanionic nido cages 

The initial deboronation of 1,4-di(phenylorthocarboranyl)benzene 

was performed using KOH in ethanol. The progress of this reaction was 
monitored by performing IR spectra of samples of the reaction mixture. 
Closo orthocarborane derivatives show a very strong, broad B-H stretching 
absorption at Vmax = 2595-2570 cm-1 ; in contrast, for nido, monoanionic 
orthocarborane clusters this prominent B-H stretching absorption occurs at 
Vinax = 2530-2505 cm-1. Hence the progress of these deboronations can be 

easily followed to completion. In all cases both carborane clusters were 
found to have deboronated, showing that the deboronation of one cluster 
of a carboranyl assembly does not inhibit the deboronation of a second 

cluster on the same assembly. 

5.2.1 Kg fl, 4-(1-C6Hs-C2B9H1o)2C6LW 
(5.1) 

K(D 
4 

oz. 

H 

KE) 

, k. - -k' 

H 
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K2 [1,4-(1-C6H5-C2BqHj0)2C6H4], (5.1), was prepared in 66% yield, on 
a2 mmol scale, by the reaction of 1,4-di(phenylorthocarboranyl)benzene 

with KOH in refluxing ethanol. Excess potassium was precipitated as 
K2CO3 by bubbling C02 through the solution. The pure nido carborane 
product was isolated as a white powder, but attempts to grow crystals 
proved fruitless. In this preparation, as in other KOH/ROH deboronations, 

reaction was monitored by obtaining IR spectra of the reaction mixture - 
the appearance of a strong, broad absorption at Vmax = 2508 cm-1 (nido 

cluster) coinciding with the disappearance of the absorption at Vmax = 2572 

cm-1 (closo cluster). 
The hydrogen atoms of the central phenylene ring of 5.1 appeared as 

a singlet (6=7.04 ppm) in the 1H NMR spectrum. This indicated that there 
was no restriction on the rotation of the carborane clusters (see fig. 5.5) 
within the NMR timescale. 

Fig. 5.5 - Restniction of rotation in carborane assemblies 

2- 

RDC 

Pc 

'10 

This contrasts with the situation where the central phenylene ring is 

perfluorinated (fig. 5.6) - in this case the 19F NMR signal for the central F 

atoms is split (when R=Ph, Me), indicating restricted rotation 21. It is 

believed that the restricted rotation in the perfluorinated case is due to the 

steric bulk of the F atoms (when R=H the 19F NMR signal is not split) 21. 
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Fig. 5.6 - Carborane assemblies containing a perfluorinated central ring 

2- 
2- 

R=H, Me, Ph 

There were also changes in the IIB NMR spectra, when compared 
with the closo starting material. 

Attempts at crystallising 5.1 proved unsuccessful. Thus, in an 
attempt to crystallise a bis-nido carboranyl assembly, two further reactions 
were performed. Newly-formed potassium salts of nido carboranes can be 
easily metathesised to tetraalkylammonium salts, and it was hoped that 
one of these would crystallise more readily. 

5.2.2 [Et4N], y [lA-(l-C ; -C, 7BQHlo)2! CCfiU 

(5.2) 

Et4N (D 

H 

Et4N 

[Et4N]2 [1,4-(l-C6H5-C2B9HlO)2C6H4]., (5.2), was prepared in 44% yield, 

on a2 millimolar scale, by the reaction ot I., 4-cii(plienyl 

orthocarboranyl)benzene with KOH in refluxing ethanol. The reaction was 

again monitored by IR spectra,, and was judged complete when the closo B- 

H absorption at vmax = 2572 cm-1 had been completely replaced by the nido 

C. ýC- 
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Vmax 2510 cm-1 absorption. Excess potassium was precipitated as K2CO3 
by bubbling C02 through the solution, and this, and unreacted starting 
material, were removed by filtration. Tetraethylammonium iodide was 
then added to precipitate the desired product, 5.2, as a white powder. The 
IR spectrum of this showed the strong B-H absorption at Vmax = 2521 cm-1 , 
indicating that this absorption is affected by the nature of the cation. Large, 
colourless crystals of this compound were grown from slow evaporation of 
a saturated solution of 5.2 in acetonitrile. These were submitted for X-ray 
diffraction studies, but they proved impossible to solve due to disorder 
among the ethyl chains of the cations. 

A second attempt to obtain crystals of a bis-nido carboranyl assembly 
used the complexing crown ether 18-crown-6. This crown ether selectively 
binds K+ ions and it was hoped that this effective increase in the cation 
size (bringing them closer in size to the anion) would aid the formation of 
good quality crystals. This assumption was based on the fact that the crystal 
structure of a nido monocarborane species had recently been determined 

as the K+-18-crown-6 salt 22. 

5.2.3 [K--18-crown-61? [1,4-(l-C6H5-C? BgHlo). 2C6LId 
(5.3) 

ro--*ý 

Co 
KG 

03 ye 

H 

(I, 
'. 

ý"O') 
K@ 

0) 

Is"'O"ý 

[K-18-crown-612 [1,4-(1-C6H5-C2BqHjO)2C6H4], (5-3). was prepared in 

45% yield, on a1 millimolar scale, by a reaction analogous to that used to 

prepare 5.3t. Bubbling C02 was not employed., as addition of 18-crown-6 to 

the freshly deboronated solution selectively precipitated the desired 

product. The product was isolated as a white powder, and crystals were 

grown from a number of solvents. However, despite numerous attempts, 

these crystals proved either to be badly flawed (perhaps due to 
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desolvation), or composed of separate microcystals, and were thus 
unsuitable for X-ray analysis. The IR spectrum of 5.3 showed the strong, 
broad B-H stretch at vmax = 2525 cm-1 , closer to the Et4N+ salt than the 
'bare' K+ salt, demonstrating the more 'organic' nature of the K+-18- 
crown-6 cation. 

In order to demonstrate that these deboronation reactions were also 
applicable to carborane assemblies linked through a meta disubstituted 
benzene ring, [K-18-crown-612 [1,3-(l-C6H5-C2B9HlO)2C6H4] was prepared. 
As for the 1,, 4- substituted systems, the deboronation (followed by ]OR) went 
to completion, with no sign of a singly-deboronated product. 

5.2.4 LK--. 
_18-crown-6ly 
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[K-18-crown-612 [1,3-(I-C6H5-C2BqHjO)2C6H4], (5.4), was prepared in 

91% yield, on a millimolar scale, by a reaction analogous to that used to 

prepare 5.3, with the exception that 1,3-di(phenylorthocarboranyl)benzene 

was substituted for 1.4-di(phenyl orthocarboranyl)benzene. Deboronation 

was monitored by IR spectra, and the product, 5.4, was shown to have a 

strong B-H stretching absorption at vmax = 2521 cm-1 , similar to that for the 

analogous 1, + system. The pure product was isolated as a white powder. 
Crystals were grown by evaporation from a saturated Et20 solution, but 

they proved unsuitable for X-ray analysis due to twinning of the needle- 

like crystals. 

It was -then decided to try to prepare salts in which the dicarboranyl 

dianions, [(RCBgHlOC)C6H4]2-, were paired with dications, in which the 

separation between positive centres matched that of the open carborane 

faces in the assemblies. The cation/anion pairings chosen were diquat with 
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the 1,3- substituted assembly, and paraquat with the 1,4- substituted 
assembly. 

Fig. 5.7 - The diquat and paraquat cations 

Me- N N-Me 

DIQUAT PARAQUAT 

These were chosen because they filled the above criteria and were either 
very simply prepared (in the case of diquat 24) or commercially available 
(in the case of paraquat). Both compounds had to be handled with care as 
they are toxic, particularly by inhalation of the dust. 

5.2.5 Paraqu&tZ± [j&Lj-! ýfiM:: C ýýqjtjq4c 
.,. r ,, 

LWZ 
(5.5) 

H 

Me-N ++ N-Me I 
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Paraquat2+ [1,4-(l-C6H5-C2B9HlO)2C6li4]2-f (5.5), was prepared in 44% 

yield, on a1 millimolar scale by the deboronation of 1,4- 
di(phenylorthocarboranyl)benzene with KOH in refluxing ethanol, 
followed by addition of an aqueous solution of paraquat dichloride. This 

addition caused the solution to turn a vivid blue. The deep blue colour 
faded to pale yellow over the period of a few minutes. Removal of the 

solvent in vacuo gave a dull yellow/green solid. Extraction of the solid 

residue in a sealed Soxhlet extractor (using CH202) to leave KCI gave 5.5 as 

a yellow/green solid. In this solid the strong, broad B-H stretching 
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absorption occurred at Vmax = 2523 cm-1, similar to the Et4N+ case (5.2). The 
sudden and dramatic appearance of the deep blue colour, in conjunction 
with the known properties of paraquat, 23 suggested the creation of a 
radical species, which decayed in air. 

The paraquat dication is well known as a single electron acceptor 
(redox potential -450 MV 25) - it is this property which makes it an effective 
herbicide 25. In plant cells the paraquat radical cation is oxidised further by 

oxygen, generating the true toxicant, hydrogen peroxide. Thus, for the 
suspected radical species to be isolated, the reaction needed to be repeated 
under anaerobic conditions. The radical cation is stable to water 23. 

5.2.6 Paraquat±-- 14- 1 -CeT4E:. C2Bqjjjo)? C6Wm: -jadical io 
(5.6) 

H 

Me-Na/ -ý\a-Me +0 

C541 
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An attempt to prepare and isolate the above radical ion pair was 

made in a repeat of the above experiment. Paraquat+- [1,4-(l-C6H5- 

C2B9HlO)2C6H4]-- radical ion pair, (5.6), was prepared in a manner 

analogous to the synthesis of 5.5, except that all glassware, solvents and 

reactants were kept scrupulously anaerobic. The addition of the aqueous 

solution of paraquat dichloride again gave a vivid, deep blue colour, but 

this time it did not fade. Removal of the solvent gave a deeply coloured 

solid which was anaerobically extracted with CH2CI2,, to give a lustrous, 

purple-grey solid, 5.6. This solid appears to be indefinitely stable under 

glove box conditions, but decomposed to the yellow/green non-radical 

species in solution (benzene, toluene, CH202) over a period of 1-2 months, 

presumably due to the slow ingassing Of 02. 
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The radical nature of 5.6 was demonstrated by ESR and magnetic 
susceptibility measurements. The ESR spectrum (see fig. 5.8) shows a 
signal corresponding to a single unpaired electron: this is in keeping with 
the proposed structure, as only the electron on the paraquat cation would 
be detected - the electron on the carboranyl assembly would couple with 18 
boron atoms (spin 3/ 2), and as such would not be visible in the ESR 
spectrum. Calculations of magnetic susceptibility, from readings made on 
the JME balance, gave a value of 2.85 Bohr Magnetons per molecule - this 
compares excellently with the calculated value of 2.83 BM for a compound 
with two unpaired electrons (A sample of the non-radical, yellow/green 
compound was run as a standard). The UV/Vis spectrum of 5.6 shows a 
very strong charge transfer band (235 nm); 5.5 does not possess this band. 

The IR spectrum of 5.6 shows the distinctive B-H stretching 
absorption at Vmax = 2523 cm-1, identical to that for 5.5. Owing to the 

paramagnetic nature of 5.6 no NMR spectra could be recorded. 

Fig. 5.8 - ESR spectrum for Paraquat+- 11.4-(l-C6H5-C2B9HlO)2C6H4]-. radical 
ion pair 
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In view of the oxygen-sensitive nature of the paraquat+- [1,4-(l-C6H5- 

C2B9HlO)2C6H4]-. radical ion pair, further reactions involving paraquat or 

diquat were carried out under strictly anaerobic conditions. 
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5.2.7 Diguatý-+ [1.3-(l-CrH- -C B 

(5.7) 
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The salt diquat2+ [1,3-(l-C6H5-C2B9HlO)2C6H4]2-, (5.7), was prepared 
in 59% yield, on aI millimolar scale, by the deboronation of 1., 4- 
di(phenylorthocarboranyl)benzene with KOH in refluxing ethanol, 
followed by addition of an aqueous solution of diquat dibromide. 
Anaerobic conditions were rigorously employed throughout and led to the 
isolation of a deep grey solid. Extraction of the solid residues (in CH202) 

using a sealed Soxhlet extractor to separate the product from the byproduct, 
KCI, gave 5.7 as a steel grey solid. The IR spectrum of 5.7 showed the 

prominent B-H stretching absorption at Vmax = 2521 cm-1, identical to that 
found for [K-18-crown-612 [1,3-(l-C6H5-C2B9HlO)2C6H4]f, 5-5 . Attempts to 

grow crystals suitable for X-ray diffraction proved unsuccessful. 
No evidence of any radical character was found for 5.7. There are 

three postulated reasons for the absence of electron transfer, in contrast 

with the paraquat+-/[1,4-(l-C6H, 5-C2B9HlO)2C6H4]-- system. Firstly the redox 

potential for diquat (-350 mV) is less negative than that for paraquat (-450 

mV); secondly, the diquat/[1,3-(l-C6H5-C2B9HlO)2C6H4I pair might be 

sterically less well suited to form a radical pair than the paraquat/[l,. 4-(l- 

C6H, 5-C2B9HlO)2C6H4] system; and thirdly, the [L4-(1-C6H5-C2B9Hj0)2C6H41- 

anion has the option of adopting a quinonoid structure about its central 

phenylene ring, whereas the [1,3-(l-C6H5-C2B9HlO)2C6H4]- anion does not 

have this ability. 
It was then decided to try to prepare the paraquat/[1,3-(l-C6H5- 

C2B9HlO)2C6H4] and diquat/[l,, 4-(l-C6H5-C2B9HlO)2C6H4I systems, for 

comparison with the above compounds, and with the hope of preparing 

further radical systems. 
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5.2.8 Pargquat2± -L -C CZBý qHjo)ZC6H4jL 
(5.8) 

(D N Me-N'D/ _C/ -Me 
r.. '-I 

H t-1 

Paraquat2+ [1,3-(l-C6H5-C2B9HlO)2C6H4]2-,, (5.8), was prepared in 36% 

yield, on a1 millimolar scale, by the deboronation of 1,4- 
di(phenylorthocarboranyl)benzene with KOH in refluxing ethanol, 
followed by addition of an aqueous solution of paraquat dichloride. Strict 

anaerobic conditions were maintained throughout. Extraction of the solid 
residues (in CH202) using a sealed Soxhlet extractor to remove KC1 gave 
5.8 as a white solid. The IR spectrum of 5.8 displayed the strong, broad B-H 

stretching absorption at Vmax = 2504 cm-1, significantly shifted from the 

value for other [1,3-(l-C6H5-C2B9HlO)2C6H4]2- species (Vmax = 2521 cm-1 in 

both cases). There was no evidence of radical character. 

. 
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Diquat2+ [1,4-(l-C6H5-C2B9HlO)2C6H4]2-, (5.9) was prepared in 85% 
yield, on a1 millimolar scale, by the deboronation of 1,, 4- 
di(phenylorthocarboranyl)benzene, using KOH in refluxing ethanol, 
followed by addition of aqueous diquat dibromide. The deeply-coloured 
(chocolate-brown) solid isolated was purified by extraction in CH202', 
using sealed Soxhlet apparatus. However, it displayed no evidence of 
radical character. The strong, broad B-H stretch in the IR spectrum 
occurred at Vmax = 2520 cm-1, similar to most of the previously discussed 
compounds in this chapter. 

In order to give more steric freedom to the cations, it was decided to 
attempt to prepare a nido carborane assembly using two separate aromatic 
quaternary nitrogen cations. 2-chloro-(methylpyridinium) chloride was 
used as it was commercially available. 

5.2.10 (2-Cl-C_ N-+Me), ) [1.4-(l-C- ; -C B-_ QI2j; 6Hjll 
(5.10) 
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(2-Cl-C6H4N+-Me)2 [1,4-(l-C6H5-C2B9HlO)2C6H4]2-,, (5.10),, was 

prepared, on a 0.5 millimolar scale, in a manner analogous to 5.9, with the 

substitution of the diquat dibromide by (Ortho Cl-C6H4N+-Me) chloride. 

The product was isolated in 97% yield, as a white powder, which proved to 

be highly insoluble. No radical character was observed for 5.10. The IR 

spectrum of 5.10 was similar to those of previously characterised [1+(1- 

C6H5-C2B9HlO)2C6H4]2- derivatives. The very high yield of this compound 

is probably due to its very low solubility, which also prohibited the 

performance of solution-state NMR spectra. If greater quantities of 5.10 are 

prepared, it is hoped to obtain solid state NNIR spectra. 

C., C- 
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Compounds containing dii-anionic nido cages 

The following bis-dianionic nido species were prepared in a manner 
analogous to that of Stone et al. 15, as discussed earlier. All reactions 
proceeded swiftly to completion, with no steric complications. These 
thallium salts were synthesised as highly convenient precursors to bis- 

metallated carborane assemblies (see chapter 6). The PPN+ derivatives 

were synthesised in order to make these compounds more soluble, PPN+ 
being a large, 'organic' cation (fig. 5.9). 

Fig. 5.9 - The PPN+ cation 

P=N==P 

This also allowed solution-state NMR spectra of these compounds 

to be recorded. It is hoped to be able to record the solid-state NMR 

spectrum of the insoluble species at a later date. 
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T14 1L4-(1-C6H5-C2B9H9)2C6H4], (5-11), was prepared in 86% yield, on 
a1 millimolar scale, by the deboronation of 1,4- 
bis(phenylorthocarboranyl)benzene with KOH in refluxing ethanol, 
followed by addition of excess aqueous thallium ethanoate. This 
immediately precipitated yellow T14 [1,4-(l-C6H5-C2B9H9)2C6H4]. As with 
most TI(I) salts, 5.11 was extremely insoluble, and it thus proved 
impossible to obtain solution NMR spectra for the product. The IR 
spectrum of 5.11 showed the B-H stretching absorption at Vmax = 2495 cm-1. 
This value is notably different to those for the bis-monoanionic species. 

5.2.12 PPN7Tl7 [1,4-(l-C_ I 090ý6L, 41 

(5.12) 
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PPN2Tl2 [1,4-(l-C6H5-C2B9H9)2C6H4], (5.12), was prepared by the 

addition of PPN+Cl- to a stirred suspension (in acetonitrile) of the 
thallium, salt, 5.11. Precipitated TIG was removed by filtration and 5.12 was 
isolated in 82% yield, as a white powder. The solubilising effect of the 
large, organic PPN+ cations made 5.12 sufficiently soluble in chloroform 
for 1H and 11B NMR spectra to be run. Interestingly, the IR spectrum of 
5.12 showed the strong, broad B-H stretching absorption at Vmax = 2521 cm- 
1, closer to typical values for bis-monoanionic species (Vmax 2520-2525 cm- 
1), than to 5.11 (Vmax = 2495 cm-1). This suggests that in the solid state, the 

size of the cation has more effect on the IR spectrum than the charge on 

the cage. 
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5.2.13 11& 11,3-(l-C6H5: ýC2BqH912Cfif-W 

(5.13) 
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T14 [1,4-(l-C6H5-C2B9H9)2C6H4],, (5.13), was prepared in 79% yield by 
the deboronation of 1,4-bis(phenylorthocarboranyl)benzene with KOH in 

refluxing ethanol, followed by addition of excess aqueous thallium 
ethanoate. This immediately precipitated yellow T14[1,4-(l-C6H5- 
C2B9H9)2C6H4]. As with most Tl(ý salts, 5.13 was extremely insoluble, and 
it thus Proved impossible to perform solution-state NMR studies on the 

product. The IR spectrum of 5.13 showed the strong B-H stretching 
absorption at Vrnax = 2489 cm-1. This value is close to that for the 1,4- 

analogue,, 5.11. 
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PPN2TI2 [1,3-(l-C6H5-C2B9H9)2C6H4], (5.14), was prepared by the 

addition of PPN+Cl- to a stirred suspension (in acetonitrile) of the 
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thallium salt, 5.13. Precipitated T1Cl was removed by filtration and 5.14 was 
isolated in 82% yield, as a white powder. The solubilising effect of the 
large, organic PPN+ cations made 5.14 sufficiently soluble in chloroform 
for 1H and 11B NMR spectra to be run. The IR spectrum of 5.14 showed the 
strong, broad B-H stretching absorption at Vmax = 2515 cm-1, closer to typical 
values for bis-monoanionic species (Vmax 2520-2525 cm-1),, than to 5.13 
(Vmax = 2489 cm-1). This lends support to the theory that the size of the 
cation is more important than the charge on the cage in determining the 
position of the BH absorption in IR spectra. 

5.2.15 l1r, [1,3,5-(I-CrH- -C B 
(5.15) 

TIE) 

-nE) 

. L. 

-n- Ti® 

T16[1,3,5-(l-C6H5-C2B9H9)3C6H3], (5-15), was prepared by the 
deboronation of 1,3,5-Tris(phenylorthocarboranyl)benzene (kindly donated 

by Dr Hugh MacBride) using KOH in ethanol, followed by addition of 

excess thallium ethanoate. This generated an immediate white precipitate 

of 5.15, which was isolated by filtration. As previously, the product was 
insufficiently soluble for NMR analysis. The IR spectrum of 5.15 showed 

the strong, broad B-H stretching absorption to be at Vmax = 2521 cm-1. This 

is greatly shifted from the corresponding absorption of the closo starting 

material (Vmax = 2599 cm-1)26, but higher than previous values for 

'thallium-only' bis-jLlanionic species (Vmax = 2489-2495 cm-1). 
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5.3 Experimental 

Preparation of compounds containing Monoanionic nido cages 

Synthesis of K2 [IA-(I-C6H5-C2B9HlO)2C6H4], 

(5.1) 

1,4-di(phenylorthocarboranyl)benzene (854 mg, 3.07 mmol) and KOH 

pellets (1.720 g, 30.57 mmol) were suspended in EtOH (40 ml) and heated to 
reflux (78 'C) for 3 days, dissolving the reactants. After cooling to room 
temperature, C02 was bubbled through the stirred reaction mixture, 
precipitating white K2CO3 from the unreacted KOH. This was continued 
until it was clear that no further precipitation was occurring (c. 8 h), after 
which the K2CO3 was removed by filtration. The solvent was then 

removed at 60 'C in vacuo overnight, giving K2[1,4-(l-C6H5- 
C2BqHjO)2C61-h] as a white solid. 

Appearance: white powder 
Yield: 1.044 g, 66 % 
IR (KBr disc; vmax ): 3011 w (phenyl CH str), 2508 vsbr (BH str), 1483 w (C=C 

str), 1420 m (C=C str), 1004 m (phenyl i. p. def), 769 w (phenyl o. o. p. def), 695 

s, br (BH wag). 
NMR (CD30D): 1H 8 0.8-3.0 ppm (broad multiplet, BýH), 6.77 (unresolved 

multiplet, phenyl CH), 7.04 (s, phenylene Cii), 7.08 (d J=8.4 Hz, phenyl CH_), 

7.20 (unresolved multiplet, phenyl Cli); 11B 8 -7.78 ppm (2B,, B9/B11), 

-14.38 (1B, B3), -15.99. f -18.03 (4B, B2/B4/B5/B6). -32.58 (1B, B10),, -34.92 (1B, 

B1). 

Synthesis of IEUN12 [lA-(l-C6H5-C2B9Hlo)2C6H4] 
(5.2) 

1.06g of 85% KOH pellets ( 14.3 mmol ) was dissolved in 20 ml of 

ethanol and 0.849g (1.65 mmol) of 1,4-di(phenylorthocarboranyl)benzene 

was added, forming a cloudy suspension. This was refluxed at 80 OC. After 
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five days at reflux the reaction had not visibly changed, but an IR spectrum 
of the solution showed the presence of the nido carborane cage ( Vmax --"ý 
2518 cm-1 ). After a further five days reflux another 1.04 g of KOH pellets 
was added. After an additional eleven days reflux a second IR was run, 
showing the nido carborane peak at 2527 cm-1, not notably stronger than 
the previous IR. Reflux was then halted and the reaction cooled to room 
temperature. The reaction was filtered to remove unreacted 1,4- 
bis(phenylorthocarboranyl)benzene (0-464 g of starting material was 
recovered, authenticated by IR). Excess solid carbon dioxide was added to 
the filtrate to precipitate excess KOH as K2CO3- The K2CO3 was removed by 
filtration and the methanol was removed from the filtrate, leaving a white 
solid. An IR of this solid showed the nido product (Vmax = 2521 cm-1), but 

also the prescence of carbonate (Vmax = 1654 cm-1). It was decided to 

separate the nido product as the bis-tetraethylammonium salt. 0.860 g (3-3 

mmol) of tetraethylammonium iodide was dissolved in 10 ml of water 

and added to the solid, which was then stirred for 20 minutes. The white 

precipitate formed was removed by filtration, washed with water (2 x 10 

n-d), and recrystallised from CH3CN. 

Appearance: White n-dcrocrystals 
Yield: 691 mg, 44 % 
IR (KBr disc; Vmax ): 2988 w (phenyl CH str), 2923 w (aliphatic CH str), 2521 

vs (BH stretch), 1481 m (C=C str), 1458 w (C=C str), 1182 m (Et4N+ 

absorption ? ), 1069 w (phenyl i. p. def), 1078 w (phenyl i. p. def), 1000 m 

(phenyl Lp. deý, 782 m (phenyl. o. o. p. def), 729 m (BH wag), 700 m (phenyl. 

o. o. p. deý, 481 w (CH wag). 
NMR (CDC13): 1H 6 0.8-2.8 ppm (broad multiplet, BH), 1.21 (s, CH3), 3.17 

(CH2)f 6.66 (unresolved multiplet, phenyl. Cli), 6.84 (unresolved multiplet, 

phenyl. Cli); 13C{lH) 8 6.1 ppm (CH3),, 57.9 (CH2),, 87.9 (carboranyl Q), 132.2, 

133.6,134.9,136.0 (phenyl. CM; 

Synthesis of [K-18-CrOWn-612 ll,, 4-(l-C6H5-C2B9HlO)2C6H4] 
(5.3) 

1,4-di(phenylorthocarboranyl)benzene (1.30 g,, 2.0 mmol) and KOH pellets 

(2.65 gf 47.3 Minol) were suspended in EtOH (40 ml) and heated to reflux 

(go OC) for 3 days, dissolving the reactants. After cooling to room 
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temperature,, a solution of 18-crown-6 (1.06 g, 4.0 mmol) in water (25 ml) 
was added causing an immediate white precipitate of [K-18-crown-612 [1,4- 
(1-C6H5-C2B9HlO)2C6H4] to appear, which was isolated by filtration. A 
second crop of product was obtained by cooling the filtrate to 4 'C 
overnight. 

Appearance: White microcrystals 
Yield: 1.084 mg, 45% 
IR (KBr disc; Vmax ): 3053 w (phenyl CH str), 3027 w (phenyl CH str), 2946 
m, sh (aliphatic CH str), 2900 s (aliphatic CH str), 2870 m, sh (aliphatic CH 
str), 2825 m (aliphatic CH str), 2525 vsbr (BH str), 1491 m (C=C str), 1472 m 
(C=C str), 1453 m (C=C str), 1284 m (phenyl i. p. def), 1249 m (phenyl i. p. def), 
1107 vs (C-0 str), 804 m (phenyl o. o. p. def), 766 w (phenyl o. o. p. deo, 699 s 
(BH wag). 
NMR (CDC13): 1H 5 0.9-2.8 ppm (18H, broad multiplet, BH), 3.55 (48H, s, 
CH2), 6.81 (8H, unresolved multiplet, phenyl CH), 7.16 (6H, unresolved 
multiplet, phenyl CH). 
E. A. Found: C 50.6, H 5.5 ; required C 50.2, H 5.5 
m. p. 196.5-197 IIC 

Synthesis of [K-18-crown-612 [1,3-(l-C6H5-C2B9Hlo)2C6H4] 

(5.4) 

1,3-di(phenylorthocarboranyl)benzene (488 mg, 0.95 mmol) and KOH 

pellets (643 mg, 10.3 mmol) were suspended in EtOH (40 ml) and heated to 

reflux (90 'C) for 2 days, dissolving both reactants. After cooling to room 
temperature, a solution of 18-crown-6 (534 mg, 1.9 mmol) in water (10 ml) 
was added causing an immediate white precipitate of [K-18-crown-612 11,3- 
(I-C6H5-C2BqHjO)2C6H4], which was isolated by filtration. A second crop of 

product was obtained by cooling the filtrate to 4 'C. 

Appearance: White powder 
Yield: 998 mg, 91% 
IR (KBr disc; vma,, ): 3054 w (phenyl CH str), 3024 w (phenyl CH str), 2899 s 
(aliphatic CH str), 2825 m (aliphatic CH str), 2521 vsbr (BH str), 1491 m 
(C=C str), 1472 m (C=C str), 1451 m (C=C str), 1284 m (phenyl i. p. def), 1249 
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m (phenyl i. p. def), 1108 vs (C-0 str), 836 m (phenyl o. o. p. def)., 794 w 
(phenyl o-o-p-def), 697 s (BH wag). 
NMR (CDC13): IH 8 0.8-3.0 ppm (broad multiplet, EýH), 3.55 (s, CH2), 6.75- 
7.15 (unresolved multiplet, phenyl CH). 
E. A. Found: C 50.4, H 6.0; Required C 50.2 H 5.5 
m. p. 112.5-113 'C 

Synthesis of paraquat2+ [1,4-(I-C6H5-C2B9HlO)2C6H4]2- 

(5.5) 

1,4-di(phenylorthocarboranyl)benzene (0-518 mg, 1.01 mmol) and KOH 
pellets (0.588 mg, 10.69 mmol) were suspended in EtOH (30 ml) and heated 
to reflux (90 'C) for 3 days, dissolving the reactants. After cooling to room 
temperature,, a solution of paraquat dichloride dihydrate (319 mg, 1.09 

mmol) in water (20 ml) was added, forming an intensely coloured, deep 
blue solution which slowly faded to pale yellow over a period of 
approximately 10 minutes. Removal of the solvent in vacuo gave a 
yellow/green solid, from which the nascent KC1 was removed by sealed 
Soxhlet extraction in CH202- Paraquat2+ [1,4-(l-C6H5-C2B9HlO)2C6H4]2- was 
thus isolated. 

A T% x-lippearance: yellow/green powder 
Yield: 324 mg, 44 % 
IR (KBr disc; Vmax ): 3119 w (aryl CH str), 3072 w (aryl CH str), 3055 w (aryl 

CH str), 2963 w (aryl CH str), 2925 w (CH3 str), 2523 vs, br (BH str), 1639 s 
(C=N str), 1489 m (C=C str), 1443 m (C=C str), 1387 w (C=C str), 1066 m (aryl 

i. p. def), 1030 w (aryl i. p. def), 1021 w (aryl i. p. def), 1005 w (aryl i. p. deO, 819 m 
(aryl o. o. p. def), 813 w (aryl o. o. p. def), 769 m (aryl o-o. p. deo, 702 s (BH wag). 
NMR (CD3CN): 1H 8 0.8-2.7 (broad multiplet, Bffl, 2.34 (s, paraquat CH3). 

6.90 (unresolved multiplet, aryl CH), 7.12 (d J=1.4 Hz, aryl Cli), 7.16 (d J=2.0 

Hz, aryl CH). 



140 

Synthesis of paraquat+- [1,4-(I-C6H5-C2B9HlO)2C6H4]-, radical ion pair 
(5.6) 

1,4-di(phenylorthocarboranyl)benzene (280 g, 0.544 mmol) and KOH pellets 
(331 mg, 5.53 mmol) were suspended in degassed EtOH (40 ml) under N2 

and heated to reflux (78 'C) for 3 days, dissolving the reactants. After 

cooling to room temperature, a solution of paraquat dicWoride dihydrate 
(162 mg,, 0.554 mmol) in degassed water (20 ml) was added, forming an 
intensely coloured, deep-blue solution. Removal of the solvent in vacuo 
gave a lustrous purple/grey solid. Nascent KO was removed from this 

solid by sealed Sox-Wet extraction in dry, degassed CH202- Pure paraquat2+- 
[1,4-(l-C6H5-C2B9HlO)2C6H4]2-- radical pair was thus isolated. 

Appearance: lustrous purple/grey solid 
Yield: 308mg, 78% 
IR (KBr disc; vmax ): 3122 w (aryl CH str), 3056 m (aryl CH str), 2966 w (aryl 

CH str), 2924 w (CH3 str) 2523 vsbr (BH str) 1639 s (C=N str) 1491 m (C=C 

str), 1444 m (C=C str), 1402 w (C=C str), 1077 s (aryl i. p. def), 1027 m (aryl 

i. p. def), 820 m (aryl o. o. p. def), 761 w (aryl o. o. p. def), 699 m (BH wag). 
ESR: See page 128. 
UV/Vis: (CH202; vmax): 235 nm. 

Synthesis of diqUat2+ [1,3-(l-C6H5-C2B9HlO)2C6H4]2- 
(5.7) 

1,3-di(phenylorthocarboranyl)benzene (515 mg, 1.00 mmol) and KOH 

pellets (567 mg, 10.30 mmol) were suspended in degassed EtOH (50 ml) 

under N2 and heated to reflux (78 'C) for 3 days, dissolving the reactants. 

After cooling to room temperature,. a solution of diquat dichloride (301 

mg,, 1.03 mmol) in degassed water (20 ml) was added, forming a grey 

solution. Removal of the solvent in vacuo gave a deep grey solid, diquat2+ 

[1/3-(1-C6H5-C2BqHj0)2C6H4]2-. 

Appearance: steel grey powder 
Yield: 461 mg, 59% 
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IR (KBr disc; vmax): 3080 w (aryl CH str), 3060 w (aryl CH str), 3018 w (aryl 
CH str), 2954 w (CH2 str), 2924 w (CH2 str), 2856 w (CH2 str), 2521 vsbr (BH 
str),, 1611 s (C=N str), 1596 s (C=N str)., 1495 s (C=C str), 1467 m (C=C str),, 
1442 m (C=C str), 1069 m (aryl Lp. deý, 1027 m (aryl i-p-def), 1002 w (aryl 
i. p. def), 794 m (aryl o. o. p. deý, 766 s (aryl o. o. p. def), 699 vs (BH wag). 

Synthesis of paraquat2+ [lt3-(I-C6H. 5-C2B9HlO)2C6H4]2- 

(5.8) 

1,3-di(phenylorthocarboranyl)benzene (520 mg, 1.01 mmol) and KOH 
pellets (574 mg, 10.44 mmol) were suspended in degassed EtOH (50 MI) 
under N2 and heated to reflux (78 'C) for 3 days, dissolving the reactants. 
After cooling to room temperature, a solution of paraquat dichloride (299 
mg, 1.02 mmol) in degassed water (20 ml) was added, forming a colourless 
solution. Removal of the solvent in vacuo gave a white solid. Nascent KCI 
was removed from this solid by sealed Soxhlet extraction in CH202- Pure 
paraquat2+- [1,3-(l-C6H5-C2B9HlO)2C6H4]2-. was thus isolated. 

Appearance: white powder 
Yield: 284 mg, 36% 
IR (KBr disc; vmax ): 3050 w (aryl CH str), 3024 vw (aryl CH str), 2964 (aryl 

CH str), 2519 vsbr (BH str), 2504 s, sh (BH str), 1638 s (C=N str), 1598 s (C=N 

str), 1406 s (C=C str), 1387 vs (C=C str), 1079 w (aryl i. p. def), 1026 w (aryl 

i. p. def), 995 s (aryl i. p. def), 796 w (aryl o. o. p. def), 782 w (aryl o. o. p. def), 764 

m (aryl o. o. p. def), 700 s (BH wag). 

Synthesis of diqUat2+ [1,, 4-(l-C6H5-C2B9Hlo)2C6H4]2- 
(5.9) 

1.4-di(phenylorthocarboranyl)benzene (517 mg, 1.00 mmol) and KOH 

pellets (561 mg, 10.2 mmol) were suspended in EtOH (40 ml) and heated to 

reflux (78 'Q for 3 days, dissolving the reactants. After cooling to room 

temperature, a solution of diquat dichloride (300 mg, 1.02 mmol) in water 

(20 ml) was added, forming a brown solution. Removal of the solvent in 

vacuo gave a brown solid, from which the nascent KC1 was removed by 
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sealed Soxhlet extraction in CH2CI2- Pure diquat2+ [1,4-(l-C6H5- 
C2B9HlO)2C6H4]2- was thus isolated. 

Appearance: chocolate brown powder 
Yield: 667 mg, 85% 
IR: (KBr disc; vmax ): 3118 w (aryl CH str), 3075 w (aryl CH str), 2963 w (aryl 
CH str), 2927 w (CH3 str), 2520 vsbr (BH str), 1623 m (C=N str), 1489 m (C=C 
str), 1444 m (C=C str), 1389 w (C=C str), 1066 m (aryl i. p. def), 1030 w (aryl 
i. p. deo, 1015 w (aryl i. p. def), 819 m (aryl o. o. p. deo, 769 m (aryl o. o. p. deo, 
699 m (BH wag). 

Attempted synthesis of diquat2+- [1,4-(l-C6H5-C2B9HlO)2C6H4]2-- radical pair 
(5.9) 

1,4-di(phenylorthocarboranyl)benzene (521 mg, 1,01 mmol) and KOH 

pellets (560 mg, 10.2 mmol) were suspended in degassed EtOH (50 MI) 
under N2 and heated to reflux (78 'C) for 3 days, dissolving the reactants. 
After cooling to room temperature,, a solution of diquat dichloride (303 

mg, 1.03 mmol) in degassed water (20 ml) was added, forming a brown 

solution. Removal of the solvent in vacuo gave a chocolate brown solid, 
characterised as diquat2+ [1+(1-C6H5-C2BqHj0)2C6jU]2-. 

Appearance: chocolate brown powder 
Yield: 644 mg, 82% 
IR: matched that of previous compound 

Synthesis of (2-Cl-C6H4N+-Me)2 11.4-(l-C6H, 5-C2B9Hlo)2C6H4]2- 
(5.10) 

1.4-di(phenylorthocarboranyl)benzene (255 mg, 0.50 mmol) and KOH 

pellets (288 mg, 10-47 mmol) were suspended in degassed EtOH (40 ml) 

under N2 and heated to reflux (78 OC) for 3 days, dissolving the reactants. 

After cooling to room temperature, a solution of 2-Cl-C6H4N+-Me Br- (112 

mg, 0.54 mmol) in degassed water (20 ml) was added, causing the 

immediate precipitation of a white solid. This was isolated by filtration 

and washed with water (3 x 50 ml) to remove any remaining KBr. The 
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purified sohd was then dried in vacuo, giving pure (2-Cl-C6H4N+-Me)2 
[1,4-(l-C6H5-C2B9HlO)2C6H4]2-. The product proved extremely insoluble. 

Appearance: white powder 
Yield: 335 mg, 97% 
IIR (KBr disc; vmax): 3062 w (aryl CH str), 3018 w (aryl CH str),, 2977 w (CH3 
str), 2522 vsbr (BH str), 1608 s (C=N str),, 1596 s (C=N str),, 1490 m (C=C str),. 
1468 m (C=C str),, 1078 w (aryl i. p. def),, 1030 m (aryl i-p-def),, 1000 m (aryl 
Lp. deý,, 789 m (aryl o. o. p. def)., 761 m (aryl o. o. p. def),, 698 vs (BH wag). 

Preparation of compounds containing dianionic nido cages 

Synthesis Of T14 Ilf4-(l-C6H. 5-C2B9H9)2C6H4] 
(5.11) 

1,4-di(phenylorthocarboranyl)benzene (1-037 g, 2.01 mmol) and KOH (1-150 

g, 20-91 mmol) were suspended in EtOH (50 ml) under N2- The reaction 
mixture was then refluxed (78 OC) for 4 d,, giving a colourless solution. 
Cooling to room temperature was followed by addition of aqueous 
thallium. ethanoate (2.16 g,, 8.21 mmol) which immediately precipitated 
yellow T14 [1,4-(l-C6H5-C2B9H9)2C6H4]. This solid was isolated by filtration, 

washed with water (2 x 30 ml) and dried in vacuo. This compound proved 
insufficiently soluble to perform NMR studies. 

Appearance: Yellow powder 
Yield: 2.256 g, 86% 
IR (KBr disc; vmax ): 3026 vw (phenyl str), 2990 vw (phenyl str), 2495 vs 
(nido BH str), 1489 m (C=C str), 1444 w (C=C str), 1076 m (phenyl i. p. def), 

1038 (phenyl i. p. def), 768 (phenyl o. o. p. def), 703 m (phenyl o. o. p. deý; 

E. A. Found: TI 62.5; Required T1 62.2 

m. p. >400 *C 
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Synthesis Of PPN2T12 ll,, 4-(l-C6HS-C2B9H9)2C6H4] 

(5.12) 

T14 [1,4-(l-C6H5-C2B9H9)2C6H4] (1-383 g, 1.06 mmol) was suspended in 
CH3CN (60 ml) and PPN+Cl- (1.22 g, 2.12 mmol) was added. The reaction 
mixture was stirred at room temperature for 3 hours, until the vessel 
contained a colourless solution above a white solid, which slowly 
darkened in air (TICI). The solid was separated by filtration, and the 
solvent removed in vacuo, affording the desired product. 

A r% Appearance: White powder 
Yield: 1.715 g, 82% 
IR (KBr disc; Vmax ): 3084 w (phenyl str), 3062 w (phenyl str), 3026 (phenyl 
str), 2970 (phenyl str), 2521 vsbr (BH str), 1581 m (C-P str), 1437 (C=C str), 
1115 vs (phenyl i. p. def), 1090 w (phenyl i. p. def), 1080 m (phenyl i. p. def),, 
1032 m (phenyl i. p. def), 806 m (phenyl o. o. p. def), 748 m (phenyl o. o. p. def), 
723 s (BH wag), 691 s (phenyl o. o. p. def), 550 m (phenyl H wag), 534 s 
(phenyl CH wag); 
NMR (CD3CN): 1H 6 0.3-3.2 ppm (broad multiplet, 13H), 6.65 (d J=7-2 Hz, 

carboranyl phenyl CH), 6.83 (unresolved multiplet, carboranyl phenyl CH), 
6.95 (multiplet, carboranyl phenyl CH), 7.53 (complex multiplet of 
multiplets, PPN+ phenyl Cli); 11B 8 +2.02 ppm (2B), -4.15 (0), -6.11 (1B), 

-6.94 (1B), -8.86 (2B), -23-15 (0), -25.52 (1B): 

Synthesis Of T14 [1,3-(l-C6H5-C2B9H9)2C6H4] 

(5.13) 

1,3-bis(phenylorthocarboranyl)benzene (517 mg, 1.00 mmol) and KOH 

pellets (559 mg, 10.16 mmol) were suspended in EtOH (50 ml) under N2. 

The reaction mixture was then refluxed (80 OC) for 4 d, giving a colourless 

solution. Cooling to room temperature was followed by addition of 

aqueous thallium. ethanoate (1.071 g, 4.07 mmol) which immediately 

precipitated white T14[1,3-(l-C6H, 5-C2B9H9)2C6H4]. This solid was isolated by 

filtration, washed with water (2 x 30 ml) and dried in vacuo. This 

compound proved insufficiently soluble to perform NMR studies. 
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Appearance: white powder 
Yield: 1.031 g, 79% 
IR (KBr disc; vmax ): 3056 w (phenyl CH str),, 3022 w (phenyl CH str), 2960 w 
(phenyl CH str), 2489 vs,, br (BH str), 1491 m (C=C str), 1450 m (C=C str), 1438 
m (C=C str), 1424 m (C=C str), 1092 m, sh (phenyl i. p. def), 1074 m (phenyl 
Lp-def), 1027 s (phenyl i. p. def), 797 m (phenyl o. o. p. def), 747 m (phenyl 
o. o. p. def), 697 vs (BH wag). 
E. A. Found: Tl 64.8 ; Required Tl 62.2 
m. p. >400 'C 

Synthesis of PPN2712 [1,3-(l-C6H5-C2BqHq)2C61'141 

(5.14) 

T14[1,3-(l-C6H5-C2B9H9)2C6H4] (653 mg, 0.50 mmol) was suspended in 
CH3CN (40 ml) and PPN+Cl- (585 mg, 1.02 mmol) was added. The reaction 
mixture was stirred at room temperature for 3 hours, until the vessel 
contained a colourless solution above a white solid, which slowly 
darkened in air (TICI). The solid was separated by filtration, and the 

solvent removed in vacuo, affording the desired product as a white solid. 

Appearance: white powder 
Yield: 839 mg, 85% 
IR (KBr disc; Vmax ): 3076 w (phenyl CH str), 3054 w (phenyl CH str), 3022 w 
(phenyl CH str), 2992 w (phenyl CH str), 2964 w (phenyl CH str), 2515 vsbr 
(BH str), 1588 m (C-P str), 1482 m (C=C str), 1437 s (C=C str), 1282 mbr (P=N 

str), 1262 s (P=N str), 1114 s (phenyl Lp-def), 1072 w (phenyl i. p. def), 1026 m 
(phenyl i. p. def), 997 m (phenyl i. p. def), 795 m (phenyl o. o. p. def), 745 m 
(phenyl o. o. p. def), 723 s (phenyl o. o. p. def), 691 vs (BH wag), 547 s (phenyl 

CH wag), 533 s (phenyl CH wag), 499 m (phenyl CH wag). 
NMR (CD3CN): 1H 8 0.6-2.7 ppm (broad multiplet, BE), 6.74-7.22 

(unresolved multiplet, carboranyl phenyl CH), 7.37-7.68 (unresolved 

multiplet, PPN+ phenyl CID. 
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Synthesis Of T16 [1,3,. 5-(l-C6HS-C2B9H9)3C6H3] 

(5.15) 

1,3,5-Tris(phenylorthocarboranyl)benzene (246 mg, 0.336 mmol) and KOH 
pellets (297 mg, 1.081 mmol) were suspended in EtOH (40 ml) under N2- 
The reaction mixture was heated to 90 OC, dissolving both reactants, and 
refluxed for 4 days. An IR spectrum run after this time showed only peaks 
from nido carboranes (ie. no closo signals) and the reaction mixture was 
allowed to cool to room temperature. Thallium ethanoate (537 mg, 2.04 
mmol) in water (10 ml) was then added causing an immediate white 
precipitate of T16 [1,3,5-(l-C6H5-C2B9H9)3C6H3] which was isolated by 
filtration. After washing with water (2 x 30 ml) and EtOH (2 x 30 ml), the 

product was dried in vacuo. 

Appearance: white powder 
Yield: 335 mg, 52% 
ER (KBr disc; vmax ): 2984 w (phenyl CH str), 2521 vsbr (BH str), 1429 s (C=C 

str), 1410 m (C=C str), 1070 m (phenyl Lp. deý, 1036 m (phenyl i. p. deý, 800 w 
(phenyl o. o. p. def), 744 w (phenyl o. o. p. def), 702 m (BH str). 
m. p. >400 'C 
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Chapter 6 

Metal complexes of Carboranyl assemblies 
and their potential as catalysts 
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6.1 Introduction 

The subject of metallacarboranes was raised in chapter 1, and they 
were divided into a-bonded and n-bonded derivatives. The work described 
in this chapter deals only with 7r-bonded metallacarboranes. Many n- 
bonded metallacarboranes have been synthesised and it is not the place of 
this thesis to provide a comprehensive survey of them, which can be 

1,2 better obtained from published reviews 
There are two main preparative routes to n-bonded 

metallacarboranes, outlined in Figure 6.1, below. Both of these routes 
involve the elimination of metal halides to prepare the 
metallacarboranes, but the starting nido carborane species is different in 

each case. The first n-bonded metallacarboranes were prepared by the alkah 
metal hydride route 3 (see Fig. 6-1). 

Fig 6.1 - The two main preparative routes for metallacarboranes 
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However, the alkali metal hydride route has a number of significant 
disadvantages when compared with the thallium ethanoate route. Firstly, 
all the bis alkali metal dicarbollides are highly air-sensitive and some 
decompose at room temperature. As well as the practical difficulties this 
entails, it may also lead to reduced yields. In contrast, the thallium 
ethanoate route 4 is high-yielding due to the highly insoluble nature of the 
product, T12C2B9H9R2- This effectively isolates the desired product, which 
is not the case for the alkali metal route. The thallium dicarbollides are 
air-stable and may be stored indefinitely with no decomposition. 
Furthermore, when reacting with metal halide fragments to form 
metallacarboranes these dicarbollides eliminate the appropriate thallium 
halide, all of which are extremely insoluble, thus efficiently removing this 
side product from the reaction. 

One of the chief driving forces behind the study of transition metal 
metallacarboranes has been their potential as catalysts. Many commercial 
catalysts contain the cyclopentadienyl (Cp) ligand, and because the open 
face of the C2B9H92- fragment is lobally similar to the Cp moiety, it has 
long been hoped that substituting C2B9H92- for Cp might improve the 
catalysts' performance by increasing thermal stability. Considerable work 
on early transition metal metallacarboranes has been carried out by Jordan 
et al. 5,6 and Bercaw et al. 7, preparing titanium, zirconium and hafnium 

metallacarboranes, some of which catalyse ethene dimerisation and 
polymerisation. However, to the author's knowledge, no commercially 
useful metallacarborane polymerisation catalyst has yet been prepared. 

Catalytic hydrogenation using late transition metal 
metallacarboranes has been the subject of considerable work. 
Rhodacarboranes, in particular, have been extensively studied by 
Hawthorne et al., 8 and have been found to catalyse the hydrogenation of 
alkenes 9. These rhodacarboranes possess triphenylphosphine groups 
attached to the metal and can thus be thought of as being related to 
Wilkinson's catalyst (Ph3P)3RhCl, a long-established hydrogenation 

catalyst. As in Wilkinson's catalyst, it is believed that expulsion of one 
PPh3 group permits addition of H2 to the rhodacarborane, forming the 
initial catalytic species 9. One seemingly important part of of 

rhodacarborane catalysis is the ability of the metal fragment to 'migrate' 

around the nido carborane moiety, from over the carborane open face to 

'side-on' to the cage (via Rh-H-B bonds); a much simplified diagram of 
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this is shown in Figure 6.2. The precise mechanisms of interconversion 

are still being studied, and are beyond the scope of this thesis. 

Figure 6.2 - Simplified rhodacarborane interconversion 
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In comparison, very little work has been carried out on metallated 
carborane assemblies, particularly concerning catalysis. It was thus decided 
to prepare and characterise novel bis-metallated carboranyl assemblies, 
and make preliminary studies of their catalytic potential. 
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6.2 Results and discussion 

Given the constraints of time and materials, it was clear that it 
would not be possible to prepare and characterise a comprehensive 
collection of bis-metallated carboranyl assemblies. Most of the compounds 
described in this chapter were prepared by reacting either T14[1,4-(l-C6H5- 
C2B9H9)2C6H4] or T14[1,3-(l-C6H5-C2B9H9)2C6H4] with the appropriate 
bis(triphenylphosphine)metal dihalide (see fig. 6.3). 

Fig. 6.3 - Typical synthesis of metallacarboranyl assemblies 
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Chloride, bromide and iodide species made equally effective 

reagents, as they all react cleanly and rapidly with the carboranyl thallium. 

salts to give TICI, TlBr or TII, all of which are highly insoluble, and thus 

permit facile isolation of the desired product. One feature common to all 
the bis-metallation reactions of 1,4-carboranyl assemblies was the shift in 

wavelength of the infrared BH stretch in going from the thallium 
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assembly (Vmax 2495 cm-1) to the bis-transition metal derivative (Vmax 2511- 
2537 cm-1). This contrasts with the bis-metallated 1,3-carboranyl 
assemblies, whose infrared BH stretches (Vmax 2486-2499 cm-1) are very 
close to that for the parent thallium 1,3-assembly (Vmax 1489 cm-1). A 
pronounced colour change generally accompanied the reactions. 

6.2.1 [Co(PPh3)71? -lA-(l-C6H. 57: C? BgHg)2C6H 
_4 

(6.1) 

Ph 
\ 

c% 

C* 
C's 

Ph3P PPh3 
Ph3P ,P PI h 

c 

.% ix. c\ 

Ph 

[CO(PPh3)212-1.4-(l-C, 6H5-C2B9H9)2C6H4, (6.1), was prepared on a 0.25 

millimolar scale, by reaction of brown (PPh3)2COI2 with T14 [1,, 4-(l-C6H5- 
C2B9H9)2C6H4] in thf. 6.1 proved to be air-stable, and was isolated as a 
bright green solid in 75% yield. The IR spectrum of 6.1 showed the BH 

stretch at Vmax 2511 cm-1, the least shifted from the BH stretch of T14 [1+(1- 

C6H5-C2B9H9)2C6H4]., (Vmax 2495 cm-1), of all the 1,4-bis-metallated species. 
6.1 proved to be paramagnetic, making NMR spectra effectively 

unobtainable. This paramagnetism was quantified using a Johnson- 

Matthey-Evans balance (see chapter 7) to measure the molar magnetic 

susceptibility (gm) of 6.1. This gave a value for gm of 2.71 BM, 

corresponding to two unpaired electrons per molecule (the unmodified 

value for which is 2.83 BM). This indicates that there is one unpaired 

electron per cobalt atom, which is usual for cobalt(ED species 10. 
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6.2.2 [Ni(PPh3). 21? -1,4-(l-C :C BgHg). 2CfiH4 6H5 --2 ID 

(6.2) 

Ph 

c air V. 
Nit 

C% 4 
"4 If 

Ph3P PPh3 
Ph3 P PPh3 

0000 
c 

C\ 

Ph 

[Ni(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4, (6.2), was prepared on a 0.20 

millimolar scale, by reaction of (PPh3)2NiCI2 with T14[1,4-(l-C6H5- 

C2B9H9)2C6H4] in thf. 6.2 again proved to be air-stable, and was isolated as a 

green solid in 56% yield. The IR spectrum of 6.2 showed the BH stretch at 

Vmax 2518 cm-1, shifted from the BH stretch of T14[1,4-(l-C6H5- 

C2B9H9)2C6H4],, (Vmax 2495 cm-1), and close to that for cobalt analogue, 6.1. 

As for all the bis-metallated assemblies containing PPh3 ligands, the 

phenyl region of the 1H NMR spectrum is congested and specific 

assignment of these signals has not been attempted. 

6.2.3 FPd(PP-h-3)? 1? -1.4-(l-C -C? BgHg)2C6H4 
(6.3) 

Ph 

c 

Y 
PPh3 

PP>h 
Ph3P 

Ph3P 3 

c 
X 

po, 

.1--. X-, 
l 

Ph 

[Pd(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4, (6.3), was prepared on a 0.15 

millimolar scale, by reaction of (PPh3)2PdBr2 with T14[1,4-(l-C6H5- 
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C2B9H9)2C6H4] in thf. 6.3 proved to be air-stable, and was isolated as a dark, 
purple solid in 40% yield. The IR spectrum of 6.3 showed the BH stretch at 
Vmax 2537 cm-1, notably shifted from the BH stretch of T14 [1,4-(l-C6H5- 
C2B9H9)2C6H4]f (Vmax 2495 cm-1). As for all the bis-metallated assemblies 
containing PPh3 ligands, the phenyl region of the 1H NMR spectrum is 
congested and specific assignment of these signals has not been attempted. 

6.2.4 [Pt(PPh3)? ]? -1.4-(l-CrH5mC2B9H9)zCfiM 
(6.4) 

Ph 

c 

Ph3P PPh3 
Ph3, P PPh3 

"T, 
ýsq c 

C\ 
Ph 

[Pt(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4, (6.4), was prepared on a 0.15 

millimolar scale, by reaction of (PPh3)2PtCI2 with T14[1,4-(l-C6H5- 
C2B9H9)2C6H4] in thf. 6.4 proved to be air-stable, and was isolated as a 

golden yellow solid in 59% yield. The IR spectrum of 6.4 showed the BH 

stretch at Vmax 2540 cm-1, notably shifted from the BH stretch of T14[1,4-(l- 

C6H5-C2B9H9)2C6H4]., (Vmax 2495 cm-1). It may be noted, by comparison 

with 6.2 and 6.3, that the BH stretch in these compounds increases in 

frequency as group 10 is descended. As for all the bis-metallated assemblies 

containing PPh3 ligands, the phenyl region of the 1H NMR spectrum is 

congested and specific assignment of these signals has not as yet been 

attempted. 
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6.2.5 (TiCl, )), Y-1,4ý-(l-Cr. H5-C? B9H9)2-C-faH4 

(6.5) 

ci ci 
o't 

%. c 
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,- -x. c\ Ph 

Ph 
\C 

Ti 
C4 

I cl cl 

(TiC12)2-1,4-(l-C6H5-C2B9H9)2C6H4, (6.5), was prepared on a 0.20 

millimolar scale, by the exothermic reaction of TiC14 with T14[1,4-(l-C6H5- 
C2B9H9)2C6H4] in thf. 6.5 proved to be air-sensitive and was isolated as a 
brick red solid in 79% yield. The IR spectrum of 6.3 showed the BH stretch 

at Vmax 2524 cm-1, notably shifted from the BH stretch of T14[1,4-(l-C6H5- 

C2B9H9)2C6H4], (Vmax 2495 cm-1). 

6.2.6 (ZrCl? )? -1,4-(l-C6H :: C2B9H9l2-C6-H4 

(6.6) 

cl 

C 

% ;z 

C\ Ph 

Ph 

c 

zr 
C4 
cl cl 

Bis-ZrC12-1,4-(l-C6H5-C2B9H9)2C6H4, (6.6), was prepared on a 0.15 

millimolar scale, by the exothermic reaction of ZrC14 with T14 [1,4-(l-C6H5- 

C2B9H9)2C6H4] in thf. 6.6 proved to be air-sensitive and was isolated as a 

purple solid in 52% yield. The IR spectrum of 6.6 showed the BH stretch at 
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Vmax 2524 cm-1, identical to that for 6.5 and notably shifted from the BH 
stretch of T14[l., 4-(l-C6H5-C2B9H9)2C6H4], (Vmax 2495 cm-1). 

6.2.7 (TiCp? )? -1,4--fl-C6H5=. -CýBgHg)? 
C6LI4 

(6.7) 

Cp Cp 

c 0001 
Ti 

4(. C 
Ph 

Ph 
\C 

Ct 

Cp Cp 

(TiCP2)2-1,4-(l-C6H, 5-C2B9H9)2C6H4, (6.7),, was prepared on a 0.15 

millimolar scale, by the exothermic reaction Of Cp2TiCI2 with T1411,4-(l- 
C6H5-C2B9H9)2C6H4] in thf. 6.7 proved to be air-sensitive and was isolated 

as a bright red solid in 72% yield. The IR spectrum of 6.7 showed the BH 

stretch at vma,, 2525 cm-1, almost identical to those for 6.5 and 6.6, and 

clearly shifted from the BH stretch of T14[1,4-(l-C6H5-C2B9H9)2C6H4], (Vmax 

2495 cm-1). 

6.2.8 (Z rC 12 7) 7 -1,4-(l-C6-H5---C 2-B-qHql2-C-6H-4 
(6.8) 

Cp Cp 

ZK 
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% ZN 
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(ZrCP2)2-1., 4-(l-C6H5-C2B9H9)2C6H4, (6.8), was prepared on a 0.15 

millimolar scale, by the exothermic reaction Of CP2ZrCI2 with T]4[1,4-(l- 
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C6H5-C2B9H9)2C6H4] in thf. 6.8 proved to be air-sensitive and was isolated 
as a dark, purple solid in 52% yield. The IR spectrum of 6.8 showed the BH 
stretch at Vmax 2522 cm-1, very close to those for all the other group 4 bis- 
metallated assemblies (6.5 - 6.7) and notably shifted from the BH stretch of 
T14[1,4-(l-C6H5-C2]39H9)2C6H4]f (Vmax 2495 cm-1). It can be seen by 
comparison of the IR spectra of the group 4 bis-metallated assemblies, that 
the other ligands attached to the metal appear to have a negligible effect on 
the nido carboranyl moiety. 

6.2.9 (Co(PPh-q)2), y-1,3-(l-C6HS:: C B 
-z. agHg)2C6H4 

(6.9) 

e4o 

41ap 

cc) j 

I ýnr Ph3P PPh3 

%.. # dr t 

", Co 

Ph PPh3 3P 

(CO(PPh3)2)2-1,3-(l-C6H5-C2B9H9)2C6H4, (6.9), was prepared on a 0.20 

millimolar scale, by reaction of brown (PPh3)2COI2 with T14[1,3-(l-C6H5- 
C2B9H9)2C6H4] in thf. 6.9 proved to be air-stable, and was isolated as a 
green solid in 81% yield. The IR spectrum of 6.9 showed the BH stretch at 
Vmax 2497 cm-1, close to the BH stretch of Tl4[1,3-(1-C6H5-C2B9H9)2C6H41, 

(Vmax 2489 cm-1) - in this way it differred from its 1,4-analogue, 6.1. Like 6.1, 

6.9 proved to be paramagnetic, again making NMR spectra effectively 

unobtainable. The paramagnetism was quantified using a Johnson- 

Matthey-Evans balance (see chapter 7) to measure the molar magnetic 

susceptibility (gm) of 6.9. This gave a value for gm of 2.69 BM, 

corresponding to two uripaired electrons per molecule (cf. 2.71 BM for 6.1). 

This indicates that there is one unpaired electron per cobalt atom, usual 
for cobalt(II) species 10. 
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6.2.10 (Pd(PPh., 3)? )? -1,3-(l-c6U5: C2B9H9)2C" 

(6.10) 

foooo), 
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(Pd(PPh3)2)2-1,, 3-(l-C6H5-C2B9H9)2C6H4, (6.10), was prepared on a 0.15 

millimolar scale, by reaction of (PPh3)2PdBr2 with T14[1,4-(l-C6H5- 
C2B9H9)2C6H4] in thf. 6.10 proved to be air-stable, and was isolated as a 
dark, purple solid in 54% yield. The IR spectrum of 6.10 showed the BH 

stretch at Vmax 2499 cm-1, not far removed from the BH stretch of T14[1,3-(l- 
C6H5-C2B9H9)2C6H4]., (Vmax 2489 cm-1). As for all the bis-metallated 

assemblies containing PPh3 ligands, the phenyl region of the IH NMR 

spectrum is congested and specific assignment of these signals has not 
been attempted. 

6.2.11 (Pt(PPh3)? )? -1-3-(l-C6H5-C? 19H912C6M 

(6.11) 

'. 1000 

F: *f "t- -% 
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4- - Ph 1/eýPPh 3P 3 

e 1. , pt 
Ph3P PPh3 

(Pt(PPh3)2)2-lt3-(l-C6H5-C2B9H9)2C6H4, (6.11), was prepared on a 0.15 

millimolar scale, by reaction of (PPh3)2PtCI2 with T14[1,, 4-(l-C6H5- 

C2B9H9)2C6H4] in thf. 6.11 proved to be air-stable., and was isolated as a 
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yellow solid in 66% yield. The IR spectrum of 6.11 showed the BH stretch 
at vmax 2486 cm-1, not far removed from the BH stretch of T14[1,3-(l-C6HS- 
C2B9H9)2C6H4],, (Vmax 2489 cm-1). As for all the bis-metallated assemblies 
containing PPh3 ligands, the phenyl region of the 1H NMR spectrum is 
congested and specific assignment of these signals has not been attempted. 

6.2.12 tPd(PPh3). 2) -1,, 3,5-(lLCAH5-C, )B9H9)3-C6H3 
(6.12) 

Ph3P PPh3 

c 1110, 
Pd 

Ph3P 
PPh3 

NNI 

PPh3 

Pd 
PPh3 

(Pd(PPh3)2)3-1,3,5-(l-C6H5-C2B9H9)2C6H3, (6.12), was prepared on a 
0.10 n-dllimolar scale, by reaction of (PPh3)2PdBr2 with T16[1,3,5-(I-C6H5- 
C2B9H9)2C6H3] in thf. 6.12 proved to be air-stable, and was isolated as a 
dark purple solid in 53% yield. The IR spectrum of 6.12 showed the BH 

stretch at vmax 2533 cm-1. Interestingly, this value is closer to that for 

(Pd(PPh3)2)2-1,4-(l-C6H5-C2B9H9)2C6H4 (Vmax 2537 cm-1) than for 

(Pd(PPh3)2)2-1,3-(I-C6H5-C2B9H9)2C6H4 (Vmax 2499 cm-1). As for all the bis- 

metallated assemblies containing PPh3 ligands, the phenyl region of the 
1H NMR spectrum is congested and specific assignment of these signals 

has not been attempted. 
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6.2.13 [Rh(PPh, % ]? -1,4-(l-C6Hs:: CýB9HlO)2-C-fiH-4 

(6.13) 
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[Rh(PPh3)312-1.4-(l-C6H5-C2B9Hlo)2C6H4, (6.13), was prepared on a 
0.15 millimolar scale, by reaction of (PPh3)3RhCl with K2 [1+(1-C6H5- 
C2B9HlO)2C6H4] in thf. 6.13 proved to be air-stable, and was isolated as an 
orange/red solid in 78% yield. The IR spectrum of 6.13 showed the BH 

stretch at Vmax 2517 cm-1. As for all the bis-metallated assemblies 
containing PPh3 ligands, the phenyl region of the IH NMR spectrum is 

congested and specific assignment of these signals has not been attempted. 
The 31P NMR spectrum of 6.13 shows a number of signals. The singlet at 8 

= 25.12 ppm corresponds to free PPh3, whose existence in accordance with 

previous work9 suggests the lability of one PPh3 group (per Rh atom). The 

doublet of doublets at 8= 30-72 ppm, the doublet of triplets at 8= 47-60 ppm 

and the doublet at 6= 52.34 ppm all have coupling constants consistent 

with P-Rh bonding, and the number of signals suggests the existence of 

more than one positioning of the rhodium fragment in relation to the 

carborane cage (see figure 6.2, earlier). 
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6.2.14 1A-[(UCI, ))l-CAHc; -C, 7B9H9]ýC6H4.2 HMPA 

(6.14) 
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1,4-[(UC12)1-C6H5-C2B9H9]2C6H4.2 HmPA, (6.14), was prepared on a 
0.20 millimolar scale, by the reaction of UC14-xIIMIPA with T14 [1,4-(l-C6H5- 

C2B9H9)2C6H4] in thf. The UC14-xHNTA was prepared by stirring UC14 in a 

mixture of HNTA and thf. 6.14 proved to be air-stable and was isolated as a 
light green solid in 58% yield. The IR spectrum of 6.14 showed the BH 

stretch at vma,, 2520 cm-1, similar to those for the group 4 bis-metallated 

assemblies (6.5-6.8), and notably shifted from the BH stretch of T14 [1,4-(l- 

C6H5-C2B9H9)2C6H4]., (Vmax 2495 cm-1). The presence of coordinated HMPA 

was deduced from IR and 1H NMR spectra, and confirmed by elemental 

analysis. 

6.3 Experimental 

-[Co(PPh3, 
), 217-1,4-(l-C6_H, 5-C? BgHg). 2C, fiffi 

(6.1) 

T14[1,4-(l-C6H5-C2B9H9)2C6H4] (328 mg, 0.25 mmol) was suspended in 

stirred thf (40 ml) under ambient conditions, and brown (PPh3)2COI2 (420 

mg, 0.50 mmol) was added. This immediately caused the formation of an 

off-white precipitate (Thallium (I) iodide), which turned grey on standing 

in air. After 30 minutes stirring, the bright green solution was isolated by 
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filtration and the thf removed in vacuo, yielding [Co(PPh3)212-1,4-(l-C6H5- 
C2B9H9)2C6H4. 

Appearance: Bright green powder 
Yield: 311 mg, 75% 
IR (KBr disc; vmax ): 3052 w (phenyl CH stretch), 3026 vw (phenyl CH 
stretch), 3000 vw (phenyl CH stretch),, 2962 vw (phenyl CH stretch), 2511 
s, br (BH stretch), 1479 m (C=C stretch), 1435 s (C=C stretch), 1155 m (P-C 
stretch), 1121 s (phenyl i. p. def. ), 1094 s (phenyl i. p. def. ), 1070 m (phenyl 
i. p. def. ), 743 s (phenyl o. o. p. def. ), 725 m (phenyl o. o. p. def. ), 693 vs (B-H 
wag), 539 m (C-H wag). 
Molar Magnetic Susceptibility (gM): 2.71 BM 
E. A. Found C 67.7 H 5.5; C94H92B18P4CO2 requires C 68.1 H 5.6 

fNi(PPh3)? ]? -1,4-(l-C6H5: C2B9H9), 2C6H4 
(6.2) 

T14[1,4-(l-C6H5-C2B9H9)2C6H4] (262 mg, 0.20 mmol) was suspended in 

stirred thf (40 ml) under ambient conditions, and (PPh3)2NiCl2 (262 mg, 
0.40 mmol) was added. This immediately caused the formation of a white 

precipitate (TlCl), which turned grey on prolonged standing in air. After 30 

minutes stirring, the green solution was isolated by filtration and the thf 
removed in vacuo, yielding [Ni(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4. 

Appearance: Green powder 
Yield: 186 mg, 56% 
IR (KBr disc; vm,,,, ): 3050 w (phenyl CH stretch), 3026 w (phenyl CH 

stretch), 3012 vw (phenyl. CH stretch), 3000 vw (phenyl CH stretch),, 2518 

s, br (BH stretch), 1475 m (C=C stretch), 1435 vs (C=C stretch), 1155 s (P-C 

stretch), 1120 s (phenyl i. p. def. ), 1089 s (phenyl i. p. def. ), 1025 m (phenyl 

i. p. def. ), 743 s (phenyl o. o. p. def. ), 724 s (phenyl o. o. p. def. ), 693 vs (BH wag), 
542 s (C-H wag). 
NMR (C6D6): 1H 8=0.7-3.8 ppm (v. broad multiplet, BHJ, 6.90 (multiplet, 

phenyl. CH), 7.11 (multiplet, phenyl CH), 7.29 (multiplet, phenyl Cli), 7.61 

(multiplet, phenyl Cli); 11B 8=c. -35 - +20 ppm (extremely broad signal, 

EH); 31pj1H) 6= 38-04 ppm (s, bound PPhi). 

E. A. Found C 69.8 H 5.7; C94H92Bl8P4Ni2 requires C 68.1 H 5.6 
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-: 2B9H9). 2C6H4 [Pd(PPh3)71? -1,4-(l-C6H5LC 
(6.3) 

T14[1,4-(l-C6H5-C2B9H9)2C6H4] (198 mg, 0.15 mmol) was suspended in 
stirred thf (40 ml) under ambient conditions, and (PPh3)2PdCI2 (212 mg, 
0.30 mmol) was added. This immediately caused the formation of a white 
precipitate (TICl), which turned grey on prolonged standing in air. After 30 

minutes stirring, the purple solution was isolated by filtration and the thf 
removed in vacuo, yielding [Pd(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4. 

Appearance: Deep purple powder 
Yield: 105 mg, 40% 
IR (KBr disc; vmax ): 3053 w (phenyl CH stretch), 3026 vw (phenyl CH 

stretch), 2962 vw (phenyl CH stretch),, 2537 sbr (BH stretch),, 1481 m (C=C 

stretch), 1435 vs (C=C stretch), 1186 m (P-C stretch), 1119 m (phenyl i. p. def. ), 
1097 m (phenyl i. p. def. ), 1064 m (phenyl i. p. def. ), 1027 w (phenyl i. p. def. ), 
745 m (phenyl. o. o. p. def. ),, 722 m (phenyl. o. o. p. def. ), 693 vs (BH wag),, 542 m 
(C-H wag), 520 s (C-H wag), 510 s (C-H wag). 
NMR (CDC13): 1H 8=0.7-3.8 ppm (v. broad multiplet,, BB), 7.38 (multiplet, 

phenyl CRJ, 7.42 (multiplet, phenyl Cli), 7.49 (multiplet, phenyl CH), 7.69 
(multiplet, phenyl. Cff), 7.73 (multiplet, phenyl Cli); 11B 8=c. -45 - +15 

ppm (extremely broad signal, BH); 31pj1Hj 8= 37.39 ppm (s, bound PPhq). 

E. A. Found C 64.4 H 5.5, C94Bl8H92P4Pd2 requires C 64.4 H 5.3 

[Pt(PPh -1,4-(l-C 5:: C BgHg)IC 3)217 .2 -6H4 
(6.4) 

T14[1,4-(l-C6H5-C2B9H9)2C6H4] (199 mg, 0.15 mmol) was suspended in 

stirred thf (30 ml) under ambient conditions, and yellow (PPh3)2Ptcl2 (237 

mg, 0.30 mmol) was added. This immediately caused the formation of a 

white precipitate (TlCl), which turned grey on prolonged standing in air. 

After 30 minutes stirring, the yellow solution was isolated by filtration and 

the thf removed in vacuo, yielding [Pd(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4. 

Appearance: Golden yellow powder 



166 

Yield: 171 mg, 59% 
IR (KBr disc; vmax ): 3055 vw (phenyl CH stretch), 3028 w (phenyl CH 
stretch), 2962 vw (phenyl CH stretch), 2957 vw (phenyl CH stretch), 2540 
vs, br (BH stretch), 1481 m (C=C stretch), 1436 s (C=C stretch), 1179 m (P-C 
stretch), 1119 m (phenyl i. p. def. ), 1095 m (phenyl i. p. def. ), 1064 m (phenyl 
i. p. def. ), 1025 w (phenyl i-p-def. ), 745 m (phenyl o. o. p. def. ), 696 vs (BH wag), 
522 m (C-H wag), 511 m (C-H wag). 
NMR (CDC13): 1H 8=0.8-3.8 ppm (v-broad multiplet, BID, 7.38 (multiplet, 
phenyl CH), 7.42 (multiplet, phenyl CRJ, 7.50 (multiplet, phenyl CH), 7.69 
(multiplet, phenyl Cli), 7.74 (multiplet, phenyl Cli); 11B 8=c. -40] - +15 
ppm (extremely broad signal, BH); 31P11H) 8= 38.4 ppm (broad s, bound 
EPh3)- 
E. A. Found C 57.2 H 4.5, C94Bl8H92P4Pt2 requires C 58.4 H 4.8 

(TiCI, Y)7-1,4-(l-C6H, 5-C, yBgHg)2C6Li4 

(6.5) 

T14[1,4-(l-C6H5-C2B9H9)2C6H4] (263 mg, 0.20 mmol) was suspended in 

stirred thf (40 ml) under dry N2 conditions, and TiC14 (77 mg, 0.41 mmol) 
was added. This immediately caused the formation of a white precipitate 
(TICI), which turned grey on prolonged standing in air. After 30 minutes 

stirring, the red solution was isolated by filtration and the thf removed in 

vacuo, yielding (TiC12)2-1,4-(l-C6H5-C2B9H9)2C6H4. 

Appearance: Brick red powder 
Yield: 115 mg, 79% 
IR (KBr disc; vmax): 3020 w (phenyl CH stretch), 2956 w (phenyl CH stretch), 
2935 vw (phenyl CH stretch). 2524 vs, br (BH stretch), 1470 s (C=C stretch), 
1444 sbr (C=C stretch), 1115 s (phenyl i-p-def. ), 1016 m (phenyl i. p. def. ), 719 

vs, br (BH wag), 648 m (Phenyl o. o. p. def. ), 620 m (phenyl o. o. p. def. ), 550 m 
(C-H wag). 
NMR (C6D6): 1H 5=1.0-4.0 ppm (v. broad multiplet, Bli), 7.47 (broad 

multiplet, phenyl CH); 11B 8=c. -40 - +20 ppm (extremely broad signal, 
RH) 
E. A. Found C 27.5 H 3.2, C22Bl8H32Cl4Ti2 requires C 25.8 H 3.2 
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(ZrCl, y) 7-1 A-(l-CrjH5--C-2R9H9)2 C 6H4 
(6.6) 

T1411,4-(l-C6H5-C2B9H9)2C6H4] (200 mg, 0.15 mmol) was suspended in 

stirred thf (40 ml) under dry N2 conditions, and ZrC14 (70 mg, 0.30 mmol) 
was added. This immediately caused the formation of a white precipitate 
(TICI), which turned grey on prolonged standing in air. After 30 minutes 

stirring, the green solution was isolated by filtration and the thf removed 
in vacuo, yielding (ZrC12)2-1,4-(l-C6H5-C2B9H9)2C6H4. 

Appearance: Dark green powder 
Yield: 64 mg, 52% 
IR (KBr disc; vmax): 3018 w (phenyl CH stretch), 2956 w (phenyl. CH stretch), 
2524 vsbr (BH stretch), 1470 vs (C=C stretch), 1447 sbr (C=C stretch), 1111 s 
(phenyl i. p. def. ), 1013 m (phenyl i. p. def. ), 722 vs, br (BH wag), 648 m 
(phenyl. o. o. p. def. ), 620 m (phenyl o. o. p. def. ), 548 m (C-H wag). 
NMR (C6D6): 1H 8=1.0-4.0 ppm (v. broad multiplet, Bli), 7.43 (broad 

multiplet, phenyl CH); 11B 8=c. -40 - +20 ppm (extremely broad signal, 
RH) 
E. A. Found C 23.7 H 2.6, C22Bl8H32Cl4Zr2 requires C 23.8 H 2.9 

(TiCp? )? -lA-(l-C -C? i9H9)? C6ffi 

(6.7) 

T14[1,4-(l-C6H, 5-C2B9H9)2C6H4] (198 mg, 0.15 mmol) was suspended in 

stirred thf (40 ml) under dry N2 conditions, and red CP2TiCI2 (75 mg, 0.30 

mmol) was added. This immediately caused the formation of a white 

precipitate (TlCl), which turned grey on prolonged standing in air. After 30 

minutes stirring, the cherry red solution was isolated by filtration and the 

thf removed in vacuo, yielding (TiCP2)2-1,4-(l-C6H5-C2B9H9)2C6H4. 

Appearance: Bright red powder 
Yield: 92 mg,. 72% 

IR (KBr disc; vmax ): 3020 w (phenyl CH stretch), 2956 w (phenyl CH 

stretch),, 2924 m (Cp CH stretch),, 2854 m (Cp CH stretch),, 2525 s,, br (BH 

stretch), 1472 vsbr (C=C stretch), 1448 vsbr (C=C stretch), 1115 s (phenyl 
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i. p. def. ), 1017 m (phenyl i. p. def. ), 719 vs, br (BH wag), 649 m (phenyl 
o. o. p. def. ), 620 m (phenyl o. o. p. def. ), 547 w (C-H wag). 
NMR (C6D6): 1H 5=0.8- c. 4.1 ppm (v. broad multiplet, BID, 3.91 (singlet), 
7.47 (broad multiplet, phenyl CH); 11B 8=c. -40 - +20 ppm (extremely broad 
signal, RH) 
E. A. Found C 43.4 H 4.7. C42B18H52Ti2 requires C 43.4 H 4.5 

(ZrCp? )7-1,4-(l-CAH, 5zC2B9H9)7C6 
(6.8) 

T14[1,4-(l-C6H5-C2B9H9)2C6H4] (196 mg, 0.15 mmol) was suspended in 

stirred thf (30 ml) under dry N2 conditions, and Cp2ZrCl2 (88 mg, 0.30 

mmol) was added. This immediately caused the formation of a white 
precipitate (TlCl), which turned grey on prolonged standing in air. After 30 

minutes stirring, the purple solution was isolated by filtration and the thf 

removed in vacuo, yielding (ZrCP2)2-1,4-(l-C6H5-C2B9H9)2C6H4. 

A v% Appearance: Purple powder 
Yield: 94 mg, 67% 
IR (KBr disc; vmax ): 3020 w (phenyl CH stretch), 2956 w (phenyl CH 

stretch), 2926 m (Cp CH stretch), 2856 m (Cp CH stretch), 2522 vsbr (BH 

stretch), 1472 vsbr (C=C stretch), 1446 vsbr (C=C stretch), 1115 s (phenyl 

i-p-def. ), 1016 m (phenyl i. p. def. ), 720 sbr (BH wag), 649 m (phenyl 

o. o. p. def. ), 619 m (phenyl o. o. p. def. ), 558 m (C-H wag). 
NMR (C6D6): 1H 8=0.9- c. 4.1 ppm (v-broad multiplet, Bli), 3.96 (singlet, 

Cp H), 7.47 (broad multiplet, phenyl CIL); 11B 8=c. -40 - +20 ppm 
(extremely broad signal, RH) 

E. A. Found C 40.1 H 4.5, C42B18H52Zr2 requires C 40.4 H 4.2 

[Co(PP--h3)21,2-1.3-(l-C6Hc; -C? BgHg)2C6H4 

(6.9) 

T14[1,3-(l-C6H5-C2B9H9)2C6H4] (263 mg, 0.20 mmol) was suspended in 

stirred thf (40 ml) under ambient conditions, and brown (PPh3)2CO12 (336 

mg, 0.40 mmol) was added. This immediately caused the formation of a 

white precipitate (TICI), which turned grey on prolonged standing in air. 
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After 30 minutes stirring, the green solution was isolated by filtration and 
the thf removed in vacuo, yielding [CO(PPh3)212-1f, 3-(l-C6H5-C2B9H9)2C6H4- 

Appearance: Apple green powder 
Yield: 269 mg, 81% 
IR (KBr disc; vmax ): 3054 vw (phenyl CH stretch),, 3024 vw (phenyl CH 
stretch), 3008 vw (phenyl CH stretch), 2497 sbr (BH stretdi),, 1636 s (? ), 1618 
s (? )., 1437 s (C=C stretch),, 1357 m (C=C stretch),, 1121 s (phenyl i. p. def. ), 1070 
m (phenyl i. p. def. ), 999 m (phenyl o-o-p-def. ? ), 921 m (phenyl o. o. p. def. ),, 
724 vs (BH stretch), 693 s (BH stretch), 542 s (C-H wag). 
Molar Magnetic Susceptibility (gm): 2.68 BM 
E. A. Found C 67.7 5.8 ; C94H92B18P4CO2 requires C 68.1 H 5.6 

[Pd(PPh3)71? -13-(l-C 5: C BqH ). 2C6LI ýD' n9 

(6.10) 

T14 [1,3-(l-C6H5-C2B9H9)2C6H4] (200 mg, 0.15 mmol) was suspended in 

stirred thf (40 ml) under ambient conditions, and (PPh3)2PdCI2 (211 mg, 
0.30 mmol) was added. This immediately caused the formation of a white 

precipitate (TICI), which turned grey on prolonged standing in air. After 30 

minutes stirring, the purple solution was isolated by filtration and the thf 
removed in vacuo, yielding Bis-Pd(PPh3)2-1,3-(l-C6H5-C2B9H9)2C6H4. 

Appearance: Deep purple powder 
Yield: 142 mg, 54% 
IR (KBr disc; vmax ): 3051 w (phenyl CH stretch), 3028 vw (phenyl CH 

stretch), 2962 vw (phenyl. CH stretch), 2499 sbr (BH stretch), 1479 m (C=C 

stretch), 1435 vs (C=C stretch), 1186 m (P-C stretch), 1118 m (phenyl i. p. def. ), 

1097 s (phenyl i. p. def. ), 1064 m (phenyl i. p. def. ), 1027 w (phenyl i. p. def. ), 745 

m (phenyl o. o. p. def. ), 722 m (phenyl o. o. p. def. ), 692 vs (BH wag), 542 m (C- 

H wag), 520 s (C-H wag), 510 s (C-H wag). 
NMR (CDC13): 1H 6=0.7-3.8 ppm (v. broad multiplet, BM, 7.37 (multiplet, 

phenyl CH), 7.42 (multiplet, phenyl Cli), 7.69 (singlet, phenyl CH), 7.71 

(multiplet, phenyl. CHJ; 11B 8= -40 - +15 ppm (extremely broad signal, BM; 

31p(lH) 8= 37.2 ppm (s, bound PPh3). 

E. A. Found C 63.2 H 5.0, C94Bl8H92P4Pd2 requires C 64.4 H 5.3 
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fPt(PPh3)717-l-, 3-(l-C6HS-C, yBgHg)2C6M 
(6.11) 

T14[1,3-(l-C6H5-C2B9H9)2C6H4] (199 mg, 0.15 mmol) was suspended in 
stirred thf (40 ml) under ambient conditions, and (PPh3)2PtCI2 (237 mg, 
0.30 mmol) was added. This immediately caused the formation of a white 
precipitate (TICI), which turned grey on prolonged standing in air. After 30 
minutes stirring, the yellow solution was isolated by filtration and the thf 
removed in vacuo, yielding [Pt(PPh3)212-1,3-(l-C6H5-C2B9H9)2C6H4. 

A r% Appearance: Yellow powder 
Yield: 191 mg, 66% 
IR (KBr disc; vmax ): 3050 w (phenyl CH stretch), 3022 vw (phenyl CH 
stretch), 3004 vw (phenyl CH stretch), 2922 w (phenyl CH stretch), 2486 s, br 
(BH stretch), 1480 m (C=C stretch), 1435 vs (C=C stretch), 1096 m (phenyl 
i. p. def. ), 1027 w (phenyl i. p. def. ), 999 m (phenyl i. p. def. ), 754 m (phenyl 

o. o. p. def. ), 745 m (phenyl o. o. p. def. ), 695 vs (BH wag), 549 m (C-H wag), 526 

s (C-H wag), 517 m (C-H wag). 
NMR (CDC13): 1H 8=0.8-3.8 ppm (v. broad multiplet, BNJ, 7.38 (multiplet, 

phenyl CH), 7.42 (multiplet, phenyl CH), 7.55 (multiplet, phenyl Cjj), 7.70 
(multiplet, phenyl CH), 7.74 (multiplet, phenyl CH); 11B 8=c. -40 - +15 
ppm (extremely broad signal, BH); 31pj1Hj 8= 38.6 ppm (broad s, bound 
!! Ph3). 
E. A. Found C 58.4 H 5.0, C94Bl8H92IP4Pt2 requires C 58.5 H 4.8 

[Pd(PPh3)71, %-1,3.5-(l-Cr, H5-C? BgHg)2C6H3 

(6.12) 

T1611,3,5-(l-C6H5-C2B9H9)2C6H3] (192 mg, 0.10 mmol) was suspended in 

stirred thf (40 ml) under ambient conditions, and (PPh3)2PdCI2 (140 mg, 

0.20 mmol) was added. This immediately caused the formation of a white 

precipitate (TICI), which turned grey on prolonged standing in air. After 30 

minutes stirring, the purple solution was isolated by filtration and the thf 

removed in vacuo, yielding [Pd(PPh3)213-1,3,5-(l-C6H5-C2B9H9)2C6H3 

Appearance: Purple powder 
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Yield: 211 mg,, 53% 
IR (KBr disc; vmax ): 3055 w (phenyl CH stretch),, 3026 w (phenyl CH 
stretch), 2962 vw (phenyl CH stretch), 2533 vsbr (BH stretch), 1481 m (C=C 
stretch), 1435 vs (C=C stretch),, 1186 m (P-C stretch), 1119 m (phenyl i-p-def. ), 
1097 m (phenyl Lp. def. )., 1066 m (phenyl i-p-def. ), 1027 w (phenyl i. p. def. ), 
747 m (phenyl o. o. p. def. ),, 722 m (phenyl o. o. p. def. ), 693 vs (BH wag),, 542 m 
(C-H wag), 519 m (C-H wag), 508 s (C-H wag). 
NMR (CDC13): 1H 8=0.7-3.7 ppm (v. broad multiplet, BID, 7.38 (multiplet, 
phenyl C11), 7.41 (multiplet, phenyl CRJ, 7.49 (multiplet, phenyl Cli),, 7.66 
(multiplet, phenyl Cjj); 11B 8= -35 - +15 ppm (extremely broad signal, BH); 
31p 6= 37.5 ppm (broad s, bound PPh3)- 
E. A. Found C 63.2 H 5-0, - C130B, 27H122P6Pd3 requires C 64.4 H 5.3 

[Rh(PPh3) 1,7-1,4-(l-C6H; -C? BQH10)2C 4 6LI4 

(6.13) 

K2[1,4-(l-C6H5-C2B9HlO)2C6H4] (448 mg, 0.15 mmol) was suspended in 

stirred thf (40 ml) under ambient conditions, and (PPh3)3RhCl (277 mg, 
0.30 mmol) was added. This caused the formation of a white precipitate 
(KCI). After 30 minutes stirring, the orange solution was isolated by 

filtration and the thf removed in vacuo, yielding [Rh(PPh3)312-1,4-(l-C6H5- 

C2B9HlO)2C6H4. 

Appearance: Orange/red powder 
Yield: 265 mg, 78% 
IR (KBr disc; vmax ): 3052 w (phenyl CH stretch), 3022 vw (phenyl CH 

stretch), 2962 vw (phenyl CH stretch), 2517 sbr (BH stretch), 1482 m (C=C 

stretch), 1435 s (C=C stretch), 1191 s (P-C stretch), 1119 s (phenyl i. p. def. ), 

1093 m (phenyl i-p-def. ), 1069 m (phenyl i. p. def. ), 747 m (phenyl o. o. p. def. ), 

721 s (phenyl o. o. p. def. ), 694 vs (BH wag), 542 vs (C-H wag), 519 m (C-H 

wag). 
NMR (C6D6): 1H 6=0.7-3.5 ppm (v. broad multiplet, Bli), 7.4-7.7 (complex 

multiplet of multiplets, phenyl Cjj); 31p 6= ppm 25.12 (s, free 
-PPh3), 

30.72 
(doublet of doublets, Ja=146 Hz Jb=38 Hz, bound PPh3), 47.6 (doublet of 

!! Ph3 =195 Hz, bound PPh3). triplets, Ja=191 IH[z Jb=37 Hz, bound P ), 52.34 (d, j 

E. A. C 66.3 H 5.5; C130B18H124P6Rh2 requires C 68.2 H 5.5. 



172 

1ALRUC1,01-C H5-C? B9H9l7C6H4.2 HMPA 

(6.14) 

T14[1,4-(l-C6H5-C2B9H9)2C6H4] (261 mg, 0.20 mmol) was suspended in dry 

thf (30 ml) under anhydrous N2 conditions. In a separate Schlenk tube 
dark green UC14 (152 mg, 0.40 mmol) was dissolved in a dry, degassed 1: 4 

mixture of I-IMPA and thf (25 ml). Addition of this solution to the original 
suspension (via cannula) caused the formation of a white precipitate 
(TICI), which turned grey on prolonged standing in air. After 30 minutes 
stirring, the green solution was isolated by filtration and the thf removed 

in vacuo, leaving a solution of 1,4-[(UC12)1-C6H5-C2B9H9]2C6H4 in FEMPA. 

The HMPA solvent was removed by repeated washing with water (3 x 20 

ml), followed by removal of residual H20 in vacuo, giving pure 1,4- 

[(UC12)1-C6H5-C2]39H912C6H4.2 HNWA- 

Appearance: Light green powder 
Yield: 170 mg, 58% 
IR (KBr disc; vmax): 3018 w (phenyl CH stretch), 2956 m (methyl CH 

stretch),, 2520 vs., br (BH stretch), 1488 m (C-N stretch),, 1471 s (C-N stretch), 
1448 s (C=C stretch), 1290 s,, br (P=O stretch)., 1113 s (phenyl i. p. def. ), 1013 m 
(phenyl i. p. def. ), 980 vs (P-N stretch)., 721 vsbr (BH wag)., 620 m (phenyl 

o. o. p. def. ), 555 m (C-H wag). 
NMR (C6D6): 1H 8=0.9-4.0 ppm (v. broad multiplet, BýH), 2.39 (s., CH3),, 7.45 

(broad multiplet, phenyl CHD. 

E. A. Found C 27.5 H 4.8, N 5.7 C34Bl8H68N6Cl4P202U2 requires C 27.8 H 4.7 

N 5.7 

6.4 Catalysis 

As mentioned in the introduction to this chapter, much of the work 

in the field of metallacarborane chemistry has been directed towards the 

preparation of catalytic species. To this end, a number of the compounds 

prepared in the course of this work were tested for catalytic properties. 

These tests were not carried out as a comprehensive catalytic study of an 

the compounds prepared, but rather to establish whether certain of these 
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compounds displayed catalytic properties which merited study in greater 
depth. 

Given that many titanium and zirconium derivatives are catalysts 
for the polymerisation of alkenes, it was decided to test (TiC12)2-1,4-(l- 
C6H5-C2B9H9)2C6H4. (6-5), (ZrCl2)2-1,4-(l-C6H5-C2B9H9)2C6H4. (6.6), 
(TiCP2)2-1.4-(l-C6H5-C2B9H9)2C6H4,, (6.7) and (ZrCP2)2-1,4-(I-C6H5- 
C2B9H9)2C6H4., (6.8). for similar properties. The polymerisation trials were 
carried out under anaerobic conditions and at room temperature and 
pressure (25 'C/ 1 atm). The alkene selected was ethene, which was 
bubbled through the catalyst solution. A rough schematic of the apparatus 
used in these polymerisation trials is shown in figure 6.4. The conditions 
for all these trials are given below, as are the results (table 6-1). 

The solvent was dry, degassed C6H6- 

The amount of catalyst used was 5 mg. 
2 equivalents of methylaluminoxane (MAO) were added as co- 

catalyst. 
The temperature was constant 25 IC and pressure was 1 atmosphere. 
The trials lasted 8 hours. 

Table 6.1 - Ethene polymerisation results 

Trial Catalyst 
Bis-Ti(C12)2-1,4-(1-C6H5- 

C2B9H9)2C6H4 
Bis-Zr(C12)2-1,4-(l-C6H5- 

C2B9H9)2C6H4 
Bis-Ti(CP2)2-1,4-(1-C6H5- 

C2B9H9)2C6H4 
Bis-Zr(CP2)2-1,4-(l-C6H5- 

C2B9H9)2C6H4 
MAO only 

Result 

253 mg polyethylene (mpt. 136 OC) 

No polymer observedt 

No polymer observed 

No Polymer observed 

No polymer observed 

t Although no polyethylene was recovered, the ethene supply ran out 

during this reaction, and the benzene was observed to turn cloudy prior to 

the exhaustion of the ethene - an occurrence often presaging the 

formation of polyethylene. 
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Figure 6.4 - Schematic of the ethene polymerisation equipment 
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The results obtained show good catalytic ability for Bis-Ti(C12)2-1,4- 
(1-C6H5-C2B9H9)2C6H4 and the possibility of similar ability for Bis-Zr(C12)2- 
1,4-(I-C6H5-C2B9H9)2C6H4 (additional work is required). However, it was 
decided that the investigation of the novel metallacarborane assemblies as 
polymerisation catalysts was not an immediate priority, and further work 
in this area was postponed. 

As mentioned in the introduction to this chapter, hydrogenation is 

perhaps the most extensively studied catalytic property of 
metallacarboranes. It thus seemed appropriate to test some of the late 
transition metal carboranyl assemblies for catalytic hydrogenation abilities. 
The compounds selected for trial were [Co(PPh3)212-1,4-(1-C6H5- 
C2B9H9)2C6H4 (6.1), [Ni(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4 (6.2)f 
[Pd(PPh3)212-1,4-(l-C6H5-C2B9H9)2C6H4 (6.3), [Pt(PPh3)212-1,4-(l-C6H5- 
C2B9H9)2C6H4 (6.4), and [Rh(PPh3)312-1,4-(l-C6H5-C2B9H9)2C6H4 (6.13). The 

reaction chosen for study was the ambient hydrogenation of cyclohexene 
with H2- TI-ds was selected as the intended product, cyclohexane, shows an 
easily identifiable singlet in the 1H NMR spectrum. The reactions took 

place under an anaerobic (but not anhydrous) environment, under the 
following conditions: 

The solvent was dry, degassed C6H6- 

The amount of catalyst used was 10 mg. 
No co-catalyst was added. 
The temperature was constant 25 'C and pressure was 1 atmosphere. 
The trials lasted 24 hourst. 

ý However, in some cases the reaction appeared to reach conclusion long 

before this time. 
The results of these experiments are given in table 6.2. The 

percentage conversions were calculated from the IH NMR integrals. The 

catalysts were recovered from the reactions and found to be 

indistinguishable from the starting catalysts by IR spectroscopy. A rough 

schematic of the hydrogenation apparatus is shown in figure 6.6. 
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Table 6.2 - Cyclohexene hydrogenation results 

Trial Catalyst 
[CO(PPh3)212-1,, 4-(l-C6H5- 

C2B9H9)2C6H4 

[Ni(PPh3)212-1.4-(l-C6H5- 

C2B9H9)2C6li4 

[Pd(PPh3)212-1,4-(l-C6K5- 
C2B9H9)2C6H4 

[Pt(PPh3)212-1.4-(l-C6H5- 
C2B9H9)2C6li4 

[Rh(PPh3)312-1., 4-(l-C6H5- 

10 

0 

10-15 

0 

95 
C2B9H9)2C6H4 

None 0 

Given the promising result of [Rh(PPh3)312-1,4-(l-C6H5- 
C2B9H9)2C6H4 in the cyclohexene hydrogenation, it was decided to test the 

selectivity of this hydrogenation by repeating the above by replacing the 

cyclohexene with 1-hexene-5-one (see below). This was done in the hope 

that [Rh(PPh3)312-1,4-(l-C6H5-C2B9H9)2C6H4 would hydrogenate the alkene 
double bond while leaving the ketone double bond unchanged. 

Fig. 6.5 - 1-Hexene-5-one 

0 
11 

H2 

H3C c ell*, 
* 
c 

**"ý 
c 

CH2 

H2 H 

The conditions employed were identical to those for the cycloxene 
hydrogenation. Approximate percentage conversion was calculated from 

the 1H NMR integrals (for the C=C bond) and IR spectra (for the C=O 

bond). These indicated 95% hydrogenation of the alkene moiety and no 

observable change in the C=O moiety. Hence Bis-Rh(PPh3)3-1,4-(1-C6H5- 

C2B9HlO)2C6H4 shows a pleasing degree of selectivity and is worthy of 

Approx. % conversion 

further study. 
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Fig. 6.6 - Schematic of the hydrogenation apparatus 
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One further catalysis attempt using a metallacarborane assembly 
was undertaken. Given the oxidative catalysis capabilities of certain 
uranium compounds (particularly uranium oxides), it was decided to 
attempt the oxidation of phenol to C02 and water using 1,4-[(UC12)1-C6H5- 
C2BqH912C6H4 -2 HMPA in the presence of H202- 10 mg of 1,4-[(UC12)1- 
C6H5-C2B9H9]2C6H4 -2 HMPA was suspended in a solution of 3g phenol 
and 0.8 g H202 in water (40 ml) under ambient conditions. However, after 
stirring at room temperature for 8 hours approximately 90% of the phenol 
still remained (measured by H: PLC). It is hoped that further oxidation trials 
using 1,4-[(UC12)1-C6H5-C2B9H9]2C6H4 -2 HNWA are to be performed. 
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Chapter 7 

Experimental techniques 
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7.1 Synthesis 

7.1.1 General synthetic techniques 

Many of the syntheses described in this thesis proceeded via air- and/or 
moisture-sensitive intermediates, thus inert atmosphere techniques were 
required and have been employed throughout this work. Air- and 
moisture-sensitive solids were handled and stored under dry nitrogen in a 
Faircrest Engineering glove box. All glassware was pre-dried at c. 130 'C 
prior to use. For most reactions standard vacuum-line methods were used 
in conjunction with oxygen-free nitrogen (BOC white spot) as inert gas. 
The nitrogen was further dried by successive passage through anhydrous 
CaC12 and P205 columns. 

7.1.2 Purification of solvents 

Dry, degassed hexane (Aldrich, IIPLC grade) was dried by refluxing over 
P205, followed by distillation under an atmosphere of dry N2 and 
degassing by freeze-thaw cycles. 

Dry, degassed toluene (Aldrich, HFLC grade) was dried by refluxing over 
lump sodium, followed by distillation under an atmosphere of dry N2 

and degassing by freeze-thaw cycles. 
Dry tetrahydrofuran (Aldrich, HPLC grade) was purified by fractional 

distillation over lump sodium under an atmosphere of dry nitrogen, 

and stored over sodium wire in an airtight vessel (by Mr B. Hall, 

Department of Chemistry). 
Dry monoglyme (Aldrich,, HPLC grade) was purified by fractional 

distillation over lump sodium under an atmosphere of dry nitrogen, 

and stored over sodium wire in an airtight vessel (by Mr B. Hall, 

Department of Chemistry). 

Dry acetonitrile (Aldrich,, BIPLC grade) was stored over activated molecular 

sieves and used directly from the bottle. 

Dry diethyl ether (BDH, specially dried) was stored over sodium wire and 

used directly from the bottle. 
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Dry toluene (BDH, Analar) was 
from the bottle. 

Deuterated solvents (Aldrich, 

molecular sieves and used 
use ampules. 

All other solvents were used as 

stored over sodium wire and used directly 

Goss) were either stored over activated 
Erectly from the bottle, or utilised as single 

supplied, without further purification. 

7.1.3 Preparation of starting materials 

Ortho, meta and paracarborane (Katchem) were all resublimed under 
vacuum at 50 'C prior to use. 

I-Methyl-orthoca 
* rborane was prepared by a standard literature route., 1,2 

from 1-bromomethyl-orthocarborane. 
I-Phenyl-orthocarborane was prepared by a slightly modified literature 

route, 2 from phenylethyne and 6,9-bis(dms)-decaborane. 
1-(2-Pyridyl)-orthocarborane was prepared from (2-pyridyl)ethyne and 6,9- 

bis(dms)-decaborane, by the recently described literature route 3. 
4 1,2-Dimercapto-orthocarborane was prepared by the literature route, 

from 1,2-dilithioorthocarborane and sulphur, followed by a mild acid 
work-up. 

1-Phenyl-2-hydroxy-orthocarborane was prepared from 1-phenyl- 
orthocarborane and benzoyl peroxide, by the literature route 5. 

1,4- and 1,3- B is (phenylethynyl) benzene were prepared by the literature 

route. 6 from the reaction of two equivalents of ethynylbenzene with 
the appropriate diiodobenzene. 

Diquat dibromide was Prepared from the reaction of 2,2'-bipyridyl with 
1,2-dibromoethane, an established literature route 7. 

Thionyl chloride was purified by vacuum distillation, followed by storage 
under dry N2 (by Dr M. Hansford, Department of Chemistry). 

TMEDA (Aldrich) was stored in an airtight vessel, over activated 
molecular sieves. 

Pyridine (Aldrich) was stored in an airtight vessel, over NaOH pellets. 
HMPA and tris(dimethylamino)iminophosphorane (Fluka) were stored 

over activated molecular sieves. 
All other reagents were used as supplied. 
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7.1.4 Specialist equipment - the sealed Soxhlet extractor 

This apparatus was designed by Dr Z. Hauptman (Durham 
University) and was based on the common Soxhlet extractor. The closed 
design and Teflon vacuum tap enabled continuous extraction of air- 
sensitive materials (see fig 7.1). The bulb was usually warmed and the 
solvent condensed onto the extractant in the cooling jacket. Recovery of 
the solid material was acheived by scoring the bulb with a glass knife and 
breaking off the bulb in the glove box. 

Fig. 7.1 - The sealed Soxhlet extractor 

I 

1. J. Yotmz teflon tap. 
2. "1 Grouid glass. 
3. d1ass sinter (asually porosity grade 3). 
4. Cooling jaciet. 
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7.2 Physical Methods 

7.2.1 Infrared spectroscopy (IR) 

Infrared spectra were recorded either as KBr discs or as Nujol mulls 
between KBr plates. For moisture-sensitive samples, mulls were prepared 
in the glove box and the plates sealed in an airtight metal holder. All IR 
spectra were recorded on a Perkin-Elmer 1600 FTIR spectrophotometer. 

7.2.2 Ultraviolet/visible spectroscopy (UVNis) 

UV/Vis spectra were recorded as CH202 solutions of known 

concentration and path length on an ATI Unicam UV2 UV/Vis 

spectrophotometer. 

7.2.3 Nuclear magnetic resonance spectroscopy (NMR) 

NMR spectra were recorded in the solution state and, unless 
otherwise stated, at room temperature. Spectra were recorded on Varian 
VXR 200 MHz (1H), Varian Gemini 200 MHz (1H, 13C), Bruker AC 250 
MHz (11B. 31p), Varian VXR 400 MHz (1H, 13C) and Varian AMX 500 (13C" 
11B and all COSY and HETCOR spectra) spectrometers. 

7.2.4 Electron spin resonance spectroscopy (ESR) 

ESR spectra were recorded at room temperature, at the University of 
Cambridge by Dr Jeremy Rawson, using a Bruker ER-200D EPR 

spectrometer. 

7.2.5 Mass spectrometry (m+/e) 

Spectra were recorded on a VG Analytical 7070E spectrometer using 

electron impact (E. I. ) and chemical ionisation (C. I. ) techniques. 



184 

7.2.6 Magnetic susceptibility measurements 

All magnetic susceptibility measurements were performed on a 
Johnson Matthey Equipment JME magnetic susceptibility balance. This 
balance measures the force exerted by the sample on a suspended 
permanent magnet (see fig. 7.2). 

Fig. 7.2 - Simplified schematic of a Johnson-Matthey-Evans magnetic 
susceptibility balance 

Sample Guide Tube 'A' 

Torsio 

M 

Electrorr 

Printed Circuit Board i-iag inaicating 
Bcam Position 

Level 

Permanent 
Magnets 

rl 

After average readings had been recorded for the empty sample 

tube, the sample was then added, its mass and sample length measured, 
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and average magnetic susceptibility measurements were recorded. The 
mass susceptibility (Xg) was calculated using the equation 

Xg = C(R-RO)l / 107 m 

Where: 1= sample length in metres 
Ro = av. reading for empty tube 
R av. reading for tube + sample 
m sample mass in kilograms 
C calibration constant for balance (1.011 for the balance in 

question) 

The molar susceptibility (Xm) was determined from Xg using: 

Xm =--- Xg M (where M= molecular mass in kg/mol) 

For moderately air-sensitive compounds the top of the tube can be 

plugged with material such as dried glass wool. When doing so care was 
taken to account for this in RO and the empty tube mass. 

7.2.7 Elemental analyses 

Carbon, hydrogen and nitrogen analyses were performed using 
Exeter Analytical CE-440 apparatus. Thallium. analyses were by atomic 
absorption using a Perkin-Elmer 5000 atomic absorption 
spectrophotometer. All other analyses were performed using classical 
dissolution and titration methods. 

7.2.8 Melting point determination 

All melting points were recorded on Electrothermal IA9000 

apparatus, between 40 'C and 400 'C. 

7.2.9 Single crystal X-ray structure determination 

Single crystal X-ray structures were determined employing either a 
Siemens 3-circle diffractometer with a CCD area detector using graphite- 

monochromated Mo-K(x radiation (?,, =0.71073 AO), or a Rigaku AFC6S 

diffractometer with a CCD area detector using graphite-monochromated 
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Cu-Kcc radiation (X=1.5418 AO). The structures were solved by direct 

methods and refined by full-matrix least squares against F2 of all data, 

using SHELXTL software 9. Graphic representations were created using 
SHELXTL and local programs. Further information is given with each 
structure. 
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Appendix A 

The use of perfluorodecalin as 
medium for the preparation of 

metal bromides 

a reaction 
anhydrous 

Metal halides have long served as the starting point for many 
inorganic and organometallic syntheses, but in general only the 
anhydrous materials are suitable. Direct combination of metal and 
halogen is a route to the halides, but in many cases, high temperatures are 
required, while in others the initially sluggish process may become 
difficult to control as the reaction warms up. The dehydration of hydrated 
salts with solvents such as thionyl chloride is sometimes an option, but 
the products of this approach are not always easy to free of the last traces of 
this reagent. 

The synthesis of the metal iodides of Main Group elements can be 
readily acheived by reacting the elements together in a suitable solvent. A 
classic I example is the preparation of SnI4 by refluxing the components in 
ethanoic anhydride, although the vigour of the reaction invites caution. 
Indium. (III) iodide can be conveniently obtained by the use of either 
diethyl ether 2 or toluene 3 as the reaction medium. This approach is not 
feasible with chlorine, and while it might seem viable for bromine, in 

practice the first quantities of metal bromide formed act as a catalyst for the 

attack of Br2 on the solvent; this is especially true for aromatic solvents, 
since Friedel-Crafts bromination occurs readily in these circumstances. 

We here show that these difficulties can be avoided by the use of the 

solvent perfluorodecalin as the reaction medium. The physical properties 
of this fluorocarbon are very convenient for this purpose (b. pt. 142 'C, p 
1.92 gcm-3, kinematic viscosity 2.66 mm2s-1. vapour pressure at r. t. 6.7 

mm). For three typical elements (gallium, indium, tin), the reaction with 
the calculated quantity of bromine in refluxing perfluorodecalin gave the 

appropriate MBr3,4 product in yields of the order of 90%. The procedure is 

quite straightforward and requires no special equipment. An additional 

advantage is that the solvent can be recovered, after removal of any traces 
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of unreacted bromine in vacuo; recoveries were typically of the order of > 
90%. The solvent itself is unaffected by the presence of either bromine, or 
the final product, since the mass spectrum of a sample after a preparation 
was identical with that of the pure solvent. 

The convenience of this preparative method is shown by 
comparison with those described in the literature for these compounds. 
Both GaBr3 and InBr3 can be prepared by reacting the heated metal with 
bromine vapour entrained in a stream of nitrogen or carbon dioxide; the 
gallium reaction may be dangerously vigorous 4. The direct reaction of tin 
and bromine has been described, but again the reaction proceeds with 
considerable evolution of heat, and possible ignition 5. No such safety 
hazards were observed in the present work. The reactions reported herein 
suggested that many other metal bromides may be simply prepared in 
high yield by this method. 

Experimental 

General 
Metallic elements were used as supplied; tin was the powder, and 

gallium and indium were in the form of shot. Bromine was 99.5%. 
Perfluorodecalin was a mixture of cis- and trans- isomers, and was used as 
supplied. 

All reactions were carried out under a stream of dry nitrogen, in a 
round-bottomed flask fitted with a condenser. The product was Collected 
by filtration, dried in vacuo, and analysed. Residual bromine was removed 
from the solvent before further use. 

Gallium tribromide 
Gallium shot (1.89g, 27.1 mmol) was heated until molten, for ease of 

transfer, added to perfluorodecalin (40 ml) and allowed to cool to room 

temperature. Bromine (5.5 ml, 17.1 g, 107 mmol) was slowly added and the 

reaction mixture was stirred without heating for 1 h. The white product 

was GaBr3 (7-07 g, 22.8 mmol, 84% yield); calculated Br 77-5. found 76.5; 

m. pt. 121.5-122 'C (lit. 6 122 ±0.6 'C); M+ 306-314, M+(max) 310. 

Indium tribromide 
Indium shot (1-98 g, 17.2 mol) was hammered into a lustrous foil 

and added to perfluorodecalin (40 ml). Bromine (3.5 ml, 10.9 g, 68 mmol) 
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was slowly added and the reaction mixture was heated at 100 "C for 3 h. 
The white product was InBr3 (5.31 g, 15.0 mmol, 87%); the presence of 
excess bromine was designed to prevent any formation of In2Br4 from 
InBr3 + In. Calculated Br 67.6, found 66.95; m. pt. 434-434.6 oC (lit. 6 436 OC); 
M+ 352-358, M+(max) 354. 

Tin tetrabromide 
Tin powder (4.62 g, 38.9 mmol) was added to perfluorodecalin (40 

ml) and bromine (5-0 ml, 15.5 g, 97 mmol) was slowly added. The reaction 
mixture was heated to 100 'C for 3 h, giving colourless crystals of SnBr4 
(15.8 g, 36 mmol, 93%). Calculated Br 72.9, found 73.1, m. pt- 29.5-30.0 'C 
(lit. 6 31 'C); M+ 436-442, M+(max) 438. 
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Appendix B 

Courses, Lectures, Colloquia and 
Conferences Attended 
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First year induction courses 

The courses consist of a series of one hour lectures and practical classes 
based on the services available in the department. 

1. Departmental safety regulations 

2. UV/Vis and IR spectroscopy 

3. Chromatography and microanalysis 

4. Atomic absorption and inorganic analysis 

5. Library use and resources 

6. Mass spectrometry 

7. Nuclear magnetic resonance 

8. Glassblowing techniques 

9. Introduction to computing and information technology facilities 

Examined Lecture Courses 

Each of these courses was concluded by a written examination. 

1. "Diffraction and scattering methods" - Prof. Judith A. K. Howard (6 

hours). 

2. "Organometallic Chemistry" - Prof. Vernon C. Gibson (3 hours) and 
Prof. David Parker (3 hours). 

3. "NMR techniques" - Prof. Robin K. Harris (6 hours). 
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Research Colloquia and seminars 

All the lectures listed below were attended by the author. 

Auggst 1993 - August 1994: 

Oct. 4 Prof. F. J. Feher, University of California at Irvine, USA. 
Bridging the Gap between Surfaces and Solutions with 

Sessilquiloxanes 

Oct. 20 Dr P. Quayle, University of Mandiester 
Aspects of Aqueous ROMP Chemistry 

Oct 21 Prof. R. Adams, University of South Carolina, USA 
Chemisrty of Metal Carbonyl Cluster Complexes: 
Development of Cluster Based Alkyne Hydrogenation 
Catalysts 

Jan. 26 Prof. J. Evans, University of Southampton 
Shining Light on Catalysis 

Feb. 16 Prof. K. H. Theopold, University of Delaware, USA 
Paramagnetic Chromium Alkyls: Synthesis and Reactivity 

Feb. 23 Prof. P. M. Maiths, Urdversity of Sheffield 
Across the Border: From Homogeneous to Heterogeneous 

Catalysis 

AugList 1994 - Aug]gst 1995: 

Oct. 19 Prof. N. Bartlett, University of California at Los Angeles, USA 

Some Aspects of Ag(II) and Ag(III) Chemistry 

Nov. 3 Prof. B. F. G. Johnson, University of Edinburgh 

Arene-metal Clusters 
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Nov. 9 Dr G. Hogarth, University College, London 
New Vistas in Metal-imido Chemistry 

Feb. 8 Dr D. O'Hare, University of Oxford 
Synthesis and Solid-state properties of Poly-, Oligo- and 
Multidecker Metallocenes 

Mar. 1 Dr M. Rosseinsky, University of Oxford 
Fullerene Intercalation Chemistry 

Mar. 22 Dr M. Taylor, University of Aukland, New Zealand 
Structural Methods in Main-group Chemistry 

August 1995 - Auggst 1996: 

Oct. 13 Prof. R. Schmutler, University of Braunschweig, Germany 
Calixarene-phosphorous Chemistry: A New Dimension in 
Phosphorous Chemistry 

Nov. 15 Dr A. Sella, University College, London 
The Chemistry of Lanthanides with Polypyrazolylborate 

Ligands 

Nov. 22 Prof. I. Soutar,, Lancaster University 
A Water of Glass? Luminescence Studies of Water-soluble 
Polymers 

Nov. 29 Prof. D. G. Tuck, University of Windsor, Ontario, Canada 
New Indium Coordination Chemistry 

Feb. 21 Dr R. C. Pulham, University of Edinburgh' 
Heavy Metal Hydrides - an Exploration of the Chemistry of 
Stannanes and Plumbanes 

Mar 7 Dr D. S. Wright, University of Cambridge 
Synthetic Applications of Me2N-p-block Metal Reagents 



194 

Conferences and Symposia attended 

INTRABORON XV, University of Leeds, 11-13 September, 1995 

IMEBORON 9, Ruprecht-Karls Universitdt, Heidelberg, Germany, 14-18 
July, 1996 * 

INTRABORON XVI, University of Durham, 16-18 September, 1996 

ICI Poster Competition, University of Durham., 19 December, 1996 * 

Northeast Graduate Symposium, University of Newcastle, 7 April, 1997 

Paper -ý ; poster * 
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Appendix C 

Supplementary crystallographic data 
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Table C. 1 - Index of supplementary crystallographic data 

Index of supplementary data 196 
Orthocarborane/hmpa co-crystallate (2.1) 197 

Metacarborane/hmpa co-crystallate (2.2) 208 

Paracarborane/hmpa co-crystallate (2.3) 215 

(Me2N)Rý`NH2+ HC03-/B(OM3 co-crystallate (2.12) 222 

(Me2N)3P=NH2+ HC03-/B(OI-1)3/paracarborane 

co-crystallate (2.14) 230 

Methyl(triphenyl)phosphonium 1-oxo-2-phenyl-1,2- 

dicarbadodecaborate (2.15) 254 

Methyl(triphenyl)phosphonium salt ofl, 2-dimercapto-1,2- 

dicarbadodecaborane (2.16) 263 

1-(2-picolyl)orthocarborane (3.1) 272 

1-(2-pyridyl)-2-mercapto-orthocarborane (3.3) 279 

1-(2-pyridyl)-2-(trimethylstannyl)-orthocarborane (3.4) 287 

1,2-bis (I 1,2-diphenyll ethyl) -orthocarborane (3.9) 295 

1.4-di(phenylorthocarborane)benzene (4.1) 301 

(x, (x'-bis(2'-phenyl-l-orthocarboranyl) lutidine (4.6) 308 

Bis(l-phenylorthocarboran-2-yl) sulphoxide (4.7) 319 
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Orthocarborane/hmpa co-crystallate (2.1) 

U-) 
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e refinement for 198 

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 
Density (calculated) 

Absorption coefficient 

F(OOO) 

Crystal size 

h range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Refinement method 

Data restraints / parameters 

Goodness-of-fit on F2 

Final R indices [I>2r(I)] 

R indices (all data) 

Extinction coefficient 

Largest diff. peak and hole 

(la. 2) 

c8H 30 B 
10 N3 OP 

323.42 

150(2) K 

0.71073 

Triclinic 

Pl 

a= 10.662(2) alpha 90.59(3) 0 

b= 10-890(2) beta 91.97(3) 0 

c= 17.078(3) gamma = 92.23 (3) 0 

1980.1(6) A3 

4 

1.085 Mg/m 
3 

0.137 mm -1 

688 

0.3 x 0.3 x 0.2 mm 

1.19 to 25.53 0 

-12 <h< 12, -13 <k< 10, -20 <1< 16 

9691 

6413 (R 
int = 0.0432) 

Full-matrix least-squares on F2 
P, 

6306 /0/ 524 

1.222 

R1 = 0.0774, wR2 = 0.1414 

R1 = 0.1140, WR2 = 0.1875 

0.0019(3) 

0.367 and -0.404 eýk-3 
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Table 2. Atomic coordinates (x 10 
4] 

and equivalent isotropic 

displacement parameters [A 
2x 

10 
31 

for 1. U(eq) is defined as 

one third of the trace of the orthogonalized U i-I tensor. 

x y z U (eq) 

P(l) -2683(l) 6214(l) 7381(l) 28(l) 

0(1) -2853(3) 4851(2) 7422(2) 33(l) 

N(l) -2750(3) 6792(4) 6492(2) 39(l) 

N(2) -1320(3) 6653(3) 7791(2) 37(l) 

N(3) -3813(3) 6908(3) 7821(2) 37(l) 

C(11) -3895(5) 6575(5) 6002(3) 52(l) 

c(12) -1635(5) 7048(5) 6041(3) 51(l) 

c(21) -242(5) 5871(5) 7798(3) 53(l) 

c(22) -1012(5) 7939(5) 7987(3) 57(2) 

c(31) -4246(5) 8139(4) 7649(3) 52(l) 

C(32) -4173(5) 6461(5) 8588(3) 51(l) 
P(2) 1948(l) 2668(l) 7623(l) 29(l) 

0(2) 563(3) 2816(3) 7587(2) 35(l) 

N(4) 2260(3) 1303(3) 7290(2) 35(l) 

N(5) 2673(3) 3734(3) 7116(2) 39(l) 

N(6) 2653(3) 2838(3) 8493(2) 35(l) 
C(41) 3534(4) 967(5) 7103(3) 50(l) 
C(42) 1369(4) 250(4) 7337(3) 40(l) 
C(51) 2110(5) 4107(5) 6373(3) 63(2) 
C(52) 3983(5) 4171(5) 7236(3) 54(l) 
C(61) 2776(4) 1805(4) 9026(3) 42(l) 
c(62) 2530(5) 4011(4) 8907(3) 48(l) 
BM -3497(6) 3022(5) 9512(4) 44(l) 
B(2) -3569(5) 1628(5) 8967(3) 40(l) 

C(3) -2622(4) 2844(4) 8713(3) 36(l) 

B(4) -1942(5) 3677(5) 9485(3) 38(1) 

B(5) -2442(5) 2873(5) 10324(3) 40(l) 
B(6) -3444(5) 1603(5) 10000(3) 37(l) 

B(7) -2554(5) 591(5) 9434(3) 37(l) 

B(8) -2057(5) 1390(5) 8599(3) 36(l) 

C(q) -1166(4) 2604(4) 8969(3) 33(l) 
B(10) -926(5) 2643(5) 9955(3) 37(l) 
B(11) -1845(5) 1365(5) 10276(3) 34(l) 
B(12) -996(5) 1237(5) 9406(3) 36(l) 
B(21) -837(5) 1768(6) 5493 (4) 46(2) 
B(22) -1476(5) 3250(6) 5520(4) 46(l) 
B(23) -1733(6) 2303(6) 4676(3) 47(2) 
B(24) -1964(6) 766(6) 4996(4) 55(2) 
B(25) -1836(6) 762(5) 6035(4) 46(2) 
C(26) -1595(4) 2261(4) 6285(3) 38(l) 
B(27) -3275(5) 1625(5) 4714(3) 39(l) 
B(28) -3343(6) 674(6) 5557(4) 47(2) 
B(29) -3075(5) 1615(6) 6391(3) 42(l) 
C(30) -2807(4) 3049(4) 6029(3) 37(l) 

B(31) -2976(5) 3165(5) 5045(3) 37(l) 
B(32) -3956(5) 2157(5) 5578(3) 36(l) 



Table 3. Bond lengths [A] and angles [01 for 1. 

p (1) -0 (1) 1.491(3) P (1) -N (2) 1.644(4) 
P(l)-N(3) 1.646(4) P(l)-N(l) 1.649(4) 
N(l)-C(12) 1.457(6) N(l)-C(11) 1.467(6) 
N(2)-C(21) 1.457(6) N(2)-C(22) 1.458(6) 
N(3)-C(32) 1.461(6) N(3)-C(31) 1.464(6) 
P(2)-0(2) 1.492(3) P(2)-N(4) 1.636(4) 

P(2)-N(5) 1.641(4) P12)-N(6) 1.647(4) 

N(4)-C(42) 1.464(5) N(4)-C(41) 1.465(6) 

N(5)-C(51) 1.455(6) N(5)-C(52) 1.465(6) 

N(6)-C(61) 1.462(5) N(6)-C(62) 1.467(6) 
B(l)-C(3) 1.693(7) B(l)-B(6) 1.766(8) 
B(l)-B(5) 1.767(8) B(l)-B(2) 1.771(8) 

B(l)-B(4) 1.781(8) B(2)-C(3) 1.702(7) 

B(2)-B(6) 1.767(8) B(2)-B(7) 1.772(8) 

B(2)-B(8) 1.778(8) C(3)-C(9) 1.630(6) 

C(3)-B(4) 1.716(7) C(3)-B(8) 1.728(7) 

B(4)-C(9) 1.711(7) B(4)-B(10) 1.772(8) 

B(4)-B(5) 1.773(8) B(5)-B(10) 1.780(8) 

B(S)-B(6) 1.786(8) B(5)-B(11) 1.787(8) 

B(6)-B(7) 1.782(8) B(6)-B(11) 1.782(8) 

B(7)-B(8) 1.764(7) B(7)-B(12) 1.781(8) 
B(7)-B(11) 1.789(7) B(8)-C(9) 1.701(7) 
B(8)-B(12) 1.765(7) C(9)-B(12) 1.686(7) 
C(9)-B(10) 1.695(7) B(10)-B(11) 1.774(7) 
B(10)-B(12) 1.786(8) B(11)-B(12) 1.773(7) 
B(2l)-C(26) 1.692(7) B(2l)-B(22) 1.777(8) 
B(2l)-B(24) 1.780(9) B(2l)-B(23) 1.780(8) 
B(2l)-B(25) 1.785(9) B(22)-C(30) 1.698(7) 
B(22)-C(26) 1.708(7) B(22)-B(31) 1.766(8) 
B(22)-B(23) 1.770(9) B(23)-B(24) 1.777(9) 
B(23)-B(27) 1.780(8) B(23)-B(31) 1.782(8) 
B(24)-B(27) 1.768(8) B(24)-B(25) 1.776(9) 
B(24)-B(28) 1.782(10) B(25)-C(26) 1.690(7) 
B(25)-B(29) 1.765(9) B(25)-B(28) 1.776(8) 
C(26)-C(30) 1.629(6) C(26)-B(29) 1.719(7) 
B(27)-B(32) 1.768(7) B(27)-B(31) 1.777(8) 
B(27)-B(28) 1.784(8) B(28)-B(29) 1.756(8) 
B(28)-B(32) 1.766(8) B(29)-C(30) 1.703(7) 
B(29)-B(32) 1.770(7) C(30)-B(31) 1.691(7) 
C(30)-B(32) 1.692(7) B(3l)-B(32) 1.766(7) 

0(l)-P(l)-N(2) 109.7(2) 0(l)-P(l)-N(3) 111.4(2) 
N(2) -P(1) -N(3) 109.4(2) 0(l)-P(l)-N(l) 115.6(2) 
N(2)-P(l)-N(l) 10'7.6(2) N(3) -P(1) -N(1) 102.9(2) 
C(12)-N(l)-C(ii) 113.3(4) C (12) -N (1) -P (1) 122.8(3) 
C(11)-N(l)-P(l) 119.0(3) C(2l)-N(2)-C(22) 114.3(4) 
C(2l)-N(2)-P(l) 122.2(3) C(22)-N(2)-P(l) 121.7(3) 
C(32) -N(3) -C(31) 113.5(4) C(32)-N(3)-P(l) 118.0(3) 
C(3l)-N(3)-P(l) 126.0(3) 0(2)-P(2)-N(4) 109.4(2) 
0(2) -P(2) -N(5) 111.0(2) N(4)-P(2)-N(5) 110.2(2) 
0(2)-P(2)-N(6) 116.4(2) N(4)-P(2)-N(6) 107.5(2) 
N(5)-P(2)-N(6) 102.0(2) C(42)-N(4)-C(41) 113.8(4) 

C(42)-N(4)-P(2) 122.2(3) C(4l)-N(4)-P(2) 122.3(3) 

C(5l)-N(5)-C(52) 113.4(4) C(51) -N(5) -P(2) 119.0(3) 

C(52)-N(5)-P(2) 126.1(3) C(6l)-N(6)-C(62) 112.7(4) 
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C(6l)-N(6)-P(2) 121.6(3) C(62)-N(6)-P(2) 117.6(3) 

C (3) -B (1) -B (6) 105.0(4) C (3) -B (1) -B (5) 105.3(4) 

B(6)-B(l)-B(5) 60.7(3) C(3)-B(l)-B(2) 58.8(3) 

B(6)-B(l)-B(2) 59.9(3) B(5)-B(l)-B(2) 108.8(4) 



C(3)-B(l)-B(4) 59.1(3) B(6)-B(l)-B(4) 108.6(4) 
B(5)-B(l)-B(4) 60.0(3) B(2)-B(l)-B(4) 108.6(4) 
C(3)-B(2)-B(6) 104.6(4) C(3)-B(2)-B(l) 58.3(3) 
B(6)-B(2)-B(l) 59.9(3) C(3)-B(2)-B(7) 105.1(4) 
B(6)-B(2)-B(7) 60.5(3) B(l)-B(2)-B(7) 108.3(4) 
C(3)-B(2)-B(8) 59.5(3) B(6)-B(2)-B(8) 108.1(4) 
B(l)-B(2)-B(8) 108.3(4) B(7)-B(2)-B(8) 59.6(3) 
C(9)-C(3)-B(l) 110.7(4) C(9)-C(3)-B(2) 110.3(4) 
B(l)-C(3)-B(2) 62.9(3) C(9)-C(3)-B(4) 61.4(3) 
B(l)-C(3)-B(4) 63.0(3) B(2)-C(3)-B(4) 115.1(4) 
c(q)-c(3)-B(8) 60.8(3) -B(l)-C(3)-B(8) 114.4(4) 
B(2)-C(3)-B(8) 62.4(3) B(4)-C(3)-B(8) 114.5(4) 

c(9)-B(4)-C(3) 56.8(3) C(9)-B(4)-B(10) 58.2(3) 

C(3)-B(4)-B(10) 104.4(4) C(9)-B(4)-B(5) 103.8(4) 

C(3)-B(4)-B(5) 104.1(4) B(10)-B(4)-B(S) 60.3(3) 

C(q)-B(4)-B(l) 103.1(4) C(3)-B(4)-B(l) 57.9(3) 

B(10)-B(4)-B(l) 107.5(4) B(5)-B(4)-B(l) 59.6(3) 

B(l)-B(5)-B(4) 60.4(3) B(l)-B(5)-B(10) 107.7(4) 

B(4)-B(5)-B(10) 59.8(3) B(l)-B(5)-B(6) 59.6(3) 
B(4)-B(5)-B(6) 108.1(4) B(10)-B(5)-B(6) 107.6(4) 
B(l)-B(5)-B(11) 107.3(4) B(4)-B(5)-B(11) 107.6(4) 
B(10)-B(5)-B(11) 59.6(3) B(6)--B(5)-B(li) 59.9(3) 
B(l)-B(6)-B(2) 60.2(3) B(l)-B(6)-B(7) 108.1(4) 
B(2)-B(6)-B(7) 59.9(3) B(l)-B(6)-B(11) 107.6(4) 
B(2)-B(6)-B(11) 107.9(4) B(7)-B(6)-B(11) 60.3(3) 
B(l)-B(6)-B(5) 59.7(3) B(2)-B(6)-B(5) 108.1(4) 
B(7)-B(6)-B(5) 108.6(4) B(11)-B(6)-B(5) 60.1(3) 
B(8)-B(7)-B(2) 60.4(3) B(8)-B(7)-B(12) 59.7(3) 
B(2)-B(7)-B(12) 107.7(4) B(8)-B(7)-B(6) 108.0(4) 
B(2)-B(7)-B(6) 59.6(3) B(12)-B(7)-13(6) 107.5(4) 
B(8)-B(7)-B(11) 107.5(4) B(2)-B(7)-B(11) 107.4(4) 
B(12)-B(7)-B(11) 59.6(3) B(6)-B(7)-B(11) 59.9(3) 
C(q)-B(8)-C(3) 56.8(3) C(9)-B(8)-B(7) 104.3(4) 
C(3)-B(8)-B(7) 104.4(4) C(9)-B(8)-B(12) 58.2(3) 
C(3)-B(8)-B(12) 104.3(4) B(7)-B(8)-B(12) 60.6(3) 
c(9)-B(8)-B(2) 103.6(4) C(3)-B(8)-B(2) S8.1(3) 
B(7)-B(8)-B(2) 60.0(3) B(12)-B(8)-B(2) 108.1(4) 
C(3)-C(9)-B(12) 112.6(4) C(3)-C(9)-B(10) 112.0(4) 
B(12)-C(9)-B(10) 63.8(3) C(3)-C(9)-B(8) 62.4(3) 
B(12)-C(9)-B(8) 62.8(3) B(10)-C(9)-B(8) 116.0(4) 
C(3)-C(9)-B(4) 61.8(3) B(12)-C(9)-B(4) 116.1(4) 
B(10)-C(9)-B(4) 62.7(3) B(8)-C(9)-i(4) 116.2(4) 
C(9)-B(10)-B(4) 59.1(3) C(9)-B(10)-B(11) 103.5(4) 
B(4)-B(lo)-B(11) 108.3(4) C(9)-B(10)-B(5) 104.2(4) 
B(4)-B(lo)-B(5) 59.9(3) B(11)-B(10)-B(5) 60.4(3) 
C(9)-B(10)-B(12) 57.9(3) B(4)-B(10)-B(12) 108.2(4) 
B(11)-B(lo)-B(12) 59.8(3) B(5)-B(10)-B(12) 108.1(4) 
B(12)-B(11)-B(10) 60.5(3) B(12)-B(11)-B(6) 107.8(4) 
B(10)-iB(11)-B(6) 108.0(4) B(12)-B(11)-B(5) 108.3(4) 
B(10)-33(11)-B(5) 60.0(3) B(6)-B(11)-B(S) 60.0(3) 
B(12)-B(ii)-B(7) 60.0(3) B(10)-B(11)-B(7) 108.5(4) 
B(6)-B(il)-B(7) 59.9(3) B(5)-B(11)-B(7) 108.2(4) 
C(9)-B(12)-B(8) 59-0(3) C(9)-B(12)-B(11) 103.9(4) 
B(8)-B(12)-B(11) 108.1(4) C(9)-B(12)-B(7) 104.3(4) 
B(8)-B(12)-B(7) 59.7(3) B(11)-B(12)-B(7) 60.4(3) 
C(9)-B(12)-B(10) 58.4(3) B(8)-B(12)-B(10) 108.4(4) 
B(11)-B(12)-B(10) 59.8(3) B(7)-B(12)-B(10) 108.3(4) 
C(26)-B(2l)-B(22) 58.9(3) C(26)-B(2l)-B(24) 103.9(4) 
B(22)-B(2l)-B(24) 107.2(4) C(26)-B(2l)-B(23) 104.6(4) 
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13(22)-B(2l)-B(23) 59.7(3) B(24)-B(2l)-B(23) 59.9(4) 
C(26)-B(2l)-B(25) 58.1(3) B(22)-B(2l)-B(25) 107.5(4) 
B(24)-B(2l)-B(25) 59.7(4) B(23)-B(2l)-B(25) 107.8(4) 
C(30)-B(22)-C(26) 57.1(3) C(30)-B(22)-B(31) 58.4(3) 
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C(26)-B(22)-B(31) 104.7(4) C(30)-B(22)-B(23) 104.6(4) 
C(26)-B(22)-B(23) 104.4(4) B(31)-B(22)-B(23) 60.5(3) 
C (3 0) -B (22) -B (2 1) 104.3(4) C(26)-B(22)-B(21) 58. l(3) 

B(31)-B(22)-B(21) 108.6(4) B(23)-B(22)-B(21) 60.3(3) 

B(22)-B(23)-B(24) 107.6(4) B(22)-B(23)-B(27) 107.6(4) 
B(24)-B(23)-B(27) 59.6(3) B(22)-B(23)-B(21) 60.0(3) 
B(24) -B(23) -B(21) 60.0(3) B(27)-B(23)-B(21) 107.9(4) 
B(22)-B(23)-B(31) 59.6(3) B(24)-B(23)-B(31) 107.3(4) 

B(27)-B(23)-B(31) 59.9(3) B (21) -B (23) -B (3 1) 107.7(4) 

13(27)-B(24)-B(25) 108.2(4) B(27)-B(24)-B(23) 60.3(3) 

B(25)-B(24)-B(23) 108.3(4) B(27)-B(24)-B(21) 108.4(4) 

B(25)-B(24)-B(21) 60.3(3) B(23)-B(24)-B(21) 60. l(4) 

B(27)-B(24)-B(28) 60.3(3) B(25)-B(24)-B(28) 59.9(4) 

B(23)-B(24)-B(28) 108.6(4) B (21) -B (24) -B (28) 108.4(4) 

C(26)-B(25)-B(29) 59.6(3) C (26) -B (25) -B (24) 104. l(4) 

B(29)-B(25)-B(24) 107.7(4) C(26)-B(25)-B(28) 104.9(4) 

B (29) -B (25) -B (28) 59.4(3) B(24)-B(25)-B(28) 60.2(4) 

C(26)-B(25)-B(21) 58.2(3) B(29)-B(25)-B(21) 108.5(4) 

B (24) -B (25) -B (21) 60.0(4) B(28)-B(25)-B(21) 108.4(4) 

C(30)-C(26)-B(25) 110.9(4) C(30)-C(26)-B(21) 111.4(4) 

B(25)-C(26)-B(21) 63.7(4) C (30) -C (26) -B (22) 61. l(3) 

B(25)-C(26)-B(22) 115.4(4) B(213-C(26)-B(22) 63.0(3) 

C(30)-C(26)-B(29) 61. l(3) B(25)-Cý26)-B(29) 62.4(3) 

B(21)-C(26)-B(29) 115.2(4) B(22)-C(26)-B(29) 114.3(4) 

B(24)-B(27)-B(32) 107.7(4) B (24) -B (27) -B (3 1) 107.9(4) 

B(32)-B(27)-B(31) 59.8(3) B(24)-B(27)-B(23) 60. l(4) 

B(32)-B(27)-B(23) 108.0(4) B(31)-B(27)-B(23) 60. l(3) 

B(24)-B(27)-B(28) 60.2(4) B (32) -B (27) -B (28) 59.6(3) 

B (3 1) -B (27) -B (28) 107.7(4) B(23)-B(27)-B(28) 108.4(4) 

B(29)-B(28)-B(32) 60.3(3) B(29)-B(28)-B(25) 60.0(3) 

B(32)-B(28)-B(25) 107.8(4) B(29)-B(28)-B(24) 107.8(4) 

B(32)-B(28)-B(24) 107.2(4) B(25)-B(28)-B(24) 59.9(4) 

B(29)-B(28)-B(27) 108. l(4) B (32) -B (28) -B (27) 59.8(3) 

B(25)-B(28)-B(27) 107.5(4) B (24) -B (28) -B (27) 59.5(3) 

C(30)-B(29)-C(26) 56.8(3) C (3 0) -B (29) -B (28) 104.5(4) 

* (26) -B (29) -B (28) 104.6(4) C(30)-B(29)-B(25) 104.0(4) 

* (26) -B (29) -B (25) 58.0(3) B(28)-B(29)-B(25) 60.6(3) 

C (3 0) -B (29) -B (32) 58.3(3) C (26) -B (29) -B (32) 104.2(4) 

B(28)-B(29)-B(32) 60. l(3) B(25)-B(29)-B(32) 108.2(4) 

C (26) -C (3 0) -B (3 1) 111.9(4) C (26) -C (3 0) -B (32) 111.9(4) 

B (3 1) -C (3 0) -B (32) 62.9(3) C(26)-C(30)-B(22) 61.7(3) 

B (31) 7C(30-) -B(22) 
62.8(3) B(32)-C(30)-'B(22) 115.2(4) 

c (26) -C (30) -B(29) 
62. l(3) B(31)-C(30)-B(29) 115.4(4) 

B (32) -C (30) -B (29) 62.8(3) B (22) -C (3 0) -B (2 9) 115.6(4) 

C(30)-B(31)-B(22) 
58.8(3) C(30)-B(31)-B(32) 58.6(3) 

B(22)-B(31)-B(32) 
108.2(4) C (3 0) -B (3 1) -B (27) 104.2(4) 

B (22) -B (3 1) -B (27) 107.9(4) B(32)-B(31)-B(27) 59.9(3) 

C(30)-B(31)-B(23) 
104.3(4) B(22)-B(31)-B(23) 59.9(3) 

B(32)-B(31)-B(23) 108.0(4) B(27)-B(31)-B(23) 60.0(3) 

C (3 0) -B (32) -B (3 1) 58.5(3) C (30) -B (32) -B (28) 104.5(4) 

i3(31)-B(32)-B(28) 108.9(4) C(30)-B(32)-B(27) 104.5(4) 

B (3 1) -B (3 2) -B (27) 60.4(3) B (28) -B (3 2) -B (27) 60.6(3) 

C (3 0) -B (32) -B (29) 58.9(3) B(31)-B(32)-B(29) 108.5(4) 

13(28)-B(32)-B(29) 59.5(3) B(27)-B(32)-B(29) 108.2(4) 

Symmetry transformations used to generate equivalent atoms: 
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Table A. Anisotropic displacement parameters [A 
2X 10 

3] for 1. 

The anisotropic displacement factor exponent takes the form: 

-2p 
2[ (ha*) 

2u 
11 + ... + 2hka*b*U 12 

1 

Uli U22 U33 U23 U13 U12 

P(i) 28(1) 26(1) 31(1) l(1) -2(1) _i(1) 
0(1) 37(2) 24(2) 36(2) 0(1) -2(1) _i(1) 
N(l) 34(2) Bl(2) 33(2) 9(2) -2(2) -3(2) 
N(2) 3l(2) 30(2) 48(2) 0(2) -10(2) -1(2) 
N(3) 36(2) 34(2) 42(2) -2(2) l(2) 7(2) 

c(11) 57(3) 55(3) 42(3) 4(3) -16(3) 8(3) 

c(12) 57(3) 53(3) 45(3) 8(3) 150) 4(3) 

C(21) 37(3) 53(3) 68(4) 3(3) -8(3) 9(2) 

C(22) 46(3) 47(3) 76(4) -1(3) -19(3) -10(3) 
C(31) 53(3) 38(3) 65(4) -7(3) -2(3) 16(2) 

c(32) 55(3) 53(3) 47(3) 0(3) 19(3) 9(3) 

P(2) 26(1) 29(1) 32(1) l(1) 2(1) -3(1) 
o(2) 25(2) 39(2) 39(2) 3(1) 5(1) l(1) 

N(4) 29(2) 33(2) 41(2) -6(2) 4(2) -5(2) 
N(5) 33(2) 4l(2) 42(2) 7(2) 4(2) -1l(2) 
N(6) 43(2) 27(2) 35(2) -2(2) -3(2) l(2) 

C(41) 38(3) 46(3) 67(4) -lo(3) 9(3) 6(2) 

C(42) 39(3) 35(3) 46(3) -2(2) 0(2) -6(2) 
c(51) 65(4) 68(4) 54(4) 26(3) 4(3) -14(3) 
C(52) 43(3) 48(3) 70(4) -5(3) 13(3) -15(2) 
c(61) 40(3) 49(3) 36(3) 8(2) -4(2) -5(2) 

c(62) 52(3) 44(3) 47(3) -15(2) -7(2) 3(2) 

B(l) 43(3) 40(3) 51(4) 3(3) 10(3) lo(3) 

B(2) 34(3) 42(3) 43(3) 6(3) -3(3) -4(2) 
C(3) 35(3) 35(3) 38(3) 6(2) 0(2) 6(2) 

B(4) 50(3) 29(3) 36(3) 3(2) 6(3) 0(2) 

B(5) 47(3) 36(3) 36(3) -3(2) 7(3) -3(2) 
B(6) 36(3) 37(3) 40(3) 0(2) 7(2) -2(2) 
B(7) 460) 32(3) 33(3) 0(2), -3(2) -3(2) 
B(8) 38(3) 4l(3) 28(3) -1(2) -1(2) 3(2) 

C(9) 27(2) 39(3) 34(3) 6(2) 4(2) 2(2) 

B(I0) 40(3) 40(3) 30(3) l(2) l(2) -6(2) 
B(ll) 39(3) 33(3) 30(3) 0(2) 0(2) -2(2) 
B(l2) 32(3) 43(3) 35(3) 0(2) -2(2) 7(2) 

B(21) 30(3) 59(4) 50(4) -1(3) 3(3) 9(3) 

B(22) 39(3) 44(3) 54(4) 9(3) o(3) -8(3) 
B(23) 46(4) 64(4) 32(3) 3(3) 8(3) ll(3) 

B(24) 59(4) 54(4) 53(4) -16(3) -14(3) 24(3) 

B(25) 5l(4) 36(3) 48(4) 2(3) -18(3) 4(3) 
C(26) 37(3) 44(3) 34(3) -1(2) -9(2) 2(2) 

B(27) 49(3) 39(3) 29(3) -3(2) -6(2) 10(3) 

B(28) 5l(4) 42(3) 47(4) 6(3) -18(3) -6(3) 
B(29) 37(3) 56(4) 33(3) 8(3) -5(2) -5(3) 
C(30) 40(3) 38(3) 34(3) -7(2) -2(2) 4(2) 

B(31) 44(3) 34(3) 34(3) 8(2) l(2) 2(2) 

B(32) 30(3) 470) 3o(3) 4(2) -2(2) 0(2) 
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Table 5. Hydrogen coordinates x 10 4 
and isotropic 

displacement parameters (A 
2x 

10 
3 

for 1. 

x y z U (eq) 

H(11B) -4040(17) 7297(12) 5678(14) 67 
H(11C) -4612(7) 6428(29) 6338(3) 67 
H(11D) -3800(12) 5855(18) 5664(13) 67 
H(12B) -1773(12) 7758(19) 5706(14) 67 
H(12C) -1471(18) 6330(12) 5715(14) 67 
H(12D) -913(8) 7228(29) 6400(3) 67 

H(21B) 130(18) 5848(24) 8331(5) 68 
H(21C) 383(14) 6202(17) 7441(14) 68 
H(21D) -515(7) 5038(9) 7629(18) 68 
H(22C) -544(28) 7991(5) 8491(10) 74 
H(22D) -1788(5) 8387(8) - 8023(20) 74 
H(22E) -496(26) 8302(9) 7579(10) 74 
H(31B) -5165(5) 8113(7) 7601(19) 68 
H(31C) -3895(25) 8422(13) 7156(10) 68 
H(31D) -3966(26) 8706(8) 8075(10) 68 
H(32B) -5089(5) 6467(28) 8624(7) 67 
H(32C) -3779(24) 6996(17) 8999(3) 67 
H(32D) -3894(27) 5621(12) 8657(8) 67 
H(41A) 3514(6) 539(25) 6595(9) 65 
H(41B) 3863(12) 426(23) 7509(10) 65 
H(41C) 4076(8) 1712(5) 7079(18) 65 

H(42A) 1290(20) -172(16) 6827(5) 52 

H(42B) 548(8) 537(5) 7481(16) 52 

H(42C) 1674(14) -320(13) 7734(12) 52 

H(51A) 2168(30) 5005(6) 6336(9) 81 

H(51B) 1226(10) 3824(29) 6339(9) 81 

H(51C) 2558(21) 3743(26) 5941(3) 81 

H(52A) 4024(6) 5071(S) 7263(19) 70 

H(52B) 4475(8) 3892(25) 6799(10) 70 

H(52C) 4326(10) 3843(24) 7728(10) 70 

H(61A) 3467(18) 1987(12) 9,408(11) 55 
H(61B) 2952(27) 1063(7) 8726(3) 55 
H(61c) 1992(10) 1671(17) 9302(12) 55 
H(62A) 3298(12) 4205(14) 9224(14) 62 
H(62B) 1812(18) 3949(10) 9250(14) 62 
H(62C) 2399(29) 4664(7) 8526(3) 62 
H(l) -4241(47) 3602(45) 9472(28) 58(15) 
H(2) -4351(41) 1431(38) 8590(25) 39(12) 
H(3) -2782(40) 3305(40) 8212(27) 40(12) 
H(4) -1671(47) 4620(48) 9379(30) 65(16) 
H(5) -2524(40) 3320(39) 10888(26) 41(12) 
H(6) -4234(45) 1295(42) 10352(28) 52(14) 
H(7) -2773(45) -390(46) 9407(28) 56(15) 
H(8) -1903(35) 1103(34) 8031(24) 25(10) 
H(9) -586(39) 2911(37) 8630(24) 29(12) 
H(10) 7(48) 2989(44) 10211(29) 60(15) 
H(11) -1603(38) 885(37) 10818(25) 35(12) 
H(12) -221(43) 740(40) 9322(25) 43(13) 
H(21) 191(51) 1744(47) 5563 (30) 70(17) 
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H(26) -1125(41) 2482(38) 6763(26) 37(12) 

H(27) -3858(39) 1428(37) 4208(25) 36(12) 

H(28) -3965(50) -154(49) 5579(30) 70(17) 

H(29) -3413(37) 1517(36) 6964(25) 33(11) 

H(30) -3005(40) 3657(41) 6394(26) 39(13) 

H(31) -3301(39) 3974(40) 4820(25) 38(12) 

H(32) -4931(44) 2387(41) 5658(26) 49(13) 

H(22) -872(43) 4084(42) 5606(26) 48(13) 

H(23) -1256(48) 2573(46) 4123(31) 68(16) 

H(24) -1606(53) 2(53) 4644(34) 83(19) 
H(25) -1460(47) 103(46) 6429(30) 62(15) 



Metacarborane/hmpa co-crystallate (2.2) 
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Table 1. Crystal data and structure refinement for 1. 

Identification code (lb. 2) 

Empirical formula C8H 30 B 10 N3 OP 

Formula weight 323.42 

Temperature 150(2) K 

Wavelength 0.71073 

crystal system Monoclinic 

Space group Cc 

Unit cell dimensions a= 12.867(4) alpha = 90 0 

b= 14.713(8) beta 111.41(3) 0 

c= 11.100(2) A gamma = 900 

volume 1956.24(6) A3 

Z 4 

Density (calculated) 1.098 Mg/m 3 

Absorption coefficient 0.139 mm -1 

F(OOO) 688 

Crystal size 0.5 x 0.4 x 0.25 mm 

h range for data collection 2.19 to 25.38 0 

Index ranges -14 <h< 15, -17 <k< 16, -11 <1< 12 

Reflections collected 4632 

Independent reflections 2682 (R 0.03 32) int I 
Refinement method Full-matrix least -squares on F2 

Data / restraints / parameters 2671 /2/ 263 

Goodness-of-fit on F2 1.204 

Final R indices [I>2r(I)l Rl = 0.0508, wR2 = 0.1078 

R indices (all data) Rl = 0.0650, wR2 = 0.1348 

Absolute structure parameter 0.3(2) 

Extinction coefficient 0.0014(4) 

Largest diff. peak and hole 0.199 and -0.198 ek-3 
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Table 2. Atomic coordinates Ex 10 
41 

and equivalent isotropic 
23 

displacement parameters x 10 1 for 1. U(eq) is defined as 

one third of the trace of the orthogonalized U 11 tensor. 

x y- z U (eq) 

B(l) 2570(5) 8497(3) 4962(5) 39(l) 

B(2) 2856(5) 7667(4) 6201(6) 44(l) 
C(3) 1567(4) 7772(3) S032(5) 50(l) 
B(4) 1162(5) 8861(4) 4547(6) 50(l) 

B(5) 2273(5) 9533(4) 5586(6) 41(l) 

C(6) 3200(3) 8768(3) 6544(4) 37(l) 
B(7) 1636(7) 7523(4) 6551(8) 64(2) 
B(8) 2731(6) 8183(4) 7581(6) 52(2) 
B(9) 2359(4) 9335(4) 7184(5) 39(l) 
B(10) 1051(5) 9380(4) 5945(6) 45(l) 
B(11) 591(5) 8263(5) 5525(7) 57(2) 
B(12) 1338(5) 8551(4) 7177(7) 51(2) 
0(1) 900(2) 6235(2) 2670(3) 39(l) 
P(l) 1543(l) 6222(l) 1807(l) 33(l) 
N(l) 2704(4) 5631(3) 2406(4) 55(l) 
C(11) 3446(6) 5797(6) 3712(6) 108(3) 
C(12) 3117(5) 4987(5) 1772(8) 108(3) 
N(2) 818(4) 5786(3) 399(4) 51(l) 
c(21) 917(8) 6063(4) -821(6) 99 (3) 
C(22) 182(5) 4948(4) 307 (6) 61(2) 
N(3) 1922 (3) 7259(2) 1559(4) 43(l) 
C(31) 1087(5) 7974(4) 1205(6) 62(2) 
C(32) 2948(5) 7496(4) 1374(7) 77(2) 
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Table 3. Bond lengths [A] and angles (01 for 1. 

B(l)-C(6) 1.691(7) B(l)-C(3) 1.698(7) 
B(l)-B(5) 1.774(7) B(l)-B(2) 1.775(7) 
B(l)-B(4) 1.781(8) B(2)-C(6) 1.686(7) 
B(2)-C(3) 1.699(9) B(2)-B(7) 1.762(8) 
B(2)-B(8) 1.768(8) C(3)-B(7) 1.696(9) 
C(3)-B(ll) 1.703(7) C(3)-B(4) 1.710(8) 
B(4)-B(ll) 1.753(9) B(4)-B(S) 1.774(8) 
B(4)-B(l0) 1.781(8) B(5)-C(6) 1.701(7) 
B(5)-B(9) 1.761(8) B(5)-B(lo) 1.772(8) 
C(6)-B(9) 1.712(7) C(6)-B(8) 1.714(7) 
B(7)-B(8) 1.749(11) B(7)-B(l2) 1.764(8) 
B(7)-B(ll) 1.781(11) B(8)-B(l2) 1.767(9) 
B(8)-B(9) 1.773(8) B(9)-B(lo) 1.743(8) 
B(9)-I3(12) 1.746(9) B(lo)-B(ll) 1.751(9) 
B(J0)-B(l2) 1.767(10) B(l1)-B(l2) 1.782(10) 
0(1)-P(l) 1.477(3) PM-N(2) 1.631(4) 
P(l)-N(l) 1.645(4) P(l)-N(3) 1.654(4) 
N(l)-C(l2) 1.396(7) N(l)-C(ll) 1.436(7) 
N(2)-C(22) 1.462(6) N(2)-C(21) 1.464(7) 
N(3)-C(31) 1.451(6) N(3)-C(32) 1.451(6) 

C(6)-B(l)-C(3) 100.7(4) C(6)-B(l)-B(5) 58.8(3) 
C(3)-B(l)-B(5) 104.3(4) C(6)-B(l)-B(2) 58.2(3) 
C(3)-B(l)-B(2) 58.5(3) B(5)-B(l)-B(2) 107.6(4) 
c(6)-B(l)-B(4) 104.7(4) C(3)-B(l)-B(4) 58.8(3) 
B(5)-B(l)-B(4) 59.9(3) B(2)-B(l)-B(4) 108. l(4) 
C(6)-B(2)-C(3) 100.8(4) C(6)-B(2)-B(7) 104.3(4) 

C(3)-B(2)-B(7) 58.7(4) C(6)-B(2)-B(8) 59.4(3) 
C(3)-B(2)-B(8) 104.6(4) B(7)-B(2)-B(8) 59.4(4) 
C(6)-B(2)-B(l) 58.4(3) C(3)-B(2)-B(l) 58. s(3) 
B(7)-B(2)-B(l) 107.7(4) B(8)-B(2)-B(l) 108.5(4) 
B(7)-C(3)-B(l) 114.6(4) B (7) -C (3) -B (2) 62.5(4) 
B (1) -C (3) -B (2) 63.0(3) B (7) -C (3) -B (11) 63.2(4) 
B(i)-C(3)-B(ll) 114.2(4) B(2)-C(3)-B(ll) 114.9(4) 
B(7)-C(3)-B(4) 114.4(4) B(l)-C(3)-B(4) 63.0(3) 
B(2)-C(3)-B(4) 115.2(4) B(l1)-C(3)-B(4) 61.8(4) 
C(3)-B(4)-B(ll) 58.9(3) C(3)-B(4)-B(5) 103.8(4) 
B(l1)-B(4)-B(5) 107.3(4) C(3)-B(4)-B(l) 58.2(3) 
B(l1)-B(4)-B(l) 107.8(4) B(5)-B(4)-B(l) 59.8(3) 
C(3)-B(4)-B(l0) 103.9(4) B(l1)-B(4)-B(l0) 59.4(3) 
B(5)-B(4)-I3(10) 59.8(3) B(l)-B(4)-B(l0) 107.5(4) 
C(6)-B(5)-B(9) 59.2(3) C(6)-B(5)-B(l0) 104.6(4) 
B(g)-B(5)-B(l0) 59. l(3) C(6)-B(5)-B(l) 58.2(3) 
B(9)-B(5)-B(l) 107.9(4) B(l0)-B(5)-B(l) 108.3(4) 
C(6)-B(5)-B(4) 104.6(4) B(9)-B(5)-B(4) 107.5(4) 
B (10) -B (5) -B (4) 60.3 (3) B(l)-B(5)-B(4) 60.3(3) 
B (2) -C (6) -B (1) 63.4(3) B(2)-C(6)-B(5) 115.4(4) 
B (1) -C (6) -B (5) 63.0(3) B(2)-C(6)-B(9) 114. l(4) 
B(l)-C(6)-B(9) 114.2(3) B(5)-C(6)-B(9) 62. l(3) 
B(2)-C(6)-B(8) 62.6(3) B(l)-C(6)-B(8) 115.2(4) 
B (5) -C (6) -B (8) 114.5(3) B(9)-C(6)-B(8) 62.3(3) 
C (3) -B (7) -B (8) 105.5(4) C(3)-B(7)-B(2) 58.8(3) 
B(8)-B(7)-B(2) 60. S(4) C (3) -B (7) -B (12) 105. s(5) 
B (8) -B (7) -B (12) 60.4(4) B(2)-B(7)-B(l2) 108.8(4) 
C(3)-B(7)-B(ll) 58.6(4) B(8)-B(7)-B(ll) 108.6(4) 
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B(2)-B(7)-B(11) 108.1(4) B(12)-B(7)-B(ii) 60.4(4) 
C(6)-B(8)-B(7) 103.7(4) C(6)-B(8)-B(2) 57.9(3) 
B(7)-B(S)-B(2) 60.1(3) C(6)-B(8)-B(12) 104.4(4) 
B(7)-B(8)-B(12) 60.2(4) B(2)-B(8)-B(12) 108.4(5) 

C(6)-B(8)-B(9) 58.8(3) B(7)-B(8)-B(9) 106.7(5) 
B(2)-B(8)-B(9) 107.3(4) B(12)-B(8)-B(9) 59.1(3) 
C(6)-B(9)-B(10) 105.4(4) C(6)-B(9)-B(12) 105.4(4) 
B(10)-B(9)-B(12) 60.9(4) C(6)-B(9)-B(5) 58.6(3) 
B(lo)-B(9)-B(5) 60.7(3) B(12)-B(9)-B(S) 109.5(4) 
C(6)-B(9)-B(S) 58.9(3) B(10)-B(9)-B(8) 109.1(4) 
B(12)-B(9)-B(8) 60.3(4) B(5)-B(9)-B(8) 108.7(4) 
B(9)-B(10)-B(11) 108.0(5) B(9)-B(10)-B(12) 59.6(4) 
B(11)-B(10)-B(12) 60.9(4) B(9)-B(10)-B(5) 60.2(3) 

B(11)-B(10)-B(5) 107.5(4) B(12)-B(10)-B(5) 108.1(4) 
B(9)-B(10)-B(4) 108.0(4) B(11)-B(10)-B(4) 59.5(4) 
B(12)-B(10)-B(4) 108.5(4) B(5)-B(10)-B(4) 59.9(3) 
C(3)-B(11)-B(10) 105.5(4) C(3)-B(11)-B(4) 59.3(3) 
B(10)-B(11)-B(4) 61.1(4) C(3)-B(11)-B(7) 58.2(3) 
B(10)-B(11)-B(7) 107.5(5) B(4)-B(11)-B(7) 108.3(4) 
C(3)-B(11)-B(12) 104.4(4) B(10)-B(11)-B(12) 60.0(4) 

B(4)-B(11)-B(12) 109.1(4) B(7)-B(11)-B(12) 59.4(4) 

B(9)-B(12)-B(7) 107.3(4) B(9)-B(12)-B(8) 60.6(3) 
B(7)-B(12)-B(8) 59.4(4) B(9)-B(12)-B(10) 59.5(3) 
B(7)-B(12)-B(10) 107.5(5) B(8)-B(12)-B(10) 108.3(4) 
B(9)-B(12)-B(11) 106.5(4) B(7)-B(12)-B(11) 60.3(4) 

B(8)-B(12)-B(11) 107.7(4) B(10)-B(12)-B(11) 59.1(4) 

o(l)-P(1)-N(2) 111.5(2) 0(l)-P(l)-N(l) 112.7(2) 

N(2)-P(1)-N(l) 107.3(2) 0(l)-P(l)-N(3) 111.4(2) 
N(2)-P(1)-N(3) 107.7(2) N(l)-P(l)-N(3) 106.0(2) 
C(12)-N(l)-C(11) 112.9(5) C(12)-N(l)-P(l) 127.7(4) 
C(11)-N(l)-P(l) 119.3(4) C(22)-N(2)-C(21) 113.9(5) 
C(22)-N(2)-P(l) 120.6(4) C(2l)-N(2)-P(l) 124.3(4) 
C(3l)-N(3)-C(32) 114.1(4) C(3l)-N(3)-P(l) 118.7(3) 
C(32)-N(3)-P(l) 125.7(4) 

symmetry transformations used to generate equivalent atoms: 
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Table A- Anisotropic displacement parameters [A 
2X 

10 
31 

for 1. 

The anisotropic displacement factor exponent takes the form: 

-2p 
2[ (ha*) 

2u 
11 + ... + 2hka 

*b*U 
12 

1 

Uli U22 U33 U23 U13 U12 

B(l) 45(3) 38(3) 4l(3) 0(2) 22(3) -l(2) 
B(2) 55(3) 34(3) 52(4) 7(2) 29(3) 7(3) 

C(3) 53(3) 46(3) 57(4) -22(3) 29(3) -14(3) 
B(4) 45(3) 67(4) 36(3) -7(3) 12(3) 10(3) 

B(5) 45(3) 35(3) 4l(3) 3(2) 16(3) 4(3) 

C(6) 32(2) 39(2) 40(3) 0(2) 14(2) 4(2) 

B(7) 87(5) 40(3) 90(6) -4(3) 61(5) -12(4) 
B(8) 64(4) 53(4) 42(4) 13(3) 22(3) 13(3) 

B(9) 34(3) 45(3) 32(3) -7(2) 7(2) l(3) 

B(lo) 39(3) 57(4) 40(3) -9(3) 14(3) 7(3) 

B(ii) 45(3) 68(4) 66(5) -29(4) 30(3) -20(3) 
B(l2) 5l(4) 64(4) 47(4) -10(3) 29(3) -6(3) 
0(1) 40(2) 42(2) 39(2) -2(1) 18(2) -7(2) 
P(i) 34(1) 34(1) 32(1) _i(1) 12(1) 3(1) 

N(l) 53(3) 63(3) 43(3) l(2) 9(2) 26(2) 

c(11) 68(4) 174(9) 57(4) -4(S) -7(4) 58(5) 

C(l2) 49(3) 87(5) 163(8) -63(5) 10(4) 21(4) 

N(2) 63(3) 46(2) 37(2) -5(2) 10(2) 4(2) 

C(21) 187(8) 74(4) 42(4) -6(3) 48(5) -3(5) 
C(22) 51(3) 63(3) 64(4) -23(3) 16(3) -2(3) 
N(3) 48(2) 37(2) 52(3) 6(2) 27(2) 0(2) 

c(31) 84(4) 45(3) 61(4) ll(3) 31(3) 16(3) 

C(32) 74(4) 83(4) 96(5) 0(4) S5(4) -15(4) 
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Table S. Hydrogen coordinates x 10 

displacement parameters (A 
2x 

10 
3) 

for 1. 

x 

H (1) 
H (2) 
H (3) 
H (4) 
H (5) 
H (6) 
H (7) 
H (8) 
H (9) 
H(10) 
H(11) 
H (12) 
H (11A) 
H (11B) 
H(11C) 
H (12A) 
H (12B) 
H (12C) 
H (2 1A) 
H (2 1B) 
H(21C) 
H (22A) 
H (22B) 
H (22C) 
H (3 1A) 
H (3 1B) 
H (3 1C) 
H (3 2A) 
H(32B) 
H(32C) 

3095(36) 
3527(40) 
1331(38) 

707(40) 
2567(35) 
4107(41) 
1329(56) 
3407(47) 
2662(42) 

295(60) 

-235(46) 
1034(47) 
3764(39) 
3032(12) 
4049(29) 
3245(46) 
3822(26) 
2574(22) 

174(9) 
1391(39) 
1251(44) 

-591(9) 
194(26) 
518(19) 

1402(11) 
436(14) 
861(24) 

2779(7) 
3454(16) 
3304(20) 

y 

840! (30) 
7146(32) 
7343(34) 
9070(32) 

10184(31) 
8909(33) 
6878(42) 
8021(39) 
9814(34) 
9968(47) 
8030(38) 
8546(38) 
5220(8) 
6082(39) 
6203(33) 
4412(12) 
5205(18) 
4892(30) 
6076(36) 
5629(22) 
6670(17) 
5042(9) 
4782(14) 
4459(7) 
8524(9) 
7777(11) 
8105(19) 
7666(30) 
6972(11) 
8008(20) 

z 

and isotropic 

4349(43) 
6245(47) 
4371(47) 
3551(50) 
5326(41) 
6932(50) 
6699(64) 
8580(57) 
7842(50) 
5719(65) 
5201(52) 
7977(57) 
4123(20) 
4198(17) 
3707(7) 
2249(31) 
1727(51) 

894(20) 

-1506(13) 
-1052(28) 

-722(17) 
-280(28) 
1166(8) 

-28(35) 
1703 (27) 
1394(35) 

278(9) 
469(12) 

1592(42) 
1936(33) 

(eq) 

45(12) 
53(13) 
49(14) 
53(13) 
42(12) 
60(15) 

105(22) 
75(17) 
56(15) 

1 07(23) 
68(17) 
77(17) 

162 
162 
162 
162 
162 
162 
149 
149 
149 

91 
91 
91 
93 
93 
93 

116 
116 
116 
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Table 1. Crystal data and structure refinement for 

Identification code (1c. 2) 

Empirical formula C8H 
30 B 

10 
N3 OP 

Formula weight 323.42 

Temperature 150(2) K. 

Wavelength 0.71073 A 

Crystal system Monoclinic 

Space group P2 
1 

/c 

Unit cell dimensions a= 10.234(2) A alpha = 90 0 

b= 14.338(3) A beta 102.81(3)0 

c= 13.531(3) gamma = 90 0 

Volume 1936.1(7) 
3 

Z 4 

Density (calculated) 1.110 Mg/m 
3 

Absorption coefficient 0.140 nun -1 

F(OOO) 688 

Crystal size 0.4 x 0.4 x 0.35 mm 

h range for data collection 2.04 to 25.64 0 

Index ranges -. 11 <h< 10, -11 <k< 17, -16 <1< 16 

Reflections collected 8235 

ent reflections Independ 3294 (R = 0.07 09ý 
I 

int 

Refinement method Full-matrix least -squares on F2 

Data / restraints / paraLmeters 3264 /0/ 263 

Goodness--of-fit on F2 1.153 

Final R indices (I>2r(I)l Rl = 0.0598, wR2 = 0.0991 

R indices (all data) Rl = 0.1193, wR2 = 0.1386 

Extinction coefficient 0.0032(6) 

Largest diff. peak and hole 0.262 and -0.251 eA-3 
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Table 2. Atomic coordinates Ex 10 
A] 

and equivalent isotropic 

displacement parameters [A 
2x 

10 
31 

for l. U(eq) is defined as 

one third of the trace of the orthogonalized U il tensor. 

x y- z U (eq) 

C(l) 6088(4) 748(3) 175(2) 37(l) 

B(l) 5828(4) 159(3) 1207(3) 35(l) 

B(2) 5892(4) 109(3) -907(3) 36(l) 

B(3) 6594(4) -389(3) 305(3) 37(l) 

B(4) 4655(4) 993(3) 575(3) 36(l) 

B(5) 4693(4) 956(3) -743(3) 37(l) 

C(2) 5648(4) 967(3) 5107(3) 39(l) 

B(6) 3936(4) 921(3) 4827(3) 41(l) 

B(7) 4882(4) 610(3) 3913(3) 40(l) 

B(8) 6413(4) 115(3) 4573(3) 41(l) 

B(9) 4896(4) 606(3) 6049(3) 39(l) 

B(10) 6431(4) 109(3) 5892(3) 41(l) 

0(1) 8100(2) 2416(2) 692(2) 35(l) 

P(l) 9241(l) 2451(l) 1582(l) 31(l) 

N(l) 10052(3) 1465(2) 1929(2) 39(l) 

C(11) 10703(4) 994(3) 1205(3) 63(l) 

C(12) 9655(3) 817(2) 2636(3) 45(l) 

N(2) 8721(3) 2825(2) 2578(2) 36(l) 

C(21) 9644(4) 3158(3) 3493(3) 56(l) 

C(22) 7369(3) 2626(3) 2718(3) 52(l) 

N(3) 10447(3) 3115(2) 1360(2) 38(l) 

C(31) 11845(3) 3101(3) 1915(3) 59(1) 

C(32) 10160(3) 3841(2) 579(2) 41(l) 
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Table 3. Bond lengths [A] and angles (01 for 1. 

c(l)-B(5) 1.699(s) C(l)-B(2) 1.701(5) 
C(l)-B(l) 1.702(5) C(l)-B(3) 1.708(5) 
C(l)-B(4) 1.708(5) B(l)-B(5)#l 1.756(6) 
B(l)-B(2)#l 1.759(5) B(l)-B(3) 1.774(6) 
B(l)-B(4) 1.774(6) B(2)-B(1)#l 1.759(5) 
B(2)-B(4)#l 1.768(6) B(2)-B(5) 1.775(6) 
B(2)-B(3) 1.787(6) B(3)-B(5)#l 1.759(6) 
B(3)-B(4)#l 1.769(6) B(4)-B(2)#l 1.768(6) 
B(4)-B(3)#l 1.769(6) B(4)-B(5) 1.793(5) 
B(5)-B(1)#l 1.756(6) B(5)-B(3)#l 1.759(6) 
C(2)-B(S) 1.696(5) C(2)-B(10) 1.705(6) 
C(2)-B(9) 1.709(5) C(2)-B(6) 1.710(5) 
C(2)-B(7) 1.710(5) B(6)-B(10)#2 1.762(6) 
B(6)-B(8)#2 1.766(6) B(6)-B(9) 1.784(6) 
B(6)-B(7) 1.788(6) B(7)-B(9)#2 1.757(6) 
B(7)-B(10)#2 1.759(6) B(7)-B(8) 1.770(6) 
B(8)-B(9)#2 1.752(6) B(8)-B(6)#2 1.766(6) 
B(8)-B(10) 1.781(6) B(9)-B(8)#2 1.752(6) 
B(9)-B(7)#2 1.757(6) B(9)-B(10) 1.780(6) 
B(10)-B(7)#2 1.759(6) B(10)-B(6)#2 1.762(6) 
o(l)-P(l) 1.481(2) P(l)-N(3) 1.639(3) 
P(l)-N(2) 1.644(3) P(l)-N(l) 1.654(3) 
N(l)-C(12) 1.453(4) N(l)-C(11) 1.466(4) 
N(2)-C(21) 1.462(4) N(2)-C(22) 1.465(4) 
N(3)-C(31) 1.462(4) N(3)-C(32) 1.465(4) 

B(5)-C(l)-B(2) 62.9(2) B(5)-C(l)-B(l) 115.4(3) 
B(2)-C(l)-B(l) 115.4(3) B(5)-C(l)-B(3) 115.4(3) 
B(2)-C(l)-B(3) 63.2(2) B(l)-C(l)-B(3) 62.7(2) 
B(5)-C(l)-B(4) 63.5(2) B(2)-C(l)-B(4) 11S. 9(3) 
B(l)-C(l)-B(4) 62.7(2) B(3)-C(l)-B(4) 115.2(3) 
C(l)-B(i)-B(5)#l 104.4(3) C(l)-B(l)-B(2)#l 104.4(3) 
B(5)#J-B(l)-B(2)#l 60.6(2) C(l)-B(l)-B(3) 58.8(2) 
B(5)#l-B(l)-B(3) 59.8(2) B(2)#l-B(l)-B(3) 108.5(3) 
C(l)-B(l)-B(4) 58.8(2) B(5)#l-B(l)-B(4) 108.8(3) 
B(2)#l-B(l)-B(4) 60.0(2) B(3)-B(l)-B(4) 108.8(3) 
C(l)-B(2)-B(1)#l 103.7(3) C(l)-B(2)-B(4)#l 104.3(3) 
B(1)#l-B(2)-B(4)#l 60.4(2) C(l)-B(2)-B(5) 58.5(2) 
B(J)#l-B(2)-B(5) 59.6(2) B(4)#l-B(2)-B(S) 108.3(3) 
C(l)-B(2)-B(3) 58.6(2) B(1)#l-B(2)-B(3) 107.6(3) 
B(4)#l-B(2)-B(3) 59.7(2) B(5)-B(2)-B(3) 107.9(3) 
C(l)-B(3)-B(S)#l 104.1(3) C(l)-B(3)-B(4)#l 103.9(3) 
B(5)#l-B(3)-B(4)#l 61.1(2) C(l)-B(3)-B(l) 58.5(2) 
B(5)#l-B(3)-B(l) 59.6(2) B(4)#l-B(3)-B(l) 108.4(3) 
C(l)-B(3)-B(2) 58.2(2) B(5)#l-B(3)-B(2) 108.4(3) 
B(4)#l-B(3)-B(2) 59.6(2) B(l)-B(3)-B(2) 107.8(3) 
C(l)-B(4)-B(2)#l 103.8(3) C(l)-B(4)-B(3)#l 103.3(3) 
B(2)#l-B(4)-B(3)#l 60.7(2) C(l)-B(4)-B(l) 58.5(2) 
B(2)#l-B(4)-B(l) 59.6(2) B(3)#l-B(4)-B(l) 107.8(3) 
C(l)-B(4)-B(5) 58.0(2) B(2)#l-B(4)-B(5) 107.7(3) 
B(3)#l-B(4)-B(5) 59.2(2) B(l)-B(4)-B(5) 107.3(3) 
C(l)-B(5)-B(1)#l 104.0(3) C(l)-B(5)-B(3)#l 104.1(3) 
B(1)#l-B(5)-B(3)#l 60.6(2) C(l)-B(5)-B(2) 58.6(2) 
B(1)#l-B(5)-B(2) 59.8(2) B(3)#l-B(5)-B(2) 108.4(3) 
c(l)-B(S)-B(4) 58.5(2) B(1)#l-B(5)-B(4) 108.1(3) 
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B(3)#l-B(5)-B(4) 
B(8)-C(2)-B(10) 
B(10)-C(2)-B(9) 
B(10)-C(2)-B(6) 

59.7(2) B(2)-B(5)-B(4) 
63.1(2) B(8)-C(2)-B(9) 
62.9(2) B(8)-C(2)-B(6) 

115.3(3) B(9)-C(2)-B(6) 

108.2(3) 
115.2(3) 
115.1(3) 

62.9(2) 

B(8)-C(2)-B(7) 
B(9)-C(2)-B(7) 
C(2)-B(6)-B(10)#2 
B(10)#2-B(6)-B(8)#2 
B(10)#2-B(6)-B(9) 
C (2) -B (6) -B (7) 

B(8)#2-B(6)-B(7) 
C(2)-B(7)-B(9)#2 
B(9)#2-B(7)-B(10)#2 
B(9)#2-B(7)-B(8) 
C (2) -B (7) -B (6) 

B(1(»#2-B(7)-B(6) 
C (2) -B (8) -B (9) #2 

B(9)#2-B(8)-B(6)#2 
B(9)#2-B(8)-B(7) 
C (2) -B (8) -B (10) 

B(6)#2-B(8)-B(l0) 
C (2) -B (9) -B (8) #2 

B(8)#2-B(9)-B(7)#2 
B(8)#2-B(9)-B(l0) 
C(2)-B(9)-B(6) 
B(7)#2-B(9)-B(6) 
C(2)-B(i0)-B(7)#2 
B(7)#2-B(l0)-B(6)#2 
B(7)#2-B(l0)-B(9) 
C (2) -B (10) -B (8) 

B(6)#2-B(l0)-B(8) 
0 (1) -p (1) -N (3) 

N(3)-P(1)-N(2) 
N(3)-P(1)-N(l) 
C(l2)-N(l)-C(ll) 
C(i1)-N(l)-P(l) 
C(21)ýN(2)-P(l) 
C(31)-N(3)-C(32) 
C (3 2) -N (3) -P (1) 

62.6(2) B(10)-C(2)-B(7) 
115.2(3) 13(6)-C(2)-B(7) 
103.7(3) C(2)-B(6)-B(8)#2 

60.6(2) C(2)-B(6)-B(9) 
107.8(3) B(8)#2-B(6)-B(9) 

58.5(2) 13(10)#2-B(6)-B(7) 
107.7(3) B(9)-B(6)-B(7) 
103.9(3) C(2)-B(7)-B(10)#2 

60.8(2) C(2)-B(7)-B(8) 
59.6(2) B(10)#2-B(7)-B(8) 
58.5(2) B(9)#2-B(7)-B(6) 
59.6(2) B(8)-B(7)-B(6) 

104.7(3) C(2)-B(8)-B(6)#2 
60.9(2) C(2)-B(8)-B(7) 
59.8(2) B(6)#2-B(8)-B(7) 
58.7(2) B(9)#2-B(8)-B(10) 
59.6(2) B(7)-B(8)-B(10) 

104.0(3) C(2)-B(9)-B(7)#2 
60.6(2) C(2)-B(9)-B(10) 

107.9(3) B(7)#2-B(9)-B(10) 
58.6(2) B(8)#2-B(9)-B(6) 

108.6(3) B(10)-B(9)-B(6) 
104.3(3) C(2)-B(10)-B(6)#2 

61.0(2) C(2)-B(10)-B(9) 
59.5(2) B(6)#2-B(10)-B(9) 
58.2(2) B(7)#2-B(10)-B(8) 
59.8(2) B(9)-B(10)-B(8) 

111.07(13)0(1)-P(l)-N(2) 
110.8(2) 0(l)-P(l)-N(l) 
101.45(14)N(2)-P(l)-N(l) 
112.3(3) C(12)-N(l)-P(l) 
118.5(2) C(2l)-N(2)-Cý22) 
122.3(2) C(22)-N(2)-P(l) 
113.4(3) C(3l)-N(3)-P(l) 
120.5(2) 

Symmetry transformations used to generate equivalent atoms: 

115.2(3) 
63.0(2) 

103.4(3) 
58.5(2) 
59.1(2) 
59.4(2) 

107.8(3) 
103.8(3) 

58.3 (2) 
108.0(3) 
108.3 (3) 
107.8(3) 
104.5(3) 

59.1(2) 
108.8(3) 
108.4(3) 
108 . 6(3) 
104.2 (3) 

58.5(2) 
59.6(2) 
59.9(2) 

108.1(3) 
104 .3 (3) 

58.7 (2) 
108.4 (3) 
108.3 (3) 
107.7 (3) 
109 . 70 (13) 
117.28(14) 
106.24(14) 
122.5(2) 
113 . 9(3) 
121.9(2) 
126.0(2) 

#1 -X+1, -Y, -z #2 -x+l, -y, -z+l 
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Table 4- Anisotropic displacement parameters (A 
2X 

10 
31 

for 1. 

The anisotropic displacement factor exponent takes the form: 

-2p 
2[ 

(ha*) 
2u 

11 + ... + 2hka 
*b*U 

12 
] 

Uli U22 U33 U23 U13 U12 

c (1) 35(2) 37(2) 38(2) -4(2) 7(2) -10 (2) 

B (1) 32(2) 40(3) 3l(2) -2(2) 4(2) l(2) 

B (2) 34(2) 43(3) 30(2) l(2) 7(2) -3(2) 
B(3) 33(2) 39(3) 38(2) -1(2) 8(2) 5(2) 

B (4) 33(2) 4l(3) 36(2) -4(2) 9(2) 3(2) 

B (5) 32(2) 42(3) 36(2) 4(2) 7(2) l(2) 

C (2) 42(2) 37(2) 42(2) -6(2) 14(2) -9(2) 
B (6) 32(2) 50(3) 420) -4(2) lO(2) 6(2) 

B (7) 37(2) 48(3) 35(2) -3(2) 9(2) l(2) 

B (8) 36(2) 46(3) 43(3) -lO(2) 15(2) -2(2) 
B (9) 34(2) 47(3) 38(2) -3(2) 13 (2) l(2) 

B(i0) 30(2) 53(3) 38(2) -7(2) 3 (2) l(2) 

0(1) 32(1) 38(1) 33 (1) 0(1) 4(1) -5(1) 
P(I) 31(1) 31(1) 29(1) l(1) 7(1) -2(1) 
N(l) 49(2) 33(2) 38(2) 6(1) 20(1) 8(2) 

C(I1) 88(3) 55(3) 57(3) 14(2) 36(2) 29(3) 

c(12) 44(2) 42(2) 48(2) 12(2) ll(2) 6(2) 

N(2) 39(2) 38(2) 32(2) -6(1) 11(1) -3(1) 
c(21) 72(3) 58(3) 40(2) -10(2) 15(2) -12(2) 
C(22) 46(2) 63 (3) 54(2) -l(2) 25(2) 7(2) 

N(3) 30 (2) 47(2) 36(2) g(1) 3(1) -9(1) 
c(31) 35(2) 82(3) 54(2) 13(2) 0(2) -1l(2) 
c(32) 49 (2) 37(2) 39(2) l(2) 13(2) -8(2) 
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Table S. Hydrogen coordinates x 10 A 
and isotropic 

displacement parameters (A 
2x 

10 
3) 

for 1. 

x y z U (eq) 

H(21) 6708(26) 1189(20) 309(19) 18(8) 

H(l) 6425(28) 313(20) 1935(22) 36(9) 

H(2) 6476(29) 247(21) -1442(22) 39(9) 

H(3) 7637(30) -544(21) 499(21) 36(9) 

H(4) 4528(27) 1655(21) 933(21) 35(9) 

H(5) 4619(28) 1608(22) -1202(22) 41(9) 

H(22) 6039(30) 1530(23) 5184(22) 35(10) 

H(6) 3318(30) 1530(23) 4758(22) 44(9) 

H(7) 4881(31) 1068(23) 3244(24) 52(10) 

H(8) 7331(32) 282(22) 4327(22) 47(9) 

H(9) 4841(28) 1045(21) 6681(22) 38(9) 

H(10) 7365(31) 250(22) 6442(22) 46(9) 

H(11A) 11481(16) 643(15) 1575(3) 95 

H(11B) 10997(24) 1459(3) 770(13) 95 

H(11C) 10066(9) 565(14) 786(14) 95 

H(12A) 10444(5) 479(11) 3006(12) 67 

H(12B) 9001(16) 373(9) 2261(3) 67 

H(12C) 9251(19) 1164(3) 3117(10) 67 

H(21A) 9241(11) 3688(11) 3774(11) 84 

H(21B) 10485(10) 3356(16) 3325(4) 84 

H(21C) 9825(19) 2655(6) 3995(7) 84 

H(22A) 6981(9) 3195(5) 2934(17) 79 

H(22B) 7415(4) 2143(12) 3237(13) 79 

H(22C) 6807(7) 2407(16) 2077(5) 79 
H(31A) 12426(4) 2985(18) 1442(4) 88 
H(31B) 11970(7) 2605(12) 2426(14) 88 
H(31C) 12075(8) 3704(7) 2251(16) 88 
H(32A) 10751(14) 3760(9) 106(9) 62 
H(32B) 10312(20) 4456(2) 899(3) 62 
H(32C) 9224(7) 3791(9) 209(10) 62 
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(Me2N)3P-`NH2+ HC03-/13(OH)3 co-crystallate (2.12) 

04 
C14 C) 

,2 CN 
CD 

C14 
(D 

C3 
CL 

z 

6 

Olft 

C14 

co 0 CD 
(D % Co ... I 

ca4 

(C) ý- C) 

a 
CN 
z 

a. - 
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g 

Table 1. Crystal data and structure refinement for 1. 

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

97srvO38 

C8 H27 B5 N4 03 

312.36 

150(l) K 

0.71073 A 

Triclinic 

p -1 

a 8.3370(7) A alpha = 83-043(3) deg 

b 8.7368(8) A beta = 73.345(3) deg 

c 12.3056(11) A gamma = 81.322(3) 

Volume, Z 

Density (calculated) 

Absorption coefficient 

F(OOO) 

Crystal size 

Theta range for data collection 

Limiting indices 

Reflections collected 

independent reflections 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on Fý2 

Final R indices [I>2sigma(I)] 

R indices (all data) 

Largest diff. peak and hole 

846.02(13) A^3,2 

1.226 Mg/M^3 

0.172 mm^-1 

334 

0.26 x 0.22 x 0.20 mm 

1.73 to 27.48 deg. 

-10<=h<=10, -11<=k<=11, -15<=l<=15 

11009 

3860 [R(int) = 0.03071 

Full-matrix least-squares on F^2 

3860 /0 298 

1.005 

R1 = 0.0349, wR2 = 0.0878 

Rl = 0.0544, wR2 = 0.0954 

0.258 and -0.282 e. A^-3 
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Table 2. Atomic coordinates (x 10ý4) and equivalent isotropic 
displacement parameters (A^2 x 10-3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

xyz U(eq) 

p (1) 3450(l) 9360(l) 3384(l) 17(l) 
N (1) 2081(2) 9967 (2) 4500(l) 20(l) 
N(11) 4816(2) 10600(l) 2867(l) 25(l) 
C (12) 4186(3) 12203(2) 2553(2) 38(l) 
C(13) 6646(2) 10229(2) 2510(2) 40(l) 
N(14) 2575(2) 9178(l) 2384(l) 22(l) 
C(15) 3608(2) 8945(2) 1220(2) 33(l) 
C(16) 807(2) 8926(2) 2595(2) 31(l) 
N(17) 4466(2) 7718(l) 3720(l) 25(l) 
C(18) 4269(2) 6218(2) 3389(2) 31(l) 
C(19) 5202(3) 7574(2) 4694(2) 41(l) 
CM 9428(2) 14134(2) 1181(1) 29(l) 
B(2) 8936(3) 16099(2) 1083(2) 30(l) 
B(3) 7919(3) 14866(2) 514(2) 33(l) 
B(4) 9386(3) 13238(2) 32(2) 30(l) 
B(5) 11320(3) 13456(2) 298(2) 32(l) 
B(6) 11046(2) 15223(2) 950(2) 28(l) 
C(100) -565(2) 13432(2) 4171(l) 23(l) 
0(101) -1137(2) 14938(l) 3960(l) 30(l) 
o(102) 396(l) 13119(l) 4821(l) 31(l) 
o(103) -1035(2) 12460(l) 3702(l) 31(l) 



Table 4. Bond lengths [A) and angles (deg) for 1. 

P(l)-N(l) 1.6024(13) 
P(l)-N(17) 1.6236(13) 
P(l)-N(14) 1.6328(13) 
P(l)-N(11) 1.6329(12) 
N(l)-H(lA) 0.84(2) 
N(l)-H(lB) 0.86(2) 
N(11)-C(13) 1.458(2) 
N(11)-C(12) 1.466(2) 
C(12)-H(121) 0.92(3) 
C(12)-H(122) 1.00(2) 
C(12)-H(123) 0.98(2) 
C(13)-H(131) 0.94(2) 
C(13)-H(132) 1.04(3) 
C(13)-H(133) 1.05(2) 
N(14)-C(15) 1.465(2) 
N(14)-C(16) 1.467(2) 
C(15)-H(151) 1.00(2) 
C(15)-H(152) 1.02(2) 
C(15)-H(153) 0.92(2) 
C(16)-H(161) 0.97(2) 
C(16)-H(162) 0.96(2) 
C(16)-H(163) 1.00(2) 
N(17)-C(18) 1.464(2) 
N(17)-C(19) 1.480(2) 
C(18)-H(181) 0.97(2) 
C(18)-H(182) 0.97(2) 
C(18)-H(183) 0.99(2) 
C(19)-H(191) 0.99(2) 
C(19)-H(192) 1.08(2) 
C(19)-H(193) 0.99(2) 
C(l)-B(3) 1.699(3) 
C(l)-B(2) 1.702(2) 
C(l)-B(6) 1.706(2) 
C(l)-B(5) 1.706(3) 
C(l)-B(4) 1.707(2) 
C(l)-H(l) 0.96(2) 
B(2)-B(5)#l 1.763(3) 
B(2)-B(4)#l 1.769(3) 
B(2)-B(3) 1.779(3) 
B(2)-B(6) 1.780(3) 
B(2)-H(2) 1.05(2) 
B(3)-B(5)#l 1.765(3) 
B(3)-B(6)#l 1.766(3) 
B(3)-B(4) 1.770(3) 
B(3)-H(3) 1.13(2) 
B(4)-B(6)#l 1.763(3) 
B(4)-B(2)#l 1.769(3) 
B(4)-B(5) 1.775(3) 
B(4)-H(4) 1.06(2) 
B(5)-B(2)#l 1.763(3) 
B(5)-B(3)#l 1.765(3) 
B(5)-B(6) 1.779(3) 
B(5)-H(5) 1.08(2) 
B(6)-B(4)#l 1.763(3) 
B(6)-B(3)#l 1.766(3) 
B(6)-H(6) 1.06(2) 
c(loo)-0(103) 1.249(2) 
C(loo)-0(102) 1.266(2) 
c(loo)-0(101) 1.351(2) 
0(101)-H(101) 0.86(2) 

N(l)-P(1)-N(17) 109.24(7) 
N(l)-P(l)-N(14) 111.58(7) 
N(17)-P(l)-N(14) 110.80(7) 
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N(l)-P(l)-N(11) 
N(17)-P(l)-N(11) 
N(14)-P(l)-N(11) 
p (1) -N (1) -H (1A) 
P(l)-N(l)-H(lB) 
H(lA)-N(l)-H(lB) 
C(13)-N(11)-C(12) 
C (13) -N (11) -P (1) 
C(12)-N(11)-P(l) 
N(11)-C(12)-H(121) 
N(11)-C(12)-H(122) 
H(121)-C(12)-H(122) 
N(11)-C(12)-H(123) 
H(121)-C(12)-H(123) 
H(122)-C(12)-H(123) 
N(11)-C(13)-H(131) 
N(11)-C(13)-H(132) 
H(131)-C(13)-H(132) 
N(11)-C(13)-H(133) 
H(131)-C(13)-H(133) 
H(132)-C(13)-H(133) 
C(15)-N(14)-C(16) 
C(15)-N(14)-P(l) 
C(16)-N(14)-P(l) 
N(14)-C(15)-H(151) 
N(14)-C(15)-H(152) 
H(151)-C(15)-H(152) 
N(14)-C(15)-H(153) 
H(151)-C(15)-H(153) 
H(152)-C(15)-H(153) 
N(14)-C(16)-H(161) 
N(14)-C(16)-H(162) 
H(161)-C(16)-H(162) 
N(14)-C(16)-H(163) 
H(161)-C(16)-H(163) 
H(162)-C(16)-H(163) 
C(18)-N(17)-C(19) 
C(18)-N(17)-P(l) 
C(19)-N(17)-P(l) 
N(17)-C(18)-H(181) 
N(17)-C(18)-H(182) 
H(181)-C(18)-H(182) 
N(17)-C(18)-H(183) 
H(181)-C(18)-H(183) 
H(182)-C(18)-H(183) 
N(17)-C(19)-H(191) 
N(17)-C(19)-H(192) 
H(191)-C(19)-H(192) 
N(17)-C(19)-H(193) 
H(191)-C(19)-H(193) 
H(192)-C(19)-H(193) 
B (3) -C (1) -B (2) 
B (3) -C (1) -B (6) 
B(2)-C(l)-B(6) 
B (3) -C (1) -B (5) 
B (2) -C (1) -B (5) 
B (6) -C (1) -B (5) 
B(3)-C(l)-B(4) 
B(2)-C(l)-B(4) 
B (6) -C (1) -B (4) 
B (5) -C (1) -B (4) 
B (3) -C (1) -H (1) 
B (2) -C (1) -H (1) 
B (6) -C (1) -H (1) 
B (5) -C (1) -H (1) 
B(4)-C(l)-H(l) 
C (1) -B (2) -B (5) #1 
C(l)-B(2)-B(4)#l 

110.06(7) 
107.91(7) 
107.16(7) 
123.7(13) 
116.9(13) 
118(2) 
114.90(14) 
126.16(12) 
118.17(11) 
110(2) 
112.9(13) 
106(2) 
111.9(11) 
107(2) 
109(2) 
107.7(12) 
109.0(13) 
108(2) 
112.5(11) 
114(2) 
106(2) 
114.14(14) 
120.70(11) 
124.11(11) 
109.1(11) 
ill. 1 (11) 
110(2) 
111.1(14) 
109(2) 
106(2) 
107.7(12) 
111.8(11) 
109(2) 
110.4(13) 
111(2) 
107(2) 
113.21(14) 
123.92(12) 
119.89(11) 
108.5(12) 
111.5(11) 
107(2) 
110.8(13) 
109(2) 
109(2) 
106.5(12) 
109.1(11) 
112(2) 
108.4(11) 
107(2) 
114(2) 

63.10(12) 
115.26(13) 

62.97(11) 
114.72(13) 
115.10(13) 

62.87(11) 
62.63 (11) 

115.13 (13) 
115.04 (13) 

62.68(12) 
118.1(11) 
117.5(12) 
116.9 (11) 
117.2(11) 
117.7(12) 
104.07(13) 
104.07(13) 
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B(5)#l-B(2)-B(4)#l 60.35(11) 
C (1) -B (2) -B (3 ) 58.37(11) 
B(5)#l-B(2)-B(3) 59.75(11) 
B(4)#l-B(2)-B(3) 107.91(14) 
C(l)-B(2)-B(6) 58.62(10) 
B (5) # 1-B (2) -B (6) 107.87(14) 
B(4)#l-B(2)-B(6) 59.58(11) 
B (3) -B (2) -B (6) 107.79(13) 
C (1) -B (2) -H (2) 118.3(10) 
B(5)#l-B(2)-H(2) 128.8(10) 
B (4) #1-B (2) -H (2) 127.1(10) 
B(3) - B(2)-H(2) 120.5(10) 
B(6)-B(2)-H(2) 117.9(10) 
C(l)-B(3)-B(5)#l 104.11(14) 
C(l)-B(3)-B(6)#l 104.58(14) 
B(5)#l-B(3)-B(6)#l 60.53(11) 
C(l) - B(3)-B(4) 58.91(11) 
B(5)#l-B(3)-B(4) 108.14(14) 
B(6)#l-B(3)-B(4) 59.80(11) 
C(l)-B(3)-B(2) 58.52(10) 
B(5)#l-B(3)-B(2) 59.66(11) 
B(6)#l-B(3)-B(2) 108.34(13) 
B(4)-B(3)-B(2) 108.30(14) 
C(l)-B(3)-H(3) 121.3(10) 
B(5)#l-B(3)-H(3) 126.1(10) 
B(6)#l-B(3)-H(3) 124.6(11) 
B(4)-B(3)-H(3) 119.1(11) 
B (2) -B (3) -H (3 ) 121.1(11) 
C(l)-B(4)-B(6)#l 104.36(13) 
C(l)-B(4)-B(2)#l 104.35(13) 
B(6)#l-B(4)-B(2)#l 60.52(11) 
C(l)-B(4)-B(3) 58.46(11) 
B(6)#l-B(4)-B(3) 59.97(11) 
B(2)#l-B(4)-B(3) 108.32(13) 
C(l)-B(4)-B(5) 58.63(11) 
B(6)#l-B(4)-B(5) 108.08(13) 
B(2)#l-B(4)-B(5) 59.67(11) 
B(3)-B(4)-B(5) 107.93(13) 
C(l)-B(4)-H(4) 122.0(10) 
B(6)#l-B(4)-H(4) 124.3(10) 
B(2)#l-B(4)-H(4) 125.2(10) 
B(3)-B(4)-H(4) 119.7(10) 
B(5)-B(4)-H(4) 121.2(10) 
C(l)-B(5)-B(2)#l 104-64(14) 
C(l)-B(5)-B(3)#l 104.25(14) 
B(2)#l-B(5)-B(3)#l 60.59(11) 
C(l)-B(5)-B(4) 58.70(11) 
B(2)#l-B(5)-B(4) 59.98(11) 
B(3)#l-B(5)-B(4) 108.28(14) 
C(l)-B(5)-B(6) 58.55(11) 
B(2)#l-B(5)-B(6) 108.47(13) 
B(3)#l-B(5)-B(6) 59.77(11) 
B(4)-B(5)-B(6) 108.18(14) 
C(l)-B(5)-H(5) 117.9(10) 
B(2)#l-B(5)-H(5) 127.1(11) 
B(3)#l-B(5)-H(5) 128.6(10) 
B(4)-B(5)-H(5) 117.9(11) 
B(6)-B(5)-H(5) 119.7(11) 
C(l)-B(6)-B(4)#l 104-16(13) 
C(l)-B(6)-B(3)#l 104.21(13) 
B(4)#l-B(6)-B(3)#l 60.23(11) 
C(l)-B(6)-B(5) 58.58(11) 
B(4)#l-B(6)-B(5) 107.82(14) 
B(3)#l-B(6)-B(5) 59.70(11) 
C(l)-B(6)-B(2) 58.41(10) 
B(4)#l-B(6)-B(2) 59.90(11) 
B(3)#l-B(6)-B(2) 108-03(14) 
B(5)-B(6)-B(2) 107.80(14) 
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C(l)-B(6)-H(6) 
B(4)#l-B(6)-H(6) 
B(3)#l-B(6)-H(6) 
B(5)-B(6)-H(6) 
B (2) -B (6) -H (6) 
0(103)-C(100)-0(102) 
0(103)-C(100)-0(101) 
0(102)-C(100)-0(101) 
C(100)-0(101)-H(101) 

120.7(10) 
125.8(10) 
126.3(10) 
120.6(10) 
119.5(10) 
125.40(14) 
116.53 (14) 
118.08(14) 
110.1(13) 
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Symmetry transformations used to generate equivalent atoms: 
#1 -x+2, -y+3, -z 

Table 5. Anisotropic displacement parameters (A^2 x 10^3) for 1. 
The anisotropic displacement factor exponent takes the form: 
-2 pi^2 [ h^2 a*-2 Ull + ... +2hk a* b* U12 ] 

Uli U22 U33 U23 U13 U12 

p (1) 17(1) 16(1) 19(1) -2(1) -5(1) -2(1) N (1) 24(1) 15(1) 2l(1) -2(1) -3 (1) -1 (1) 
N(ll) 18(1) 22(1) 33(1) 1 (1) -4 (1) -5(1) C (12) 4l(1) 24(1) 47(1) 11 (1) -12(1) -12(1) C(l3) 20(1) 44(1) 54(1) -13(1) _i(1) -ii(1) N(l4) 19(1) 28(1) 18(1) -4(1) -4(1) -4(1) C(i5) 33(1) 46(1) ig(1) -5(1) -3(1) -8(1) C(l6) 22(1) 45(1) 29(1) -lO(i) -8(1) -8(1) N(l7) 30(1) 17(1) 30(1) -7(1) -14(1) 4(1) 
C(l8) 39(1) 17(1) 34(1) -4(1) -5(1) -3(1) C(19) 48(1) 32(1) 52(1) -lO(i) -35(1) 15(1) 
C(i) 42(1) 26(1) 20(1) 2(1) -9(1) -12(1) B(2) 37(1) 27(1) 25(1) -6(1) -7(1) -5(1) B(3) 33(1) 40(1) 27(1) -5(1) -7(1) -11(1) B(4) 46(1) 23(1) 24(1) 0(1) -12(1) -13(1) B(5) 4l(1) 26(1) 3l(1) -3(1) -15(1) 0(1) 
B(6) 36(1) 29(1) 24(1) -2(1) -13(1) -7(1) C(100) 26(1) 20(1) 18(1) l(1), 0(1) -3(1) o(101) 4l(1) 20(1) 3l(1) _i(1) -17(1) l(1) 
C) (102) 40(1) 20(1) 39(1) -6(1) -20(1) 5(1) 
o(103) 47(1) 24(1) 25(1) 0(1) -12(1) -11(1) 
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Table 6. Hydrogen coordinates (x 10^4) and isotropic 
displacement parameters (A^2 x 10^3) for 1. 

x y z U (eq) 

H(lA) 1570(23) 10869(23) 4534(16) 35(5) 
H(lB) 1693(23) 9278(23) 5027(16) 36(5) 
H(121) 4645(31) 12882(30) 2854(21) 75(8) 
H(122) 2938(31) 12442(ý6) 2860(20) 66(7) 
H(123) 4503(24) 12451(22) 1728(18) 43(5) 
H(131) 7109(25) 10935(24) 2815(18) 49(6) 
H(132) 7063(30) 10395(28) 1631(23) 73(7) 
H(133) 7044(24) 9061(24) 2721(16) 46(5) 
H(151) 3123 (24) 9685(23) 677(17) 46(5) 
H(152) 3663(23) 7831(24) 1034(16) 42(5) 
H(153) 4703(29) 9109(25) 1129(18) 57(6) 
H(161) 360(25) 9578(25) 2024(18) 55(6) 
H(162) 144(24) 9194(22) 3340(18) 42(5) 
H(163) 722(28) 7804(29) 2561(20) 68(7) 
H(181) 5378(27) 5633(24) 3143(17) 50(6) 
H(182) 3776(24) 6347(22) 2756(17) 40(5) 
H(183) 3564(26) 5623(25) 4035(19) 56(6) 
H(191) 6306(28) 6926(25) 4465(17) 55(6) 
H(192) 4364 (26) 7040(25) 5429(19) 58(6) 
H(193) 5438(24) 8616(24) 4800(17) 46(6) 
H(l) 9083(23) 13589 (22) 1919(17) 41(5) 
H(2) 8290(22) 16642(21) 1833(16) 38(5) 
H(3) 6555(26) 14701(24) 915(17) 56(6) 
H(4) 8968(22) 12131(21) 119(15) 37(5) 
H(5) 12024(24) 12436(24) 599(17) 51(6) 
H(6) 11618(23) 15296(21) 1601(16) 40(5) 
H(101) -798(23) 15515(23) 4347(16) 39(5) 
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(Me2N)3P=NH2+ HC03-/B(OH)3/paracarborane 

co-crystallate (2.14) 

C'. 

z 



Table 1. Crystal data and structure refinement for 

identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

crystal system 

Space group 

Unit cell dimensions 

vo lume, Z 

Density (calculated) 

Absorption coefficient 

F(OOO) 

crystal size 

Theta range for data collection 

Limiting indices 

Reflections collected 

Independent reflections 

max. and min. transmission 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on Fý2 

Final R indices [I>2sigma(I)] 

R indices (all data) 

Absolute structure parameter 

Extinction coefficient 

Largest diff. peak and hole 
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97srvO27 

C14 H35 B10 N4 0P 

414.53 

293(2) K 

1.54178 A 

Monoclinic 

P1 21 1 

a= 10.526(3) A alpha = 90 deg. 
b= 21.680(3) A beta = 115.48(2) deg. 

c= 12.111(2) A gamma = 90 deg. 

2495.0(9) A^3,4 

1.104 Mg/m^3 

1.054 mm^-l 

880 

0.23 x 0.20 x 0.08 mm 

4.04 to 60.00 deg. 

-7<=h<=1j, -17<=k<=24, -13<=l<=12 
5324 

4179 [R(int) = 0.03331 

1.000 and 0.863 

Full-matrix least-squares on F^2 

4179 /5/ 567 

1.059 

Rl = 0.0496, wR2 = 0.1143 

R1 = 0.0762, wR2 = 0.1291 

0.02(3) 

0.0019(2) 

0.163 and -0.160 e. A--3 

L- 
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Table 2. Atomic coordinates (x 1V4) and equivalent isotropic 
displacement parameters (A^2 x 10^3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

x y z U (eq) 

p (1) 6297(2) 8074(j) 5754 (1) 66(l) 
0(1) 4820(4) 8108(2) 4866(4) 91(1) 
N(11) 7274(8) 7793(4) 5092(7) 114(2) 
C(12) 6720(13) 7532(8) 3946(11) 258(9) 
C(13) 8703(12) 7774(11) 5609(11) 298(13) 
N(14) 6478(8) 7638(3) 6884 (6) 106(2) 
C(15) 7864(12) 7536(8) 7943 (10) 281(10) 
C(16) 5430(13) 7266(5) 6910(8) 174(5) 
N(17) 7051(7) 8714(3) 6370(6) 101(2) 
C(18) 6769 (14) 9040(7) 7187(11) 221(7) 
C(19) 7389(16) 9125(6) 5527(11) 226(7) 
P(2) 3413 (2) 8268(l) 9904 (1) 67(l) 
0(2) 2724(4) 8311(2) 10736(3) 77(l) 
N(21) 5050(6) 8505(3) 10614 (5) 86(2) 
C(22) 5475(10) 8927(5) 11588(9) 164(4) 
C(23) 6090(9) 8447(5) 10119(8) 151(4) 
N(24) 2533 (7) 8667(3) 8667 (5) 97(2) 
C(25) 2920(11) 8719(5) 7659 (8) 167(4) 
C(26) 1552(12) 9118(5) 8633(8) 185(6) 
N(27) 3569(7) 7599(3) 9396(5) 85(2) 
C(28) 2354(10) 7294(4) 8421(7) 122(3) 
C(29) 4552(10) 7145(4) 10235(7) 124(3) 
N(l) 7192(8) 3931(3) 7032(5) 84(2) 
C(101) 8157(7) 4322(3) 6942 (5) 61(2) 
c(102) 7849(6) 5150(3) 7117(5) 55(2) 
B(103) 9189(8) 4744 (3) 8219(6) 64 (2) 
B(104) 9890(9) 4233 (4) 7505(6) 73(2) 
B(105) 8809(9) 4273 (4) 5897 (6) 77(2) 
B(106) 7524(9) 4839(3) 5710(6) 63(2) 
B(107) 9416(8) 5507(4) 7792 (6) 70(2) 
B(108) 10702(9) 4930(4) 8008(7) 79(2) 
B(109) 10479(10) 4664 (5) 6565(7) 87(3) 
B(110) 8988(8) 5044(4) 5451(7) 74(2) 
B(111) 8344 (8) 5572(4) 6200(6) 67(2) 
B(112) 10183(9) 5437 (4) 6753 (7) 78(2) 
C(113) 6626(7) 5324 (3) 7378(6) 56(2) 
C(114) 5254(8) 5371(3) 6467(6) 72(2) 
C(115) 4155(8) 5537 (4) 6729 (7) 84(2) 
c(116) 4379(8) 5661(3) 7902(8) 83(2) 
c(117) 5707(9) 5643 (4) 8788(7) 90(2) 
C(118) 6843(7) 5465 (3) 8546(6) 75(2) 
N(2) 2879(7) 7407 (2) 2550(5) 77(2) 
C(201) 1739(8) 7091(3) 2499(5) 69(2) 
c(202) 1809(7) 6257 (3) 2387 (5) 55(2) 
B(203) 2005(9) 6612(3) 3709(6) 74(2) 
B(204) 834(10) 7245(4) 3346(7) 85(3) 
B(205) 23(8) 7289(4) 1710(7) 82(3) 
B(206) 734(8) 6688(3) 1181(6) 64(2) 
B(207) 986(9) 5929(4) 3164(7) 76(2) 
B(208) 329(10) 6543(5) 3728(8) 94(3) 
B(209) -878(12) 6969(5) 2466(8) 103(3) 
B(210) -929(8) 6611(4) 1136(7) 82(3) 
B(211) 191(8) 5980(4) 1545(6) 67(2) 
B(212) -765(11) 6153 (5) 2391(8) 95(3) 
C(213) 3071(7) 5995(3) 2283(6) 57(2) 
C(214) 2916(8) 5652(3) 1259(7) 79(2) 
C(215) 4029(9) 5419(4) 1127(7) 93(2) C(216) 5386(9) 5515(4) 2017(8) 93(2) 



C (217) 5583 (9) 5853 (4) 3014(7) 90(2) 
C (218) 4425(9) 6086(3) 3158(6) 77(2) 
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Table 3. Selected bond lengths [A) and angles [deg) for 1. 

P(1)-0(1) 1.463(4) 
P(l)-N(14) 1.605(6) 
P(l)-N(17) 1.614(7) 
P(l)-N(11) 1.668(7) 

N(11)-C(13) 1.359(11) 
N(11)-C(12) 1.375(11) 

N(14)-C(16) 1.377(10) 
N(14)-C(15) 1.488(12) 
N(17)-C(18) 1.349(10) 
N(17)-C(19) 1.508(12) 

P(2)-0(2) 1.476(4) 
P(2)-N(27) 1.611(6) 
P(2) - N(24) 1.629(6) 
P(2)-N(21) 1.642(6) 
N(2l)-C(22) 1.405(9) 
N(2l)-C(23) 1.463(8) 
N(24)-C(26) 1.409(10) 
N(24)-C(25) 1.448(10) 
N(27)-C(29) 1.473(9) 
N(27)-C(28) 1.473(9) 
N(l) - C(101) 1.363(8) 
C(101)-B(104) 1.661(11) 

C(101)-B(105) 1.683(9) 
C(101)-B(103) 1.722(9) 
C(101)-B(106) 1.751(9) 
c(lol)-C(102) 1.853(8) 
C(102)-C(113) 1.500(8) 
C(102)-B(107) 1.682(9) 
C(102)-B(111) 1.685(9) 
C(102)-B(103) 1.711(9) 
C(102)-B(106) 1.724(9) 
B(103)-B(104) 1.753(11) 
B(103)-B(108) 1.765(12) 
B(103)-B(107) 1.779(11) 
B(104)-B(108) 1.713(12) 
B(104)-B(109) 1.777(12) 
B(104)-B(105) 1.785(10) 
B(105)-B(106) 1.767(11) 
B(105)-B(110) 1.793(12) 
B(105)-B(109) 1.800(12) 
B(106)-B(110) 1.757(11) 
B(106)-B(111) 1.785(11) 
B(107)-B(112) 1.770(11) 
B(107)-B(111) 1.772(10) 

B(107)-B(108) 1.779(12) 
B(108)-B(109) 1.757(12) 
B(108)-B(112) 1.762(12) 
B(109)-B(112) 1.738(13) 
B(109)-B(110) 1.772(12) 
B(110)-B(112) 1.757(11) 
B(110)-B(111) 1.766(li) 
B(111)-B(112) 1.779(li) 
C(113)-C(118) 1.367(8) 
C(113)-C(114) 1.393(8) 
C(114)-C(115) 1.372(9) 
C(115)-C(116) 1.364(9) 
C(116)-C(117) 1.348(9) 
C(117)-C(118) 1.402(9) 
N(2)-C(201) 1.360(9) 
C(201)-B(205) 1.695(10) 
C(201)-B(204) 1.706(10) 
C(201)-B(203) 1.718(9) 
C(201)-B(206) 1.726(lo) 
C(201)-C(202) 1.816(8) 



C(202)-C(213) 1.500(9) 
C(202)-B(211) 1.675(9) 
C(202)-B(207) 1.687(9) 
C(202)-B(206) 1.692(9) 
C(202)-B(203) 1.706(9) 
B(203)-B(204) 1.770(1, z) 
B(203)-B(207) 1.779(11) 
B(203)-B(208) 1.781(12) 
B(204)-B(208) 1.739(13) 
B(204)-B(209) 1.757(14) 
B (204) -B (205) 1.791(12) 
B(205)-B(209) 1.722(13) 
B(205)-B(210) 1.745(12) 
B(205) -B(206) 1.754(11) 
B(206)-B(210) 1.736(11) 
B(206)-B(211) 1.758(10) 
B(207)-B(212) 1.739(12) 
B(207)-B(208) 1.767(12) 
B(207)-B(211) 1.774(11) 
B(208)-B(212) 1.749(13) 
B(208)-B(209) 1.769(14) 
B(209)-B(210) 1.768(12) 
B(209)-B(212) 1.780(14) 
B(210)-B(211) 1.734(11) 
B(210)-B(212) 1.762(12) 
B(211)-B(212) 1.758(12) 
C(213)-C(218) 1.376(9) 
C (213) -C (214) 1.394(8) 
C(214)-C(215) 1.346(9) 
C(215)-C(216) 1.386(9) 
C(216)-C(217) 1.350(9) 
C(217)-C(218) 1.398(lo) 

o(l)-P(l)-N(14) 110.8(3) 
o(l)-P(l)-N(17) 116.9(3) 
N(14)-P(l)-N(17) 104.9(4) 
o(l)-P(l)-N(11) 110.2(3) 
N(14)-P(l)-N(11) 108.9(4) 
N(17)-P(l)-N(11) 104.7(4) 
C(13)-N(11)-C(12) 111.0(9) 
C(13)-N(11)-P(l) 125.4(7) 
C(12)-N(11)-P(l) 123.6(7) 
C(16)-N(14)-C(15) 113.0(7) 
C(16)-N(14)-P(l) 124.1(7) 
C(15)-N(14)-P(l) 122.4(7) 
C(18)-N(17)-C(19) 112.1(9) 
C(18)-N(17)-P(l) 124.7(7) 

C(19)-N(17)-P(l) 114.1(7) 
0(2)-P(2)-N(27) 118.6(3) 
0(2)-P(2)-N(24) 110.0(3) 
N(27)-P(2)-N(24) 103.8(3) 
0(2)-P(2)-N(21) 109.6(3) 
N(27)-P(2)-N(21) 103.0(3) 
N(24)-P(2)-N(21) 111.7(3) 
C(22)-N(2l)-C(23) 112.1(7) 
C(22)-N(2l)-P(2) 121.8(6) 
C(23)-N(2l)-P(2) 124.0(5) 
C(26)-N(24)-C(25) 112.9(7) 
C(26)-N(24)-P(2) 121.0(6) 
C(25)-N(24)-P(2) 124.1(6) 
C(29)-N(27)-C(28) 111.3(6) 
C(29)-N(27)-P(2) 119.7(5) 
C(28)-N(27)-P(2) 121.0(5) 
N(l)-C(101)-B(104) 128.3(6) 
N(l)-C(101)-B(105) 125.4(5) 
B(104)-C(101)-B(105) 64.5(5) 
N(l)-C(101)-B(103) 117.6(5) 
B(104)-C(101)-B(103) 62.4(4) 
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B(105)-C(101)-B(103) 
N(l)-C(101)-B(106) 
B(104)-C(101)-B(106) 
B(105)-C(101)-B(106) 
B(103)-C(101)-B(106) 
N(l)-C(101)-C(102) 
B(104)-C(101)-C(102) 
B(105)-C(101)-C(102) 
B(103)-C(101)-C(102) 
B(106)-C(101)-C(102) 
C(113)-C(102)-B(107) 
C(113)-C(102)-B(111) 
B(107)-C(102)-B(111) 
C(113)-C(102)-B(103) 
B(107)-C(102)-B(103) 
B(111)-C(102)-B(103) 
C(113)-C(102)-B(106) 
B(107)-C(102)-B(106) 
B(111)-C(102)-B(106) 
B(103)-C(102)-B(106) 
C(113)-C(102)-C(101) 
B(107)-C(102)-C(101) 
B(111)-C(102)-C(101) 
B(103)-C(102)-C(101) 
B(106)-C(102)-C(101) 
C(102)-B(103)-C(101) 
C(102)-B(103)-B(104) 
C(101)-B(103)-B(104) 
C(102)-B(103)-B(108) 
C(101)-B(103)-B(108) 
B(104)-B(103)-B(108) 
C(102)-B(103)-B(107) 
C(101)-B(103)-B(107) 
B(104)-B(103)-B(107) 
B(108)-B(103)-B(107) 
C(101)-B(104)-B(108) 
C(101)-B(104)-B(103) 
B(108)-B(104)-B(103) 
C(101)-B(104)-B(109) 
B(108)-B(104)-B(109) 
B(103)-B(104)-B(109) 
C(101)-B(104)-B(105) 
B(108)-B(104)-B(105) 
B(103)-B(104)-B(105) 
B(109)-B(104)-B(105) 
C(101)-B(105)-B(106) 
C(101)-B(105)-B(104) 
B(106)-B(105)-B(104) 
C(101)-B(105)-B(110) 
B(106)-B(105)-B(110) 
B(104)-B(105)-B(110) 
C(101)-B(105)-B(109) 
B(106)-B(105)-B(109) 
B(104)-B(105)-B(109) 
B(110)-B(105)-B(109) 
C(102)-B(106)-C(101) 
C(102)-B(106)-B(110) 
C(101)-B(106)-B(110) 
C(102)-B(106)-B(105) 
C(101)-B(106)-B(105) 
B(110)-B(106)-B(105) 
C(102)-B(106)-B(111) 
C(101)-B(106)-B(111) 
B(110)-B(106)-B(111) 
B(105)-B(106)-B(111) 
C(102)-B(107)-B(112) 
C(102)-B(107)-B(111) 
B(112)-B(107)-B(111) 

113.9(6) 
116.3(6) 
111.8(6) 

61.9(4) 
106.7(5) 
114.9(5) 
106.3(5) 
107.2(5) 

57.0(3) 
57.1(3) 

122.2(5) 
122.6(5) 

63.5(4) 
117.3(5) 

63.3(4) 
114.1(5) 
118.9(5) 
113.4(5) 

63.1(4) 
108.4(5) 
118.4 (5) 
108.6(5) 
109.4(5) 

57.6(4) 
58.5(3) 
65.3(4) 

108.7(5) 
57.1(4) 

105.2(5) 
104.5(5) 

58.3 (5) 
57.6(4) 

110.2(5) 
107.8(5) 

60.2(5) 
109.6(6) 

60.5(4) 
61.2(5) 

107.5(6) 
60.4(5) 

108.7(6) 
58.3(4) 

109.4 (6) 
107.6(6) 

60.7(4) 
61.0(4) 
57.2(4) 

105.4(5) 
107.3 (6) 

59.1(5) 
105.8(6) 
105.5(5) 
106.0(6) 

59.4 (4) 
59.1(5) 
64.4(3) 

105.1(5) 
105.8(5) 
109.3 (5) 

57.1(4) 
61.1(5) 
57.4 (4) 

109.5(5) 
59.8(4) 

110.0(6) 
105.5(5) 

58.3 (4) 
60.3(4) 



C(102)-B(107)-B(108) 
B(112)-B(107)-B(108) 
B(111)-B(107)-B(108) 
C(102)-B(107)-B(103) 
B(112)-B(107)-B(103) 
B(111)-B(107)-B(103) 
B(108)-B(107)-B(103) 
B(104)-B(108)-B(109) 
B(104)-B(108)-B(112) 
B(109)-B(108)-B(112) 
B(104)-B(108)-B(103) 
B(109)-B(108)-B(103) 
B(112)-B(108)-B(103) 
B(104)-B(108)-B(107) 
B(109)-B(108)-B(107) 
B(112)-B(108)-B(107) 
B(103)-B(108)-B(107) 
B(112)-B(109)-B(108) 
B(112)-B(109)-B(110) 
B(108)-B(109)-B(110) 
B(112)-B(109)-B(104) 
B(108)-B(109)-B(104) 
B(110)-B(109)-B(104) 
B(112)-B(109)-B(105) 
B(108)-B(109)-B(105) 
B(110)-B(109)-B(105) 
B(104)-B(109)-B(105) 
B(106)-B(110)-B(112) 
B(106)-B(110)-B(Ill) 
B(112)-B(110)-B(111) 
B(106)-B(110)-B(109) 
B(112)-B(110)-B(109) 
B(111)-B(110)-B(109) 
B(106)-B(110)-B(105) 
B(112)-B(110)-B(105) 
B(111)-B(110)-B(105) 
B(109)-B(110)-B(105) 
C(102)-B(111)-B(110) 
C(102)-B(111)-B(107) 
B(110)-B(111)-B(107) 
C(102)-B(111)-B(112) 
B(110)-B(111)-B(112) 
B(107)-B(111)-B(112) 
C(102)-B(111)-B(106) 
B(110)-B(111)-B(106) 
B(107)-B(111)-B(106) 
B(112)-B(111)-B(106) 
B(109)-B(112)-B(110) 
B(109)-B(112)-B(108) 
B(110)-B(112)-B(108) 
B(109)-B(112)-B(107) 
B(110)-B(112)-B(107) 
B(108)-B(112)-B(107) 
B(109)-B(112)-B(111) 
B(110)-B(112)-B(111) 
B(108)-B(112)-B(111) 
B(107)-B(112)-B(111) 
c(118)-C(113)-C(114) 
C(118)-C(113)-C(102) 
C(114)-C(113)-C(102) 
C(115)-C(114)-C(113) 
C(116)-C(115)-C(114) 
C(117)-C(116)-C(115) 
C(116)-C(117)-C(118) 
C(113)-C(118)-C(117) 
N(2)-C(201)-B(205) 
N(2)-C(201)-B(204) 
B(205)-C(201)-B(204) 

105.9(5) 
59.5(5) 

107.7(6) 
59.2(4) 

106.7(6) 
106.7(5) 

59.5(5) 
61.6(5) 

108.7(6) 
59.2(5) 
60.5(5) 

109.1(6) 
107.6(6) 
109.6(6) 
108.5(6) 

60.0(5) 
60.3 (4) 
60.5(5) 
60.1(5) 

107.5(6) 
107.0(6) 

58.0(5) 
107.1(6) 
108.6(6) 
106.8(6) 

60.2(5) 
59.9(5) 

107.9(5) 
60.9(4) 
60.7(4) 

107.7 (5) 
59.0(5) 

108.7(5) 
59.7(4) 

108.0(5) 
109.7(5) 

60.7(5) 
106.4(5) 

58.2(4) 
107.6(6) 
104.9(5) 

59.4 (5) 
59.8(4) 
59.5(4) 
59.3 (4) 

106.3 (5) 
105.7(6) 

60.9 (5) 
60.3 (5) 

107.9 (6) 
109.7(6) 
108.0(6) 

60.5(5) 
109.6(6) 

59.9 (4) 
108.1(6) 

59.9(4) 
117.3 (6) 
119.9(6) 
122.8(6) 
121.7(6) 
120.5(7) 
118.6(7) 
121.8(7) 
120.0(6) 
127.1(5) 
125.7 (6) 

63.5(5) 
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N(2)-C(201)-B(203) 
B(205)-C(201)-B(203) 
B(204)-C(201)-B(203) 
N(2)-C(201)-B(206) 
B(205)-C(201)-B(206) 
B(204)-C(201)-B(206) 
B(203)-C(201)-B(206) 
N(2)-C(201)-C(202) 
B(205)-C(201)-C(202) 
B(204)-C(201)-C(202) 
B(203)-C(201)-C(202) 
B(206)-C(201)-C(202) 
C(213)-C(202)-B(211) 
C(213)-C(202)-B(207) 
B(211)-C(202)-B(207) 
C(213)-C(202)-B(206) 
B(211)-C(202)-B(206) 
B(207)-C(202)-B(206) 
C(213)-C(202)-B(203) 
B(211)-C(202)-B(203) 
B(207)-C(202)-B(203) 
B(206)-C(202)-B(203) 
C(213)-C(202)-C(201) 
B(211)-C(202)-C(201) 
B(207)-C(202)-C(201) 
B(206)-C(202)-C(201) 
B(203)-C(202)-C(201) 
C(202)-B(203)-C(201) 
C(202)-B(203)-B(204) 
C(201)-B(203)-B(204) 
C(202)-B(203)-B(207) 
C(201)-B(203)-B(207) 
B(204)-B(203)-B(207) 
C(202)-B(203)-B(208) 
C(201)-B(203)-B(208) 
B(204)-B(203)-B(208) 
B(207)-B(203)-B(208) 
C(201)-B(204)-B(208) 
C(201)-B(204)-B(209) 
B(208)-B(204)-B(209) 
C(201)-B(204)-B(203) 
B(208)-B(204)-B(203) 
B(209)-B(204)-B(203) 
C(201)-B(204)-B(205) 
B(208)-B(204)-B(205) 
B(209)-B(204)-B(205) 
B(203)-B(204)-B(205) 
C(201)-B(205)-B(209) 
C(201)-B(20-'; )-B(210) 
B(209)-B(205)-B(210) 
C(201)-B(205)-B(206) 
B(209)-B(205)-B(206) 
B(210)-B(205)-B(206) 
c(201)-B(205)-B(204) 
B(209)-B(205)-B(204) 
B(210)-B(205)-B(204) 
B(206)-B(205)-B(204) 
C(202)-B(206)-C(201) 
C(202)-B(206)-B(210) 
C(201)-B(206)-B(210) 
C(202)-B(206)-B(205) 
C(201)-B(206)-B(205) 
B(210)-B(206)-B(205) 
C(202)-B(206)-B(211) 
C(201)-B(206)-B(211) 
B(210)-B(206)-B(211) 
B(205)-B(206)-B(211) 
C(202)-B(207)-B(212) 

116.7(6) 
112.1(6) 

62.3(4) 
118.3(5) 

61.7(4) 
112.1(6) 
107.0(5) 
116.1(6) 
106.1(5) 
106.9(5) 

57.7(4) 
57.0(4) 

121.2(5) 
125.0(5) 

63.7(4) 
115.1(5) 

62.9(4) 
113.6(5) 
119.7(5) 
114.4(6) 

63.3(4) 
109.1(5) 
116.8(5) 
109.8(5) 
109.3(5) 

58.8(4) 
58.3(4) 
64.1(3) 

109.0(5) 
58.5(4) 
57.8(4) 

109.6(5) 
108.0(6) 
104.7(6) 
105.2(6) 

58.7(5) 
59.5(5) 

107.6(6) 
105.1(6) 

60.8(6) 
59.2(4) 
61.0(5) 

108.0(6) 
57.9(4) 

106.6(7) 
58.0(5) 

105.4 (5) 
107.2(6) 
107.6(6) 

61.3 (5) 
60.0(4) 

108.4(7) 
59.5(5) 
58.5(4) 
60.0(5) 

108.4(6) 
106.9(5) 

64.2(4) 
105.4(5) 
106.6(6) 
109.0(5) 

58.3 (4) 
60.0(5) 
58.1(4) 

110.2(5) 
59.5(5) 

108.7(5) 
105.2(5) 
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C(202)-B(207)-B(208) 
B(212)-B(207)-B(208) 
C(202)-B(207)-B(211) 
B(212)-B(207)-B(211) 
B(208)-B(207)-B(211) 
C(202)-B(207) - B(203) 
B(212)-B(207)-B(203) 
B(208)-B(207)-B(203) 
B(211)-B(207)-B(203) 
B(204)-B(208)-B(212) 
B(204)-B(208)-B(207) 
B(212)-B(208)-B(207) 
B(204)-B(208)-B(209) 
B(212)-B(208)-B(209) 
B(207)-B(208)-B(209) 
B(204)-B(208)-B(203) 
B(212)-B(208)-B(203) 
B(207)-B(208)-B(203) 
B(209)-B(208)-B(203) 
B(205)-B(209)-B(204) 
B(205)-B(209)-B(210) 
B(204)-B(209)-B(210) 
B(205)-B(209)-B(208) 
B(204)-B(209)-B(208) 
B(210)-B(209)-B(208) 
B(205)-B(209)-B(212) 
B(204)-B(209)-B(212) 
B(210)-B(209)-B(212) 
B(208)-B(209)-B(212) 
B(211)-B(210)-B(206) 
B(211)-B(210)-B(205) 
B(206)-B(210)-B(205) 
B(211)-B(210)-B(212) 
B(206)-B(210)-B(212) 
B(205)-B(210)-B(212) 
B(211)-B(210)-B(209) 
B(206)-B(210)-B(209) 
B(205)-B(210)-B(209) 
B(212)-B(210)-B(209) 
C(202)-B(211)-B(210) 
C(202)-B(211)-B(206) 
B(210)-B(211)-B(206) 
C(202)-B(211)-B(212) 
B(210)-B(211)-B(212) 
B(206)-B(211)-B(212) 
C(202)-B(211)-B(207) 
B(210)-B(211)-B(207) 
B(206)-B(211)-B(207) 
B(212)-B(211)-B(207) 
B(207)-B(212)-B(208) 
B(207)-B(212)-B(211) 
B(208)-B(212)-B(211) 
B(207)-B(212)-B(210) 
B(208)-B(212)-B(210) 
B(211)-B(212)-B(210) 
B(207)-B(212)-B(209) 
B(208)-B(212)-B(209) 
B(211)-B(212)-B(209) 
B(210)-B(212)-B(209) 
C(218)-C(213)-C(214) 
C(218)-C(213)-C(202) 
C(214)-C(213)-C(202) 
C(215)-C(214)-C(213) 
C(214)-C(215)-C(216) 
C(217)-C(216)-C(215) 
C(216)-C(217)-C(218) 
C(213)-C(218)-C(217) 

106.1(6) 
59.8(5) 
57.8(4) 
60.1(5) 

107.6(6) 
58.9(4) 

107.4(6) 
60.3(5) 

106.3(5) 
109.4 (6) 
110.0(6) 

5ý .3 (5) 
60.1(5) 
60.8(5) 

108.3 (6) 
60.4(5) 

106.8(6) 
60.2(5) 

107.0(6) 
61.9(5) 
60.0(5) 

108.9(6) 
108.3(7) 

59.1(5) 
106.7(7) 
108.0(6) 
107.2(7) 

59.6(5) 
59.1(6) 
60.9(4) 

110.3(5) 
60.5(4) 
60.4(5) 

107.7 (6) 
107.8(6) 
109.6(6) 
107.1(6) 

58.7(5) 
60.6(5) 

106.2(5) 
59.0(4) 
59.6(4) 

104.8(5) 
60.6(5) 

106.9(6) 
58.5(4) 

107.7(6) 
106.4(5) 

59.0(5) 
60.9(5) 
61.0(5) 

109.2(7) 
108.0(6) 
107.8(7) 

59.0(4) 
109.2(7) 

60.2(6) 
108.0(6) 

59.9(5) 
116.6(7) 
122.8(6) 
120.5(6) 
122.0(7) 
120.7 (7) 
119.1(8) 
120.1(8) 
121.4(7) 

.. 
i 
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Table 4. Bond lengths [A] and angles [deg] for 

P(1)-0(1) 1.463(4) 
P(l)-N(14) 1.605(6) 
P(l)-N(17) 1.614(7) 
P(l)-N(11) 1.668(7) 
N(11)-C(13) 1.359(11) 
N(11)-C(12) 1.375(11) 
C(12)-H(121) 0.96 
C(12)-H(122) . 0.96 
C(12)-H(123) 0.96 
C(13)-H(131) 0.96 
C (13) -H (132) 0.96 
C(13)-H(133) 0.960(2) 
N(14)-C(16) 1.377(10) 
N(14)-C(15) 1.488(12) 
C(15)-H(151) 0.96 
C(15)-H(152) 0.96 
C(15)-H(153) 0.96 
C(16)-H(161) 0.96 
C(16)-H(162) 0.96 
C(16)-H(163) 0.96 
N(17)-C(18) 1.349(10) 
N(17)-C(19) 1.508(12) 
C(18)-H(181) 0.960(2) 
C(18)-H(182) 0.96 
C(18)-H(183) 0.96 
C(19)-H(191) 0.96 
C(19)-H(192) 0.96 
C(19)-H(193) 0.9600(14) 
P(2)-0(2) 1.476(4) 
P(2)-N(27) 1.611(6) 
P(2)-N(24) 1.629(6) 
P(2)-N(21) 1.642(6) 
N(2l)-C(22) 1.405(9) 
N(2l)-C(23) 1.463(8) 
C(22)-H(221) 0.96 
c(22)-H(222) 0.9600(13) 
C(22)-H(223) 0.96 
C(23)-H(231) 0.9600(14) 
C(23)-H(232) 0.96 
C(23)-H(233) 0.96 
N(24)-C(26) 1.409(10) 
N(24)-C(25) 1.448(10) 
C(25)-H(251) 0.96 
C(25)-H(252) 0.96 
C(25)-H(253) 0.9600(11) 
C(26)-H(261) 0.96 
C(26)-H(262) 0.96 
C(26)-H(263) 0.960(2) 
N(27)-C(29) 1.473(9) 
N(27)-C(28) 1.473(9) 
C (28) -H (281) 0.96 
C(28)-H(282) 0.96 
C (2 8) -H (2 83) 0.96 
C (29) -H (291) 0.96 
C(29)-H(292) 0.96 
C(29)-H(293) 0.96 
N(l)-C(101) 1.363(8) 
N(l)-H(lA) 0.88(2) 
N(l)-H(lB) 0.91(2) 
C(101)-B(104) 1.661(11) 
C(101)-B(105) 1.683(9) 
C(101)-B(103) 1.722(9) 
C(101)-B(106) 1.751(g) 
C(lol)-C(102) 1-853(8) 



C(102)-C(113) 1.500(8) 
C(102)-B(107) 1.682(9) 
C(102)-B(111) 1.685(9) 
C(102)-B(103) 1.711(9) 
C(102)-B(106) 1.724(9) 
B(103)-B(104) 1.753(11) 
B(103)-B(108) 1.765(12) 
B(103)-B(107) 1.779(11) 
B(103)-H(103) 1.09 
B(104)-B(108) 1.713(12) 
B(104)-B(109) 1.777(12) 
B(104)-B(105) 1.785(10) 
B(104)-H(104) 1.09 
B(105)-B(106) 1.767(11) 
B(105)-B(110) 1.793(12) 
B(105)-B(109) 1.800(12) 
B(105)-H(105) 1.09 
B(106)-B(110) 1.757(11) 
B(106)-B(Ill) 1.785(11) 
B(106)-H(106) 1.09 
B(107)-B(112) 1.770(11) 
B(107)-B(111) 1.772(10) 
B(107)-B(108) 1.779(12) 
B(107)-H(107) 1.09 
B(108)-B(109) 1.757(12) 
B(108)-B(112) 1.762(12) 
B(108)-H(108) 1.09 
B(109)-B(112) 1.738(13) 
B(109)-B(110) 1.772(12) 
B(109)-H(109) 1.09 
B(110)-B(112) 1.757(11) 
B(110)-B(111) 1.766(li) 
B(110)-H(110) 1.09 
B(111)-B(112) 1.779(11) 
B(111)-H(111) 1.09 
B(112)-H(112) 1.09 
C(113)-C(118) 1.367(8) 
C(113)-C(114) 1.393(8) 
C(114)-C(115) 1.372(9) 
C(114)-H(114) 0.93 
c(115)-C(116) 1.364(9) 
C(115)-H(115) 0.93 
C(116)-C(117) 1.348(9) 
C(116)-H(116) 0.93 
C(117)-C(118) 1.402(9) 
C(117)-H(117) 0.93 
C(118)-H(118) 0.93 
N(2)-C(201) 1.360(9) 
N(2)-H(2A) 0.90(2) 
N(2)-H(2B) 0.90(2) 
C(201)-B(205) 1.695(10) 
C(201)-B(204) 1.706(10) 
C(201)-B(203) 1.718(9) 
C(201)-B(206) 1.726(10) 
C(201)-C(202) 1.816(8) 
C(202)-C(213) 1.500(9) 
C(202)-B(211) 1.675(9) 
C(202)-B(207) 1.687(9) 
C(202)-B(206) 1.692(9) 
C(202)-B(203) 1.706(9) 
B(203)-B(204) 1.770(12) 
B(203)-B(207) 1.779(ji) 
B(203)-B(208) 1.781(12) 
B(203)-H(203) 1.09 
B(204)-B(208) 1.739(13) 
B(204)-B(209) 1.757(14) 
B(204)-B(205) 1.791(12) 
B(204)-H(204) 1.09 
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B(205)-B(209) 1.722(13) 
B(205)-B(210) 1.745(12) 
B(205)-B(206) 1.754(11) 
B(205)-H(205) 1.09 
B(206)-B(210) 1.736(11) 
B(206)-B(211) 1.758(10) 
B(206)-H(206) 1.09 
B(207)-B(212) 1.739(12) 
B(207)-B(208) 1.767(12) 
B(207)-B(211) 1.774(11) 
B(207)-H(207) 1.09 
B(208)-B(212) 1.749(13) 
B(208)-B(209) 

. 
1.769(14) 

B(208)-H(208) 1.09 
B(209)-B(210) 1.768(12) 
B(209)-B(212) 1.780(14) 
B(209)-H(209) 1.09 
B(210)-B(211) 1.734(11) 
B(210)-B(212) 1.762(12) 
B(210)-H(210) 1.09 
B(211)-B(212) 1.758(12) 
B(211)-H(211) 1.09 
B(212)-H(212) 1.09 
C(213)-C(218) 1.376(9) 
C(213)-C(214) 1.394(8) 
C(214)-C(215) 1.346(9) 
C(214)-H(214) 0.93 
C(215)-C(216) 1.386(9) 
C(215)-H(215) 0.93 
C(216)-C(217) 1.350(9) 
C (216) -H(216) 0.93 
C(217)-C(218) 1.398(10) 
C(217)-H(217) 0.93 
C(218)-H(218) 0.93 

0(j)-P(l)-N(14) 
0(j)-P(l)-N(17) 
N(14)-P(l)-N(17) 
0(j)-P(l)-N(11) 
N(14)-P(l)-N(11) 
N(17)-P(l)-N(11) 
C(13)-N(11)-C(12) 
C(13)-N(11)-P(l) 
C(12)-N(11)-P(l) 
N(11)-C(12)-H(121) 
N(Il)-C(12)-H(122) 
H(121)-C(12)-H(122) 
N(11)-C(12)-H(123) 
H(121)-C(12)-H(123) 
H(122)-C(12)-H(123) 
N(11)-C(13)-H(131) 
N(11)-C(13)-H(132) 
H(131)-C(13)-H(132) 
N(Il)-C(13)-H(133) 
H(131)-C(13)-H(133) 
H(132)-C(13)-H(133) 
C(16)-N(14)-C(15) 
c(16)-N(14)-P(l) 
C(15)-N(14)-P(l) 
N(14)-C(15)-H(151) 
N(14)-C(15)-H(152) 
H(151)-C(15)-H(152) 
N(14)-C(15)-H(153) 
H(151)-C(15)-H(153) 
H(152)-C(15)-H(153) 
N(14)-C(16)-H(161) 
N(14)-C(16)-H(162) 
H(161)-C(16)-H(162) 

110.8(3) 
116.9 (3) 
104.9(4) 
110.2(3) 
108.9(4) 
104.7(4) 
111.0(9) 
125.4(7) 
123.6(7) 
109.5(7) 
109.5(6) 
109.5 
109.5(8) 
109.47(6) 
109.47(7) 
109.5(9) 
109.5(6) 
109.47 (5) 
109.5(9) 
109.47(11) 
109.47(10) 
113.0(7) 
124.1(7) 
122.4 (7) 
109.5(5) 
109.5(7) 
109.47(8) 
109.5(7) 
109.5 
109.47 (13) 
109.5(5) 
109.5(6) 
109.5 
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N(14)-C(16)-H(163) 
H(161)-C(16)-H(163) 
H(162)-C(16)-H(163) 
C(18)-N(17)-C(19) 
C (18) -N (17) -P (1) 
C(19)-N(17)-P(l) 
N(17)-C(18)-H(181) 
N(17)-C(18)-H(182) 
H(181)-C(18)-H(182) 
N(17)-C(18)-H(183) 
H(181)-C(18)-H(183) 
H(182)-C(18)-H(183) 
N(17)-C(19)-H(191) 
N(17)-C(19)-H(192) 
H(191)-C(19)-H(192) 
N(17)-C(19)-H(193) 
H(191)-C(19)-H(193) 
H(192)-C(19)-H(193) 
0(2)-P(2)-N(27) 
0(2)-P(2)-N(24) 
N(27)-P(2)-N(24) 
0(2)-P(2)-N(21) 
N(27) -P(2) -N(21) 
N(24)-P(2)-N(21) 
C(22)-N(2l)-C(23) 
C(22) -N(21) -P(2) 
C(23)-N(2l)-P(2) 
N(21) -C (22) -H(221) 
N(2l)-C(22)-H(222) 
H(221)-C(22)-H(222) 
N(2l)-C(22)-H(223) 
H(221)-C(22)-H(223) 
H(222)-C(22)-H(223) 
N(2l)-C(23)-H(231) 
N(21) -C (23) -H(232) 
H(231)-C(23)-H(232) 
N(2l)-C(23)-H(233) 
H(231)-C(23)-H(233) 
H(232)-C(23)-H(233) 
C(26)-N(24)-C(25) 
c(26) -N(24) -P(2) 
C(25)-N(24)-P(2) 
N(24)-C(25)-H(251) 
N(24)-C(25)-H(252) 
H (251) -C (25) -H (252) 
N(24)-C(25)-H(253) 
H(251)-C(25)-H(253) 
H(252)-C(25)-H(253) 
N(24)-C(26)-H(261) 
N(24)-C(26)-H(262) 
H(261)-C(26)-H(262) 
N(24)-C(26)-H(263) 
H(261)-C(26)-H(263) 
H(262)-C(26)-H(263) 
C(29)-N(27)-C(28) 
C(29)-N(27)-P(2) 
C(28)-N(27)-P(2) 
N(27)-C(28)-H(281) 
N(27)-C(28)-H(282) 
H (281) -C (28) -H (282) 
N(27)-C(28)-H(283) 
H(281)-C(28)-H(283) 
H(282)-C(28)-H(283) 
N(27) -C(29) -H(291) 
N(27)-C(29)-H(292) 
H(291)-C(29)-H(292) 
N(27)-C(29)-H(293) 
H(291)-C(29)-H(293) 

109.5(6) 
109.47(8) 
109.5 
112.1(9) 
124.7(7) 
114.1(7) 
109.5(7) 
109.5(7) 
109.47(9) 
109.5(6) 
109.47(10) 
10-9.5(2) 
109.5(5) 
109.5(6) 
109.5 
109.5(6) 
109.5(2) 
109.5 
118.6(3) 
110.0(3) 
103.8(3) 
109.6(3) 
103.0(3) 
111.7 (3) 
112.1(7) 
121.8(6) 
124.0(5) 
109.5(5) 
109.5(5) 
109.47(6) 
109.5(6) 
109.47(7) 
109.47 (9) 
109.5(5) 
109.5(4) 
109.5 
109.5(5) 
109.47 (6) 
109.5 
112.9(7) 
121.0(6) 
124.1(6) 
109.5(5) 
109.5(5) 
109.5 
109.5(5) 
109.47(6) 
109.5 
109.5(4) 
109.5(6) 
109.47(9) 
109.5(6) 
109.47(li) 
109.5 
111.3 (6) 
119.7 (5) 
121.0(5) 
109.5(4) 
109.5(4) 
109.5 
109.5(4) 
109.5 
109.5 
109.5(4) 
109.5(4) 
109.5 
109.5(4) 
109.47(6) 



H(292)-C(29)-H(293) 
C(101)-N(l)-H(lA) 
C(101)-N(l)-H(lB) 
H (1A) -N (1) -H (1B) 
N(l)-C(101)-B(104) 
N(l)-C(101)-B(105) 
B(104)-C(101)-B(105) 
N(l)-C(101)-B(103) 
B(1U4)-Ctlul)-B(103) 
B(105)-C(101)-B(103) 
N (1) -C (101) -B (106) 
B(104)-C(101)-B(106) 
B(105)-C(101)-B(106) 
B(103)-C(101)-B(106) 
N(l)-C(101)-C(102) 
B(104)-C(101)-C(102) 
B(105)-C(101)-C(102) 
B(103)-C(101)-C(102) 
B(106)-C(101)-C(102) 
C(113)-C(102)-B(107) 
C(113)-C(102)-B(111) 
B(107)-C(102)-B(111) 
C(113)-C(102)-B(103) 
B(107)-C(102)-B(103) 
B(111)-C(102)-B(103) 
C(113)-C(102)-B(106) 
B(107)-C(102)-B(106) 
B(111)-C(102)-B(106) 
B(103)-C(102)-B(106) 
C(113)-C(102) - C(101) 
B(107)-C(102) - C(101) 
B(111)-C(102)-C(101) 
B(103)-C(102) - C(101) 
B(106)-C(102) - C(101) 
c(102)-B(103) - C(101) 
C(102)-B(103)-B(104) 
C(101)-B(103)-B(104) 
C(102)-B(103)-B(108) 
C(101)-B(103)-B(108) 
B(104)-B(103)-B(108) 
c(102)-B(103)-B(107) 
C(101)-B(103)-B(107) 
B(104)-B(103)-B(107) 
B(108)-B(103)-B(107) 
c(102)-B(103)-H(103) 
C(101)-B(103)-H(103) 
B(104)-B(103)-H(103) 
B(108)-B(103)-H(103) 
B(107)-B(103)-H(103) 
C(101)-B(104)-B(108) 
C(101)-B(104)-B(103) 
B(108)-B(104)-B(103) 
C(101)-B(104)-B(109) 
B(108)-B(104)-B(109) 
B(103)-B(104)-B(109) 
C(101)-B(104)-B(105) 
B(108)-B(104)-B(105) 
B(103)-B(104)-B(105) 
B(109)-B(104)-B(105) 
C(101)-B(104)-H(104) 
B(108)-B(104)-H(104) 
B(103)-B(104)-H(104) 
B(109)-B(104)-H(104) 
B(105)-B(104)-H(104) 
C(101)-B(105)-B(106) 
C(101)-B(105)-B(104) 
B(106)-B(105)-B(104) 
C(101)-B(105)-B(110) 

109.5 
112(5) 
119(4) 
118(7) 
128.3(6) 
125.4(5) 

64.5(5) 
117.6(5) 

62.4(4) 
113.9(6) 
116.3(6) 
111.8(6) 

61.9(4) 
106.7(5) 
114.9(5) 
106.3 (5) 
107.2(5) 

57.0(3) 
57.1(3) 

122.2(5) 
122.6(5) 

63.5(4) 
117.3(5) 

63.3 (4) 
114.1(5) 
118.9 (5) 
113.4 (5) 

63.1(4) 
108.4(5) 
118.4(5) 
108.6(5) 
109.4 (5) 

57.6(4) 
58.5(3) 
65.3(4) 

108.7(5) 
57.1(4) 

105.2(5) 
104.5(5) 

58.3(5) 
57.6(4) 

110.2(5) 
107.8(5) 

60.2(5) 
121.0(3) 
120.9(3) 
122.8(3) 
124.6(3) 
121.3(3) 
109.6(6) 

60.5(4) 
61.2(5) 

107.5(6) 
60.4(5) 

108.7(6) 
58.3 (4) 

109.4(6) 
107.6(6) 

60.7(4) 
122.0(4) 
120.1(4) 
121.2(3) 
121.5(4) 
122.0(4) 

61.0(4) 
57.2(4) 

105.4 (5) 
107.3(6) 
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B(106)-B(105)-B(110) 
B(104)-B(105)-B(110) 
C(101)-B(105)-B(109) 
B(106)-B(105)-B(109) 
B(104)-B(105)-B(109) 
B(110)-B(105)-B(109) 
C(101)-B(105)-H(105) 
B(106)-B(105)-H(105) 
B(104)-B(105) - H(105) 
B(110)-B(105)-H(105) 
B(109)-B(105)-H(105) 
C(102)-B(106)-C(101) 
C(102)-B(106)-B(110) 
C(101)-B(106)-B(110) 
C(102)-B(106)-B(105) 
C(101)-B(106)-B(105) 
B(110)-B(106)-B(105) 
C(102)-B(106)-B(111) 
C(101)-B(106)-B(111) 
B(110)-B(106)-B(111) 
B(105)-B(106)-B(111) 
C(102)-B(106)-H(106) 
C(101)-B(106)-H(106) 
B(110)-B(106)-H(106) 
B(105)-B(106)-H(106) 
B(111)-B(106)-H(106) 
C(102)-B(107)-B(112) 
C(102)-B(107)-B(111) 
B(112)-B(107) - B(111) 
C(102)-B(107)-B(108) 
B(112)-B(107)-B(108) 
B(111)-B(107)-B(108) 
C(102)-B(107)-B(103) 
B(112)-B(107)-B(103) 
B(111)-B(107)-B(103) 
B(108)-B(107)-B(103) 
C(102)-B(107)-H(107) 
B(112)-B(107)-H(107) 
B(111)-B(107)-H(107) 
B(108)-B(107)-H(107) 
B(103)-B(107)-H(107) 
B(104)-B(108)-B(109) 
B(104)-B(108)-B(112) 
B(109)-B(108)-B(112) 
B(104)-B(108)-B(103) 
B(109)-B(108)-B(103) 
B(112)-B(108) - B(103) 
B(104)-B(108) - B(107) 
B(109)-B(108)-B(107) 
B(112)-B(108)-B(107) 
B(103)-B(108)-B(107) 
B(104)-B(108)-H(108) 
B(109)-B(108)-H(108) 
B(112)-B(108)-H(108) 
B(103)-B(108)-H(108) 
B(107)-B(108)-H(108) 
B(112)-B(109)-B(108) 
B(112)-B(109)-B(110) 
B(108)-B(109)-B(110) 
B(112)-B(109)-B(104) 
B(108)-B(109)-B(104) 
B(110)-B(109)-B(104) 
B(112)-B(109) - B(105) 
B(108)-B(109)-B(105) 
B(110)-B(109)-B(105) 
B(104)-B(109)-B(105) 
B(112)-B(109)-H(109) 
B(108)-B(109)-H(109) 

59 .1 (5: 
105.8 (6: 
105.5 (5: 
106.0 (6ý 

59 .4 (4: 
59.1(5ý 

122.6 (4 ý 
122.5(3) 
123 .8W, 122.5(3) 
123.0(4) 

64.4(3) 
105.1(5) 
105.8(5) 
109.3(5) 

57.1(4) 
61.1(5) 
57.4(4) 

109.5(5) 
59.8(4) 

110.0(6) 
121.7(3) 
121.3 (3) 
123.5(3) 
121.0(3) 
121.3 (3) 
105.5(5) 

58.3 (4) 
60.3 (4) 

105.9(5) 
59.5(5) 

107.7(6) 
59.2(4) 

106.7 (6) 
106.7(5) 

59.5(5) 
123.8(3) 
122.5(4) 
122.0(4) 
122.2(4) 
122.4(3) 

61.6(5) 
108.7(6) 

59.2(5) 
60.5(5) 

109.1(6) 
107.6(6) 
109.6(6) 
108.5(6) 

60.0(5) 
60.3(4) 

120.3 (4) 
121.2(4) 
122.3 (4) 
121.6(3) 
121.1(4) 

60.5(5) 
60.1(5) 

107.5(6) 
107.0(6) 

58.0(5) 
107.1(6) 
108.6(6) 
106.8(6) 

60.2(5) 
59.9(5) 

121.3(4) 
122.6(4) 
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B(110)-B(109)-H(109) 
B(104)-B(109)-H(109) 
B(105)-B(109)-H(109) 
B(106)-B(110)-B(112) 
B(106)-B(110)-B(111) 
B(112)-B(110)-B(111) 
B(106)-B(110)-B(109) 
B(112)-B(110)-B(109) 
B(111)-B(110)-B(109) 
B(106)-B(110)-B(105) 
B(112)-B(110)-B(105) 
B(111)-B(110)-B(105) 
B(109)-B(110)-B(105) 
B(106)-B(110)-H(110) 
B(112)-B(110)-H(110) 
B(111)-B(110)-H(110) 
B(109)-B(110)-H(110) 
B(105)-B(110)-H(110) 
C(102)-B(111)-B(110) 
C(102)-B(111)-B(107) 
B(110)-B(111)-B(107) 
C(102)-B(111)-B(112) 
B(110)-B(111)-B(112) 
B(107)-B(111)-B(112) 
C(102)-B(111)-B(106) 
B(110)-B(111)-B(106) 
B(107)-B(111)-B(106) 
B(112)-B(111)-B(106) 
C(102)-B(111)-H(111) 
B(110)-B(111)-H(111) 
B(107)-B(Ill)-H(111) 
B(112)-B(Ill)-H(111) 
B(106)-B(Ill)-H(111) 
B(109)-B(112)-B(110) 
B(109)-B(112)-B(108) 
B(110)-B(112)-B(108) 
B(109)-B(112)-B(107) 
B(110)-B(112)-B(107) 
B(108)-B(112)-B(107) 
B(109)-B(112)-B(111) 
B(110)-B(112)-B(111) 
B(108)-B(112)-B(111) 
B(107)-B(112)-B(111) 
B(109)-B(112)-H(112) 
B(110)-B(112)-H(112) 
B(108)-B(112)-H(112) 
B(107)-B(112)-H(112) 
B(111)-B(112)-H(112) 
C(118)-C(113)-C(114) 
C(118)-C(113)-C(102) 
C(114)-C(113)-C(102) 
C(115)-C(114)-C(113) 
c(115)-C(114)-H(114) 
C(113)-C(114)-H(114) 
C(116)-C(115)-C(114) 
C(116)-C(115)-H(115) 
C(114)-C(115)-H(115) 
c(117)-C(116)-C(115) 
c(117)-C(116)-H(116) 
C(115)-C(116)-H(116) 
C(116)-C(117)-C(118) 
C(116)-C(117)-H(117) 
C(118)-C(117)-H(117) 
C(113)-C(118)-C(117) 
C(113)-C(118)-H(118) 
C(117)-C(118)-H(118) 
C(201)-N(2)-H(2A) 
C(201)-N(2)-H(2B) 

121.8(4) 
123.0(4) 
121.6(4) 
107.9(5) 

60.9(4) 
60.7(4) 

107.7(5) 
59.0(5) 

108.7(5) 
59.7 (4) 

108.0(5) 
109.7 (5) 

60.7(5) 
121.9 (3) 
122.1(4) 
120.4(4) 
121.9(4) 
121.1(3) 
106.4 (5) 

58.2(4) 
107.6(6) 
104.9 (5) 

59.4(5) 
59.8(4) 
59.5(4) 
59.3 (4) 

106.3 (5) 
105.7 (6) 
123.5(3) 
122.0(4) 
122.3 (4) 
123.2(4) 
122.8(3) 

60.9(5) 
60.3 (5) 

107.9(6) 
109.7 (6) 
108.0(6) 

60.5(5) 
109.6(6) 

59.9 (4) 
108.1(6) 

59.9(4) 
120.2(4) 
121.8(4) 
121.8(4) 
121.2(4) 
121.5(4) 
117.3 (6) 
119.9 (6) 
122.8(6) 
121.7 (6) 
119.1(4) 
119.1(4) 
120.5(7) 
119.7 (5) 
119.7 (4) 
118.6(7) 
120.7 (5) 
120.7(5) 
121.8(7) 
119.1(5) 
119.1(4) 
120.0(6) 
120.0(4) 
120.0(4) 
119(4) 
126(4) 
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H (2A) -N (2) -H (2 B) 
N(2)-C(201)-B(205) 
N(2)-C(201)-B(204) 
B(205)-C(201)-B(204) 
N(2)-C(201)-B(203) 
B(205)-C(201)-B(203) 
B(204)-C(201)-B(203) 
N(2)-C(201)-B(206) 
B(205)-C(201)-B(206) 
B(204)-C(201)-B(206) 
B(203)-C(201)-B(206) 
N(2) -C (201) -C(202) 
B(205)-C(201)-C(202) 
B(204)-C(201)-C(202) 
B(203)-C(201)-C(202) 
B(206)-C(201)-C(202) 
C(213)-C(202)-B(211) 
C(213)-C(202)-B(207) 
B(211)-C(202)-B(207) 
C(213)-C(202)-B(206) 
B(211)-C(202)-B(206) 
B(207)-C(202)-B(206) 
C(213)-C(202)-B(203) 
B(211)-C(202)-B(203) 
B(207)-C(202)-B(203) 
B(206)-C(202)-B(203) 
C(213)-C(202)-C(201) 
B(211)-C(202)-C(201) 
B(207)-C(202)-C(201) 
B(206)-C(202)-C(201) 
B(203)-C(202)-C(201) 
C(202)-B(203)-C(201) 
C(202)-B(203)-B(204) 
C(201)-B(203)-B(204) 
C(202)-B(203)-B(207) 
C(201)-B(203)-B(207) 
B(204)-B(203)-B(207) 
C(202)-B(203)-B(208) 
C(201)-B(203)-B(208) 
B(204)-B(203)-B(208) 
B(207)-B(203)-B(208) 
C(202)-B(203)-H(203) 
C(201)-B(203)-H(203) 
B(204)-B(203)-H(203) 
B(207)-B(203)-H(203) 
B(208)-B(203)-H(203) 
C(201)-B(204)-B(208) 
C(201)-B(204)-B(209) 
B(208)-B(204)-B(209) 
C(201)-B(204)-B(203) 
B(208)-B(204)-B(203) 
B(209)-B(204)-B(203) 
C(201)-B(204)-B(205) 
B(208)-B(204)-B(205) 
B(209)-B(204)-B(205) 
B(203)-B(204)-B(205) 
C(201)-B(204)-H(204) 
B(208)-B(204)-H(204) 
B(209)-B(204)-H(204) 
B(203)-B(204)-H(204) 
B(205)-B(204)-H(204) 
C(201)-B(205)-B(209) 
C(201)-B(205)-B(210) 
B(209)-B(205)-B(210) 
C(201)-B(205)-B(206) 
B(209)-B(205)-B(206) 
B(210)-B(205)-B(206) 
C(201)-B(205)-B(204) 

107(6) 
127.1(5) 
125.7(6) 

63.5(5) 
116.7(6) 
112.1(6) 

62.3 (4) 
118.3(5) 

61.7(4) 
112.1(6) 
107.0(5) 
116.1(6) 
10*6.1 (5) 
106.9(5) 

57.7(4) 
57.0(4) 

121.2(5) 
125.0(5) 

63.7(4) 
115.1(5) 

62.9(4) 
113.6(5) 
119.7(5) 
114.4(6) 

63.3 (4) 
109.1(5) 
116.8(5) 
109.8(5) 
109.3 (5) 

58.8(4) 
58.3 (4) 
64.1(3) 

109.0(5) 
58.5(4) 
57.8(4) 

109.6(5) 
108.0(6) 
104.7 (6) 
105.2(6) 

58.7(5) 
59.5(5) 

121.5(4) 
120.8(4) 
122.0(4) 
121.7(3) 
124.6(4) 
107.6(6) 
105.1(6) 

60.8(6) 
59.2(4) 
61.0(5) 

108.0(6) 
57.9(4) 

106.6(7) 
58.0(5) 

105.4 (5) 
123.4 (4) 
121.0(4) 
122.5(4) 
121.9(4) 
124.1(4) 
107.2(6) 
107.6(6) 

61.3(5) 
60.0(4) 

108.4 (7) 
59.5(5) 
58.5(4) 
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B(209)-B(205)-B(204) 
B(210)-B(205)-B(204) 
B(206)-B(205)-B(204) 
C(201)-B(205)-H(205) 
B(209)-B(205)-H(205) 
B(210)-B(205)-H(205) 
B(206)-B(205)-H(205) 
B(204)-B(205)-H(205) 
C(202)-B(206)-C(201) 
C(202)-B(206)-B(210) 
C(201)-B(206)-B(210) 
C(202)-B(206)-B(205) 
C(201)-B(206)-B(205) 
B(210)-B(206)-B(205) 
C(202)-B(206)-B(211) 
C(201)-B(206)-B(211) 
B(210)-B(206)-B(211) 
B(205)-B(206)-B(211) 
C(202)-B(206)-H(206) 
C(201)-B(206)-H(206) 
B(210)-B(206)-H(206) 
B(205)-B(206)-H(206) 
B(211)-B(206)-H(206) 
C(202)-B(207)-B(212) 
C(202)-B(207)-B(208) 
B(212)-B(207)-B(208) 
C(202)-B(207)-B(211) 
B(212)-B(207)-B(211) 
B(208)-B(207)-B(211) 
C(202)-B(207)-B(203) 
B(212)-B(207)-B(203) 
B(208)-B(207)-B(203) 
B(211)-B(207)-B(203) 
C(202)-B(207)-H(207) 
B(212)-B(207)-H(207) 
B(208)-B(207)-H(207) 
B(211)-B(207)-H(207) 
B(203)-B(207)-H(207) 
B(204)-B(208)-B(212) 
B(204)-B(208)-B(207) 
B(212)-B(208)-B(207) 
B(204)-B(208)-B(209) 
B(212)-B(208)-B(209) 
B(207)-B(208)-B(209) 
B(204)-B(208)-B(203) 
B(212)-B(208)-B(203) 
B(207)-B(208)-B(203) 
B(209)-B(208)-B(203) 
B(204)-B(208)-H(208) 
B(212)-B(208)-H(208) 
B(207)-B(208)-H(208) 
B(209)-B(208)-H(208) 
B(203)-B(208)-H(208) 
B(205)-B(209)-B(204) 
B(205)-B(209)-B(210) 
B(204)-B(209)-B(210) 
B(205)-B(209)-B(208) 
B(204)-B(209)-B(208) 
B(210)-B(209)-B(208) 
B(205)-B(209)-B(212) 
B(204)-B(209)-B(212) 
B(210)-B(209)-B(212) 
B(208)-B(209)-B(212) 
B(205)-B(209)-H(209) 
B(204)-B(209)-H(209) 
B(210)-B(209)-H(209) 
B(208)-B(209)-H(209) 
B(212)-B(209)-H(209) 

60.0(5) 
108.4(6) 
106.9(5) 
122.6(4) 
121.2(4) 
121.2(4) 
122.1(3) 
122.4(4) 

64.2(4) 
105.4(5) 
106.6(6) 
10.9.0(5) 

58.3(4) 
60.0(5) 
58.1(4) 

110.2(5) 
59.5(5) 

108.7(5) 
121.5(4) 
120.4(3) 
123.7(4) 
121.7(3) 
121.4(3) 
105.2(5) 
106.1(6) 

59.8(5) 
57.8(4) 
60.1(5) 

107.6(6) 
58.9(4) 

107.4(6) 
60.3(5) 

106.3(5) 
124.1(4) 
122.4(4) 
121.8(4) 
122.5(4) 
122.2(3) 
109.4(6) 
110.0(6) 

59.3(5) 
60.1(5) 
60.8(5) 

108.3(6) 
60.4(5) 

106.8(6) 
60.2(5) 

107.0(6) 
120.3(4) 
121.8(4) 
121.1(4) 
121.8(4) 
122.6(4) 

61.9 (5) 
60.0(5) 

108.9(6) 
108.3(7) 

59.1(5) 
106.7(7) 
108.0(6) 
107.2(7) 

59.6(5) 
59.1(6) 

120.7(4) 
121.2(4) 
122.0(4) 
122.8(4) 
122.5(5) 

248 



B(211)-B(210)-B(206) 
B(211)-B(210)-B(205) 
B(206)-B(210)-B(205) 
B(211)-B(210)-B(212) 
B(206)-B(210)-B(212) 
B(205)-B(210)-B(212) 
B(211)-B(210)-B(209) 
B(206)-B(210)-B(209) 
B(205)-B(210)-B(209) 
B(212)-B(210)-B(209) 
B(211)-B(210)-H(210) 
B(206)-B(210)-H(210) 
B(205)-B(210)-H(210) 
B(212)-B(210)-H(210) 
B(209)-B(210)-H(210) 
C(202)-B(211)-B(210) 
C(202)-B(211)-B(206) 
B(210)-B(211)-B(206) 
C(202)-B(211)-B(212) 
B(210)-B(211)-B(212) 
B(206)-B(211)-B(212) 
C(202)-B(211)-B(207) 
B(210)-B(211)-B(207) 
B(206)-B(211)-B(207) 
B(212)-B(211)-B(207) 
C (202) -B(211) -H(211) 
B(210)-B(211)-H(211) 
B(206)-B(211)-H(211) 
B(212)-B(211)-H(211) 
B(207)-B(211)-H(211) 
B(207)-B(212)-B(208) 
B(207)-B(212)-B(211) 
B(208)-B(212)-B(211) 
B(207)-B(212)-B(210) 
B(208)-B(212)-B(210) 
B(211)-B(212)-B(210) 
B(207)-B(212)-B(209) 
B(208)-B(212)-B(209) 
B(211)-B(212)-B(209) 
B(210)-B(212)-B(209) 
B(207)-B(212)-H(212) 
B(208)-B(212)-H(212) 
B(211)-B(212)-H(212) 
B(210)-B(212)-H(212) 
B(209)-B(212)-H(212) 
c(218)-C(213)-C(214) 
C(218)-C(213)-C(202) 
C(214)-C(213)-C(202) 
C(215)-C(214)-C(213) 
C(215)-C(214)-H(214) 
C(213)-C(214)-H(214) 
C(214)-C(215)-C(216) 
C(214)-C(215)-H(215) 
C(216)-C(215)-H(215) 
C(217)-C(216)-C(215) 
C(217)-C(216)-H(216) 
C(215)-C(216)-H(216) 
C(216)-C(217)-C(218) 
C(216)-C(217)-H(217) 
C(218)-C(217)-H(217) 
C(213)-C(218)-C(217) 
C(213)-C(218)-H(218) 
C(217)-C(218)-H(218) 

60.9(4) 
110.3(5) 

60.5(4) 
60.4(5) 

107.7(6) 
107.8(6) 
109.6(6) 
107.1(6) 

58.7(5) 
60.6(5) 

119.9(4) 
122.0(4) 
121.4(4) 
121.9(4) 
122.0(4) 
106.2(5) 

59.0(4) 
59.6(4) 

104.8(5) 
60.6(5) 

106.9(6) 
58.5(4) 

107.7(6) 
106.4(5) 

59.0(5) 
123.8(3) 
121.6(4) 
122.5(3) 
122.8(4) 
122.6(4) 

60.9(5) 
61.0(5) 

109.2(7) 
108.0(6) 
107.8(7) 

59-0(4) 
109.2(7) 

60.2(6) 
108.0(6) 

59.9(5) 
120.7(4) 
121.1(4) 
121.5(4) 
122.5(4) 
121.5(5) 
116.6(7) 
122.8(6) 
120.5(6) 
122-0(7) 
119.0(5) 
119-0(4) 
120.7(7) 
119.6(5) 
119.6(5) 
119.1(8) 
120.5(5) 
120.5(5) 
120.1(8) 
119.9(5) 
119.9(5) 
121.4 (7) 
119.3 (4) 
119.3(5) 
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Symmetry transformations used to generate equivalent atoms: 
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Table 5. Anisotropic displacement 
The anisotropic displacement factor 

-2 pi^2 [ h^2 a*^2 Ull + ... +2h 

Uli U22 U33 

parameters (Aý2 
exponent takes 

k a* b* U12 I 

U23 

x 10^3) for 1. 
the form: 

U13 U12 

P(l) 66(l) 62(l) 70(l) 6(l) 29(l) 6(l) 
0(1) 65(3) 104(4) 92(3) 13(3) 20(2) 7(3) 
N(11) 89(5) 160(7) 113(5) -9(5) 61(4) 7(5) 
C(12) 196(12) 415(24) 213(11) -208(14) 134(10) -100(13) C(13) 101(8) 617(40) 173(10) -68(16) 56(8) 92(15) 
N(14) 100(5) 115(5) 108(5) 39(4) 50(4) 6(4) 
C(15) 149(11) 474(28) 196(11) 221(16) 53(10) 67(14) 
C(16) 261(13) 143(9) 132(7) -20(6) 97 (9) -117(9) N(17) 102(5) 79(5) 113(5) 8(4) 38(4) 0(4) 
C(18) 245(15) 250(16) 236(12) -156(13) 168(12) -90(12) 
C(19) 276(17) 156(12) 215(12) 54(10) 76(12) -63(11) 
P(2) 76(l) 68(l) 62(l) 2(l) 34(l) -1(1) 0(2) 89(3) 79(3) 82(2) 1(2) 55(2) -4(3) 
N(21) 79(4) 101(5) 78(3) -21(3) 34 (3) -19(4) C(22) 126(8) 191(10) 176(9) -105(9) 66(7) -45(8) 
C(23) 109(7) 215(12) 167(8) -55(8) 94 (6) -47(7) 
N(24) 123(6) 95(5) 74(4) 23(3) 43 (4) 18(4) 
C(25) 215(12) 201(11) 103(6) 44(7) 85(8) 24 (9) 
C(26) 247(14) 173(11) 108(7) 43(7) 50(8) 123(11) 
N(27) 100(5) 77(4) 81(4) -11(4) 43 (4) -8(4) C(28) 139(8) 105(6) 114(6) -35(5) 48(6) -8(6) 
C(29) 169(9) 79(6) 128(6) -1(5) 68(6) 28(6) 
N(l) 119(6) 63(4) 69(4) -3(3) 41(4) -31(4) 
C(101) 78(5) 47(4) 59(4) 0(3) 30(4) -7(4) 
C(102) 54(4) 47(4) 63 (4) 1(3) 25(3) 0(3) 
B(103) 69(6) 56(5) 54 (4) 7(4) 16(4) 7(4) 
B(104) 81(7) 69(6) 61(4) -2(4) 23 (5) 13(5) 
B(105) 87(6) 92(6) 59(4) 4(4) 38(5) 9(5) 
B(106) 78(6) 54(4) 49(4) -1(3) 20(4) -5(4) B(107) 62(6) 71(5) 67(5) -6(4) 19(4) -20(5) B(108) 56(5) 106(7) 70(5) -3(5) 22(4) 3(5) 
B(109) 81(7) 117(8) 75(5) -8(5) 44 (5) -3(6) B(110) 77(6) 91(6) 65(5) 4(4) 39(5) -9(5) B(111) 67(5) 68(5) 67(4) OW 29(4) -17(4) B(112) 73(6) 84(6) 88(6) 1(5) 45(5) -10(5) C(113) 49(5) 49(4) 67(4) -4(3) 23 (4) -7(3) C(114) 64(5) 79(5) 67(4) OW 21(4) -7(4) C(115) 46(5) 99(6) 100(6) 7(5) 25(4) 4(4) 
C(116) 59(6) 87(6) 106(6) -10(5) 39(5) -13(4) C(117) 82(6) 111(6) 94(5) -25(5) 53(5) -8(5) 
C(118) 51(5) 106(5) 64(4) -19(4) 22(4) OW 
N(2) 88(5) 60(4) 78(4) 8(3) 29(4) -21(4) C(201) 99(6) 52(4) 59(4) 3(3) 36(4) -5(4) C(202) 59(4) 43 (4) 62(4) 6(3) 26(3) 4(3) 
B(203) 103(7) 63(5) 61(4) 9(4) 42(5) 4(5) 
B(204) 125(9) 77(6) 76(5) -3(5) 65(6) 28(6) 
B(205) 74(6) 86(6) 81(5) 21(5) 28(5) 27(5) 
B(206) 63(5) 59(5) 62(4) 15(4) 20(4) OW 
B(207) 77(6) 73(6) 84(5) 17(5) 41(5) -7(5) B(208) 109(8) 113(8) 85(6) 9(6) 65(6) 3(7) 
B(209) 104(8) 117(9) 116(7) 4(6) 75(7) 25(7) 
B(210) 61(6) 97(7) 93 (6) -5(5) 37 (5) 4(5) 
B(211) 57 (5) 68(5) 73(5) -3(4) 26(4) -19(4) B(212) 90(7) 97(7) 115(7) 15(6) 61(6) -2(6) C(213) 58(5) 46(4) 58(4) 7(3) 16(4) -3(3) C(214) 59(5) 81(5) 94(5) -16(4) 30(4) -6(4) C(215) 74(6) 99(6) 108(6) -30(5) 40(6) -6(5) C(216) 64 (6) 88(6) 119(6) -3(5) 32(5) 8(5) 
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C (217) 74 (7) 95(6) 84(5) 3(5) 18(5) 8(5) 
C (218) 73(6) 84(5) 64(4) 2(4) 19(5) 7(5) 
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Table 6. Hydrogen coordinates (x 10ý4) and isotropic 
displacement parameters (A^2 x 10-3) for 1. 

x y z U (eq) 

H(121) 6944(151) 7785(40) 3403 (38) 387 
H (122) 5716(22) 7501(72) 3644(65) 387 
H (123) 7112(132) 7128(30) 3991(27) 387 
H(131) 9008(12) 7388(36) 5418(155) 448 
H(132) 9058(13) 7816(98) 6480(20) 448 
H(133) 9054(13) 8106(54) 5293(140) 448 
H(151) 7719(12) 7387(85) 8627(55) 421 
H(152) 8375(82) 7918(18) 8160(107) 421 
H(153) 8391(80) 7237(62) 7727(60) 421 
H(161) 5598(54) 7193(35) 7743(8) 261 
H(162) 5426(62) 6880(16) 6519(73) 261 
H(163) 4536(17) 7466(18) 6484(71) 261 
H(181) 7000(146) 9466(13) 7153 (95) 331 
H(182) 7320(114) 8883(43) 7994(19) 331 
H(183) 5787(33) 9004(56) 6994(80) 331 
H(191) 7984(124) 9457(37) 5989(26) 339 
H(192) 6533 (20) 9290(52) 4908(78) 339 
H(193) 7866(130) 8890(16) 5148(97) 339 
H(221) 4678(21) 9164(28) 11528(45) 246 
H(222) 6176(66) 9199(25) 11551(45) 246 
H(223) 5861(81) 8707(6) 12350(9) 246 
H(231) 6300(61) 8848(7) 9903 (66) 227 
H(232) 5718(36) 8190(31) 9404(46) 227 
H(233) 6934 (33) 8265(34) 10723 (30) 227 
H(251) 2085(11) 8745(44) 6904(10) 251 
H(252) 3455(83) 8363(20) 7644(51) 251 
H(253) 3478(81) 9083(22) 7762(44) 251 
H(261) 954(68) 9221(33) 7798(8) 278 
H(262) 2044 (13) 9480(16) 9059 (76) 278 
H(263) 991(67) 8959(16) 9018(78) 278 
H(281) 2644(18) 7107(26) 7847 (33) 183 
H(282) 1634 (29) 7594(7) 8007(39) 183 
H(283) 1993 (43) 6982(21) 8772(10) 183 
H(291) 5017(50) 6927(21) 9822(20) 186 
H(292) 4041(13) 6857(17) 10493 (45) 186 
H(293) 5240(40) 7354(4) 10936(29) 186 
H(lA) 7509(71) 3759(28) 7763(31) 100 
H(lB) 6642(58) 3698(25) 6372 (39) 100 
H(10' 9188(8) 4648(3) 9102(6) 76 
H(104) 10410(9) 3808(4) 7951(6) 88 
H(105) 8601(9) 3881(4) 5280(6) 92 
H(106) 6460(9) 4800(3) 4985(6) 76 
H(107) 9621(8) 5899(4) 8410(6) 84 
H(108) 11742(9) 4951(4) 8775(7) 95 
H(109) 11358(10) 4520(5) 6377 (7) 105 
H(110) 8895(8) 5144(4) 4538(7) 89 
H(111) 7841(8) 6004(4) 5776(6) 81 
H(112) 10889(9) 5791(4) 6695(7) 94 
H(114) 5079(8) 5288(3) 5661(6) 87 
H(115) 3251(8) 5564(4) 6101(7) 100 
H(116) 3631(8) 5756(3) 8087(8) 99 
H(117) 5875(9) 5753(4) 9581(7) 109 
H(118) 7744(7) 5442(3) 9180(6) 90 
H(2A) 3520(52) 7540(29) 3277(31) 93 
H(2B) 2894(64) 7667(24) 1981(42) 93 
H(203) 3008(9) 6609(3) 4520(6) 88 
H(204) 1047(10) 7644(4) 3948(7) 102 
H(205) -307(8) 7724(4) 1221(7) 99 
H(206) 922(8) 6740(3) 369 (6) 76 
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H (207) 1296(9) 5491(4) 3647 (7) 91 
H (208) 205(10) 6497(5) 4572(8) 113 
H(209) -1793(12) 7201(5) 2475(8) 123 
H(210) -1880(8) 

6607(4) 277(7) 99 

H(211) -24(8) 5576(4) 957(6) 80 

H(212) -1608(11) 5853(5) 2367(8) 114 

H(214) 2016(8) 5581(3) 648(7) 95 

H(215) 3885(9) 5192(4) 432(7) 112 
H(216) 6152(9) 5349(4) 1928(8) 112 
H(217) 6489(9) 5930(4) 3607(7) 108 
H(218) 4573(9) 6308(3) 3860(6) 92 



Methyl(triphenyl)phosphonium 1-oxo-2-phenyl-1,2- 

dicarbadodecaborate (2.15) 
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Table I. Crystal data and structure refinement for 1. 

Identification code 

Empirical formula 

Formul a wi ght 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Vol ume 

z 
Density (calculated) 

Absorption coefficient 

ROOM 

Crystal size 

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F^2 

Final R indices [>2sigma(D] 

R indices (all data) 

Largest diff. peak and hole 

126 

C27 H33 B10 0P 

512.60 

150(2) K 

0.71073 A 

Triclinic 

P-1 

a= 10-8453(10) A 
b= 11.2598(10) A 
c= 11.5107(11) A 

1394.7(2) V3 

alpha = 84.9680(10) deg. 
beta = 86.2670(10) deg. 

gamma = 86.2050(10) deg. 

2 

1.221 Mg/M^3 

0.120 me-1 

536 

0.40 x 0.40 x 0.40 mm 
1.78 to 21.00 deg. 

-12<=h<=12, -12<=k<=13, -13<=I<-B 
4393 

2972 [R(int) = 0.04211 

Full-matrix least-squares on FA2 

2902 /0/ 353 

1.153 

Rl = 0.0652. W12 = 0.1312 

Rl = 0.0861, WR2 = 0.1742 

0.208 and -0.308 e. V-3 
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Table 2. Atomic coordinates (x 10'0,4) and equivalent isotropic 
displacement parameters (A'ý, 2 x 10"*-3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

U(eq) 

P(l) 2735(l) 5020(l) 7247(l) 23(l) 
0(1) 3977(3) 6431(3) 3811(3) 29(l) 
CUM 3164(5) 4190(5) 6026(4) 28(l) 
C(11) 1391(4) 5980(4) 6896(4) 21(l) 
C(21) 4002(4) 5881(4) 7521(4) 21(l) 
COD 2298(4) 4036(4) 8501(4) 20(l) 
C(12) 1368(5) 7208(5) 6908(5) 31(l) 
C(13) 314(5) 7898(5) 6605(5) 37(2) 
C(14) -708(5) 7366(5) 6299(5) 31(l) 
C(15) -695(5) 6139(5) 6297(4) 29(l) 
C(16) 355(5) 5441(4) 6601(4) 24(l) 
C(22) 4621(5) 6489(5) 6571(5) 34(l) 
C(23) 5610(5) 7123(5) 6771(5) 42(2) 
C(24) 5978(5) 7199(5) 7876(5) 33(l) 
C(25) 5372(5) 6615(5) 8811(5) 31(l) 
C(26) 4369(5) 5949(5) 8647(4) 30(l) 
C(32) 1665(5) 4520(5) 9454(4) 26(l) 
C(33) 1246(5) 3768(5) 10399(4) 30(l) 
C(34) 1452(5) 2546(5) 10373(5) 32(l) 
C(35) 2093(5) 2066(5) 9439(5) 33(l) 
C(36) 2528(5) 2805(4) 8500(4) 26(l) 
C(D 3524(5) 8711(4) 2561(4) 24(l) 
C(2) 3193(5) 6985(4) 3209(4) 24(l) 
B(3) 3610(6) 7547(5) 1703(5) 27(2) 
BM 2921(6) 8987(6) 1247(6) 33(2) 
B(5) 2178(6) 9548(6) 2520(6) 32(2) 
B(6) 2464(5) 8405(5) 3674(5) 26(2) 
BM 2201(6) 7688(6) 970(6) 37(2) 
B(8) 1296(6) 8924(6) 1513(6) 38(2) 
B(9) 1006(6) 8587(6) 3049(6) 37(2) 
B(10) 1657(5) 7134(5) 3428(5) 28(2) 
B(11) 2402(6) 6566(6) 2128(5) 30(2) 
B(12) 985(6) 7452(6) 2059(6) 34(2) 
CM 4731(4) 9166(4) 2819(4) 23(l) 
CM 5223(5) 8904(5) 3898(5) 30(l) 
C(5) 6369(5) 9292(5) 4109(5) 37(2) 
C(6) 7028(5) 9959(5) 3269(5) 36(2) 
CM 6536(5) 10260(5) 2200(5) 36(l) 
C(8) 5404(5) 9857(5) 1978(5) 33(l) 
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Table 3. Bond lengths [A] and angles [deg] for 1. 

P(D-C(10) 1.776(5) 
P(D-C(2D 1.792(5) 
P(D-C(3D 1.799(5) 
P(D-C(1D 1.803(5) 
O(D-C(2) 1.234(6) 
C(11)-C(12) 1.382(7) 
CUD-C(16) 1.386(7) 
C(2l)-C(26) 1.390(7) 
C(2l)-C(22) 1.396(7) 
C(3l)-C(36) 1.393(7) 
C(3l)-C(32) 1.389(7) 
C(12)-C(13) 1.385(7) 
C(13)-C(14) 1.373(7) 
C(14)-C(15) 1.381(7) 
C(15)-C(16) 1.386(7) 
C(22)-C(23) 1.370(7) 
C(23)-C(24) 1.369(7) 
C(24)-C(25) 1.365(7) 
C(25)-C(26) 1.392(7) 
C(32)-C(33) 1.389(7) 
C(33)-C(34) 1.382(7) 
C(34)-C(35) 1.374(7) 
C(35)-C(36) 1.382(7) 
C(D-C(3) 1.494(7) 
C(D-B(4) 1.682(8) 
C(D-B(6) 1.692(8) 
C(D-B(5) 1.685(8) 
C(D-B(3) 1.704(8) 
C(D-C(2) 2.065(7) 
C(2)-B(10) 1.669(8) 
C(2)-B(11) 1.674(8) 
C(2)-B(3) 1.831(7) 
C(2)-B(6) 1.842(7) 
B(3)-B(11) 1.786(8) 
B(3)-B(7) 1.784(9) 
B(3)-B(4) 1.789(9) 
B(4)-B(7) 1.765(9) 
B(4)-B(5) 1.771(9) 
B(4)-B(8) 1.774(9) 
B(5)-B(8) 1.768(9) 
B(5)-B(9) 1.766(9) 
B(5)-B(6) 1.794(8) 
B(6)-B(9) 1.772(9) 
B(6)-B(10) 1.779(8) 
B(7)-B(11) 1.769(9) 
B(7)-B(12) 1.776(9) 
B(7)-B(8) 1.784(10) 
B(8)-B(12) 1.766(9) 
B(8)-B(9) 1.787(9) 
B(9)-B(10) 1.769(9) 
B(9)-B(12) 1.787(9) 
B(10)-B(12) 1.777(9) 
B(10)-B(11) 1.801(9) 
B(11)-B(12) 1.779(9) 
C(3)-C(8) 1.387(7) 
C(3)-C(4) 1.385(7) 
C(4)-C(5) 1.387(7) 
C(5)-C(6) 1.365(8) 
C(6)-C(7) 1.380(8) 
C(7)-C(8) 1.383(8) 
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C(10)-P(l)-C(21) 
C(10)-P(l)-C(31) 
C(2D-P(D-C(3D 
C(10)-P(1)-C(11) 
C(2D-P(D-C(1D 
C(3D-P(D-C(1D 
C(12)-C(11)-C(16) 
C(12)-C(11)-P(l) 
C(16)-C(11)-P(l) 
C(26)-C(2l)-C(22) 
C(26)-C(2l)-P(l) 
C(22)-C(2l)-P(l) 
C(36)-C(3l)-C(32) 
C(36)-C(3l)-P(l) 
C(32)-C(3l)-P(l) 
C(11)-C(12)-C(13) 
C(14)-C(13)-C(12) 
C(13)-C(14)-C(15) 
C(14)-C(15)-C(16) 
C(15)-C(16)-C(11) 
C(23)-C(22)-C(21) 
C(22)-C(23)-C(24) 
C(25)-C(24)-C(23) 
C(24)-C(25)-C(26) 
C(2l)-C(26)-C(25) 
C(3l)-C(32)-C(33) 
C(34)-C(33)-C(32) 
C(35)-C(34)-C(33) 
C(34)-C(35)-C(36) 
C(35)-C(36)-C(31) 
C(3)-C(l)-B(4) 
C(3)-C(l)-B(6) 
B(4)-C(l)-B(6) 
C(3)-C(l)-B(5) 
B(4)-C(l)-B(5) 
B(6)-C(l)-B(5) 
C(3)-C(l)-B(3) 
B(4)-C(l)-B(3) 
B(6)-C(l)-B(3) 
B(5)-C(l)-B(3) 
C(3)-C(l)-C(2) 
B(4)-C(l)-C(2) 
B(6)-C(l)-C(2) 
B(5)-C(l)-C(2) 
B(3)-C(l)-C(2) 
o(l)-C(2)-B(10) 
0(l)-C(2)-B(11) 
B(10)-C(2)-B(11) 
o(l)-C(2)-B(3) 
B(10)-C(2)-B(3) 
B(il)-C(2)-B(3) 
o(l)-C(2)-B(6) 
B(10)-C(2)-B(6) 
B(11)-C(2)-B(6) 
B(3)-C(2)-B(6) 
o(l)-C(2)-C(l) 
B(10)-C(2)-C(l) 
B(lD-C(2)-C(D 
B(3)-C(2)-C(l) 
B(6)-C(2)-C(l) 
C(l)-B(3)-B(11) 
C(l)-B(3)-B(7) 
B(11)-B(3)-B(7) 

108.8(2) 
110.4(2) 
111.7(2) 
107.8(2) 
110.8(2) 
107.3(2) 
120.1(5) 
122.6(4) 
117.4(4) 
120.2(5) 
121.4(4) 
118.4(4) 
120.1(5) 
121.0(4) 
118.8(4) 
119.7(5) 
120.2(5) 
120.3(5) 
119.9(5) 
119.8(5) 
118.7(5) 
121.6(5) 
120.2(5) 
120.2(5) 
119.2(5) 
119.7(5) 
119.6(5) 
120.8(5) 
120.1(5) 
119.6(5) 
122.3(4) 
119.3(4) 
114.1(4) 
124.4(4) 
63.5(4) 
64.2(3) 

115.9(4) 
63.8(3) 

107.3(4) 
114.2(4) 
116.7(4) 
109.1(4) 
57.7(3) 

109.8(4) 
57.2(3) 

130.3(5) 
131.0(4) 
65.2(4) 

120.2(4) 
108.4(4) 
61.1(3) 

119.3(4) 
60.6(3) 

108.3(4) 
96.3(4) 

118.0(4) 
99.2(3) 
99.8(4) 
51.4(3) 
50.9(3) 

110.7(4) 
105.1(4) 
59.4(3) 
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C(l)-B(3)-B(4) 57.5(3) 
B(11)-B(3)-B(4) 108.5(4) 
B(7)-B(3)-B(4) 59.2(3) 
C(l)-B(3)-C(2) 71.4(3) 
B(11)-B(3)-C(2) 55.1(3) 
B(7)-B(3)-C(2) 105.8(4) 
B(4)-B(3)-C(2) 115.4(4) 
C(l)-B(4)-B(7) 106.9(4) 
C(l)-B(4)-B(5) 58.3(3) 
B(7)-B(4)-B(5) 108.3(5) 
C(l)-B(4)-B(8) 105.8(4) 
B(7)-B(4)-B(B) 60.5(4) 
B(5)-B(4)-B(8) 59.8(4) 
C(l)-B(4)-B(3) 58.7(3) 
B(7)-B(4)-B(3) 60.3(3) 
B(5)-B(4)-B(3) 106.1(4) 
B(8)-B(4)-B(3) 107.4(4) 
C(l)-B(5)-B(8) 105.9(5) 
C(l)-B(5)-B(9) 106.3(4) 
B(8)-B(5)-B(9) 60.7(4) 
C(l)-B(5)-B(4) 58.2(3) 
B(8)-B(5)-B(4) 60.2(4) 
B(9)-B(5)-B(4) 108.2(5) 
C(l)-B(5)-B(6) 58.1(3) 
B(8)-B(5)-B(6) 106.9(4) 
B(9)-B(5)-B(6) 59.7(3) 
B(4)-B(5)-B(6) 105.2(4) 
C(l)-B(6)-B(9) 105.7(4) 
C(l)-B(6)-B(10) 110.7(4) 
B(9)-B(6)-B(10) 59.7(3) 
C(l)-B(6)-B(5) 57.7(3) 
B(9)-B(6)-B(5) 59.4(3) 
B(10)-B(6)-B(5) 108.7(4) 
C(l)-B(6)-C(2) 71.4(3) 
B(9)-B(6)-C(2) 106.1(4) 
B(10)-B(6)-C(2) 54-90) 
B(5)-B(6)-C(2) 115.5(4) 
B(4)-B(7)-B(11) 110.4(4) 
B(4)-B(7)-B(12) 108.0(5) 
B(11)-B(7)-B(12) 60.2(4) 
B(4)-B(7)-B(3) 60.60) 
B(11)-B(7)-B(3) 60.4(3) 
B(12)-B(7)-B(3) 106.8(4) 
B(4)-B(7)-B(8) 60.0(4) 
B(11)-B(7)-B(B) 108.9(5) 
B(12)-B(7)-B(8) 59.5(4) 
B(3)-B(7)-B(8) 107.2(4) 
B(5)-B(8)-B(12) 108.6(4) 
B(5)-B(8)-B(4) 60.0(4) 
B(12)-B(8)-B(4) 108.0(5) 
B(5)-B(8)-B(9) 59.6(4) 
B(12)-B(8)-B(9) 60.4(4) 
B(4)-B(8)-B(9) 107.2(4) 
B(5)-B(B)-B(7) 107.5(4) 
B(12)-B(8)-B(7) 60.0(4) 
B(4)-B(8)-B(7) 59.5(4) 
B(9)-B(B)-B(7) 107.3(4) 
B(5)-B(9)-B(10) 110.4(4) 
B(5)-B(9)-B(6) 60.9(3) 
B(10)-B(9)-B(6) 60.3(3) 
B(5)-B(9)-B(12) 107.7(5) 
B(10)-B(9)-B(12) 60.0(3) 
B(6)-B(9)-B(12) 106.6(4) 
B(5)-B(9)-B(8) 59.7(4) 
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B(10)-B(9)-B(8) 
B(6)-B(9)-B(B) 
B(12)-B(9)-B(8) 
C(2)-B(10)-B(9) 
C(2)-B(10)-B(6) 
B(9)-B(10)-B(6) 
C(2)-B(10)-B(12) 
B(9)-B(10)-B(12) 
B(6)-B(10)-B(12) 
C(2)-B(10)-B(Il) 
B(9)-B(10)-B(11) 
B(6)-B(10)-B(11) 
B(12)-B(10)-B(11) 
C(2)-B(11)-B(7) 
C(2)-B(11)-B(3) 
B(7)-B(11)-B(3) 
C(2)-B(11)-B(12) 
B(7)-B(11)-B(12) 
B(3)-B(11)-B(12) 
C(2)-B(11)-B(10) 
B(7)-B(11)-B(10) 
B(3)-B(11)-B(10) 
B(12)-B(11)-B(10) 
B(8)-B(12)-B(7) 
B(8)-B(12)-B(9) 
B(7)-B(12)-B(9) 
B(8)-B(12)-B(IO) 
B(7)-B(12)-B(10) 
B(9)-B(12)-B(10) 
B(8)-B(12)-B(11) 
B(7)-B(12)-B(11) 
B(9)-B(12)-B(11) 
B(10)-B(12)-B(11) 
C(8)-C(3)-C(4) 
C(B)-C(3)-C(l) 
C(4)-C(3)-C(l) 
C(5)-C(4)-C(3) 
C(6)-C(5)-C(4) 
C(5)-C(6)-C(7) 
C(8)-C(7)-C(6) 
C(7)-C(8)-C(3) 

108.3(5) 
107.1(4) 
59.2(4) 

114.3(4) 
64.5(3) 
59.9(3) 

109.1(4) 
60.5(4) 

106.7(4) 
57.6(3) 

108.1(5) 
105.7(4) 
59.6(3) 

113.7(4) 
63.8(3) 
60.3(3) 

108.8(4) 
60.1(4) 

106.6(4) 
57.3(3) 

107.3(5) 
104.7(4) 
59.5(3) 
60.5(4) 
60.4(4) 

107.7(5) 
108.8(5) 
108.0(4) 
59.5(3) 

109.2(5) 
59.7(4) 

108.3(4) 
60.9(3) 

117.8(5) 
121.0(5) 
121.2(4) 
120.6(5) 
121.1(5) 
119.1(5) 
120.0(5) 
121.4(5) 

Symmetry transformations used to generate equivalent atoms: 
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Table 4. Anisotropic displacement parameters (A: ", 2 
The anisotropic displacement factor exponent takes 
-2 piA2 [ hA2 a*", 2 U11 + ... +2hk a* b* U12 I 

Uli U22 U33 U23 

x 10'*3) for 1. 
the form: 

U13 U12 

P(D 21(l) 23(l) 24(l) 0(i) -2(l) -3(l) 0(1) 32(2) 24(2) 32(2) 3(2) -11(2) 1(2) 
C(10) 27(3) 34(3) 23(3) -4(2) 0(2) -2(3) CUD 23(3) 22(3) 19(3) -3(2) -2(2) 0(2) 
C(21) 22(3) 23(3) 20(3) -1(2) -3(2) -3(2) COD 18(3) 22(3) 22(3) -1(2) -5(2) -8(2) C(12) 23(3) 23(3) 48(4) -7(3) -5(3) -6(3) C(13) 30(4) 25(3) 55(4) -1(3) -7(3) -4(3) C(14) 29(3) 31(4) 33(3) 0(3) -2(3) 6(3) 
C(15) 20(3) 38(4) 28(3) -3(3) -2(2) -8(3) C(16) 25(3) 19(3) 27(3) -4(2) -2(2) -2(3) C(22) 35(3) 46(4) 22(3) 10(3) -11(3) -15(3) C(23) 40(4) 60(4) 29(4) 15(3) -4(3) -31(3) C(24) 28(3) 38(4) 35(4) -3(3) -4(3) -13(3) C(25) 33(3) 34(3) 26(3) -4(3) -9(3) -4(3) C(26) 34(3) 31(3) 26(3) 2(3) 4(3) -9(3) C(32) 25(3) 30(3) 26(3) -8(3) -3(2) -3(2) C(33) 29(3) 43(4) 18(3) -2(3) 3(2) 0(3) 
C(34) 29(3) 34(4) 31(3) 10(3) -8(3) -3(3) C(35) 38(3) 25(3) 36(4) 5(3) -12(3) 1(3) 
C(36) 25(3) 27(3) 27(3) -7(3) 2(2) 0(2) 
C(D 27(3) 22(3) 23(3) 3(2) 3(2) -3(2) C(2) 30(3) 17(3) 25(3) 2(2) -3(3) -4(3) B(3) 34(4) 25(4) 23(3) -5(3) 0(3) -9(3) BM 39(4) 29(4) 31(4) 7(3) -14(3) -8(3) B(5) 25(4) 21(4) 47(4) 9(3) 2(3) 1(3) 
B(6) 28(4) 20(3) 29(4) -2(3) 0(3) -3(3) BM 43(4) 36(4) 33(4) 5(3) -15(3) -14(3) B(8) 29(4) 34(4) 49(4) 16(3) -11(3) -9(3) B(9) 23(4) 32(4) 55(5) 2(3) 2(3) -1(3) BRO) 23(4) 26(4) 36(4) -4(3) 2(3) -9(3) BUD 31(4) 32(4) 29(4) -7(3) -10(3) -5(3) B(12) 30(4) 35(4) 37(4) 6(3) -10(3) -5(3) C(3) 24(3) 12(3) 31(3) -2(2) 6(3) -4(2) CM 29(3) 28(3) 32(3) 8(3) -5(3) -6(3) C(5) 37(4) 34(3) 41(4) 6(3) -18(3) -10(3) C(6) 32(3) 27(3) 52(4) -3(3) -8(3) -6(3) CM 38(4) 34(3) 36(4) -4(3) 6(3) -16(3) C(8) 35(4) 34(3) 29(3) -3(3) -1(3) -7(3) 
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Table 5. Hydrogen coordinates (x 10, ", 4) and isotropic 
displacement parameters (A: "2 x 10"*3) for 1. 

y (eq) 

H(10A) 3274(27) 4740(5) 5323(6) 42 
H(10B) 2513(14) 3654(20) 5918(16) 42 
H(100 3942(15) 3719(21) 6161(12) 42 
H(12) 2072(5) 7577(5) 7124(5) 37 
H(13) 297(5) 8742(5) 6608(5) 44 
H(14) -1427(5) 7844(5) 6089(5) 38 
H(15) -1404(5) 5773(5) 6088(4) 34 
H(16) 365(5) 4597(4) 6606(4) 29 
H(22) 4361(5) 6463(5) 5802(5) 41 
H(23) 6052(5) 7520(5) 6127(5) 51 
H(24) 6656(5) 7659(5) 7992(5) 40 
H(25) 5635(5) 6662(5) 9576(5) 37 
H(26) 3941(5) 5547(5) 9296(4) 36 
H(32) 1519(5) 5361(5) 9460(4) 32 
H(33) 822(5) 4092(5) 11058(4) 36 
H(34) 1146(5) 2031(5) 11010(5) 38 
H(35) 2237(5) 1225(5) 9438(5) 40 
H(36A) 2981(5) 2474(4) 7859(4) 31 
H(3) 4536(6) 7238(5) 1312(5) 32 
HM 3340(6) 9582(6) 517(6) 39 
H(5) 2087(6) 10524(6) 2654(6) 39 
H(6) 2646(5) 8651(5) 4566(5) 31 
HM 2150(6) 7440(6) 54(6) 44 
H(B) 624(6) 9487(6) 969(6) 45 
H(9) 152(6) 8940(6) 3537(6) 45 
H(10) 1206(5) 6567(5) 4163(5) 34 
H(11) 2477(6) 5603(6) 1941(5) 36 
H(12A) 106(6) 7056(6) 1870(6) 41 
HOA) 4772(5) 8454(5) 4500(5) 36 
H(5A) 6700(5) 9090(5) 4849(5) 44 
H(6A) 7816(5) 10213(5) 3420(5) 44 
HUM 6974(5) 10744(5) 1616(5) 43 
H(BA) 5080(5) 10057(5) 1234(5) 39 



Methyl(triphenyl)phosphonium salt ofl, 2-dimercapto-1,2- 

dicarbadodecaborane (2.16) 
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Table 1. Crystal data and structure refinement for 1. 

Identification code angus 

Empirical formula C21 H28 B10 NO 00 P S2 

Formula %eight 483.62 

Temperature 150(2) K 

Wavelength 0.71073 A 

Crystal system Monoclinic 

Space group P2(D/c 

Unit cell dimensions a= 12.452(2) A alpha = 90 deg. 
b= 15.577(3) A beta = 106-18(3) deg. 
c= 14.369(3) A gamma = 90 deg. 

Volume 2676.7(9) A: "3 

Z 4 

Density (calculated) 1.200 Mg/e3 

Absorption coefficient 0.269 me-1 

ROOM 1004 

Crystal size 0.4 x 0.3 x 0.2 mm 

Theta range for data collection 1.70 to 25.00 deg. 

Index ranges -7<=h<=7, -20<=k<=20, -18<-I<=18 
Reflections collected 11135 

Independent reflections 3217 [R(int) - 0.07961 

Refinement method Full-matrix least-squares on F"*, 2 

Data / restraints / parameters 3187 /0/ 294 

Goodness-of-fit on F^2 1.121 

Final R indices [I>2sigma(D] R1 = 0.0881, W12 = 0.1920 

R indices (all data) R1 = 0.1479, vA2 = 0.2593 

Largest diff. peak and hole 0.576 and -0.493 e. A: "-3 



--- 

Table 2. Atomic coordinates (x 10AQ and equivalent isotropic 
displacement parameters (A: "*2 x 1OA3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

x y z U(eq) 

P(D 8558(2) 1481(l) 1013(l) 51(l) 
C(3) 9824(6) 892(4) 1414(5) 55(2) 
CUD 8855(7) 2603(4) 1001(5) 57(2) 
C(12) 8147(15) 3122(7) 391(11) 245(12) 
C(13) 8386(18) 3994(7) 383(11) 303(16) 
C(14) 9326(12) 4331(6) 981(7) 130(5) 
C(15) 9999(8) 3822(5) 1583(7) 77(3) 
C(16) 9763(4) 2960(3) 1611(3) 73(3) 
C(21) 7718(4) 1268(3) 1823(3) 54(2) 
C(22) 7467(4) 420(3) 1979(3) 71(3) 
C(23) 6792(8) 244(8) 2592(6) 86(3) 
C(24) 6385(11) 896(11) 3022(7) 113(5) 
C(25) 6635(10) 1713(11) 2867(8) 113(5) 
C(26) 7290(4) 1933(3) 2262(3) 85(3) 
COD 7816(4) 1143(3) -192(3) 45(2) 
C(32) 8399(4) 1045(3) -881(3) 52(2) 
C(33) 7816(10) 793(5) -1832(5) 60(3) 
C(34) 6713RD 664(7) -2060(6) 85(4) 
C(35) 6120(9) 762(8) -1383(7) 109(4) 
C(36) 6691(2) 1002(l) -440(2) 84(3) 
S(D 11492(2) 1174(l) -439(2) 99(1) 
SO 10519(2) 3106(l) -965(2) 79(2) 
S(2') 13621(2) 1188(l) 1388(2) 109(4) 
B(D 12754(2) 3747(l) 188(2) 125(6) 
B(2) 14137(17) 3722(12) -9(17) 164(8) 
B(3) 13985(15) 2915(13) -973(14) 149(7) 
BM 14597(13) 2654(10) 225(14) 136(6) 
B(5) 12843(14) 3610(9) -1049(14) 138(7) 
B(6) 13707(10) 1917(8) -521(8) 78(4) 
BM 13605RD 2103(7) 645(7) 98(4) 
C(2') 13605(11) 2103(7) 645(7) 98(4) 
B(8) 12629(10) 2504(8) -1304(7) 82(4) 
B(9) 13809(14) 3144(9) 938(13) 148(8) 
B(10) 12454(11) 2748(7) 601(7) 87(4) 
C(D 12435(8) 2018(5) -302(6) 68(3) 
C(2) 11933(9) 3041(5) -608(6) 67(3) 
B(T) 11933(9) 3041(5) -608(6) 67(3) 
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Table 3. Bond lengths [A] and angles [deg] for 1. 

P(D-C(3) 1.776(7) 
P(D-C(1D 1.789(7) 
P(D-C(2D 1.799(5) 
P(D-C(3D 1.799(5) 
C(11)-C(12) 1.329(11) 
C(11)-C(16) 1.343(9) 
C(12)-C(13) 1.39(2) 
C(13)-C(14) 1.35(2) 
C(14)-C(15) 1.293(12) 
C(15)-C(16) 1.378(9) 
C(2D-C(22) 1.39 
C(2l)-C(26) 1.394(7) 
C(22)-C(23) 1.403(10) 
C(23)-C(24) 1.36(2) 
C(24)-C(25) 1.34(2) 
C(25)-C(26) 1.390(13) 
C(3l)-C(36) 1.363(6) 
C(3l)-C(32) 1.39 
C(32)-C(33) 1.412(9) 
C(33)-C(34) 1.335(11) 
C(34)-C(35) 1.385(12) 
C(35)-C(36) 1.395(9) 
S(D-C(D 1.737(9) 
S(2)-C(2) 1.694(lo) 
S(2')-C(2') 1.778(12) 
B(D-B(T) 1.706(9) 
B(D-B(9) 1.73(2) 
B(D-B(10) 1.742(13) 
B(D-B(2) 1.82(2) 
B(D-B(5) 1.82(2) 
B(2)-B(4) 1.76(2) 
B(2)-B(9) 1.77(3) 
B(2)-B(3) 1.84(3) 
B(2)-B(5) 1.88(3) 
B(3)-B(4) 1.73(2) 
B(3)-B(8) 1.74(2) 
B(3)-B(6) 1.76(2) 
B(3)-B(5) 1.77(2) 
B(4)-B(6) 1.74(2) 
B(4)-B(7) 1.74(2) 
B(4)-B(9) 1.78(2) 
B(5)-B(7') 1.69(2) 
B(5)-B(8) 1.77(2) 
B(6)-C(D 1.71(2) 
B(6)-B(7) 1.74(2) 
B(6)-B(8) 1.75(2) 
B(7)-B(9) 1.68(2) 
BM-C(D 1.699(14) 
B(7)-B(10) 1.74(2) 
B(8)-C(D 1.701(12) 
B(8)-B(7') 1.712(14) 
B(9)-B(10) 1.73(2) 
B(10)-C(l) 1.721(12) 
B(10)-B(7') 1.738(12) 
C(D-B(T) 1.724(11) 

C(3)-P(l)-C(11) 109.9(4) 
C(3)-P(l)-C(21) 108.6(3) 
C(1D-P(D-C(2D 110.2(3) 
C(3)-P(l)-C(31) 109.4(3) 
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C(1D -P(D-C(3D 109.2(3) 
C(2D -P(D-C(3D 109.4(3) 
C(12) -C(11)-C(16) 117.5(8) 
C(12) -C(11)-P(l) 120.0(8) 
C(16) -C(11)-P(l) 122.5(5) 
C(11) -C(12)-C(13) 119.7(11) 
C(14) -C(13)-C(12) 121.5(li) 
C(15) -C(14)-C(13) 118.2(10) 
C(14) -C(15)-C(16) 120.8(9) 
C(11) -C(16)-C(15) 122.1(6) 
C(22) -C(2l)-C(26) 120.10) 
C(22) -C(2l)-P(l) 118.5(2) 
C(26) -C(2l)-P(l) 121.4(4) 
C(2l) -C(22)-C(23) 119.2(5) 
C(24) -C(23)-C(22) 120.3(10) 
C(25) -C(24)-C(23) 120.0(12) 
C(24) -C(25)-C(26) 122.7(11) 
C(25) -C(26)-C(21) 117.7(7) 
C(36) -C(3l)-C(32) 119.9(2) 
C(36) -C(3l)-P(l) 120.9(4) 
C(32) -C(3l)-P(l) 119.2(2) 
C(3l) -C(32)-C(33) 119.3(5) 
C(34) -C(33)-C(32) 119.7(8) 
C(33) -C(34)-C(35) 121.6(9) 
C(34) -C(35)-C(36) 119.0(g) 
C(3l) -C(36)-C(35) 120.4(5) 
B(7') -B(l)-B(9) 106.1(5) 
B(7') -B(l)-B(10) 60.5(4) 
B(9)- B(l)-B(10) 60.0(7) 
B(7') -B(l)-B(2) 107.3(8) 
B(9)- B(l)-B(2) 59.9(8) 
B(10) -B(l)-B(2) 109.6(7) 
B(7') -B(l)-B(5) 57.2(5) 
B(9)- B(l)-B(5) 107.6(8) 
B(10) -B(l)-B(5) 107.7(5) 
B(2)- B(l)-B(5) 61.9(9) 
B(4)- B(2)-B(9) 60.4(10) 
B(4)- B(2)-B(l) 105.1(13) 
B(9)- B(2)-B(l) 57.4(9) 
B(4)- B(2)-B(3) 57.2(9) 
B(9)- B(2)-B(3) 103.5(12) 
B(l)- B(2)-B(3) 103.1(12) 
B(4)- B(2)-B(5) 103.0(12) 
B(9)- B(2)-B(5) 103.5(13) 
B(l)- B(2)-B(5) 59.1(8) 
B(3)- B(2)-B(5) 56.7(10) 
B(4)-B(3)-B(8) 108.1(11) 
B(4)- B(3)-B(6) 60.0(8) 
B(B)- B(3)-B(6) 60.0(8) 
B(4)- B(3)-B(5) 109.3(14) 
B(8)- B(3)-B(5) 60.4(8) 
B(6)- B(3)-B(5) 109.1(11) 
B(4)-B(3)-B(2) 59.1(10) 
B(B)- B(3)-B(2) 110.2(13) 
B(6)- B(3)-B(2) 108.4(13) 
B(5)- B(3)-B(2) 62.6(11) 
B(3)- B(4)-B(6) 60.9(9) 
B(3)-B(4)-B(7) 107.6(10) 
B(6)- B(4)-B(7) 59.9(7) 
B(3)-B(4)-B(2) 63.7(11) 
B(6)- B(4)-B(2) 112.9(12) 
B(7)- B(4)-B(2) 107.9(12) 
B(3)- B(4)-B(9) 108.2(12) 
B(6)- B(4)-B(9) 106.2(11) 
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B(7)-B(4)-B(9) 56.9(9) 
B(2)-B(4)-B(9) 60.1(10) 
B(7')-B(5)-B(3) 105.5(10) 
B(7')-B(5)-B(8) 59.2(6) 
B(3)-B(5)-B(8) 59.1(9) 
B(7')-B(5)-B(l) 57.9(6) 
B(3)-B(5)-B(l) 106.1(11) 
B(8)-B(5)-B(l) 105.6(8) 
B(7')-B(5)-B(2) 105.4(12) 
B(3)-B(5)-B(2) 60.7(10) 
B(8)-B(5)-B(2) 107.6(10) 
B(l)-B(5)-B(2) 59.0(10) 
C(l)-B(6)-B(7) 59.1(6) 
C(l)-B(6)-B(4) 106.9(9) 
B(7)-B(6)-B(4) 60.1(8) 
C(l)-B(6)-B(8) 59.0(6) 
B(7)-B(6)-B(8) 106.4(8) 
B(4)-B(6)-B(8) 107.1(10) 
C(l)-B(6)-B(3) 106.0(10) 
B(7)-B(6)-B(3) 106.5(10) 
B(4)-B(6)-B(3) 59.1(9) 
B(B)-B(6)-B(3) 59.6(8) 
B(9)-B(7)-C(l) 108.2(8) 
B(9)-B(7)-B(10) 61.0(8) 
C(l)-B(7)-B(10) 60.1(6) 
B(9)-B(7)-B(6) 110.9(11) 
C(l)-B(7)-B(6) 59.5(6) 
B(10)-B(7)-B(6) 110.0(8) 
B(9)-B(7)-B(4) 62.6(10) 
C(l)-B(7)-B(4) 107.0(9) 
B(10)-B(7)-B(4) 111.1(10) 
B(6)-B(7)-B(4) 60.0(8) 
C(l)-B(8)-B(7') 60.7(5) 
C(l)-B(8)-B(3) 106.7(9) 
B(7')-B(8)-B(3) 105.7(10) 
C(l)-B(8)-B(6) 59.2(6) 
B(7')-B(B)-B(6) 107.6(7) 
B(3)-B(8)-B(6) 60.4(8) 
C(l)-B(B)-B(5) 107.9(9) 
B(7')-B(8)-B(5) 58.3(7) 
B(3)-B(8)-B(5) 60.4(9) 
B(6)-B(8)-B(5) 109.4(9) 
B(7)-B(9)-B(i) 109.5(8) 
B(7)-B(9)-B(10) 61.2(8) 
B(l)-B(9)-B(10) 60.4(6) 
B(7)-B(9)-B(2) 110.5(12) 
B(i)-B(9)-B(2) 62.7(9) 
B(10)-B(9)-B(2) 112.4(11) 
B(7)-B(9)-B(4) 60.6(8) 
B(l)-B(9)-B(4) 108.7(12) 
B(10)-B(9)-B(4) 109.7(9) 
B(2)-B(9)-B(4) 59.5(11) 
C(l)-B(10)-B(9) 104.7(9) 
C(l)-B(10)-B(7) 58.8(6) 
B(9)-B(10)-B(7) 57.8(7) 
C(l)-B(10)-B(7') 59.8(5) 
B(9)-B(10)-B(7') 104.4(10) 
B(7)-B(10)-B(7') 105.2(8) 
C(D-B(10)-B(D 107.0(7) 
B(9)-B(10)-B(l) 59.6(7) 
B(7)-B(10)-B(l) 106.0(9) 
B(7')-B(10)-B(l) 58.7(5) 
B(7)-C(l)-B(8) 110.5(8) 

-71-C(l)-B(6) P, ( E- 61.4(6) 
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B(8)-C(l)-B(6) 61.8(6) 
B(7)-C(l)-B(10) 61.1(6) 
B(8)-C(l)-B(10) 111.6(7) 
B(6)-C(l)-B(10) 112.4(8) 
B(7)-C(l)-B(7') 107.5(6) 
B(8)-C(l)-B(7') 60.0(6) 
B(6)-C(l)-B(7') 109.1(7) 
B(10)-C(l)-B(7') 60.6(5) 
B(7)-C(D-S(D 123.5(6) 
B(8)-C(D-S(D 119.4(6) 
B(6)-C(D-S(D 122.8(6) 
B(10)-C(D-S(D 116.9(7) 
B(7')-C(l)-S(l) 119.0(7) 
B(5)-B(7')-B(l) 64.9(7) 
B(5)-B(7')-B(8) 62.5(8) 
B(l)-B(7')-B(B) 113.6(7) 
B(5)-B(7')-C(l) 110.3(9) 
B(l)-B(7')-C(l) 108.5(6) 
B(8)-B(7')-C(l) 59.4(5) 
B(5)-B(7')-B(10) 114.2(9) 
B(l)-B(7')-B(10) 60.8(5) 
B(8)-B(7')-B(10) 110.3(7) 
C(l)-B(7')-B(10) 59.6(5) 

symmetry transfomations used to generate equivalent atoms: 
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Table 4. Anisotropic displacement parameters (A, ", 2 x 1OA3) for 1. 
The anisotropic displacement factor exponent takes the form: 
-2 pi*", 2 [ h*", 2 a*, ft2 U11 + ... +2hk a* b* U12 I 

Uli U22 U33 U23 U13 U12 

P(D 53(2) 55(l) 41(l) -3(D 7(l) 8G) 
C(3) 50M 56(4) 54(4) 4(3) 8(4) 4(4) 
C(11) 63(8) 54(4) 45(4) -1(3) 2(4) 13(4) 
C(12) 313(21) 50(6) 212(15) 4(8) -189(15) 15(9) 
C(13) 473(31) 48M 197(15) 16(8) -221(19) -13(11) C(14) 234(15) 50(6) 72(6) -7(5) -17(8) -5(7) C(15) 74(8) 64(5) 92(7) -12(5) 20(6) -2(5) C(16) 51(8) 62(5) 93(6) 15(5) -1(5) 3(5) 
C(21) 40(7) 80(6) 34(4) -9(3) -1(4) 7(4) 
C(22) 74(8) 97(7) 47(4) -2(4) 24(5) 5(5) 
C(23) 68(9) 136(9) 55(5) 1(6) 17(5) -18(7) C(24) 85(11) 1%(14) 60(6) -38(8) 26(6) -27(10) C(25) 66(11) 193(14) 92(8) -63(9) 42(7) -1(9) C(26) 62(9) 101(7) 90(7) -37(6) 20(6) 11(6) 
COD 35M 56(4) 45(4) 0(3) 10(4) 5(4) 
C(32) 45M 56(4) 57(5) -5(4) 15(4) 2(4) 
C(33) 66(9) 76(5) 43(4) OM 23(5) 8(5) 
C(34) 57(10) 143(9) 51(5) -23(5) 10(6) -2(7) C(35) 37(9) 220(13) 67(6) -38(7) 9(6) -14(7) C(36) 51(9) 151(9) 49(5) -27(5) 15(5) 4M 
S(D 89(3) 63(l) 159(3) 7(2) 57(2) -9(1) S(2) 79(5) 84(3) 70(2) 4(2) 12(2) 8(2) 
S(2') 136(9) 66(5) 93(5) 17(4) -21(5) 5(4) 
B(D 165(18) 65(8) 110(10) -18(7) -19(10) 14(8) 
B(2) 110(18) 113(13) 246(24) 2(15) 14(16) 24(11) 
B(3) 79(17) 195(19) 186(18) 60(15) 61(13) -27(14) BM 57(14) 128(12) 201(18) -48(12) -1(12) -16(10) B(5) 93(15) 99(10) 225(19) 62(11) 49(13) -25(10) B(6) 37(10) 115(9) 84(7) -28(7) 20(6) -8(7) BM 116(12) 91(8) 65(6) -9(6) -10(6) 16(8) 
C(2') 116(12) 91(8) 65(6) -9(6) -10(6) 16(8) 
B(8) 68(12) 132(10) 54(6) 5(6) 31(6) -9(8) B(9) 123(15) 102(10) 158(14) -63(11) -61(12) 25(10) 
B(IO) 105(13) 101(8) 46(5) -22(5) 6(6) 27(8) 
C(D 84(9) 62(5) 70(5) -6(4) 41(5) -13(5) C(2) 66(9) 58(5) 65(5) 5(4) -1(5) 3(5) 
B(T) 66(9) 58(5) 65(5) 5(4) -1(5) 3(5) 
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Table 5. Hydrogen coordinates (x 10"*4) and isotropic 
displacement parameters (A: *2 x 10"'3) for 1. 

y U(eq) 

H(3A) 9656(7) 276(5) 1397(30) 82 
H(3B) 10217(19) 1062(20) 2079(12) 82 
H(30 10298(16) 1012(22) 988(19) 82 
H(12) 7482(15) 2898(7) -37(11) 294 
H(13) 7874(18) 4362(7) -52(11) 363 
H(14) 9490(12) 4925(6) 959(7) 157 
H(15) 10665(8) 4046(5) 2010(7) 93 
H(16) 10259(4) 2607(3) 2078(3) 87 
H(22) 7749(4) -35(3) 1675(3) 86 
H(23) 6619(8) -333(8) 2706(6) 104 
H(24) 5924(11) 774(11) 3433(7) 135 
H(25) 6351(10) 2159(11) 3183(8) 136 
H(26) 7441(4) 2516(3) 2153(3) 102 
H(32) 9181(4) 1147(3) -714(3) 63 
H(33) 8207(10) 716(5) -2307(5) 72 
H(34) 6327(11) 500(7) -2703(6) 102 
H(35) 5335(9) 668(8) -1559(7) 131 
H(36) 6294(2) 1067(l) 33(2) 100 
H(D 12429(2) 4351(l) 435(2) 150 
H(2) 14717(17) 4287(12) 112(17) 196 
H(3) 14481(15) 2968(13) -1512(14) 178 
HM 15518(13) 2527(10) 488(14) 163 
H(5) 12583(14) 4114(9) -1624(14) 166 
H(6) 14020(10) 1295(8) -737(8) 94 
HM 13869(11) 1600(7) 1221(7) 118 
H(8) 12208(10) 2269(8) -2054(7) 98 
H(9) 14201(14) 3342(9) 1707(13) 177 
H(10) 11920(11) 2677(7) 1107(7) 104 
H(7') 11022(3371) 3188(3371) -913(47) 80 
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0 

1-(2-picolyl)orthocarborane (3.1) 



Table 1. Crystal data and structure refinement for 1. 

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 

Density (calculated) 

Absorption coefficient 

F(OOO) 

Crystal s:. ze 

Theta range for data collection 

Index ranges 

Reflect-ions collected 

Independent reflections 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F^2 

Final R indices [I>2sigma(I)l 

R indices (all data) 

Largest diff. peak and hole 

273 

95srvl68 

C8 H17 B10 N 

235.33 

293 (2) K 

1.54178 A 

? Hc oou, 0P 

? Pa I (_ 

a=8.887(2) A alpha = 90 deg. 
b=7.1700(10) A beta 90.22(3) deg. 

c= 21.945(4) A gamma 90 deg. 

1398.3(4) Aý3 

4 

1.118 Mg/m^3 

0.377 mm^-l 

488 

?x? x? mm 

4.03 to 74.99 deg. 

0<=h<=11,0<=k<=8, -27<=1<=27 
2743 

2599 [R(int) = 0.02321 

Full-matrix least-squares on F-2 

2598 /0/ 240 

1.082 

Rl = 0.0569, wR2 = 0.1551 

R1 = 0.1376, wR2 = 0.1963 

0.173 and -0.246 e. A^-3 



Table 2. Atomic coordinates (x 10^4) and equivalent isotropic 
displacement parameters (Aý2 x 10^3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

xyz U(eq) 

c (1) 4260(3) 3591(4) 3827(l) 48(l) 
B (2) 3513 (4) 5569(6) 4115(2) 71(l) 
B(3) 3531(4) 5191(6) 3330(2) 69(l) 
C(4) 3250(3) 2855(5) 3257(l) 59(l) 
B(5) 3135(4) 1659(5) 3918(2) 68(l) 
B(6) 3256(4) 3404(7) 4478(2) 78(l) 
BM 1899(4) 5989(6) 3666(3) 92(2) 
B(8) 1773(4) 4253(7) 3112(2) 77(l) 
B(9) 1523(4) 2099(5) 3475(2) 63(l) 
B(10) 1489(4) 2484(7) 4264(2) 75(l) 
B(11) 1720(5) 4907(8) 4383(2) 97 (2) 
B(12) 649(4) 4095(6) 3766(2) 72(l) 
C(13) 5977(3) 3372(5) 3827(2) 67(l) 
C(14) 6588(3) 1480(4) 3672(l) 52(l) 
N(15) 6434 (3) 943 (4) 3095 (1) 63 (1) 
C(16) 7032(4) -699(5) 2944(2) 73 (1) 
C(17) 7799 (4) -1828(5) 3332 (2) 72(l) 
C(18) 7947 (4) -1271(5) 3921(2) 76(l) 
C(19) 7328(3) 397 (5) 4097 (2) 67 (1) 
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Table 4. Bond lengths [A] and angles (deg] for 1. 

C (1) -c (13) 1.534 (4) 
c(l)-c(4) 1.624(4) 
C(l)-B(2) 1.690(4) 
C(l)-B(6) 1.693(4) 
C(l)-B(3) 1.708(4) 
C(l)-B(5) 1.721(4) 
B(2)-B(3) 1.744(6) 
B(2)-B(6) 1.760(6) 
B(2)-B(7) 1.763(6) 
B(2)-B(11) 1.765(6) 
B(3)-C(4) 1.701(5) 
B(3)-B(7) 1.727(6) 
B(3)-B(8) 1.766(5) 
C(4)-B(8) 1.681(5) 
C(4)-B(5) 1.690(5) 
C(4)-B(9) 1.699(4) 
B(5)-B(10) 1.753(6) 
B(5)-B(6) 1.756(6) 
B(5)-B(9) 1.757(5) 
B(6)-B(11) 1.751(7) 
B(6)-B(10) 1.765(6) 
B(7) - B(8) 1.744(7) 

B(7)-B(11) 1.761(8) 
B(7)-B(12) 1.768(6) 
B(8)-B(9) 1.753(6) 
B(8)-B(12) 1.755(6) 
B(9)-B(12) 1.750(6) 
B(9)-B(10) 1.752(6) 

B(10)-B(12) 1.755(6) 

B(10)-B(11) 1.769(7) 

B(11)-B(12) 1.751(7) 
C(13)-C(14) 1.500(4) 
C(14)-N(15) 1.332(4) 
C(14)-C(19) 1.378(4) 
N(15)-C(16) 1.334(4) 
C(16)-C(17) 1.357(5) 
C(17)-C(18) 1.359(5) 
C(18)-C(19) 1.372(5) 

C(13)-C(l)-C(4) 120.9(3) 
C(13)-C(l)-B(2) 118.5(2) 
C(4)-C(l)-B(2) 110.1(2) 
C(13)-C(l)-B(6) 121.3(3) 

C(4) - c(l)-B(6) 109.4(2) 

B(2)-C(l)-B(6) 62.7(2) 

C(13)-C(l)-B(3) 116.3(3) 

C(4) - C(l)-B(3) 61.3(2) 

B(2)-C(l)-B(3) 61.7(2) 

B(6)-C(l)-B(3) 113.1(3) 

C(13)-C(l)-B(5) 119.7(2) 

C(4)-C(l)-B(5) 60.6(2) 

B(2)-C(l)-B(5) 113.7(2) 

B(6)-C(l)-B(5) 61.9(2) 

B(3)-C(l)-B(5) 113.4(2) 

C(l)-B(2)-B(3) 59.6(2) 
C(l)-B(2)-B(6) 58.7(2) 

B(3)-B(2)-B(6) 108.1(3) 
C(l)-B(2)-B(7) 104.7(3) 
B(3)-B(2)-B(7) 59.0(3) 

B(6)-B(2)-B(7) 107.2(3) 

C(l)-B(2)-B(11) 104.8(3) 

B(3)-B(2)-B(11) 107.4(3) 

B(6)-B(2)-B(11) 59.6(3) 

B(7)-B(2)-B(il) 59.9(3) 

275 



C (4) -B (3) -C (1) 56.9(2) 
C(4)-B(3)-B(7) 104.1(3) 
C(l)-B(3)-B(7) 105.5(3) 

C(4)-B(3)-B(2) 104.1(3) 
C(l)-B(3)-B(2) 58.6(2) 
B(7)-B(3)-B(2) 61.0(3) 
C(4)-B(3)-B(8) 58.0(2) 
C(l)-B(3)-B(8) 104.5(3) 
B (7) -B (3) -B (8) 59.9(2) 
B(2)-B(3)-B(8) 108.4(3) 
C (1) -C (4) -B (8) 112.4(3) 
C(l)-C(4)-B(5) 62.5(2) 
B(8)-C(4)-B(5) 114.6(3) 
C (1) -C (4) -B (9) llý. 6(2) 
B (8) -C (4) -B (9) 62.5(2) 
B (5) -C (4) -B (9) 62.5(2) 
C(l)-C(4)-B(3) 61.8(2) 
B(8)-C(4)-B(3) 62.9(2) 
B (5) -C (4) -B (3) 115.4(3) 
B (9) -C (4) -B (3) 114.8(3) 
C(4)-B(5)-C(l) 56.9(2) 
C(4)-B(5)-B(10) 104.7(3) 
C(l)-B(5)-B(10) 105.4(3) 
C(4)-B(5)-B(6) 103.6(3) 
C(l)-B(5)-B(6) 58.3(2) 
B(10)-B(5)-B(6) 60.4(2) 
C(4)-B(5)-B(9) 59.0(2) 
C(l)-B(5)-B(9) 105.3(2) 
B(10)-B(5)-B(9) 59.9(2) 
B(6)-B(5)-B(9) 107.8(3) 
C(l)-B(6)-B(11) 105.3(3) 
C(l) - B(6)-B(5) 59.8(2) 
B(11)-B(6)-B(5) 108.1(3) 
C(l)-B(6)-B(2) 58.6(2) 
B(11)-B(6)-B(2) 60.4(3) 
B(5)-B(6)-B(2) 108.7(3) 
C(l)-B(6)-B(lC)) 106.0(3) 
B(11)-B(6)-B(10) 60.4(2) 
B(5)-B(6)-B(10) 59.7(2) 
B(2)-B(6)-B(10) 109.0(3) 
B(3)-B(7)-B(8) 61.2(3) 
B(3)-B(7)-B(11) 108.3(3) 
B(8)-B(7)-B(11) 107.6(3) 
B(3)-B(7)-B(2) 59.9(2) 
B(8)-B(7)-B(2) 108.5(3) 
B(11)-B(7)-B(2) 60.1(3) 
B (3) -B (7) -B (12) 109.1(3) 
B(8)-B(7)-B(12) 60.0(2) 
B(11)-B(7)-B(12) 59.5(3) 
B(2)-B(7)-B(12) 108.1(3) 
C(4)-B(8)-B(7) 104.2(3) 
C(4)-B(8)-B(9) 59.3(2) 
B (7) -B (8) -B (9) 108.6(3) 
C(4)-B(8)-B(12) 104.7(3) 
B(7)-B(8)-B(12) 60.7(3) 
B(9)-B(8)-B(12) 59.8(2) 
C(4)-B(8)-B(3) 59.1(2) 
B(7)-B(8)-B(3) 59.0(2) 
B(9)-B(8)-B(3) 109.0(3) 
B(12)-B(8)-B(3) 108.0(3) 
C(4)-B(9)-B(12) 104.1(3) 
C(4)-B(9)-B(10) 104.3(2) 
B(12)-B(9)-B(10) 60.1(2) 
C(4)-B(9)-B(8) 58.3(2) 
B(12)-B(9)-B(8) 60.2(2) 
B(10)-B(9)-B(8) 108.3(3) 
C(4) - B(9)-B(5) 58.5(2) 
B(12)-B(9)-B(5) 107.9(3) 
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B(10)-B(9)-B(5) 59.9(2) 
B(8)-B(9)-B(5) 107.8(2) 
B(9)-B(10)-B(5) 60.2(2) 
B(9)-B(10)-B(12) 59.9(2) 
B(5)-B(10)-B(12) 107.9(3) 
B(9)-B(10)-B(6) 107.6(3) 
B(5)-B(10)-B(6) 59.9(2) 
B(12)-B(10)-B(6) 107.2(3) 
B(9)-B(10)-B(11) 107.3(3) 
B(5)-B(10)-B(11) 107.4(3) 
B(12)-B(10)-B(11) 59.6(3) 
B(6)-B(10)-B(11) 59.4(3) 
B(6)-B(11)-B(12) 108.0(3) 
B(6)-B(11)-B(7) 107.7(3) 
B(12)-B(11)-B(7) 60.5(3) 
B(6)-B(11)-B(2) 60.1(2) 
B(12)-B(11)-B(2) 108.7(3) 
B(7)-B(11)-B(2) 60.0(2) 
B(6)-B(11)-B(10) 60.2(3) 
B(12)-B(11)-B(10) 59.8(3) 
B(7)-B(11)-B(IO) 108.2(3) 
B(2)-B(11)-B(10) 108.6(3) 
B(9)-B(12)-B(11) 108.2(3) 
B(9)-B(12)-B(10) 60.0(2) 
B(11)-B(12)-B(10) 60.6(3) 
B(9)-B(12)-B(8) 60.0(2) 
B(11)-B(12)-B(8) 107.5(3) 
B(10)-B(12)-B(S) 108.0(3) 
B(9)-B(12)-B(7) 107.6(3) 
B(11)-B(12)-B(7) 60.0(3) 
B(10)-B(12)-B(7) 108.5(3) 
B(8)-B(12)-B(7) 59.3(3) 
C(14)-C(13)-C(l) 117.0(2) 
N(15)-C(14)-C(19) 121.8(3) 
N(15)-C(14)-C(13) 116.2(3) 
c(19)-C(14)-C(13) 121.9(3) 
C(14)-N(15)-C(16) 116.9(3) 
N(15)-C(16)-C(17) 124.8(4) 
C(16)-C(17)-C(18) 117.9(4) 
C(17)-C(18)-C(19) 119.1(3) 
C(18)-C(19)-C(14) 119.5(3) 
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Symmetry transformations used to generate equivalent atoms: 
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Table 5. Anisotropic displacement 
The anisotropic displacement factor 

-2 piý2 [ hý2 a*ý2 U11 + ... +2h 

Uli U22 U33 

parameters (Aý2 
exponent takes 

k a* b* U12 I 

U23 

x 10^3) for 1. 
the form: 

U13 U12 

c (1) 45(l) 47(2) 50(l) -6(l) -5(l) -3 (1) 
B (2) 53(2) 65(2) 95(3) -29(2) 8(2) -3 (2) 
B (3) 53(2) 71(3) 83(2) 32(2) -5(2) -7(2) 
C (4) 49(2) 75(2) 53(2) -14(2) -3 (1) -9(l) 
B (5) 51(2) 49(2) 103(3) 17(2) -12(2) -7(2) 
B( 6) 62(2) 121(4) 52(2) 8(2) -5(2) -19(2) 
B (7) 40(2) 57(3) 178(5) 14(3) 1(2) 4 (2) 
B (8) 53(2) 96(3) 82(3) 33(2) -21(2) -10(2) 
B (9) 44(2) 66(2) 80(2) -3(2) -7 (2) -11 (2) 
B (10) 54(2) 101(3) 71(2) 24(2) 8(2) -16 (2) 
B (11) 60(2) 117(4) 113(4) -54 (3) 30(2) -10(2) 
B (12) 45(2) 65(2) 106(3) 1(2) 3 (2) 5 (2) 
C (13) 44(l) 55(2) 101(3) -11(2) -6(2) -1 
C (14) 34 (1) 57 (2) 64 (2) 2(l) -2(l) -I 
N(15) 63 (1) 62(2) 64(2) 5(l) -4 (1) 13 (1) 
C (16) 76(2) 74(2) 68(2) -4(2) 1(2) 11(2) 
C (17) 63 (2) 59(2) 94 (3) 7(2) 9(2) 13 (2) 
c (18) 63 (2) 83 (3) 83 (2) 25(2) -2 (2) 19 (2) 
c (19) 55(2) 86(3) 60(2) 3 (2) -6(l) 10(2) 
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1-(2-pyridyl)-2-mercapto-orthocarborane (3.3) 



Table 1. Crystal data, data collection, structure solution and refinement 280 
parameters for ?. 

Empirical formula 
Formula weight 
Colour, habit 
Crystal size, mm 
Crystal system 
Space group 
Unit cell dimensions 
a, A 
b, A 
c, A 
beta, deg 
Volume, A^3 
Z 
Density (calculated), g/cm^3 
Absorption coefficient, mm^-l 
F(OOO) 

Diffractometer 
Temperature, K 
Radiation, (lambda, A) 

Scan mode 
scan step (in omega), deg 
Time per step, sec 
Theta range, deg 
Index ranges 
Reflections collected 
Independent reflections 
Data reduction 

Absorbtion correction 
Solution method 
Refinement method 
jjydrogen treatment 

I)ata / restraints / parameters 
Goodness-of-fit on F^2 
Final R indices [I>2sigma(I)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole, 

e. Aý-3 

C7 H15 B10 NS 
253.36 
colourless, prism 
0.20 x 0.10 x 0.10 
monoclinic 
P2(1) 

8.3499(4), 
8.2570(4) 
10.6395(5) 
108.882(2) 
694.07(6) 
2 
1.212 
0.204 
260 

Siemens SMART 
290 
graphite monochromatized 

Mo Ka (0.71073) 
omega 
0.3 
40 
2.02 to 27.51 
-10<=h<=10, -8<=k<=10, -13<=l<=13 
5115 
2613 [R(int) = 0.0678] 
Siemens SAINT (Siemens Analytical X-ray 

Instruments, 1995) 
None 
Direct methods (SHELX-86) 
Full-matrix least-squares on F-2 (SHELXL-93) 
All H atoms were found from difference Fourier 
synthesis and refined with isotropic thermal 
parameters 
2261 /1/ 233 
1.131 
R1 = 0.0583, wR2 = 0.1058 
R1 = 0.1140, wR2 = 0.1823 
0.03(14) 
0.005(3) 

0.175 and -0.157 



Table 2. Atomic coordinates (x 1V4) and equivalent isotropic 
displacement parameters (A^2 x 10^3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

x y z U (eq) 

s -6913(l) -175(l) -1995(l) 59(l) 
N -7131(4) 3465(5) 266(3) 51(l) 
C(l) -6744(5) 1754(5) -2680(4) 42(l) 
C(2) -7537(5) 3414(5) -2083(4) 39(l) 
C(3) -8225(4) 3180(5) -942(4) 44(l) 
C(4) -9888(6) 2726(7) -1151(5) 72(2) 
C(5) -10423(7) 2520(8) -43(6) 82(2) 
C(6) -9313(7) 2793(6) 1180(6) 68(2) 
C(7) -7694(6) 3249(6) 1304(5) 60(l) 
B(3) -8649(6) 2603(6) -3625(5) 47(l) 
B(4) -8433(6) 4712(8) -3348(4) 52(l) 
B(5) -6398(6) 5088(6) -2171(5) 50(l) 
B(6) -5381(5) 3172(6) -1736(5) 41(l) 
B(7) -7116(7) 1972(6) -4359(5) 49(l) 
B(8) -8170(8) 3834(7) -4791(5) 62(2) 
B(9) -6762(9) 5381(7) -3903(6) 64(2) 
B(10) -4853(7) 4446(6) -2877(5) 57(2) 
B(11) -5091(6) 2314(6) -3191(5) 47(l) 
B(12) -5934(8) 3698(7) -4514(5) 61(2) 
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Table 3. Bond lengths [A] and angles [deg] for 1. 
282 

S-C(l) 1.776(4) 
S-H(l) 1.50(4) 
N-C(3) 1.335(5) 
N- C(7) 1.344(5) 
N- H(I)#l 2.12(5) 
C(l)-B(11) 1.702(6) 
C(l)-B(6) 1.713(6) 
C(l)-B(7) 1.720(6) 
C(l)-C(2) 1.730(5) 
C(l)-B(3) 1.731(6) 
C(2)-C(3) 1.514(5) 
C(2)-B(4) 1.694(6) 
C(2)-B(5) 1.698(6) 
C(2)-B(6) 1.729(5) 
C(2)-B(3) 1.736(6) 
C(3)-C(4) 1.385(6) 
C(4)-C(5) 1.400(7) 
C(4)-H(14) 0.95(5) 
C(5)-C(6) 1.350(8) 
C(5)-H(15) 0.99(5) 
C(6)-C(7) 1.368(7) 
C(6)-H(16) 0.94(5) 
C(7)-H(17) 1.01(4) 
B(3)-B(8) 1.748(8) 
B(3)-B(4) 1.766(8) 
B(3)-B(7) 1.780(7) 
B(3)-H(3) 1.16(4) 
B(4)-B(8) 1.775(7) 
B(4)-B(9) 1.770(9) 
B(4)-B(5) 1.782(7) 
B(4)-H(4) 1.07(4) 
B(5)-B(10) 1.771(7) 
B(5)-B(6) 1.784(7) 
B(5)-B(9) 1.784(7) 
B(5)-H(5) 1.16(3) 
B(6)-B(10) 1.767(7) 
B(6)-B(11) 1.788(6) B(6)-H(6) 1.03(4) B(7)-B(8) 1.758(8) B(7)-B(11) 1.767(7) B(7)-B(12) 1.771(8) B(7)-H(7) 1.04(4) B(8)-B(g) 1.785(9) B(8)-B(12) 1.797(9) 
B(8)-H(8) 1.08(4) 
B(9)-B(12) 1.767(8) 
B(9)-B(10) 1.790(8) 
B(9)-H(9) 0.91(5) 
B(10)-B(11) 1.791(7) 
B(10)-B(12) 1.792(7) 
B(10)-H(10) 1.15(4) 
B(11)-B(12) 1.773(7) 
B(11)-H(11) 1.03(3) 
B(12)-H(12) 1.01(4) 

C(l)-S-H(l) 96(2) 
C(3)-N-C(7) 117.1(4) 
C(3)-N-H(1)#l 135.7(12) 
C(7)-N-H(1)#l 104.8(11) 
B(11)-C(l)-B(6) 63.1(3) 
B(11)-C(l)-B(7) 62.2(3) 
B(6)-C(l)-B(7) 113.6(3) 
B(11)-C(l)-C(2) 110.4(3) 
B(6)-C(l)-C(2) 60.3(2) 



B(7)-C(l)-C(2) 109.7(3) 
B(11)-C(l)-B(3) 113.1(3) 
B(6)-C(l)-B(3) 112.0(3) 
B(7)-C(l)-B(3) 62.1(3) 
C(2)-C(l)-B(3) 60.2(2) 
B(11)-C(l)-S 123.7(3) 
B(6)-C(l)-S 119.9(3) 
B(7)-C(l)-S 120.5(3) 
C(2)-C(l)-S 117.9(3) 
B(3)-C(l)-S 114.9(3) 
C(3)-C(2)-B(4) 122.2(3) 
C(3)-C(2)-B(5) 120.9(3) 
B(4)-C(2)-B(5) 63.4(3) 
C(3)-C(2)-B(6) 117.0(3) 
B(4)-C(2)-B(6) 113.8(3) 
B(5)-C(2)-B(6) 62.8(3) 
C(3)-C(2)-C(l) 118.9(3) 
B(4)-C(2)-C(l) 109.4(3) 
B(5)-C(2)-C(l) 109.7(3) 
B(6)-C(2)-C(l) 59.4(2) 
C(3)-C(2)-B(3) 118.9(3) 
B(4)-C(2)-B(3) 61.9(3) 
B(5)-C(2)-B(3) 113.5(3) 
B(6)-C(2)-B(3) 111.0(3) 
C(l)-C(2)-B(3) 59.9(2) 
N-C(3)-C(4) 122.7(4) 
N-C(3)-C(2) 115.5(3) 
C(4)-C(3)-C(2) 121.8(4) 
C(3)-C(4)-C(5) 118.3(5) 
C(3)-C(4)-H(14) 115(3) 
C(5)-C(4)-H(14) 127(3) 
C(6)-C(5)-C(4) 119.0(5) 
C(6)-C(5)-H(15) 125(3) 
C(4)-C(5)-H(15) 116(3) 
C(5)-C(6)-C(7) 119.2(5) 
C(5)-C(6)-H(16) 125(3) 
C(7)-C(6)-H(16) 116(3) 
N-C(7)-C(6) 123.6(5) 
N-C(7)-H(17) 115(2) 
C(6)-C(7)-H(17) 121(2) 
C(l)-B(3)-C(2) 59.9(2) 
C(l)-B(3)-B(8) 105.6(4) 
C(2)-B(3)-B(8) 105.8(4) 
C(l)-B(3)-B(4) 106.1(3) 
C(2)-B(3)-B(4) 57.8(2) 
B(8)-B(3)-B(4) 60.7(3) 
C(l)-B(3)-B(7) 58.6(2) 
C(2)-B(3)-B(7) 106.7(3) 
B (8) -B (3) -B (7) 59.8(3) 
B(4)-B(3)-B(7) 108.2(4) 
C(l)-B(3)-H(3) 113(2) 
C(2)-B(3)-H(3) 119(2) 
B(8)-B(3)-H(3) 131(2) 
B(4)-B(3)-H(3) 129(2) 
B(7)-B(3)-H(3) 119(2) 
C(2)-B(4)-B(3) 60.2(3) 
C(2)-B(4)-B(8) 106.4(4) 
B(3)-B(4)-B(8) 59.2(3) 
C(2)-B(4)-B(9) 105.6(3) 
B(3)-B(4)-B(9) 107.5(4) 
B(8)-B(4)-B(9) 60.5(3) 
C(2)-B(4)-B(5) 58.4(2) 
B(3)-B(4)-B(5) 108.2(4) 
B(8)-B(4)-B(5) 108.8(4) 
B(9)-B(4)-B(5) 60.3(3) 
C (2) -B (4) -H (4) 117(2) 
B(3)-B(4)-H(4) 117(2) 
B(S)-B(4)-H(4) 125(2) 
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B(9)-B(4)-H(4) 130(2) 
B(5)-B(4)-H(4) 122(2) 
C(2)-B(5)-B(10) 106.1(4) 
C(2)-B(5)-B(4) 58.2(3) 
B(10)-B(5)-B(4) 108.0(3) 
C(2)-B(5)-B(6) 59.5(2) 
B(10)-B(5)-B(6) 59.6(3) 
B(4)-B(5)-B(6) 107.1(4) 
C(2)-B(5)-B(9) 104.8(4) 
B(10)-B(5)-B(9) 60.4(3) 
B(4)-B(5)-B(9) 59.5(3) 
B(6)-B(5)-B(9) 107.2(4) 
C (2) -B (5) -H (5) 114(2) 
B(10)-B(5)-H(5) 126(2) 
B(4)-B(5)-H(5) 123(2) 
B(6)-B(5)-H(5) 115(2) 
B(9)-B(5)-H(5) 133(2) 
C (1) -B (6) -C (2) 60.4 (2) 
C(l)-B(6)-B(10) 105.7(3) 
C(2)-B(6)-B(10) 105.0(3) 
C(l)-B(6)-B(11) 58.1(2) 
C(2)-B(6)-B(11) 106.5(3) 
B(10)-B(6)-B(11) 60.5(3) 
C(l)-B(6)-B(5) 106.5(3) 
C(2)-B(6)-B(5) 57.8(2) 
B(10)-B(6)-B(5) 59.8(3) 
B(11)-B(6)-B(5) 108.2(3) 
C (1) -B (6) -H (6) 116(2) 
C(2)-B(6)-H(6) 117(2) 
B(10)-B(6)-H(6) 131(2) 
B(11)-B(6)-H(6) 123(2) 
B(5)-B(6)-H(6) 125(2) 
C(l)-B(7)-B(8) 105.7(3) 
C(l)-B(7)-B(11) 58.4(2) 
B(8)-B(7)-B(11) 109.2(4) 
C(l)-B(7)-B(12) 105.2(3) 
B(8)-B(7)-B(12) 61.2(3) 
B(11)-B(7)-B(12) 60.1(3) 
C (1) -B (7) -B (3) 59.3 (2) 
B(8)-B(7)-B(3) 59.2(3) 
B(11)-B(7)-B(3) 107.8(3) 
B(12)-B(7)-B(3) 107.9(4) 
C(l)-B(7)-H(7) 111(2) 
B(8)-B(7)-H(7) 130(2) 
B(11)-B(7)-H(7) 118(2) 
B(12)-B(7)-H(7) 134(2) 
B(3)-B(7)-H(7) 115(2) 
B(3)-B(8)-B(7) 61.0(3) 
B(3)-B(8)-B(4) 60.2(3) 
B(7)-B(8)-B(4) 108.8(4) 
B(3)-B(8)-B(9) 107.6(4) 
B (7) -B (8) -B (9) 107.4(4) 
B(4)-B(8)-B(9) 59.6(3) 
B(3)-B(8)-B(12) 108.2(4) 
B(7)-B(8)-B(12) 59.8(3) 
B(4)-B(8)-B(12) 107.2(4) 
B(9)-B(8)-B(12) 59.1(3) 
B(3)-B(8)-H(8) 119(2) 
B(7)-B(8)-H(8) 120(2) 
B(4)-B(8)-H(8) 122(2) 
B (9) -B (8) -H (8) 125(2) 
B(12)-B(8)-H(8) 124(2) 
B(12)-B(9)-B(4) 108.8(4) 
B(12)-B(9)-B(8) 60.8(3) 
B(4)-B(9)-B(8) 59.9(3) 
B(12)-B(9)-B(10) 60.5(3) 
B(4)-B(9)-B(10) 107.7(4) 
B(8)-B(9)-B(10) 108.6(4) 
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B(12)-B(9)-B(5) 108.5(4) 
B(4)-B(9)-B(5) 60.2(3) 
B(8)-B(9)-B(5) 108.2(4) 
B(10)-B(9)-B(5) 59.4(3) 
B(12)-B(9)-H(9) 116(3) 
B(4)-B(9)-H(9) 128(3) 
B(8)-B(9)-H(9) 124(3) 
B(10)-B(9)-H(9) 116(3) 
B(5)-B(9)-H(9) 122(3) 
B(6)-B(10)-B(5) 60.6(3) 
B(6)-B(10)-B(9) 107.7(4) 
B(5)-B(10)-B(9) 6.0.1(3) 
B(6)-B(10)-B(11) 60.4(3) 
B(5)-B(10)-B(11) 108.7(4) 
B(9)-B(10)-B(11) 106.7(4) 
B(6)-B(10)-B(12) 107.7(4) 
B(5)-B(10)-B(12) 108.0(4) 
B(9)-B(10)-B(12) 59.1(3) 
B(Il)-B(10)-B(12) 59.3(3) 
B(6)-B(10)-H(10) 121(2) 
B(5)-B(10)-H(10) 122(2) 
B(9)-B(10)-H(10) 123(2) 
B(11)-B(10)-H(10) 121(2) 
B(12)-B(10)-H(10) 122(2) 
C(l)-B(11)-B(7) 59.4(3) 
C(l)-B(11)-B(12) 105.9(4) 
B(7)-B(11)-B(12) 60.1(3) 
C(l)-B(11)-B(6) 58.7(2) 
B(7)-B(11)-B(6) 107.8(3) 
B(12)-B(11)-B(6) 107.6(4) 
C(l)-B(11)-B(10) 105.1(3) 
B(7)-B(11)-B(10) 108.2(4) 
B(12)-B(11)-B(10) 60.4(3) 
B(6)-B(11)-B(IO) 59.2(3) 
C(l)-B(11)-H(11) 115(2) 
B(7)-B(11)-H(11) 122(2) 
B(12)-B(11)-H(11) 131(2) 
B(6)-B(11)-H(11) 115(2) 
B(10)-B(11)-H(11) 126(2) 
B(9)-B(12)-B(7) 107.6(4) 
B(9)-B(12)-B(11) 108.4(4) 
B(7)-B(12)-B(11) 59.8(3) 
B(9)-B(12)-B(8) 60.1(3) 
B(7)-B(12)-B(8) 59.0(3) 
B(11)-B(12)-B(8) 107.1(4) 
B(9)-B(12)-B(10) 60.4(3) 
B(7)-B(12)-B(10) 107.9(4) 
B(11)-B(12)-B(10) 60.3(3) 
B(8)-B(12)-B(10) 107.9(4) 
B(9)-B(12)-H(12) 125(2) 
B(7)-B(12)-H(12) 118(2) 
B(11)-B(12)-H(12) 120(2) 
B(8)-B(12)-H(12) 121(2) 
B(10)-B(12)-H(12) 124(2) 
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Symmetry transformations used to generate equivalent atoms: 
#1 -x-l, y+1/2, -z 
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Table 4. Anisotropic displacement parameters (A^2 x 10^3) for 1. 
The anisotropic displacement factor exponent takes the form: 
-2 pi^2 [ h^2 a*^2 Ull + ... +2hk a* b* U12 I 

Uli U22 U33 U23 U13 U12 

s 57(1) 38(1) 78(1) 11 (1) 17(1) 1 (1) 
N 5l(2) 6l(2) 39(2) -4(2) 12(2) -9(2) C(i) 47(2) 34(2) 42(2) 0(2) lO(2) 3(2) 
C(2) 4l(2) 33(2) 38(2) 3(2) 6(2) 4(2) 
C(3) 36(2) 45(3) 49(2) l(2) 12(2) 8(2) 
C(C 39(2) 112(5) 62(3) -12(3) 14(2) -8(3) C(5) 49(3) 117(5) 87(4) -8(4) 32 (3) -lO(3) C(6) 78(4) 71(4) 75(4) 4(3) 51(3) l(3) 
C(7) 7l(3) 66(3) 46(3) -2(2) 22(2) -8(3) B(3) 4l(2) 40(3) 45(3) -9(2) -5(2) 7(2) 
B(4) 63(3) 44(3) 40(2) 0(3) 5(2) 17(3) 
B(5) 64(3) 39(4) 47(3) 2(2) 18(2) -5(2) B(6) 36(2) 47(3) 38(2) -3(2) 8(2) -3(2) B(7) 59(3) 47(3) 38(3) -10(2) ll(2) 3(2) 
B(8) 77(4) 57(4) 40(3) 5(3) 0(3) 15(3) 
B(9) 104(5) 37(3) 5l(3) 5(2) 27(3) -4(3) B(l0) 71(3) 5l(4) 56(3) -7(2) 31(3) -14(3) B(ll) 47(3) 42(3) 5l(3) -3(2) 15(2) 4(2) 
B(l2) 93(4) 55(4) 43(3) -3(3) 32(3) 3(3) 

Table 5. Hydrogen coordinates (x 10^4) and isotropic 
disPlacement parameters (A-2 x 10^3) for 1. 

x y z U (eq) 

H(l) -5144(54) -203(76) -1043(42) 99(15) 

H(3) -9808(50) 1771(54) -3723(35) 60(12) 

H(4) -9534(50) 5346(50) -3320(39) 63(13) 

H(5) -6186(36) 5978(38) -1283(30) 23(8) 

li(6) -4685(46) 2820(49) -786(37) 54(11) 

H(7) -7350(44) 856(51) -4838(37) 51(11) 

H(8) -9103(57) 3991(53) -5757(45) 77(14) 

H(9) -6640(61) 6359(67) -4246(47) 79(16) 

H(10) -3546(46) 5051(54) -2616(34) 61(12) 

H(11) -4132(40) 1479(41) -3020(30) 24(8) 

H(12) -5460(43) 3736(48) -5279(37) 51(11) 

H(14) -10512(56) 2482(63) -2046(48) 70(14) 

H(15) -11609(67) 2171(66) -236(50) 96(17) 

H(16) -9576(57) 2712(61) 1974(50) 76(16) 
H(17) -6839(50) 3489(55) 2198(44) 61(12) 
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1-(2-pyridyl)-2-(trimethylstannyl)-orthocarborane (3.4) 

13) 
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Table 1. Crystal data and structure refinement for 

Identification code 96srvO86 

Empirical formula C10 H23 B10 N Sn 

Formula weight 384.08 

Temperature 150(2) K 

Wavelength 0.71073 A 

Crystal system Monoclinic 

Space group P2(1)/c 

Unit cell dimensions a= 10-0093(2) A alpha = 90 deg. 
b= 13.5441(3) A beta = 107.280( 
c= 13.5157(2) A gamma = 90 deg. 

Volume 1749.58(6) A^3 

Z 4 

Density (calculated) 1.458 9/cm^3 

Absorption coefficient 1.446 mm^-l 

F(OOO) 760 

Crystal size 0.6 x 0.2 x 0.01 mm 
Theta range for data collection 2.13 to 27.89 deg. 

Index ranges -l2<=h<=11, -15<=k<=16, -15<=l<=17 
Reflections collected 8410 

Independent reflections 3149 [R(int) = 0.04431 

Observed reflections, I>2sigma(I) 2602 

Refinement method Full-matrix least-squares on F^2 

Data / restraints / parameters 3123 /0/ 222 

Goodness-of-fit on F^2 1.114 

Final R indices [I>2sigma(i)] R1 = 0.0310, wR2 = 0.0641 

R indices (all data) R1 = 0.0453, wR2 = 0.0813 

Largest shift/e. s. d. ratio 0.001 

Largest diff. peak and hole 
. 407 and -. 591 e. A^-3 
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Table 2. Atomic coordinates (x 10^4) and equivalent isotropic 
displacement parameters (A^2 x 10^3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

x y z U (eq) 

Sn (1) 3113 (1) 1499(l) 4844(l) 24(l) 
N(22) 3837(3) 3356(2) 4133(2) 24(l) 
B(7) -50(5) 3661(3) 2436(3) 25(l) 
C(l) 1247(4) 2383(3) 4060(3) 20 (1) 
B(6) 834(4) 3421(3) 4664(3) 21(l) 
C(2) 1310(4) 3490(3) 3537(3) 20 (1) 
C(23) 5120(4) 3707(3) 4217(3) 27 (1) 
C(21) 2741(4) 3913(3) 3630 (3) 21 (1) 
C(24) 5353(4) 4602(3) 3804(3) 30 (1) 
C(25) 4216(4) 5174(3) 3291(3) 30(l) 
B(11) -26(4) 4241(3) 3631(3) 24(l) 
C(26) 2882(4) 4825(3) 3206(3) 28(l) 
C(13) 2130(4) 193(3) 5214(3) 33(l) 
B(12) -1568(5) 3650(3) 2860(3) 26(l) 
B(10) -1016(4) 3500(3) 4242(3) 25(l) 
B(8) -1065(4) 2572(3) 2295(3) 24(l) 
C(12) 4289(5) 2158(3) 6270(3) 39 (1) 
B(5) -210(5) 1767(3) 3331(4) 24(l) 
B(9) -1674(5) 2467(3) 3415(3) 24 (1) 
B(3) 785(5) 2493(3) 2724(3) 22 (1) 
C(14) 4212(5) 1055(3) 3780(4) 37 (1) 
B(4) -179(4) 2329(3) 4520(3) 24 (1) 



Table 3. Bond lengths [A] and angles (deg] for 1. 

Sn(l)-C(12) 2.133(4) Sn(l)-C(14) 
Sn(l)-C(13) 2.155(4) Sn(l)-C(l) 
N(22)-C(21) 1.339(5) N(22)-C(23) 
B(7)-C(2) 1.708(6) B(7)-B(8) 
B(7)-B(12) 1.776(6) B(7)-B(3) 
B(7)-B(11) 1.789(6) C(l)-C(2) 
C(l)-B(5) 1.714(6) C(l)-B(4) 
C(l)-B(3) 1.733(5) C(l)-B(6) 
B(6)-C(2) 1.728(5) B(6)-B(4) 
B(6)-B(10) 1.772(6) B(6)-B(11) 
C(2)-C(21) 1.512(5) C(2)-B(11) 
C(2)-B(3) 1.722(5) C(23)-C(24) 
C(2l)-C(26) 1.387(5) C(24)-C(25) 
C(25)-C(26) 1.389(5) B(11)-B(12) 
B(11)-B(10) 1.777(6) B(12)-B(9) 
B(12)-B(8) 1.788(6) B(12)-B(10) 
B(10)-B(4) 1.781(6) B(10)-B(9) 
B(8)-B(3) 1.772(6) B(8)-B(5) 
B(8)-B(9) 1.796(6) B(5)-B(3) 
B(5)-B(4) 1.770(6) B(5)-B(9) 
B(9)-B(4) 1.783(6) 

C(12)-Sn(l)-C(14) 118.0(2) C(12)-Sn(l)-C(13) 
C(14)-Sn(l)-C(13) 106.7(2) C(12)-Sn(l)-C(l) 
C(14)-Sn(l)-C(l) 111.1(2) C(13)-Sn(l)-C(l) 
C(2l)-N(22)-C(23) 117.6(3) C(2)-B(7)-B(8) 
C(2)-B(7)-B(12) 104.8(3) B(8)-B(7)-B(12) 
C(2)-B(7)-B(3) 59.2(2) B(8)-B(7)-B(3) 
B(12)-B(7)-B(3) 108.3(3) C(2)-B(7)-B(11) 
B(8)-B(7)-B(11) 108.5(3) B(12)-B(7)-B(Il) 
B(3)-B(7)-B(11) 108.3(3) C(2)-C(l)-B(5) 
C(2)-C(l)-B(4) 109.3(3) B(5)-C(l)-B(4) 
C(2)-C(l)-B(3) 60.8(2) B(5)-C(l)-B(3) 
B(4)-C(l)-B(3) 112.8(3) C(2)-C(l)-B(6) 
B(5)-C(l)-B(6) 112.6(3) B(4)-C(l)-B(6) 
B(3)-C(l)-B(6) 113.1(3) C(2)-C(l)-Sn(l) 
B(5)-C(l)-Sn(l) 117.8(2) B(4)-C(l)-Sn(l) 
B(3)-C(l)-Sn(l) 118.2(2) B(6)-C(l)-Sn(l) 
C(2)-B(6)-C(l) 57.5(2) C(2)-B(6)-B(4) 
C(l)-B(6)-B(4) 58.7(2) C(2)-B(6)-B(10) 
C(l)-B(6)-B(10) 105.6(3) B(4)-B(6)-B(10) 
C(2)-B(6)-B(11) 58.3(2) C(l)-B(6)-B(11) 
B(4)-B(6)-B(11) 107.8(3) B(10)-B(6)-B(11) 
C(2l)-C(2)-C(l) 117.4(3) C(2l)-C(2)-B(7) 
C(l)-C(2)-B(7) 111.7(3) C(2l)-C(2)-B(11) 
C(l)-C(2)-B(11) 112.0(3) B(7)-C(2)-B(11) 
C(2l)-C(2)-B(3) 116.9(3) C(l)-C(2)-B(3) 
B(7)-C(2)-B(3) 62.4(2) B(11)-C(2)-B(3) 
C(2l)-C(2)-B(6) 116.7(3) C(l)-C(2)-B(6) 
B(7)-C(2)-B(6) 114.7(3) B(11)-C(2)-B(6) 
B(3)-C(2)-B(6) 114.1(3) N(22)-C(23)-C(24) 
N(22)-C(2l)-C(26) 122.9(3) N(22)-C(2l)-C(2) 
C(26)-C(2l)-C(2) 120.9(3) C(25)-C(24)-C(23) 
C(24)-C(25)-C(26) 118.7(4) C(2)-B(11)-B(12) 
C(2)-B(11)-B(10) 104.7(3) B(12)-B(11)-B(10) 
C(2)-B(11)-B(7) 58.3(2) B(12)-B(11)-B(7) 
B(10)-B(11)-B(7) 108.1(3) C(2)-B(11)-B(6) 
B(12)-B(11)-B(6) 108.1(3) B(10)-B(11)-B(6) 
B(7)-B(11)-B(6) 107.8(3) C(2l)-C(26)-C(25) 
B(11)-B(12)-B(7) 60.5(2) B(11)-B(12)-B(9) 



Z 

292 

B (7) -B (12) -B (9) 107.8(3) B(l1)-B(l2)-B(8) 108.2(3) 
B (7) -B (12) -B (8) 59.5(2) B(9)-B(l2)-B(8) 60.4(2) 
B(l1)-B(l2)-B(l0) 59.7(2) B (7) -B (12) -B (10) 107.9(3) 
B(9)-B(l2)-B(l0) 60.0(3) B(8)-B(l2)-B(l0) 108.3(3) 
B (6) -B (10) -B (11) 60.6(2) B (6) -B (10) -B (4) 59.8(2) 
B (11) -B (10) -B (4) 108.0(3) B(6)-B(l0)-B(9) 108.0(3) 
B (11) -B (10) -B (9) 107.7(3) B(4)-B(l0)-B(9) 59.9(2) 
B(6)-B(l0)-B(l2) 108.2(3) B(l1)-B(l0)-B(l2) 59.7(2) 
B (4) -B (10) -B (12) 107.5(3) B(9)-B(l0)-B(l2) 59.7(2) 
B(7)-B(8)-B(3) 60.2(2) B (7) -B (8) -B (5) 107.4(3) 
B(3)-B(8)-B(5) 59.6(2) B (7) -B (8) -B (12) 59.9(2) 
B(3)-B(8)-B(l2) 108.0(3) B (5) -B (8) -B (12) 107.2(3) 
B (7) -B (8) -B (9) 107.6(3) B (3) -B (8) -B (9) 107.6(3) 
B (5) -B (8) -B (9) 59.6(2) B(l2)-B(8)-B(9) 59.7(2) 
C (1) -B (5) -B (3) 59.7(2) C(l)-B(5)-B(4) 59. l(2) 
B(3)-B(5)-B(4) 108.8(3) C(l)-B(5)-B(9) 106.3(3) 
B (3) -B (5) -B (9) 108.8(3) B (4) -B (5) -B (9) 60.3(2) 
C (1) -B (5) -B (8) 106.4(3) B (3) -B (5) -B (8) 60.0(2) 
B(4)-B(5)-B(8) 109.0(3) B (9) -B (5) -B (8) 60.7(2) 
B(5)-B(9)-B(4) 59.6(2) B (5) -B (9) -B (12) 107.4(3) 
B(4)-B(9)-B(l2) 107.8(3) B (5) -B (9) -B (10) 107.4(3) 
B (4) -B (9) -B (10) 59.8(2) B (12) -B (9) -B (10) 60.3(2) 
B(5)-B(9)-B(8) 59.8(2) B (4) -B (9) -B (8) 107.7(3) 
B(l2)-B(9)-B(8) 59.9(2) B(l0)-B(9)-B(8) 108. l(3) 
C (2) -B (3) -C (1) 57.7(2) C (2) -B (3) -B (5) 104.3(3) 
C (1) -B (3) -B (5) 58.7(2) C (2) -B (3) -B (8) 104.6(3) 
C (1) -B (3) -B (8) 106.0(3) B(5)-B(3)-B(8) 60.4(2) 
C (2) -B (3) -B (7) 58.4(2) C (1) -B (3) -B (7) 105.5(3) 
B (5) -B (3) -B (7) 107.7(3) B (8) -B (3) -B (7) 59.8(3 
C (1) -B (4) -B (5) 58.8(2) C(l)-B(4)-B(6) 59.7(2, 
B (5) -B (4) -B (6) 108.3(3) C(l)-B(4)-B(l0) 106.0(3) 
B(5)-B(4)-B(l0) 108. l(3) B(6)-B(4)-B(l0) 59.8(2) 
C (1) -B (4) -B (9) 105.8(3) B(5)-B(4)-B(9) 60.0(2) 
B (6) -B (4) -B (9) 108.4(3) B (10) -B (4) -B (9) 60.3(2) 
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Table 4. Anisotropic displacement parameters (A-2 x 1V3) for 1. 
The anisotropic displacement factor exponent takes the form: 
-2pi^2 [ hý2 a*ý2 Ull + ... +2hk a* b* U12 I 

Uli U22 U33 U23 U13 U --, 2 

Sn(l) 20(l) 23(l) 27(l) 2(l) 6(l) 2(l) 
N(22) 20(2) 22(2) 30(2) 0(1) 7(l) 0(i) 
B(7) 24(2) 26(3) 23 (2) 2(2) 6(2) 0(2) 
C(l) 21(2) 18(2) 20(2) 0(2) 6(2) -5(2) 
B(6) 21(2) 20(2) 23(2) -4(2) 8(2) 0(2) 
C(2) 22(2) 16(2) 21(2) -1(2) 6(2) 0(2) 

c(23) 22(2) 23(2) 36(2) 1(2) 9(2) 3(2) 

C(21) 22(2) 21(2) 19(2) -5(2) 6(2) -5(2) 
c(24) 24(2) 34(2) 32(2) -6(2) 9(2) -8(2) 
c(25) 34(2) 24(2) 34(2) 0(2) 11(2) -5(21, 
B(11) 20(2) 24(2) 25(2) -1(2) 4(2) 3(2) 
C(26) 25(2) 26(2) 32(2) 5(2) 6(2) -2(2) 
C(13) 26(2) 30(2) 41(2) 7(2) 8(2) 0(2) 

B(12) 20(2) 30(3) 27(2) 1(2) 2(2) 2(2) 

B(IO) 23(2) 23(2) 29(2) -4(2) 11(2) 1(2) 

B(8) 20(2) 26(2) 24(2) -2(2) 3(2) -1(2) 
C(12) 38(3) 38(3) 33(2) 0(2) 2(2) -4(2) 
B(5) 22(2) 23(2) 27(2) -1(2) 6(2) -4(2) 
B(9) 19(2) 27(2) 26(2) 1(2) 4(2) -1(2) 
B(3) 26(2) 20(2) 20 (2) -1(2) 7(2) -5(2) 
C(14) 37(2) 31(2) 46(3) 2(2) 19(2) 10(2) 

B(4) 18(2) 28(3) 27(2) 2(2) 8(2) 0(2) 
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Table 5. Hydrogen coordinates (x 1V4) and isotropic 
displacement parameters (Aý2 x 1V3) for 1. 

x y z U (eq) 

H(23) 5907(4) 3322(3) 4577(3) 33 
H(24) 6279(4) 4819(3) 3873(3) 36 
H(25) 4344(4) 5793(3) 3002(3) 36 
H(26) 2080(4) 5205(3) 2864(3) 34 
H(13A) 1277(16) 378(4) 5384(21) 49 
H(13B) 2775(11) -140(11) 5810(14) 49 
H(13C) 1890(26) -254(9) 4617(8) 49 
H(12) -2529(5) 4080(3) 2451(3) 32 
H(8) -1691(4) 2291(3) 1516(3) 29 
H(12A) 4388(27) 1686(9) 6837(5) 58 
H(12B) 3802(16) 2749(13) 6400(12) 58 
H(12C) 5218(12) 2343(21) 6229(9) 58 
H(9) -2703(5) 2117(3) 3372(3) 29 
H(3) 1403(5) 2163(3) 2238(3) 27 
H(14A) 5072(16) 1444(15) 3904(15) 55 
H(14B) 3618(12) 1164(20) 3068(4) 55 
H(14C) 4450(27) 353(6) 3879(16) 55 
H(4) -210(4) 1880(3) 5209(3) 29 
H(11) 180(39) 5023(29) 3755(29) 25(10) 
H(7) 173(38) 4074(28) 1870(30) 22(10) 
H(5) -126(43) 973(33) 3281(32) 37(12) 
H(10) -1541(44) 3839(32) 4762(33) 39(12) 
H(6) 1601(35) 3672(25) 5390(27) 12(9) 



10c; ýý ly 

1,2-bis (I 1,2-diphenyl) ethyl) -orthocarborane (3.9) 



296 
Table I- Crystal data and structure refinement for 

Identification code 96SRVI87 

Empirical formula C30 H36 B10 

Formula weight 504.69 

Temperature 150(2) K 

Wavelength . 71073 A 

Crystal system Orthorhombic 

Space group Pbcn 

Unit cell dimensions a= 15.9010(10) A alpha = 90 deg. 
b=9.476(2) A beta = 90 deg. 
c= 19.269(3) A gamma = 90 deg. 

Volume 2903.4(8) A^3 

z 4 

Number of reflexions used ? 

Crystal description Block 

Crystal colour colourless 

Density (calculated) 1.155 Mg/m^3 

Absorption coefficient 0.060 mm^-l 

F(OOO) 1064 

Crystal size 0.5 x 0.35 x 0.3 mm 

Theta range for data collection 2.11 to 27.50 deg. 

Index ranges -20<=h<=20, -12<=k<=10, -25<=1<=25 
Experiment device Seimens SMART CCD 

Experiment methods ? 

Number of standard reflexions ? 

Interval Counts ? 

Reflections collected 18952 

Independent reflections 3335 [R(int) = 0.0561] 

Refinement method Full-matrix least-squares on F^2 

Data / restraints / parameters 3313 /0/ 181 

Goodness-of-fit on F^2 1.090 

Final R indices [1>2sigma(I)j R1 0.0556, wR2 1316 

R indices (all data) RI 0.0934, wR2 0.1729 

Largest diff. peak and hole . 238 and -. 186 e. A^-3 
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Table 2. Atomic coordinates (x 10^4) and equivalent isotropic 
displacement parameters (A^2 x 10^3) for 1. U(eq) is defined 

as one third of the trace of the orthogonalized Uij tensor. 

y U(cq) 

C(7) 137(l) 5881(2) 3313(l) 44(l) 
C(I 5) 1()91(1) 7361(2) 4071(l) 53(l) 
C(8) -685(l) 6500(2) 3583(l) 46(l) 
C(l) 52(l) 4415(2) 2952(l) 45(l) 
B(2) 893(l) 3941(2) 2433(l) 51(l) 
B(4) -474(2) 2997(2) 3286(l) 58(l) 
C(14) 825(l) 5876(2) 3884(l) 55(l) 
C(l 3) -1097(l) 5940(2) 4159(l) 65(l) 
C(q) -1018(1) 7706(2) 3281(l) 57(l) 
B(5) 906(2) 2065(2) 2431(l) 63(l) 
B(3) 639(2) 2979(2) 3201(l) 56(l) 
C(20) 799(2) 8040(3) 4661(l) 69(l) 
C(16) 1640(l) 8087(2) 3635(l) 65(l) 
B(6) 51(2) 1472(3) 2959(2) 67(l) 
C(12) -1838(2) 6533(3) 4400(2) 82(l) 
C(lo) -1758(2) 8302(3) 3528(l) 77(l) 
C(l 8) 1598(2) 10119(3) 4367(2) 92(l) 
C(i 1) -2170(2) 7708(3) 4082(2) 85(l) 
C(i 9) 1060(2) 9419(3) 4809(2) 89(l) 
C(l 7) 1883(2) 9448(3) 3782(2) 84(l) 
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Table 4. Bond lengths [A] and angles [deg] for 1. 

C(7)-C(g) 1.524(2) 
C(7)-C(14) 1.551(2) 
C(7)-C(l) 1.560(2) 
C(15)-C(20) 1.385(3) 
C(15)-C(16) 1.394(3) 
C(15)-C(14) 1.512(3) 
C(8)-C(9) 1.387(3) 
C(8)-C(13) 1.392(3) 
C(l)-B(4) 1.708(3) 
C(l)-B(3) 1.718(3) 
C(l)-B(2) 1.729(3) 
C(l)-B(2)#l 1.735(3) 
C(1)-C(1)#l 1.750(4) 
B(2 )-C(1)#l 1.735(3) 

3 B(2, )-B(4)#l 1.779( )) 
B(2)-B(5) 1.778(3) 
B(2)-B(3) 1.785(3) 
B(4)-B(5)#l 1.777(3) 
B(4)-B(3) 1.778(4) 
B(4)-B(2)#l 1.778(3) 
B(4)-B(6) 1.784(4) 
C(13)-C(12) 1.386(3) 
c(q)-C(1()) 1.390(3) 
B(5)-B(3) 1.769(4) 
B(5)-B(4)#l 1.777(3) 
B(5)-B(6)#l 1.78(S(4) 
B(5)-B(6) 1.788(4) 
B(3)-B(6) " 

1.769(3) 
C( 20)-C(19) 1.401(4) 
C(16)-C(17) 1.375(3) 
B(6)-B(6)#l 1.777(6) 
B(6)-B(5)#l 1.798(4) 
C(12)-C(11) 1.377(4) 
C(10)-C(l 1) 1.373(4) 
C(18)-C(17) 1.371(4) 
C(18)-C(19) 1.377(4) 

C(8)-C(7)-C(14) 111.29(14) 
C(8)-C(7)-C(l) 114.92(14) 

14)-C(7)-C(l) C( 112.01(14) 
, C(20)-C(15)-C(16) 118.3(2) 

C(20)-C(15)-C(14) 122.3(2) 
C(16)-C(15)-C(14) 119.4(2) 
C(9)-C(8)-C(13) 117.9(2) 
C(9)-C(8)-C(7) 120.1(2) 
C(13)-C(8)-C(7) 121.9(2) 
C(7)-C(l)-B(4) 125.1(2) 
C(7)-C(l)-B(3) 122.3(2) 
B(4)-C(l)-B(3) 62.50(13) 
C(7)-C(l)-B(2) 115.0(2) 
B(4)-C(l)-B(2) 113.1(2) 
B(3)-C(l)-B(2) 62.35(13) 
C(7)-C(l)-B(2)#l 119.8(2) 
B(4)-C(l)-B(2)#l 62.17(12) 
B(3)-C(l)-B(2)#l 112.6(2) 
B, -C(l)-B(2)#l '(2) 110.81(14) 
C(7)-C(l)-C(1)#l 116.88(9) 
B(4)-C(l)-C(I)#l 109.16(13) 
B(3)-C(l)-C(1)#l 109.21(13) 
B(2)-C(l)-C(I)#l 59-80(12) 
B(2)#l-C(l)-C(I)#l 59.51(12) 
C(l)-B(2)-C(1)#l 60.69(12) 
C(l)-B(2)-B(4)#l 106.9(2) 
C(I)#I-B(2)-B(4)#l 58-18(12) 
C(l)-B(2)-B(5) 105.6(2) 
C(I)#l-B(2)-B(5) 105.5(2) 
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C(l)-B(2)-B(3) 58.52(12) 
C(1)#l -B(2)-B(3) 106.9(2) 
B(4)#l-B(2)-B(3) 107.7(2) 
B(5)-B(2)-B(3) 59.55(14) 
C(l)-B(4)-B(5)#l 106.7(2) 
C(l)-B(4)-B(3) 59.03(12) 
B(5)#l-B(4)-B(3) 108.0(2) 
C(l)-B(4)-B(2)#l 59.65(12) 
B(5)#l-B(4)-B(2)#l 60.03(13) 
B(3)-B(4)-B(2)#l 107.8(2) 
C(l)-B(4)-B(6) 106.0(2) 
B(5)#l-B(4)-B(6) 60.3(2) 
B(3)-B(4)-B(6) 59.56(14) 
B(2)#l-B(4)-B(6) 108.0(2) 
C(15)-C(14)-C(7) 111.3(2) 
C(12)-C(13)-C(8) 120.9(2) 
C(8)-C(9)-C(10) 121.0(2) 
B(3)-B(5)-B(4)#l 108.4(2) 
B(3)-B(5)-B(2) 60.41(13) 
B(4)#l-B(5)-B(2) 60.01(13) 
B(3)-B(5)-B(6)#l 107.6(2) 
B(4)#l-B(5)-B(6)#l 60.0(2) 
B(2)-B(5)-B(6)#l 107.8(2) 
B(3)-B(5)-B(6) 59.6(2) 
B(4)#l-B(5)-B(6) 107.8(2) 
B(2)-B(5)-B(6) 107.7(2) 
B(6)#l-B(5)-B(6) 59.6(2) 
C(l)-B(3)-B(6) 106.2(2) 
C(l)-B(3)-B(5) 106.5(2) 
B(6)-B(3)-B(5) 60.7(2) 
C(l)-B(3)-B(4) 58.47(12) 
B(6)-B(3)-B(4) 60.4(2) 
B(5)-B(3)-B(4) 108.7(2) 
C(l)-B(3)-B(2) 59.13(11) 
B(6)-B(3)-B(2) 108.3(2) 
B(5)-B(3)-B(2) 60-04(13) 
B(4)-B(3)-B(2) 107.3(2) 
C(15)-C(20)-C(19) 120.1(2) 
C(17)-C(16)-C(15) 121.0(2) 
B(3)-B(6)-B(6)#l 108.1(2) 
B(3)-B(6)-B(4) 60.04(14) 
B(6)#l-B(6)-B(4) 107.9(2) 
B(3)-B(6)-B(5)#l 107.8(2) 
B(6)#l-B(6)-B(5)#l 60.2(2) 
B(4)-B(6)-B(5)#l 59.66(14) 
B(3)-B(6)-B(5) 59.65(14) 
B(6)#l-B(6)-B(5) 60.2(2) 
B(4)-B(6)-B(5) 107.6(2) 
B(5)#l-B(6)-B(5) 108.0(2) 
C(ii)-C(12)-C(13) 120.2(2) 
C(i i)-C(10)-C(9) 120.2(2) 
C(17)-C(18)-C(19) 119.4(3) 
C(lo)-C(11)-C(12) 119.7(2) 
C(ig)-C(19)-C(20) 120.5(3) 
C(18)-C(17)-C(16) 120.7(3) 

B(4)#l-B(2)-B(5) 

Symmetry transformations used to generate equivalent atoms: 
#1 -x, y, -z+ 1/2 
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Table 5. Anisotropic displacement parameters (X2 x 10^3) for 1. 

The anisotr(Tic dis lacement factor exponent takes the form: 

-2 pi^2 [h2 a*^? U11 + ... +2hk a* b* U12 

Ull U22 U33 U23 U 13 

C(7) 43(l) 
47(l) 

48(l) 
62(l) 

41(l) 
51(l) 

l(l) 
-4(l) 

-3(l) 
-17(l) 

-2(l) 5(l) 
C(15) 
C(8) 46(l) 48(l) 

48(l) 
45(l) 
42(l) 

-4(l) 3(l) 
-3(l) 
-3(l) 

-5(l) 
-1(1) C(l) 

B(2) 
45(l) 
46(l) 52(l) 

54(l) 
54(l) 
57(l) 

-1(1) lo(l) -3(l) 
-4(l) 

8(l) 
-11(l) B(4) 

C(14) 
61(l) 
54(l) 59(l) 

63(l) 
52(l) 
65(l) 

()(1) 
3(l) 

-1()(1) 16(l) 
3(l) 

-2(l) C(13) 
C(9) 

68(l) 
62(l) 56 (1) 

48(l) 
54(l) 
77(2) 

-5(l) 
-2(l) 

-3(l) 5(l) 
1 ()(1) 

B(5) 
B(3) 

66(2) 
59(l) 47(l) 

84(2) 
61(l) 
57(l) 

8(l) 
-16(l) -13(l) 

2(l) 
4(l) 

C(20) 
C(16) 

670) 
52(l) 77(2) 

4 l 
66(l) 
79(2) 

()(1) 
8(l) -1()(1) 

-14(l) 
-3(l) 
-4(l) B(6) 

C(12) 
75(2) 
71(2) 

7( ) 
87(2) 

2 
90(2) 
82(2) 

-14(2) 
-13(l) 

33(l) 
-1 ()(1) 

-17(l) 24(l) 
COO) 
C(18) 

74(2) 
85(2) 

) 75( 
64(2) 

2 
126(3) 
105(2) 

-6(2) 
-33(2) 

-53(2) 7(l) 
2(l) 
4(l) 

C(i 1) 
I 

52(l) 
86(2) 

) 97( 
93(2) 88(2) -39(2) -34(2) 25(2) 

(19) C 
C(17) 68(2) 80(2) 104(2) 14(2) -31(2) -18(1) 

Table 6. Hydrogen coordinates (x 10^4) and isotropic 
displacement parameters (A^2 x-10^3) for 1. 

x y Z 

H(5) 1476(1) 459g(2) 2390(1) 61 
H(6) -791(2) 3009(2) 3805(1) 69 
H(14A) 606(1) 5396(2) 4303(1) 66 
H(14B) 1320(1) 534l(2) 3717(1) 66 
H(I 3) -867(1) 514l(2) 4388(1) 78 
H(9) -736(1) 8130(2) 2900(1) 69 
H(5) 1507(2) 1456(2) 2385(1) 76 
H(3) 1063(2) 2972(2) 3665(1) 67 
H(20) 422(2) 7569(3) 4965(1) 83 
H(I 6) 185o(1) 7635(2) 323l(1) 78 
H(6) 84(2) 464(3) 326l(2) 80 
HO 2-) -2117(2) 6127(3) 4787(2) 99 
H(I 0) -1981(2) 9123(3) 3312(1) 92 
H(I 8) 1770(2) 11057(3) 4466(2) 110 
H(l 1) -2681(2) 8107(3) 4245(2) 102 
H(l9) 864(2) 9876(3) 5217(2) 107 
H(l7) 225l(2) 9929(3) 3474(2) UM 
H(7) 349(2) 6530(3) 2906(2) 101 

U 12 

U(cq) 
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1,4-di(phenylorthocarborane)benzene 
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Table I Fractional atomic co-ordinates and equivalent isotropic atomic displacement 
parameters (A2) for the non-hydrogen atoms Of C22H341320. 

Atom (e 

C(2) 0.2965(l) 0.1915(l) 1.0399ý1) 0.0378 
B(3) 0.3322(2) 0.1071(l) 0.9277(2) 0.0422 
B(4) 0.2314(2) 0.1385(2) 0.7879(2) 0.0457 
B(5) 0.1325(2) 0.2388(l) 0.8215(2) 0.0444 
B(6) 0.1727(2) 0.2697(l) 0.9814(2) 0.0407 
B(7) 0.4301(2) 0.2130(2) 0.9733(2) 0.0458 
B(8) 0.3901(2) 0.1815(2) 0.8132(2) 0.0498 
B(9) 0.2672(2) 0.2635(2) 0.7474(2) 0.0518 
B(IO) - 

0.2297(2) 0.3454(2) 0.8679(2) 0.0494 
B(l 1) 0.3311(2) 0.3140(2) 1.0066(2) 0.0457 
B(12) 0.3895(2) 0.3102(2) 0.8615(2) 0.0503 
C(i 0 1) 0.0864(l) 0.0715(l) 0.9680(l) 0.0353 
C(102) -0.0132(2) 0.0996(l) 1.0273(2) 0.0540 
C(103) 0.0983(2) -0.0289(l) 0.9412(2) 0.0531 
C(20 1) 0.3019(l) 0.1554(l) 1.1724(l) 0.0423 
C(202) 0.3656(2) 0.0682(2) 1.2131(2) 0.0639 
C(203) 0.3733(3) 0.0388(2) 1.3375(2) 0.0789 
C(204) 0.3189(3) 0.0952(3) 1.4202(2) 0.0762 
C(205) 0.2569(2) 0.1826(3) 1.3814(2) 0.0753 
C(206) 

_0.2488(2) 
0.2137(2) 1.2579(2) 0.0619 

Table 2 Fractional aton-iic co-ordinate ,s 
and isotropic atomic displacement parameters (, k2) for 

the hydrogen atorns Of C221-134B20- 

Atom z- U(iso 

H(4) 0.193(2) 0.077(2) 0.723(2) 0.055(5) 
H(5) 0.031(2) 0.240(l) 0.783(2) 0.055(5) 
H(6) 0.104(2) 0.289(l) 1.040(2) 0.045(5) 
H(7) 0.519(2) 0.198(l) 1.033(2) 0.059(5) 
H(8) 0.460(2) 0.148(2) 0.760(2) 0.068(6) 
H(9) 0.259(2) 0.287(2) 0.648(2) 0.071(7) 
H(10) 0.192(2) 0.424(2) 0.849(2) 0.064(6) 
H(l 1) 0.358(2) 0.363(2) 1.090(2) 0.056(5) 
H(12) 0.461(2) 0.365(2) 0.844(2) 0.068(6) 
H(102) -0.024(2) 0.171(2) 1.051(2) 0.082(7) 
H(103) 0.170(3) -0.052(2) 0.902(2) 0.098(8) 
H(202) 0.401(2) 0.027(2) 1.154(2) 0.085(8) 
H(203) 0.417(3) -0.023(3) 1.364(3) 0.13(l) 
H(204) 0.321(3) 0.072(2) 1.512(3) 0.111(9) 
H(205) 0.216(3) 0.225(2) 1.440(3) 0.12(l) 
H(206) 0.213(3) 0.280(2) 1.232(3) 0.10 2 (9) 

_ 
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Table 3 Anisotropic atomic displacement parameters (, k2) for C221-134B20. 

Atom Uli U22 U33 U23 U13 U 

C(2) 0.0355ý7) 0.0397(7) 0.0392(7) -0.0009(6) 0.0062(6) -0.0050(6) 
B(3) 0.0393(9) 0.045(l) 0.0454(9) -0.0018(7) 0.0125(7) -0.0008(7) 
B(4) 0.052(l) 0.053(l) 0.0386(9) -0.0039(8) 0.0133(7) -0.0087(9) 
B(5) 0.047(l) 0.045(l) 0.0425(9) 0.0062(7) 0.0011(7) -0.0049(8) 
B(6) 0.043(l) 0.0329(8) 0.0480(9) -0.0011(7) 0.0058(7) -0.0027(7) 
B(7) 0.0374(9) 0.055(l) 0.050(l) 0.0028(8) 0.0097(7) -0.0091(8) 
B(8) 0.049(l) 0.062(l) 0.049(l) -0.0008(9) 0.0197(8) -0.0093(9) 
B(9) 0.057(l) 0.061(l) 0.045(l) 0.0089(9) 0.0084(8) -0.013(l) 
B(IO) 0.056(l) 0.040(l) 0.057(l) 0.0085(8) 0.0059(9) -0.0090(9) 
B(l 1) 0.048(l) 0.0421(9) 0.051(l) -0.0021(8) 0.0074(8) -0.0124(8) 
B(12) 0.051(l) 0.055(l) 0.055(l) 0.0069(9) 0.0127(9) -0.0170(9) 
C(101) 0.0353(7) 0.0331(7) 0.0391(7) -0.0031(6) 0.0073(5) -0.0034(5) 
C(102) 0.059(l) 0.0337(8) 0.116(2) -0.012(l) 0.046(l) -0.0055(8) 
C(103) 0.058(l) 0.0398(9) 0.112(2) -0.019(l) 0.050(l) -0.0083(8) 
C(20 1) 0.0394(8) 0.0540(9) 0.0373(7) 0.0001(7) 0.0046(6) -0.0102(7) 
C(202) 0.092(2) 0.056(l) 0.051(l) 0.0094(9) 0.006(l) 0.002(l) 
C(203) 0.128(2) 0.078(2) 0.057(l) 0.025(l) -0.001(l) -0.007(2) 
C(204) 0.090(2) 0.126(2) 0.044(l) 0.018(l) 0.007(l) -0.023(2) 
C(205) 0.069(l) 0.154(3) 0.043(l) -0-005(l) 0.015(l) 0.005(2) 
C(206) 0.0560) 0.100(2) 0.0433(9) -0-005(l) 0.0062(8) 0.0120) 

Table 5 Interatomic distakices (A) to the hydrogen atoms of C-), )H34B20. 

Atoms Distance 
B(3) - H(3) 1.06(2) 
B(4) - H(4) 1.12(2) 
B(5) - H(5) 1.11(2) 
B(6) - H(6) 1.07(2) 
B(7) - H(7) 1.09(2) 
B(8) - H(8) 1.10(2) 
B(9) - H(9) 1.11(2) 
B(10) - H(10) 1.12(2) 
B(l 1) - H(l 1) 1.12(2) 
B(12) - H(12) 1.09(2) 
C(102) - H(102) 0.99(2) 
C(103) - H(103) 0.98(3) 
C(202) - H(202) 0.96(3) 
C(203)- H(203) 0.96(4) 
C(204) - H(204) 1.03(3) 
C(205)- H(205) 1.00(3) 
C(206)- H(206) 0.98(3) 
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Table 4 Interatomic distances (A) for the non-hydrogen atoms Of C22H34B20. 
I 

Atoms Distance 
C(l) - C(2) 1.720(2T- 
C(l) - B(3) 1.732(2) 
C(l) - B(4) 1.709(2) 
C(l) - B(5) 1.707(2) 
C(l) - B(6) 1.724(2) 
C(l) - C(101) 1.505(2) 
C(2) - B(3) 1.732(2) 
C(2) - B(6) 1.730(2) 
C(2) - B(7) 1.714(2) 
C(2) -B (11) 1.713(2) 
C(2) - C(201) 1.506(2) 
B(3) - B(4) 1.781(3) 
B(3) - B(7) 1.778(3) 
B(3) - B(8) 1.763(3) 
B(4) - B(5) 1.768(3) 
B(4) - B(8) 1.776(3) 
B(4) - B(9) 1.767(3) 
B(5) - B(6) 1.774(3) 
B(5) - B(9) 1.777(3) 
B(5) - B(10) 1.783(3) 
B(6) - B(IO) 1.761(3) 
B(6) - B(11) 1.779(3) 
B(7) - B(8) 1.778(3) 
B(7) - B(l 1) 1.774(3) 
B(7) - B(12) 1.779(3) 
B(8) - B(9) 1.776(3) 
B(8) - B(12) 1.783(3) 
B(9) - B(IO) 1.786(3) 
B(9) - B(12) 1.780(3) 
B(IO) - B(l 1) 1.776(3) 
B(IO) - B(12) 1.784(3) 
B(l 1) - B(12) 1.773(3) 
C(101) - C(102) 1.373(2) 
C(lol) - C(103) 1.370(2) 
C(102) - C(103)' 1.382(2) 
C(201) - C(202) 1.382(3) 
C(201) - C(206) 1.387(3) 
C(202) - C(203) 1.394(3) 
C(203) - C(204) 1.359(4) 
C(204) - C(205) 1.371(4) 
C(205) - C(206)_ 1.391(3) 

L- 
- 
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Table 6 Interatomic angles (0) for the non-hy&ogen atorns Of C22H34B20. 

Atoms Angle 
C(2) - C(I) - B(3) 60.2T(-9-) 
C(2) - C(l) - B(4) 110.1(1) 
B(3) - C(l) - B(4) 62.4(l) 
C(2) - C(I) - B(5) 110.2(l) 
B(3) - C(l) - B(5) 113.2(l) 
B(4) - CM - B(5) 62.3(1) 
C(2) - C(l) - B(6) 60.29(9) 
B(3) - C(l) - B(6) 111.6(l) 
B(4) - CM - B(6) 112.9(l) 
13(5) - C(l) - B(6) 62.3(1) 
C(2) - CM - C(101) 118.5(l) 
B(3) - C(I) - Q101) 117.4(l) 
B(4) - C(l) - C(101) 121.3(l) 
B(5) - CM - C(101) 121.8(l) 
B(6) - CM - C(101) 118.6(l) 
C(l) - C(2) - B(3) 60.20(9) 
C(l) - C(2) - B(6) 59-96(9) 
B(3) - C(2) - B(6) 111.2(l) 
C(l) - C(2) - B(7) 109.8(l) 
B(3) - C(2) - B(7) 62.1(1) 
B(6) - C(2) - B(7) 112.8(l) 
C(l) - C(2) - B(l 1) 109.7(l) 
B(3) - C(2) - B(l 1) 112.7(l) 
B(6) - C(2) - B(I 1) 62.2(l) 
B(7) - C(2) - B(l 1) 62.3(l) 
C(I) - C(2) - C(201) 118.9(1) 
B(3) - C(2) - C(201) 118.8(l) 
B(6) - C(2) - C(201) 117.6(l) 
B(7) - C(2) - C(201) 122.1(1) 
B(I 1) - C(2) - C(20 1) 121.3(l) 
CO) - B(3) - C(2) 59.56(9) 
CM - B(3) - B(4) 58.2(l) 
C(2) -B (3) - B (4) 106.2(l) 
C(l) -B (3) -B (7) 106.3(l) 
C(2) - B(3) - B(7) 58.4(l) 
B(4) - B(3) - B(7) 108.4(l) 
C(l) -B (3) -B (8) 105.3(l) 
C(2) - B(3) - B(8) 105.6(1) 
B(4) - B(3) - B(8) 60.1(1) 
B(7) - B(3) - B(8) 60.3(1) 
C(I) - B(4) - B(3) 59.45(9) 
C(I) - B(4) - B(5) 58.8(l) 
B(3) - B(4) - B(5) 108.0(1) 
C(l) - B(4) - B(8) 105.8(l) 
B(3) - B(4) - B(8) 59.4(l) 
B(5) - B(4) - B(8) 108.4(l) 
C(i) - B(4) - B(9) 105.7(l) 
B(3) - B(4) - B(9) 107.6(l) 
B(5) - B(4) - B(9) 60.3(l) 
B(8) - B(4) - B(9) 60.1(1) 

Atoms Angle 
C(l) - B(5) - B(4) 58.9(l) 
C(l) - B(5)- B, (6) 59.33(9) 
B(4) - B(5) - B(6) 107.7(l) 
C(l) - B(5) - B(9) 105.4(l) 
B(4) - B(5) - B(9) 59.8(l) 
B(6) - B(5) - B(9) 107.3(l) 
C(l) - B(5) - B(10) 105.7(l) 
B(4) - B(5) - B(10) 108.0(1) 
B(6) - B(5) - B(IO) 59.3(l) 
B(9) - B(5) - B(10) 60.2(l) 
C(l) - B(6) - C(2) 59.75(9) 
C(l) - B(6) - B(5) 58.4(l) 
C(2) - B(6) - B(5) 106.7(l) 
C(l) - B(6) - B(10) 105.9(l) 
C(2) - B(6) - B(10) 105.9(l) 
B(5) - B(6) - B(IO) 60.6(l) 
C(l) - B(6) - B(I 1) 106.5(l) 
C(2) - B(6) - B(I 1) 58.4(l) 
B(5) - B(6) - B(I 1) 108.7(l) 
B(IO) - B(6) - B(I 1) 60.2(l) 
C(2) - B(7) - B(3) 59.46(9) 
C(2) - B(7) - B(8) 105.7(l) 
B(3) - B(7) - B(8) 59.5(l) 
C(2) - B(7) - B(I 1) 58.8(l) 
B(3) - BM - BO F) 107.8(l) 
B(8) - B(7) - B(I 1) 107.9(l) 
C(2) - B(7) - B(12) 105.6(l) 
B(3) - B(7) - B(12) 107.6(l) 
B(8) - B(7) - B(12) 60.2(l) 
B(I 1) - B(7) - B(I 2) 59.9(l) 
B(3) - B(8) - B(4) 60.4(l) 
B(3) - B(8) - B(7) 60.3(l) 
B(4) - B(8) - B(7) 108.6(l) 
B(3) - B(8) - B(9) 108.0(1) 
B(4) - B(8) - B(9) 59.7(l) 
B(7) - B(8) - B(9) 108.1(2) 
B(3) - B(8) - ' 

B(12) 
B(4) - B(8 - B (1')) 108.0(2) 
B(7) - B(8) - B(12) 59.9(l) 
B(9) - B(8) - B(12) 60.0(1) 
B(4) - B(9) - B(5) 59.8(l) 
B(4) - B(9) - B(8) 60.2(l) 
B(5) - B(9) - B(8) 108.0(1) 
B(4) - B(9) - B(IO) 108.0(1) 
B(5) - B(9) - B(IO) 60.1(1) 
B(8) - B(9) - B(IO) 108.0(1) 
B(4) - B(9) - B(12) 109.5(l) 
B(5) - B(9) - B(12) 108.4(l) 
B(8) - B(9) - B(12) 60.2(l) 
B(IO )- B(9) - B(12) 60.0(1) 

9L 
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--Table 6 Cont. 

Atoms Ande 
-9-(5) - B(10) - B(6) 60-. 1(1) 

B(5) - B(10) - B(9) 59.7(l) 
B(6) - B(10) - B(9) 107.5(l) 
B(5) - B(IO) - B(I 1) 108.5(l) 
B(6) - B(10) - B(I 1) 60.4(l) 
B(9) - B(10) - B(l 1) 107.6(2) 
B(5) - B(10) - B(12) 107.9(l) 
B(6) - B(IO) - B(12) 107.9(l) 
B(9) - B(IO) - B(12) 59.8(l) 
B(l 1) - B(IO) - B(12) 59.7(l) 
C(2) - B(l 1) - B(6) 59.3(l) 
C(2) - B(I 1) -'B(7) 58.8(l) 
B(6) - B(l 1) - B(7) 107.7(l) 
C(2) - B(l 1) - B(10) 106.0(1) 
B(6) - B(I 1) - B(10) 59.4(l) 
B(7) - B(I 1) - B(10) 108.4(l) 
C(2) - B(11) - B(12) 105.9(l) 
B(6) - B(I 1) - B(12) 107.6(l) 
B(7) - B(I 1) - B(12) 60.2(l) 
B(IO) - B(I 1) - B(12) 60.4(l) 
B(7) - B(12) - B(8) 59.9(l) 
B(7) - B(12) - B(9) 107.9(l) 
B(8) - B(12) - B(9) 59.8(l) 
B(7) - B(12) - B(10) 107.8(l) 
B(8) - B(12) - B(IO) 107.7(l) 
B(9) - B(12) - B(10) 60.1(1) 
B(7) - B(12) - B(I 1) 59.9(l) 
B(8) - B(12) - B(l 1) 107.7(l) 
B(9) - B(12) - B(l 1) 108.0(1) 
B(10) - B(12) - B(l 1) 59.9(l) 
C(l) - C(101) - C(102) 122.2(l) 
C(l) - C(101) - C(103) 120.1(1) 
C(102) - C(101) - C(103) 117.7(l) 
Q101) - C(102) - C(103)' 121.0(2) 
Q101) - C(103) - C(102)' 121.3(2) 
C(2) - C(201) - C(202) 121.4(2) 
C(2) - C(201) - C(206) 119.7(2) 
C(202) - C(201) - C(206) 118.8(2) 
C(201) - C(202) - C(203) 120.1(2) 
C(202) - C(203) - C(204) 120.8(3) 
C(203) - C(204) - C(205) 119.7(2) 
C(204) - C(205) - C(206) 120.5(2) 
C(201) - C(206) - C(205) 120.2(3) 
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Table 7 Interatomic angle§ (0) to the hydrogen atoms Of C22H341320- 

Atoms Angle 
-iC-(I) - B(3) - H(3) 118.: r(lo)- 

C(2) - B(3) - H(3) 117.9(10) 
B(4) - B(3) - H(3) 124.0(10) 
B(7) - B(3) - H(3) 123.2(10) 
B(8) - B(3) - H(3) 129.2(10) 
C(l) - B(4) - H(4) 118.5(9) 
B(3) - B(4) - H(4) 119.4(10) 
B(5) - B(4) - H(4) 120.2(10) 
B(8) - B(4) - H(4) 125.9(9) 
B(9) - B(4) - H(4) 126.8(10) 
C(l) - B(5) - H(5) 116.1(10) 
B(4) - B(5) - IT(5) 120.9(10) 
B(6) - B(5) - H(5) 117.4(10) 
B(9) - B(5) - H(5) 129.8(10) 
B(IO) - B(5) - H(5) 126.9(10) 
C(l) - B(6) - H(6) 118.8(10) 
C(2) - B(6) - H(6) 119.000) 
B(5) - B(6) - H(6) 122.7(10) 
B(IO) - B(6) - H(6) 127.7(10) 
B(l 1) - B(6) - H(6) 123.6(10) 
C(2) - B(7) - H(7) 115.6(10) 
B(3) - B(7) - H(7) 117.2(11) 
B(8) - B(7) - H(7) 127.4(10) 
B(I 1) - B(7) - H(7) 120.7(10) 
B(12) - B(7) - H(7) 129.8(11) 
B(3) - B(8) - H(8) 118.4(11) 
B(4) - B(8) - H(8) 119.7(11) 
B(7) - B(8) - H(8) 121.3(11) 
B(9) - B(8) - H(8) 123.8(11) 
B(12) - B(8) - H(8) 124.8(11) 
B(4) - B(9) - H(9) 120.5(12) 
B(5) - B(9) - H(9) 121.9(12) 
B(8) - B(9) - H(9) 120.8(11) 
B(IO) - B(9) - H(9) 123.1(11) 
B(12) - B(9) - H(9) 121.9(12) 
B(5) - B(IO) - H(10) 120.2(11) 
B(6) - B(10) - H(10) 120.4(10) 
B(9) - B(10) - H(10) 122.7(10) 
B(I 1) - B(10 )- H(10) 122.0(10) 
B(12) - B(IO) - H(10) 123.6(10) 
C(2) - B(I 1) - H(I 1) 114.8(10) 
B(6) - B(I 1) - H(l 1) 116.8(9) 
B(7) - B(I 1) - H(I 1) 120.4(10) 
B(10) - B(I 1 )- H(I 1) 127.4(10) 
B(I 2) - B(l 1 )- H(I 1) 130.5(10) 
B(7) - B(12) - H(12) 119.4(11) 
B(8) - B(12) - H(12) 124.0(11) 
B(9) - B(12) - H(12) 125.3(11) 
BOO) - B(12) - H(12) 121.9(11) 
B LIL I ) 

_ - BE ( 1-2) -H -(I 
2) 

-l 
18 - 30 1 

-) 

Atoms Angle 
C(101) - C(IQ2) - ff-(102) 120.1(14) 
C(103)' - C(102) - H(102) 118.9(14) 
C(101) - C(103) - H(103) 119.9(16) 
C(102)' - C(103) - H(103) 118.7(16) 
C(201) - C(202) - H(202) 119.1(15) 
C(203) - C(202) - H(202) 120.7(15) 
C(202) - C(203) - H(203) 118.9(20) 
C(204) - C(203) - H(203) 120.3(19) 
C(203) - C(204) - H(204) 121.4(16) 
C(205) - C(204) - H(204) 118.9(16) 
C(204) - C(205) - H(205) 120.9(19) 
C(206) - C(205) - H(205) 118.6(19) 
C(201) - C(206) - H(206) 119.1(17) 
C(205) - C(206) - H(206) 120.4(17) 



308 

(x, (x'-bis(2'-phenyl-l-orthocarboranyl) lutidine (4.6) 

: 7- U-) E3 
Z3 

CN 

m En 
Iu co CN U 

co U ýD 
co 

co 

CO CY) 

C-) 
CY) 

L) 

Lr) 

CD 

U Z3 

U 

CD 

L) 

: ýz a -: -. LM 

CD 

C-) 



78 309 
Table 1. Crystal data and structure refinement for 1. 

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume, Z 

Density (calculated) 

Absorption coefficient 

F(OOO) 

Crystal size 

Theta range for data collection 

Limiting indices 

Reflections collected 

Independent reflections 

Absorption correction 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F^2 

Final R indices [I>2sigma(I)] 

R indices (all data) 

Extinction coefficient 

Largest diff. peak and hole 

96srvl38 

C23 H37 B20 N 

543.74 

293(2) K 

0.. 71073 A 

Monoclinic 

C2/c 

a 33.910(2) A alpha = 90 deg. 
b 7.764(l) A beta = 116-98(l) deg. 
c 27.005(2) A gamma = 90 deg. 

6336(l) Aý3,8 

1.140 Mg/m^3 

0.055 mm^-l 

2256 

0.25 x 0.18 x 0.16 mm 

1.69 to 24.00 deg. 

-40<=h<=39, -9<=k<=9, -30<=l<=30 
15267 

4966 [R(int) = 0.0941] 

None 

Full-matrix least-squares on F^2 

4764 /0/ 418 

1.036 

R1 = 0.0670, wR2 = 0.1271 

R1 = 0.1669, wR2 = 0.1947 

0.0012(2) 

0.158 and -0.144 e. A^-3 
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Table 2. Atomic coordinates (x 10ý4) and equivalent isotropic 
displacement parameters (Aý2 x lV3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

xyz U(eq) 

c (1) 2996(l) 7082(4) 6845(l) 44(l) 
C (2) 3536(l) 7522(4) 7293(l) 45(l) 
B (3) 3145(l) 7365(5) 7538(2) 49(l) 
B (4) 2650(l) 8274(5) 7017(2) 59 (1) 
B(5) 2749(l) 8855(5) 6449(2) 56(l) 
B(6) 3306(l) 8323 (5) 6627(2) 51(l) 
BM 3557(l) 8995(5) 7770(2) 56(l) 
B(8) 3002(2) 9507(6) 7599(2) 60(l) 
B(9) 2760(2) 10444(6) 6922(2) 61(l) 
B(10) 3167(2) 10475(5) 6682(2) 59(l) 
B(11) 3658(2) 9586(5) 7204(2) 57(l) 
B(12) 3317(2) 10897(6) 7391(2) 62(l) 
C(11) 1218(l) 3172(4) 5115(l) 51(l) 
C(2') 718(l) 2702(4) 4559(l) 50(l) 
B(3') 754(l) 2965(6) 5217(2) 58(l) 
B(4' ) 1273(l) 2072(6) 5690(2) 62(l) 
B(5') 1543(2) 1377(5) 5302(2) 59(l) 
B(6') 1200(l) 1841(5) 4594(2) 51(l) 
B(7') 435(2) 1298(6) 4763 (2) 64(l) 
B(8') 779(2) 853(6) 5469(2) 70(l) 
B(9') 1271(2) -137(6) 5531(2) 71(l) 
B(10') 1226(2) -271(6) 4844(2) 67(l) 
B(11') 709(2) 599(5) 4376(2) 60(l) 
B(12') 753(2) -614(6) 4955(2) 71(l) 
C(3) 3875(l) 6093 (4) 7456(2) 45(l) 
C(4) 4063(l) 5603 (5) 7116(2) 65(l) 
C(5) 4378(l) 4314 (6) 7275(2) 79(l) 
C(6) 4515(l) 3500(5) 7776(2) 77(l) 
C(7) 4336(l) 3976(5) 8122(2) 73(l) 
C(8) 4018(l) 5264(5) 7963 (2) 59(l) 
C(9) 2884(l) 5227(4) 6633 (1) 54(l) 
C(10) 2592(l) 5100(4) 6016(l) 45(l) 
C(11) 2765(l) 4995(5) 5641(2) 63(l) 
C(12) 2482(2) 4983 (5) 5084(2) 72(l) 
C(3' ) 478(l) 4085(5) 4133 (2) 51(l) 
C(4' ) 128(l) 4973 (5) 4147 (2) 69(l) 
C(5' ) -101(1) 6207(6) 3757(2) 87(l) 
C(6') 14(2) 6600(6) 3346(2) 84(l) 
C(7' ) 356(2) 5713 (6) 3319 (2) 79(l) 
C(8' ) 587(l) 4466(5) 3709(2) 64(l) 
C(91 ) 1394(l) 5004(4) 5154(2) 58(l) 
C(Iol 1882(l) 5072(4) 5307(2) 50(l) 
C(111) 2032(l) 5038(5) 4911(2) 66(l) 
N 2156(l) 5124 (3) 5856(l) 46(l) 
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Table 4. Bond lengths [A] and angles [deg] for 1. 

c(l)-C(9) 1.532(4) 
C(l)-B(5) 1.711(5) 

C(l)-C(2) 1.711(4) 

C(l)-B(4) 1.713(5) 

C(l)-B(6) 1.717(5) 

C(l)-B(3) 1.718(5) 

C(2)-C(3) 1.514(4) 

C(2)-B(7) 1.698(5) 

C(2)-B(11) 1.700(5) 

C(2)-B(6) 1.721(5) 
C(2)-B(3) 1.731(5) 

B(3)-B(8) 1.761(6) 

B(3)-B(7) 1.774(6) 

B(3)-B(4) 1.776(6) 

B(4)-B(8) 1.764(6) 

B(4)-B(9) 1.769(6) 

B(4)-B(5) 1.771(6) 

B(5)-B(9) 1.766(6) 

B(5)-B(6) 1.774(6) 

B(5)-B(IO) 1.782(6) 

B(6)-B(10) 
1.761(6) 

B(6)-B(11) 
1.768(6) 

B(7)-B(8) 1.767(6) 

B(7)-B(12) 1.770(6) 

B(7)-B(11) 1.771(6) 

B(8)-B(12) 1.779(6) 

B(8)-B(9) 
1.785(6) 

B(9)-B(12) 
1.768(6) 

B(9)-B(10) 
1.772(6) 

B(10)-B(Il) 
1.763(6) 

B(10)-B(12) 
1.776(6) 

B(11)-B(12) 1.777(6) 

C(I')-C(9') 1.527(4) 

C(il)-B(5') 1.705(5) 

C(il)-B(4') 1.707(5) 

C(1, )-C(2') 1.718(4) 

C(il)-B(61) 1.723(5) 

C(il)-B(31) 1.725(5) 

C(2')-C(3') 1.513(5) 

C( , 2')-B(7') 1.701(5) 

C(2')-B(11') 1.703(5) 

C(2')-B(6') 1.729(5) 

C(2')-B(31) 
1.735(5) 

B(3')-B(8') 
1.763(7) 

B(3')-B(7') 
1.773(6) 

B(3')-B(4') 
1.781(6) 

B(4')-B(5') 
1.761(6) 

B(4')-B(9') 
1.767(7) 

B(4')-B(8') 
1.775(6) 

B(5')-B(10') 
1.765(6) 

B(5')-B(61) 
1.765(6) 

B(5')-B(9') 
1.770(6) 

B(6')-B(10') 
1.760(6) 

B(6')-B(11') 
1.778(6) 

B(7')-B(8') 1.760(6) 

B(7')-B(12') 1.768(7) 

B(7')-B(11') 
1.771(6) 

B(8')-B(121) 
1.767(7) 

B(8')-B(9') 
1.776(7) 

B(9')-B(12 
1.780(6) 

B(9')-B(10 
1.794(7) 

B(10')-B(11') 1.766(6) 

B(10')-B(121) 1.780(7) 
B(11')-B(12') 1.774(6) 
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C (3) -C (8) 1.386(4) 
C (3) -C (4) 1.388(4) 
C(4)-C(5) 1.382(5) 
C(5)-C(6) 1.370(5) 
C(6)-C(7) 1.373(5) 
C(7)-C(8) 1.390(5) 
C(9)-C(10) 1.507(4) 
C(10)-N 1.340(4) 
C(10)-C(11) 1.383(4) 
c(ii)-c(12) 1.370(5) 
C(12)-C(11') 1.380(5) 
C(3')-C(8') 1.386(5) 
C(3')-C(4') 1.388(5) 
C(4')-C(5') 1.376(5) 
C(5')-C(6') 1.368(6) 
C(6')-C(7') 1.377(6) 
C(7')-C(8') 1.384(5) 
C(9, )-C(lol 1-515(5) 
C(10')-N 1.345(4) 
C(10, )-C(11, ) 1.375(5) 

C (9) -C (1) -B (5) 123.7(3) 
c(9)-C(l)-C(2) 117.1(3) 
B (5) -C (1) -C (2) 110.1(2) 
C (9) -C (1) -B (4) 121.7(3) 
B(5)-C(l)-B(4) 62.3(2) 
C(2)-C(l)-B(4) 110.1(3) 
C(q)-C(l)-B(6) 119.0(3) 
B(5)-C(l)-B(6) 62.3(2) 
C(2)-C(l)-B(6) 60.3(2) 
B(4)-C(l)-B(6) 113.0(3) 
C(q)-C(l)-B(3) 115.3(3) 
B(5)-C(l)-B(3) 113.4(3) 
C(2)-C(l)-B(3) 60.7(2) 
B(4)-C(l)-B(3) 62.3(2) 
B(6)-C(l)-B(3) 112.2(3) 
C(3)-C(2)-B(7) 120.6(3) 
C(3)-C(2)-B(11) 122.0(3) 
B(7)-C(2)-B(11) 62.8(2) 
C(3)-C(2)-C(l) 119.2(3) 
B (7) -C (2) -C (1) 109.5(3) 
B(11)-C(2)-C(l) 109.8(3) 
C(3)-C(2)-B(6) 119.5(3) 
B(7)-C(2)-B(6) 113.1(3) 
B(11)-C(2)-B(6) 62.2(2) 
c(l)-C(2)-B(6) 60.0(2) 
C(3)-C(2)-B(3) 116.8(3) 
B(7)-C(2)-B(3) 62.3(2) 
B(11)-C(2)-B(3) 113.5(3) 
c(l)-C(2)-B(3) 59.9(2) 
B(6)-C(2)-B(3) 111.3(3) 
C(l)-B(3)-C(2) 59.5(2) 
C(l)-B(3)-B(8) 105.4(3) 
C(2)-B(3)-B(8) 105.1(3) 
C(l)-B(3)-B(7) 105.8(3) 
C(2)-B(3)-B(7) 57.9(2) 
B(8)-B(3)-B(7) 60.0(2) 
C(l)-B(3)-B(4) 58.7(2) 
C(2)-B(3)-B(4) 106.3(3) 
B(8)-B(3)-B(4) 59.8(2) 
B(7)-B(3)-B(4) 107.8(3) 
C(l)-B(4)-B(8) 105.4(3) 
C(l)-B(4)-B(9) 105.2(3) 
B(8)-B(4)-B(9) 60.7(2) 
C(l)-B(4)-B(5) 58.8(2) 
B(8)-B(4)-B(5) 108.5(3) 
B(9)-B(4)-B(5) 59.9(2) 
C(l)-B(4)-B(3) 59.0(2) 
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B(8)-B(4)-B(3) 59.7(2) 
B(9)-B(4)-B(3) 108.0(3) 
B(5)-B(4)-B(3) 107.8(3) 
C(l)-B(5)-B(9) 105.4(3) 
C(l)-B(5)-B(4) 58.9(2) 
B(9)-B(5)-B(4) 60.0(2) 
C(l)-B(5)-B(6) 59.0(2) 
B(9)-B(5)-B(6) 107.3(3) 
B(4)-B(5)-B(6) 107.6(3) 
C(l)-B(5)-B(10) 105.2(3) 
B(9)-B(5)-B(10) 59.9(2) 
B(4)-B(5)-B(10) 107.. 8(3) 
B(6)-B(5)-B(10) 59.4(2) 
C(l)-B(6)-C(2) 59.7(2) 
C(l)-B(6)-B(10) 105.9(3) 
C(2)-B(6)-B(10) 105.4(3) 
C(l)-B(6)-B(11) 106.4(3) 
C(2)-B(6)-B(11) 58.3(2) 
B(10)-B(6)-B(11) 59.9(2) 
C(l)-B(6)-B(5) 58.7(2) 
C(2)-B(6)-B(5) 106.8(3) 
B(10)-B(6)-B(5) 60.5(2) 
B(11)-B(6)-B(5) 108.6(3) 
C(2)-B(7)-B(8) 106.3(3) 
C(2)-B(7)-B(12) 105.9(3) 
B(8)-B(7)-B(12) 60.4(2) 
C(2)-B(7)-B(11) 58.6(2) 
B(8)-B(7)-B(11) 108.5(3) 
B(12)-B(7)-B(11) 60.2(2) 
C(2)-B(7)-B(3) 59.8(2) 
B(8)-B(7)-B(3) 59.6(2) 
B(12)-B(7)-B(3) 108.1(3) 
B(11)-B(7)-B(3) 108.0(3) 

B(3)-B(8)-B(4) 60.5(2) 
B(3)-B(8)-B(7) 60.4(2) 
B(4)-B(8)-B(7) 108.6(3) 
B(3)-B(8)-B(12) 108.2(3) 
B(4)-B(8)-B(12) 107.9(3) 
B(7)-B(8)-B(12) 59.9(2) 
B(3)-B(8)-B(9) 107.9(3) 
B(4)-B(8)-B(9) 59.8(2) 
B(7)-B(8)-B(9) 107.4(3) 
B(12)-B(8)-B(9) 59.5(2) 
B(5)-B(9)-B(12) 108.8(3) 
B(5)-B(9)-B(4) 60.1(2) 
B(12)-B(9)-B(4) 108.2(3) 
B(5)-B(9)-B(10) 60.5(2) 
B(12)-B(9)-B(10) 60.2(3) 

B(4)-B(9)-B(10) 108.4(3) 

B(5)-B(9)-B(8) 107.8(3) 
B(12)-B(9)-B(8) 60.1(2) 
B(4)-B(9)-B(8) 59.5(2) 
B(10)-B(9)-B(8) 107.9(3) 
B(6)-B(10)-B(11) 60.2(2) 
B(6)-B(10)-B(9) 107.6(3) 
B(11)-B(10)-B(9) 108.1(3) 
B(6)-B(10)-B(12) 108.0(3) 
B(11)-B(10)-B(12) 60.3(2) 
B(9)-B(10)-B(12) 59.8(2) 
B(6)-B(10)-B(5) 60.1(2) 
B(11)-B(10)-B(5) 108.5(3) 
B(9)-B(10)-B(5) 59.6(2) 
B(12)-B(10)-B(5) 107.7(3) 
C(2)-B(11)-B(10) 106.3(3) 
C(2)-B(11)-B(6) 59.5(2) 
B(10)-B(11)-B(6) 59.8(2) 
C(2)-B(11)-B(7) 58.6(2) 
B(10)-B(11)-B(7) 108.0(3) 
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B(6)-B(11)-B(7) 107.5(3) 
C(2) -B(11) -B(12) 105.6(3) 
B(10 )-B(11 )-B(12) 60.2(2) 
B(6) -B(11) -B(12) 107.7(3) 
B(7) -B(11) -B(12) 59.9(2) 
B (9) -B (12) -B (7) 108.0(3) 
B(9) -B(12) -B(10) 60.0(2) 
B(7) -B(12) -B(10) 107.5(3) 
B(9) -B(12) -B(11) 107.7(3) 
B(7) -B(12) -B(11) 59.9(2) 
B(10 )-B(12 )-B(11) 59.5(2) 
B(9) -B(12) -B(8) 60.4(3) 
B(7) -B(12) -B(8) 59.7(2) 
B(10 )-B(12 )-B(8) 108.0(3) 
B(11 )-B(12 )-B(8) 107.7(3) 
C(9l )-C(11 )-B(5') 124.2(3) 
C(9, )-C(11 )-B(4') 121.7(3) 
B(5' )-C(1' )-B(4') 62.1(2) 
c(9, )-C(11 )-C(2' ) 117.3(3) 
B(5' )-C(1' )-C(2') 109.5(3) 
B(4' )-C(11 )-C(2') 110.2(3) 
C(91 )-C(1' )-B(6') 118.9(3) 
B(5' )-C(1' )-B(6') 62.0(2) 
B(4' )-C(1' )-B(6') 113.0(3) 
C(2' )-C(1' )-B(6') 60.3(2) 
C(9, )-C(11 )-B(3') 115.6(3) 
B(5' )-C(1' )-B(3') 113.0(3) 
B(4' )-C(1' )-B(3') 62.5(2) 
C(2' )-C(1' )-B(3') 60.5(2) 
B (6' -C W -B (31 112.1(3) 
C (3' -C (2' -B (7' 120.9(3) 
C(3' )-C(2' )-B(11') 121.7(3) 
B(7' )-C(2' )-B(11') 62.7(2) 
C(3' )-C(2' )-C(1') 119.4(3) 
B(7' )-C(2' )-C(1') 109.4(3) 
B(11 ')-C(2 ')-C(1') 109.8(3) 
C(3' )-C(2' )-B(6') 119.0(3) 
B(7' )-C(2' )-B(6') 113.1(3) 
B(11 ')-C(2 ')-B(61) 62.4(2) 
c(il )-C(2' )-B(6') 60.0(2) 
C(3' )-C(2' )-B(3') 117.3(3) 
B(7' )-C(2' )-B(3') 62.1(2) 
B(11 ')-C(2 ')-B(3') 113.2(3) 
C(il )-C(2' )-B(3') 59.9(2) 
B(6' )-C(2' )-B(3') 111.3(3) 
C(1' )-B(3' )-C(2') 59.5(2) 
C(11 )-B(3' )-B(8') 105.2(3) 
C(2' )-B(3' )-B(8') 104.8(3) 
C(11 )-B(3' )-B(7') 105.8(3) 
C(2' )-B(3l )-B(7') 58.0(2) 
B(8' )-B(3' )-B(7') 59.7(3) 
C(11 )-B(3' )-B(4') 58.3(2) 
C(2' )-B(3l )-B(4') 106.0(3) 
B(8' )-B(3' )-B(4') 60.1(3) 
B(7' )-B(3l )-B(4') 107.8(3) 
C(11 )-B(4l )-B(5') 58.9(2) 
C(1' )-B(4' )-B(9') 106.2(3) 
B(5' )-B(4' )-B(9') 60.2(3) 
C(11 )-B(4' )-B(8') 105.4(3) 
B(5' )-B(4l )-B(8') 107.7(3) 
B(9' )-B(4l )-B(8') 60.2(3) 
C(1' )-B(4' )-B(3') 59.2(2) 
B(5' )-B(4' )-B(3') 107.7(3) 
B(9' )-B(4l )-B(3') 108.1(3) 
B(8' )-B(4' )-B(3') 59.4(3) 
C(1' )-B(5' )-B(4') 59.0(2) 
C(1' )-B(5' )-B(10') 106.2(3) 
B(4' )-B(5' )-B(10') 108.8(3) 
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C(1')-B(5')-B(6') 59.5(2) 
B(4')-B(5')-B(6') 108.4(3) 
B(10')-B(5')-B(6') 59.8(2) 
C(1')-B(5')-B(9') 106.1(3) 
B(4')-B(5')-B(9') 60.1(3) 
B(10')-B(5')-B(9') 61.0(3) 
B(6')-B(5')-B(9') 108.8(3) 
C(11)-B(6')-C(2') 59.7(2) 
C(11)-B(6l)-B(10') 105.6(3) 
C(2')-B(6')-B(10') 105.2(3) 
C(11)-B(6')-B(5') 58.5(2) 
C(2')-B(6l)-B(5') 106.3(3) 
B(10')-B(6')-B(5') 60.1(3) 
C(11)-B(6')-B(11') 106.1(3) 
C(2')-B(6')-B(11') 58.1(2) 
B(10')-B(6')-B(Il') 59.9(2) 
B(5 , )-B(6')-B(11') 107.9(3) 
C(2l)-B(7')-B(8') 106.4(3) 
C(2 , )-B(7')-B(12') 106.0(3) 
B(8 , )-B(7')-B(12') 60.1(3) 
C(2')-B(7')-B(11') 58.7(2) 
B(8l)-B(7')-B(11') 108.2(3) 
B(12')-B(7')-B(11') 60.2(3) 
C(2 , )-B(7')-B(31) 59.9(2) 
B(8 , )-B(7')-B(31) 59.9(2) 
B(12')-B(7')-B(3') 108.1(3) 
B(11')-B(7')-B(3') 108.2(3) 
B(7')-B(8')-B(3') 60.4(3) 
B(7l)-B(8')-B(12') 60.2(3) 

B(3')-B(8')-B(12') 108.6(3) 

B(7l)-B(B')-B(4') 108.6(3) 

B(3 , )-B(8')-B(4) 60.4(2) 

B(12')-B(8')-B(4') 108.1(3) 

B(7 )-B(8')-B(9') 108.6(4) 

B(3 )-B(8')-B(9') 108.5(3) 

B(12')-B(8')-B(9') 60.3(3) 
B(4')-B(8')-B(9') 59.7(3) 
B(4l)-B(9')-B(5') 59.7(2) 
B(4 )-B(9')-B(8') 60.1(3) 
B(5 )-B(9')-B(8') 107.2(3) 
B(4 )-B(9')-B(12') 107.8(3) 
B(5 )-B(9)-B(12') 107.3(3) 
B(8 )-B(9')-B(12') 59.6(3) 
B(4')-B(9')-B(10') 107.2(3) 
B(5')-B(9')-B(10') 59.4(3) 
B(8')-B(9')-B(10') 106.9(3) 
B(12')-B(9')-B(10') 59.8(3) 

B(6')-B(10')-B(5') 60.1(2) 

B(6')-B(10')-B(11') 60.6(2) 

B(5')-B(10')-B(11') 108.4(3) 

B(6')-B(10')-B(12') 108.2(3) 

B(5')-B(10')-B(12') 107.5(3) 
B(11')-B(10')-B(12') 60.0(3) 
B(6')-B(10')-B(9') 108.0(3) 
B(5')-B(10')-B(9') 59.7(3) 
B(11')-B(10')-B(9') 108.1(3) 
B(12')-B(10 , )-B(9') 59.8(3) 
C(2')-B(11')-B(10') 106.1(3) 
C(2')-B(ll , )-B(7') 58.6(2) 
B(10')-B(11')-B(7') 108.0(3) 
C(2')-B(Il , )-B(12') 105.6(3) 
B(10')-B(11')-B(12') 60.4(3) 

B(7')-B(11')-B(12') 59.8(3) 
C(2')-B(11')-B(61) 59.5(2) 

B(10')-B(11')-B(6') 59.6(2) 
B(7')-B(11')-B(6') 107.5(3) 
B(12')-B(11')-B(6') 107.7(3) 
B(8')-B(12')-B(7') 59.7(3) 
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B(8')-B(12')-B(11') 107.8(3) 
B(7')-B(12')-B(11') 60.0(2) 
B(8')-B(12')-B(9') 60.1(3) 
B(7')-B(121)-B(9') 108.1(3) 
B(11')-B(12')-B(9') 108.4(3) 
B(8')-B(12')-B(10') 107.9(3) 
B(7')-B(12')-B(10') 107.5(3) 
B(11')-B(12')-B(10') 59.6(2) 
B(9')-B(12')-B(10') 60.5(3) 
C(8)-C(3)-C(4) 117.9(3) 
C(8)-C(3)-C(2) 120.3(3) 
C(4)-C(3)-C(2) 121.7(3) 
C(5)-C(4)-C(3) 121.0(4) 
C(6)-C(5)-C(4) 120.5(4) 
C(5)-C(6)-C(7) 119.5(4) 
C(6)-C(7)-C(8) 120.3(4) 
C(3)-C(8)-C(7) 120.8(4) 
c(lo)-C(9)-C(l) 113.7(3) 
N-C(10)-C(11) 122.4(3) 
N-C(10)-C(9) 115.5(3) 
c(ii)-C(10)-C(9) 122.0(3) 
C(12)-C(11)-C(10) 119.1(3) 
c(ii)-c(12)-C(111) 119.1(4) 
C(8')-C(3')-C(4') 118.0(4) 
C(8l)-C(3')-C(2') 121.8(3) 
C(4')-C(3')-C(2') 120.2(3) 
C(5l)-C(4')-C(3') 121.2(4) 
C(6')-C(5')-C(4') 120.5(4) 
C(5')-C(6')-C(7') 119.2(4) 
C(6')-C(7')-C(81) 120.7(4) 
C(7')-C(8 , )-C(3') 120.4(4) 
C(10, )-C(9l)-C(li 113.3(3) 
N-C(10')-C(11') 122.8(3) 
N-C(10')-C(9') 115.1(3) 
c(ill)-C(10')-C(9') 122.1(3) 
c(lol)-C(11')-C(12) 118.7(4) 
C(10)-N-C(10') 117.7(3) 
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symmetry transformations used to generate equivalent atoms: 



Table 5. Anisotropic displacement parameters (A^2 x 10^3) for 1. 
The anisotropic displacement factor exponent takes the form: 

2 pi'ý2 [ h^2 a*^2 U11 + .. -+2hk a* b* U12 I 

Uli U22 U33 U23 U13 U12 

* (1) 35(2) 42(2) 48(2) l(2) 12(2) -4(2) 
* (2) 4l(2) 45(2) 45(2) -2(2) 16(2) -4(2) 
B (3) 48(3) 54(3) 48(3) 2(2) 23 (2) -3 (2) 
13(4) 45(3) 54(3) 78(3) 6(3) 28(3) 5(2) 
B (5) 5l(3) 45(3) 59 (3) 9(2) 13 (3) 4(2) 
13(6) 55(3) 47(3) 53 (3) 7(2) 27 (2) -2(2) 
* (7) 56(3) 55(3) 52(3) -7(2) 2l(3) -5(2) 
* (8) 67(3) 52(3) 7l(3) -l(2) 40(3) 4(2) 
* (9) 59(3) 48(3) 76(3) 5(2) 30(3) 4(2) 
* (10) 72(3) 42(3) 69(3) 6(2) 36(3) -l(2) 
* (11) 56(3) 47(3) 70(3) -6(2) 32 (3) -14(2) 
* (12) 67(3) 43(3) 72(3) -4(2) 30(3) l(2) 
c (1 ,) 38(2) 49(2) 52(2) -3(2) 8(2) -l(2) 
C (2' ) 42(2) 55(2) 47(2) -2(2) 16(2) -5(2) 
B(3' ) 46(3) 78(3) 48(3) -10(2) 19(2) -6(3) 
B (4' ) 59(3) 74(3) 43 (3) 6(2) 14(2) l(3) 
B (5' ) 53(3) 47(3) 68(3) 7(2) 19(3) 8(2) 
B(6' ) 47(3) 46(3) 59(3) -4(2) 23(2) 8(2) 
B(V) 49(3) 80(3) 58(3) 0(3) 20(2) -17(3) 
B(8') 7l(3) 79(4) 58(3) 5(3) 26(3) -14(3) 
B(9' ) 70(3) 60(3) 72(3) 13(3) 23 (3) -2(3) 
B(lo, 73(3) 43(3) 79(3) l(3) 30(3) 0(3) 
B(ii, 65(3) 52(3) 56(3) -15(2) 23 (3) -14(2) 
B(l2' 73(3) 57 (3) 73 (3) 4(3) 25(3) -20(3) 
C(3) 34(2) 48(2) 48(2) -6(2) 14(2) -3(2) 
C(C 49(2) 74 (3) 66(3) -2(2) 22(2) 9(2) 
C(5) 6l(3) 90(3) 86(4) -9(3) 32(3) 20(3) 
C(6) 46(2) 64(3) 102(4) -7(3) 18(3) 13(2) 
C(7) 57(3) 62(3) 80(3) 8(2) 13(3) 12(2) 
C(8) 49(2) 62(3) 53(3) l(2) 13(2) 5(2) 
C(9) 44(2) 40(2) 60(2) 2(2) 8(2) -l(2) 
C(I0) 43(2) 35(2) 54(2) -2(2) 18(2) -2(2) 
C(ii) 50(2) 65(3) 76(3) -14(2) 32 (2) -8(2) 
C(l2) 82(3) 78(3) 72(3) -17(2) 48(3) -23(3) 
C(3' ) 38(2) 57 (2) 48(2) -7(2) 12(2) -5(2) 
C(4' ) 52(2) 89(3) 58(3) 4(3) 19(2) 15(2) 
C(5' ) 62(3) 98(4) 79(3) 2(3) 13(3) 23(3) 
C(6' ) 69(3) 68(3) 78(4) 12(3) l(3) 12(3) 
C(71 ) 72(3) 85(3) 69 (3) 23 (3) 22 (3) lO(3) 
C(8' ) 56(2) 68(3) 65(3) 8(2) 26(2) 5(2) 
C(91 ) 43(2) 45(2) 66(3) -l(2) 7(2) -2(2) 
C(i0, ) 47(2) 4l(2) 50(2) -l(2) 13(2) -2(2) 
C(Ill) 69(3) 70(3) 5l(2) -l(2) 20(2) -16(2) 
N 40(2) 4l(2) 50(2) -2(2) 15(2) -4(1) 
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Table 6. Hydrogen coordinates (x 10^4) and isotropic 
displacement parameters (A^2 x 10^3) for 1. 

x y z U (eq) 

H (3) 3141(l) 6321(5) 7812(2) 57(9) 
H (4) 2322(l) 7843 (5) 6955(2) 80(11) 
H (5) 2486(l) 8795(5) 6018(2) 63 (10) 
H (6) 3405(l) 7894(5) 6311(2) 48(9) 
H (7) 3820(l) 9032(5) 8201(2) 66(10) 
H (8) 2903(2) 9883 (6) 7920(2) 73 (11) 
H (9) 2502(2) 11444 (6) 6799(2) 66(10) 
H(10) 3175(2) 11486(5) 6401(2) 68(10) 
H(11) 3986(2) 10007(5) 7263(2) 66(10) 
H(12) 3421(2) 12185(6) 7575(2) 64(10) 
H(3' ) 602(l) 4046(6) 5332(2) 75(11) 
H(41) 1458(l) 2560(6) 6117(2) 57 (9) 
H(5') 1906(2) 1410(5) 5476(2) 71(11) 
H(61 ) 1337(l) 2203(5) 4309(2) 64(10) 
H(71 ) 72(2) 1282(6) 4586(2) 78(11) 
H(8' ) 639 (2) 538(6) 5755(2) 75(11) 
H(9' ) 1453(2) -1099(6) 5855(2) 92(12) 

H(10' 1380(2) -1322(6) 4720(2) 72(11) 
H(11' 526(2) 125(5) 3946(2) 64(10) 

H(121 599(2) -1892(6) 4906(2) 76(11) 
H(04) 3976(l) 6150(5) 6776(2) 78 

H(05) 4499(l) 3996(6) 7040(2) 95 

H(06) 4726(l) 2632(5) 7881(2) 92 

H(07) 4429(l) 3434(5) 8464(2) 88 

H(08) 3898(l) 5573(5) 8200(2) 71 

H(91) 3157(l) 4610(4) 6725(l) 70 
H(92) 2737(l) 4666(4) 6825(l) 70 
H(11A) 3070(l) 4935(5) 5766(2) 75 
H(12A) 2592(2) 4936(5) 4825(2) 87 
H(041) 47(l) 4729(5) 4426(2) 83 
H(05' ) -337(l) 6779(6) 3772(2) 104 
H(06') -137(2) 7454(6) 3087(2) 101 
H(071) 431(2) 5958(6) 3036(2) 95 
H(08') 818(l) 3879(5) 3686(2) 76 
H(92' ) 1228(l) 5575(4) 4799(2) 76 
H(91' ) 1344(l) 5635(4) 5431(2) 76 
H(11B) 1834(l) 5054(5) 4535(2) 79 
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bis(l-phenylorthocarboran-2-yl) sulphoxide (4.7) 
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Table 1. Crystal data and structure refinement for 1. 

identification code 

Ernpirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 
Density (calculated) 

Absorption coefficient 

F(OOO) 

Crystal size 

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Absorption correction 

Max. and min. transmission 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F^2 

Final R indices [I>2sigma(j)] 

p, indices (all data) 

Extinction coefficient 

Largest diff. peak and hole 
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hibb 

C16 H30 B20 0S 

486.66 

296(2) K 

1.54178 A 

Triclinic 

P-1 

a=9.7830(10) A 
b= 10.3600(10) A 
c= 15.1670(10) A 

1368.7(2) A^3 

alpha 91.940(10) 
beta 95-610(10) 

gamma 116.100(10 

2 

1.181 Mg/m^3 

1.105 mm^-1 

500 

0.34 x 0.28 x 0.14 mm 

4.77 to 74.99 deg. 

-1<=h<=12, -l2<=k<=ll, -18<=l<=18 

5925 

5024 [R(int) = 0.01771 

Analytical 

0.8411 and 0.7039 

Full-matrix least-squares on F^2 

4999 /0/ 424 

1.025 

Rl = 0.0488, wR2 = 0.1193 

Rl = 0.0692, wR2 = 0.1489 

0 . 0040 (4) 

. 312 and -. 409 e. A--3 

ML- 
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Table 2. Atomic coordinates (x 10"4) and equivalent isotropic 
displacement parameters (A^2 x 10^3) for 1. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 

'>C yz U(eq) 

S(l) 5431 .8 (b) 6146.5(6) 200S. ) (J) 4ý. 6ý2 
0 6161(2) 606ý (2) 1230(1) 77 (1) 
c (101) 6779(2) 6180(2) 2970(l) 40 (1) 
C (102) 7315(2) 7697 (2) 3694(l) 42 (1) 
B (103) 6357 (3) 5978(3) 4038(2) 4s(l) 
B (104) 7042(3) 4866(3) 3489(2) 51 (1) 
B (105) 8323(3) S932 (4) 2764(2) 55(l) 
B(106) 8454(3) 7711(3) 2879(2) 47 (1) 
B (107) 7957 (3) 7383(3) 4710(2) 54(l) 
B (108) 7810(3) 5614(4) 4594(2) 57(l) 
B(109) 9043 (4) 5599(4) 3808(2) 63 (1) 
B (110) 9912 (3) 7355(4) 3421(2) 60 (1) 
B(111) 9254(3) 8455(3) 3986(2) 53 (1) 
B (112) 9598(3) 7137(4) 4557(2) 63 (1) 
C (113) 6460 (3) 8598(2) 3599(2) 47 (1) 
C (114) 6985(4) 9784(3) 3105(2) 73 (1) 
C (115) 6220(5) 10635(4) 3037 (3) 95(l) 
C (116) 4955(4) 10326(4) 3450(3) 86(l) 
C (117) 4437 (3) 9174 (3) 3948(2) 72 (1) 
c (118) 5180 (3) 8302 (3) 4028(2) 57 (1) 
C (201) 3689 (2) 4398(2) 1974 (1) 39 (1) 
C (202) 2238(2) 4605(2) 1348(l) 41(l) 
B(203) 3064 (3) 3583 (3) 900 (2) 46 (1) 
B (204) 3505(3) 2696 (3) 1791 (2) 48 (1) 
B (205) 2987 (3) 3249 (3) 2775(2) 46 (1) 
B(206) 2256(3) 4505(3) 2496(2) 45(l) 
B (207) 1054 (3) 3013 (3) 752 (2) 50(l) 
B(208) 1797(4) 1781(3) 1027 (2) 55(l) 
B(209) 1742 (3) 1569(3) 2187(2) 54 (1) 
B (210) 988(3) 2703 (3) 2629(2) 53 (1) 
B(211) 539 (3) 3581(3) 1743 (2) 52 (1) 
B (212) 248(3) 1776(3) 1549 (2) 58 (1) 
C (213) 2574(2) 6036(3) 986(l) 44 (1) 
c (214) 3011(3) 6300 (3) 146(2) 58(l) 
c (215) 3284 (4) 7609 (3) -186(2) 72 (1) 
C (216) 3116 (3) 8643 (3) 308(2) 72 (1) 
c (217) 2658(4) 8382 (3) 1132 (2) 77 (1) 
C (218) 2377 (4) 7086(3) 1473 (2) 65(l) 
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Table 3. Bond lengths [A] and angles [deg] for 1. 

s(l)-O 1.453(2) S(l)-C(201) 1.858(2) 
S(l)-C(101) 1.859(2) C (101) -B (105) 1.695(3) 
C(101)-B(104) 1.697(3) C (101) -B (103) 1.708(3) 
C (101) -B(106) 1.730(3) C (101) -C (102) 1.731(3) 
c(102)-C(113) 1.504(3) C(102)-B(107) 1.703(3) 
c (102) -B (111) 1.707(3) C (102) -B (106) 1.740(3) 
C(102)-B(103) 1.736(3) B(103)-B(108) 1.771(4) 
B(103)-B(104) 1.787(4) B(103)-B(107) 1.786(4) 
B (104) -B (109) 1.767(4) B(104)-B(105) 1.770(4) 
B(104)-B(108) 1.769(4) B (105) -B (109) 1.776(4) 
B(105)-B(110) 1.778(4) B(105)-B(106) 1.792(4) 
B(106)-B(110) 1.761(4) B(106)-B(111) 1.775(4) 
B(107)-B(112) 1.768(5) B (107) -B (108) 1.776(5) 
B(107)-B(111) 1.780(4) B(108)-B(112) 1.775(5) 
B (108) -B (109) 1.781(5) B (109) -B (112) 1.766(5) 
B(109)-B(110) 1.784(5) B(110)-B(111) 1.770(5) 
B(110)-B(112) 1.784(4) B(111)-B(112) 1.775(5) 
C(113)-C(114) 1.385(4) C(113)-C(118) 1.387(3) 
C(114)-C(115) 1.385(4) C(115)-C(116) 1.357(5) 
C(116)-C(117) 1.362(5) C(117)-C(118) 1.388(4) 
C(201)-B(204) 1.702(3) C(201)-B(205) 1.705(3) 
C(201)-B(206) 1.718(3) C(201)-C(202) 1.726(3) 
C(201)-B(203) 1.732(3) C(202)-C(213) 1.506(3) 
C(202)-B(207) 1.701(3) C(202)-B(211) 1.713(3) 
C(202)-B(206) 1.747(3) C(202)-B(203) 1.745(3) 

B(203)-B(208) 1.759(4) B(203)-B(207) 1.774(4) 

B (203) -B (204) 1.782(4) B(204)-B(205) 1.778(4) 

B (204) -B (209) 1.782(4) B (204) -B (208) 1.785(4) 

B(205)-B(209) 1.768(4) B(205)-B(210) 1.768(4) 

B(205)-B(206) 1.784(4) B(206)-B(210) 1.761(4) 
B(206)-B(211) 1.783(4) B(207) -B(208) 1.767(4) 
B(207)-B(212) 1.768(4) B(207)-B(211) 1.792(4) 
B(208)-B(209) 1.783(4) B(208)-B(212) 1.775(5) 
B(209)-B(212) 1.770(4) B(209)-B(210) 1.783(4) 

B(210)-B(211) 1.773(4) B(210)-B(212) 1.783(4) 
B(211)-B(212) 1.773(5) C(213)-C(214) 1.381(3) 
C(213)-C(218) 1.387(3) C(214)-C(215) 1.385(4) 
C(215)-C(216) 1.364(4) C(216)-C(217) 1.364(4) 
C (217) -C (218) 1.377(4) 

O-S(l)-C(201) 106.6(11) O-S(1)-C(101) 104.0(11, 

C(201)-S(l)-C(101) 106.8(9) B(105)-C(101)-B(104) 62.9(2) 

B(105)-C(101)-B(103) 115.0(2) B(104)-C(101)-B(103) 63.3(2) 

B(105)-C(101)-B(106) 63.1(2) B(104)-C(101)-B(106) 114.5(2, 

B(103)-C(101)-B(106) 112.8(2) B(105)-C(101)-C(102) 111.2(2) 

B(104)-C(101) - C(102) 111.2(2) B(103)-C(101)-C(102) 60.63(13', 

B(106)-C(101) - C(102) 60-34(13) B(105)-C(101)-S(l) 118.2(2) 
B(104)-C(101)-S(l) 133.1(2) B(103)-c(lol)-s(l) 124.7(2) 
B(106)-C(101)-S(l) 103.90(14) C(102)-C(101)-S(l) 110.71(14) 
C(113)-C(102)-B(107) 121.7(2) C(113)-C(102)-B(111) 121.9(2) 
B(107)-C(102)-B(111) 62.9(2) C(113)-C(102)-C(101) 120.0(2) 
B(107)-C(102)-C(101) 108.5(2) B(111)-C(102)-C(101) 108.6(2) 
C(113)-C(102)-B(106) 118.2(2) B(107)-C(102)-B(106) 113.1(2) 
B(111)-C(102)-B(106) 62.0(2) C(101)-C(102)-B(106) 59.79(13d, 
C(113)-C(102)-B(103) 117.9(2) B(107)-C(102)-B(103) 62.6(2) 
B(111)-C(102)-B(103) 113.4(2) C(101)-C(102)-B(103) 59-03(13 
B(106)-C(102)-B(103) 111.0(2) C(101)-B(103)-C(102) 60.34(13, 
C(101)-B(103) -B(108) 104.5(2) C(102) -B(103)-B(108) 105.1(2) 
C(101)-B(103)-B(104) 58.06(14) C(102)-B(103)-B(104) 106.8(2) 
]3(108)-B(103)-B(104) 59.6(2) C(101)-B(103)-B(107) 105.8(2ý 
C(102)-B(103)-B(107) 57.81(14) B(108)-B(103)-B(107) 59 

.9 (2) 
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B(104)-B(103)-B(107) 107.7(2) C(101)-B(104)-B(109) 105.0(2) 
c(101)-B(104)-B(105) 58.5(2) B(109)-B(104)-B(105) 60.3 (2) 
C(101)-B(104)-B(108) 105.0(2) B(109)-B(104)-B(108) 60.5(2) 
B(105)-B(104)-B(108) 108.6(2) C(101)-B(104)-B(103) 58.65(14) 
B(109)-B(104)-B(103) 107.9(2) B(105)-B(104)-B(103) 107.6(2) 
B(108)-B(104)-B(103) 59.7(2) C(101)-B(105)-B(104) 58.6(2) 
c(101)-B(105)-B(109) 104.7(2) B(104)-B(105)-B(109) 59.8(2) 
C(101)-B(105)-B(110) 105.0(2) B(104)-B(105)-B(110) 108.1(2) 
B(109)-B(105)-B(110) 60.3(2) C(101)-B(105)-B(106) 59.42 (14) 
B(104)-B(105)-B(106) 108.0(2) B(109)-B(105)-B(106) 107.4(2) 
B(110)-B(105)-B(106) 59.1(2) C(101)-B(106)-C(102) 59.87(13) 
C(101)-B(106)-B(110) 104.3(2) C(102)-B(106)-B(110) 105.3(2) 
C(101)-B(106)-B(111) 105.6(2) C(102)-B(106)-B(111) 58.11(14) 
B(110)-B(106)-B(111) 60.1(2) C(101)-B(106)-B(105) 57.5(2) 
C(102)-B(106)-B(105) 106.3(2) B(110)-B(106)-B(105) 60.1(2) 
B(111)-B(106)-B(105) 108.1(2) C(102)-B(107)-B(112) 105.7(2) 
C(102)-B(107)-B(108) 106.3(2) B(112)-B(107)-B(108) 60.1(2) 
C(102)-B(107)-B(111) 58.65(14) B(112)-B(107)-B(111) 60.1(2) 
B(108)-B(107)-B(111) 108.2(2) C(102)-B(107)-B(103) 59.62 (14) 
B(112)-B(107)-B(103) 107.5(2) B(108)-B(107)-B(103) 59.6(2) 
B(111)-B(107)-B(103) 107.6(2) B(104)-B(108)-B(103) 60.6(2) 
B(104)-B(108)-B(107) 109.0(2) B(103)-B(108)-B(107) 60.5(2) 
B(104)-B(108)-B(112) 107.7(2) B(103)-B(108)-B(112) 107.9(2) 
B(107)-B(108)-B(112) 59.7(2) B(104)-B(108)-B(109) 59.7 (2) 
B(103)-B(108)-B(109) 108.0(2) B(107)-B(108)-B(109) 107.8(2) 
B(112)-B(108)-B(109) 59.6(2) B(104)-B(109)-B(112) 108.1(2) 
B(104)-B(109)-B(105) 59.9 (2) B(112)-B(109)-B(105) 108.3(2) 
B(104)-B(109)-B(108) 59.8(2) B(112)-B(109)-B(108) 60.0 (2) 
B(105)-B(109)-B(108) 107.8(2) B(104)-B(109)-B(110) 107.9(2) 
B(112)-B(109)-B(110) 60.3(2) B(105)-B(109)-B(110) 59 

.9 (2) 
B(108)-B(109)-B(110) 108.0(2) B(106)-B(110)-B(111) 60.3 (2) 
B(106)-B(110)-B(105) 60.8(2) B(111)-B(110)-B(105) 108.01(2; 

-B(109) B(106)-B(110) 108.3(2) B(111)-B(110)-B(109) 107 . 9(2, I 
B(105)-B(110)-B(109) 59.8(2) B(106)-B(110)-B(112) 107.9(2) 
B(111)-B(110)-B(112) 59.9(2) B(105)-B(110)-B(112) 107.4(2ý; 
B(109)-B(110)-B(112) 59.3(2) C (102) -B (111) -B (110) 106.3(2) 
C(102)-B(Ill)-B(112) 105.2(2) B(110)-B(111)-B(112) 60.4(2) 
C (102) -B(111) -B(106) 59.91(14) B(110)-B(111)-B(106) 59.6(2) 
B(112)-B(111)-B(106) 107.7(2) C(102)-B(111)-B(107) 58.43(14) 
B(110)-B(111)-B(107) 108.1(2) B(112)-B(111)-B(107) 59.6(2) 
B(106)-B(111)-B(107) 107.8(2) B(107)-B(112)-B(109) 108.8(2) 
B(107)-B(112)-B(111) 60.3(2) B(109)-B(112)-B(111) 108.5(2) 
B(107)-B(112)-B(108) 60.2(2) B(109)-B(112)-B(108) 60.4(2) 
B(111)-B(112)-B(108) 108.4(2) B(107)-B(112)-B(110) 108.0(2; 
B(109)-B(112)-B(110) 60.3(2) B(111)-B(112)-B(110) 59.6(2) 
B(108)-B(112)-B(110) 108.3(2) C(114)-C(113)-C(118) 118.6(2) 
C(114)-C(113)-C(102) 120.1(2) C(118) -C(113) -C(102) 121.3(2'! 
C (115) -C (114) -C (113) 120.0(3) C(116) -C (115) -C (114 ) 120.9(3) 
c(115)-c(116)-C(117) 119.8(3) C(116) -C(117)-C(118) 120.6(3) 
C(113)-C(118)-C(117) 120.1(3) B (204) -C (201) -B (205) 62.9(2) 
B(204)-C(201)-B(206) 114.6(2) B(205) -C(201) -B(206) 62.8(2) 
B (204) -C (201) -C (202) 111.0(2) B (205) -C (201) -C (202 ) 111.0(2) 
B (206) -C (201) -C (202) 60.95(13) B(204) -C(201) -B(203) 62.5(2) 
B (205) -C (201) -B (203) 113.9(2) B(206) -C (201) -B (203) 113.0(2/ 
C(202)-C(201)-B(203) 60.61(13) B (204) -C (201) -S (1) 128.8(2) 
B(205)-C(201)-S(l) 131.6(2) B (206) -C (201) -S (1) 113.9(2) 
C(202)-C(201)-S(l) 106.00(13) B(203) -C (201) -S (1) 111.0(2) 
C (213) -C (202) -B(207) 121.9(2) C(213) -C (2 02) -B (2 11) 122.0(2) 
B(207)-C(202)-B(211) 63 .3 (2) C(213) -C(202)-C(201) 119.3(2; 
B(207)-C(202)-C(201) 108.9(2) B(211) -C(202)-C(201) 108.7(2 

' C (213) -C (202) -B(206) 118.2(2) B(207) -C (2 02) -B (2 0 6) 113.2(2) 
B(211)-C(202)-B(206) 62.0 (2) C(201)-C(202)-B(206) 59.31(13) 
C(213)-C(202)-B(203) 117.8(2) B(207) -C (202 ) -B (203 ) 61.9(2) 
B(211)-C(202)-B(203) 113.3(2) C(201) -C (202) -B (203) 59-85(1--, 

alk 
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B(206)-C(202)-B(203) 111.0(2) C(201)-B(203)-C(202) 59.54(13) 
C(201)-B(203)-B(208) 104.7(2) C(202)-B(203)-B(208) 105.1(2) 
C(201)-B(203)-B(207) 105.4(2) C(202)-B(203)-B(207) 57.82(14) 
B(208)-B(203)-B(207) 60.0(2) C(201)-B(203)-B(204) 57.94(14) 
C(202)-B(203)-B(204) 106.5(2) B(208)-B(203)-B(204) 60.5(2) 
B(207)-B(203)-B(204) 108.5(2) C(201)-B(204)-B(205) 58.63(14) 
C(201)-B(204)-B(209) 104.5(2) B(205)-B(204)-B(209) 

. 59.6(2) 
C(201)-B(204)-B(203) 59.54(14) B(205)-B(204)-B(203) 08.1(2) 
B(209)-B(204)-B(203) 107.2(2) C(201)-B(204)-B(208) -1.04.9(2) 
B(205)-B(204)-B(208) 107.6(2) B(209)-B(204)-B(208) 60.0(2) 
B(203)-B(204)-B(208) 59.1(2) C(201)-B(205)-B(209) 105.0(2) 
C(201)-B(205)-B(210) 105.0(2) B(209)-B(205)-B(210) 60.6(2) 
C(201)-B(205)-B(204) 58.47(14) B(209)-B(205)-B(204) 60.3(2) 
B(210)-B(205)-B(204) 108.7(2) C(201)-B(205)-B(206) 58.96(14) 
B(209)-B(205)-B(206) 107.8(2) B(210)-B(205)-B(206) 59.4(2) 
B(204)-B(205)-B(206) 107.9(2) C(201)-B(206)-C(202) 59.75(12) 
C(201)-B(206)-B(210) 104.8(2) C(202)-B(206)-B(210) 105.1(2) 
C(201)-B(206)-B(211) 105.9(2) C(202)-B(206)-B(211) 58.05(14) 
B(210)-B(206)-B(211) 60.0(2) C(201)-B(206)-B(205) 58.24(14) 
C(202)-B(206)-B(205) 106.4(2) B(210)-B(206)-B(205) 59.8(2) 
B(211)-B(206)-B(205) 108.1(2) C(202)-B(207)-B(208) 106.6(2) 
C(202)-B(207)-B(212) 105.5(2) B(208)-B(207)-B(212) 60.3(2) 
C(202)-B(207)-B(203) 60.24(14) B(208)-B(207)-B(203) 59.6(2) 
B(212)-B(207)-B(203) 107.7(2) C(202)-B(207)-B(211) 58.7(2) 
B(208)-B(207)-B(211) 108.2(2) B(212)-B(207)-B(211) 59.7(2) 
B(203)-B(207)-B(211) 108.2(2) B(203)-B(208)-B(207) 60.4(2) 
B(203)-B(208)-B(209) 108.2(2) B(207)-B(208)-B(209) 108.0(2) 
B(203)-B(208)-B(212) 108.1(2) B(207)-B(208)-B(212) 59.9(2) 
B(209)-B(208)-B(212) 59.7(2) B(203)-B(208)-B(204) 60.4(2) 
B(207)-B(208)-B(204) 108.7(2) B(209)-B(208)-B(204) 59.9(2) 
B(212)-B(208)-B(204) 107.8(2) B(205)-B(209)-B(212) 108.1(2) 
B(205)-B(209)-B(208) 108.1(2) B(212)-B(209)-B(208) 59.9(2) 
B(205)-B(209)-B(204) 60.1(2) B(212)-B(209)-B(204) 108.1(2) 
B(208)-B(209)-B(204) 60.1(2) B(205)-B(209)-B(210) 59.7(2) 

B(212)-B(209)-B(210) 60.2(2) B(208)-B(209)-B(210) 108.0(2) 
B(204)-B(209)-B(210) 107.8(2) B(206)-B(210)-B(205) 60.7(2) 
B(206)-B(210)-B(211) 60.6(2) B(205)-B(210)-B(211) 109.2(2) 
B(206)-B(210)-B(209) 108.2(2) B(205)-B(210)-B(209) 59.7(2) 
B(211)-B(210)-B(209) 108.1(2) B(206)-B(210)-B(212) 107.9(2) 
B(205)-B(210)-B(212) 107.5(2) B(211)-B(210)-B(212) 59.8(2) 
B(209)-B(210)-B(212) 59.5(2) C(202)-B(211)-B(210) 106.0(2) 
C(202)-B(211)-B(212) 104.8(2) B(210)-B(211)-B(212) 60.4(2) 
C(202)-B(211)-B(206) 59.92(14) B(210)-B(211)-B(206) 59.4(2) 
B(212)-B(211)-B(206) 107.3(2) C(202)-B(211)-B(207) 58.02(14) 
B(210)-B(211)-B(207) 107.7(2) B(212) -B(211) -B(207) 59.5(2) 
B(206)-B(211)-B(207) 107.3(2) B(207)-B(212)-B(209) 108.5(2) 
B(207)-B(212)-B(211) 60.8(2) B(209)-B(212)-B(211) 108.7(2) 
B(207)-B(212)-B(208) 59.8(2) B(209)-B(212)-B(208) 60.4(2) 
B(211)-B(212)-B(208) 108.7(2) B(207)-B(212)-B(210) 108.3(2) 
B(209)-B(212)-B(210) 60.3(2) B(211)-B(212)-B(210) 59.8(2) 
B(208)-B(212)-B(210) 108.4(2) C(214)-C(213)-C(218) 118.7(2) 
C(214)-C(213)-C(202) 120.6(2) C(218)-C(213)-C(202) 120.6(2) 
C(213)-C(214)-C(215) 120.1(3) C(216)-C(215)-C(214) 120.5(3) 
C(217)-C(216)-C(215) 119.8(3) C(216)-C(217)-C(218) 120.5(3) 
C(217)-C(218)-C(213) 120.3(3) 

OIL 
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Table 4. Anisotropic displacement parameters 
The anisotropic displacement factor 
-2 piý2 [ hý2 a*"2 U11 + ... +2h 

Uli U22 U33 U23 

(A^2 x 10^3) for 1. 
exponent takes the form: 

k a* b* U12 I 

U13 U12 

S(l) 44.1(3) 48.4(4) 38.5(3) 9.9 (2) -1.4(2) 13 .4 (3) 
0 59(l) 104(2) 40(l) 9 (1) 8(l) 11 (1) 
c (101) 40(l) 43(l) 36(l) 1 (1) 2(l) 18(1) 
c (102) 41(l) 41(l) 37(l) 1 (1) 5(l) 13 (1) 
B (103) 47(l) 46(2) 38(l) 7(l) 4 (1) 18(1) 
B(104) 53(2) 50(2) 55(2) 7(l) 0(1) 27 (1) 
B(105) 55(2) 68(2) 51(2) 2(l) 4(l) 37 (2) 
B (106) 40(l) 52(2) 42(l) 4(l) 7 (1) 16(l) 
B(107) 51(2) 60(2) 37(l) 4(l) 1 (1) 15(l) 
B(108) 56(2) 67(2) 48(2) 16(l) 1 (1) 28(2) 
B(109) 60(2) 81(2) 63(2) 8(2) -1 (1) 45(2) 
B (110) 42(l) 81(2) 53 (2) 6(2) 3(l) 25(2) 
B (111) 40(l) 59(2) 46(l) 2(l) 2 (1) 10 (1) 
B (112) 46(2) 82(2) 50(2) 9(2) -6(l) 22 (2) 
c (113) 49(l) 43(l) 48(l) -2 (1) 3 (1) 19 (1) 
C (114) 83(2) 56(2) 89(2) 19(2) 27(2) 35 (2) 
c (115) 124(3) 69(2) 115(3) 28(2) 26(2) 61 (2) 
C (116) 93(2) 76(2) 107 (3) -5(2) -7 (2) 58 (2) 
C (117) 60(2) 75(2) 87(2) -18(2) 1(2) 38 (2) 
c (118) 51(l) 56(2) 65(2) -1 (1) 10 (1) 24 (1) 
C (201) 42(l) 42(l) 34 (1) 3 (1) 3 (1) 20 (1) 
C (202) 40(l) 46(l) 37 (1) 2 (1) 1 (1) 21(l) 
B(203) 52(l) 48(2) 37 (1) -2 (1) 1 (1) 24 (1) 
B (2 04) 56(2) 41(2) 47 (1) 4(l) 4 (1) 23 (1) 
B(205) 47(l) 45(2) 41(l) 9 (1) 4 (1) 16 (1) 
B(206) 46(l) 50(2) 40 (1) 4(l) 8(l) 21 (1) 
B (207) 47(l) 48(2) 47 (1) -2 (1) -3(l) 16(l) 
B(208) 64(2) 45(2) 52(2) -5(l) -1 (1) 22 (1) 
B(209) 56(2) 44(2) 57(2) 8(l) 3 (1) 17(l) 
B (210) 46(l) 52(2) 51(2) 9 (1) 9 (1) 12 (1) 
B (211) 44(l) 58(2) 52(2) 8(l) 8(l) 19 (1) 
B (212) 49(2) 49(2) 60 (2) 4(l) -2 (1) 10 (1) 
C (213) 43 (1) 48(l) 43 (1) 5(l) -1 (1) 23 (1) 
C (214) 73(2) 61(2) 50(l) 14(l) 16(l) 37 (1) 
C (215) 80(2) 79(2) 70(2) 32 (2) 21(2) 43 (2) 
C (216) 68(2) 56(2) 92 (2) 23 (2) 2 (2) 29 (2) 
C (217) 106(2) 62(2) 78(2) 3 (2) 2 (2) 53 (2) 
C (218) 91(2) 63 (2) 55(l) 6(l) 10(1) 48(2) 
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Table 5. Hydrogen coordinates (x 10^4) and isotropic 
displacement parameters (A^2 x 10^3) for 1. 

x y z U (eq) 

H(114) 7848(4) 10006(3) 2817(2) 88 
H(115) 6585(5) 11436(4) 2709(3) 114 
H(116) 4441(4) 10895(. 4) 3391(3) 104 
H(117) 3579(3) 8972(3) 4237(2) 87 
H(118) 4814(3) 7516(3) 4368(2) 69 
H(214) 3123(3) 5598(3) -195(2) 69 
H(215) 3583(4) 7784(3) -751(2) 86 
H(216) 3309(3) 9523(3) 83(2) 86 
H(217) 2537(4) 9086(3) 1466(2) 92 
H(218) 2050(4) 6911(3) 2031(2) 77 
H(103) 5157(25) 5615(23) 4164(14) 42(6) 
H(104) 6211(28) 3791(27) 3289(16) 52(7) 
H(105) 8315(28) 5523(27) 2120(17) 59(7) 
H(106) 8476(25) 8310(24) 2299(15) 45(6) 
H(107) 7718(28) 7881(26) 5281(17) 59(7) 
H(108) 7576(31) 4939(29) 5118(18) 69(8) 
H(109) 9556(31) 4864(29) 3815(18) 71(8) 
H(110) 11097(30) 7838(27) 3184(17) 64(7) 
H(111) 9859(29) 9629(28) 4090(16) 58(7) 
H(112) 10493(31) 7494(29) 5085(18) 70(8) 
H(203) 3788(25) 4010(23) 395(14) 44(6) 
H(204) 4582(27) 2569(25) 1765(15) 53(7) 
H(205) 3680(25) 3468(23) 3391(15) 44(6) 
H(206) 2541(28) 5468(27) 2907(16) 57(7) 
H(207) 581(27) 3125(25) 100(16) 52(7) 
H(208) 1685(30) 958(29) 535(18) 69(8) 
11(209) 1631(28) 598(27) 2464(16) 59(7) 
H(210) 373(30) 2451(28) 3198(18) 67(8) 
H(211) -320(28) 3995(26) 1687(16) 56(7) 
H(212) -897(31) 916(28) 1385(17) 67(8) 


