
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

The Synthesis and Structural Characterization of Carborane Derivatives
Containing Main Group and f-Block Elements
David M. Schuberta; Mark J. Manninga; M. Frederick Hawthornea

a Department of Chemistry and Biochemistry, University of California Los Angeles, Los Angeles, CA

To cite this Article Schubert, David M. , Manning, Mark J. and Hawthorne, M. Frederick(1989) 'The Synthesis and
Structural Characterization of Carborane Derivatives Containing Main Group and f-Block Elements', Phosphorus,
Sulfur, and Silicon and the Related Elements, 41: 3, 253 — 266
To link to this Article: DOI: 10.1080/10426508908039714
URL: http://dx.doi.org/10.1080/10426508908039714

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426508908039714
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Suljur and Silica. Vol. 41, pp, 253-266 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1989 Gordon and Breach, Science Publishers, Inc. 
Printed in the United Kingdom 

THE SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF 
CARBORANE DERIVATIVES CONTAINING MAIN GROUP AND 
f-BLOCK ELEMENTS 

DAVID M. SCHUBERT, MARK J. MANNING, and M. FREDERICK 

Department of Chemistry and Biochemistry, 
University of California, Los Angeles, 
Los Angeles, CA 90024 

HAWTHORNE* 

Abstract The synthesis, X-ray structural characteriza- 
tion, and reactivity of a number of novel metallacarborane 
compounds including those that exhibit q5-dicarbollide 
ligands bound to aluminum, silicon, and 4f-block elements 
are discussed. These compounds include the first sandwich 
compounds to contain main group elements in their highest 
formal oxidation states, [commo-3,3'-M(3, 1,2-MC2BgHll) 21"- 
(M = All n = -1; M = Sit n = O), and the first examples of 
lanthanacarboranes, closo-C~BgH11Ln (THF) 4 (Ln - Sm, Yb) and 
[3,3- (THF) 2-commo-3,3~-Sm(3,1,2-SmC2BgH~~) 21-. 

I" 

Interest in the chemistry of main group and f-block elements has 

been increasing in recent years. Investigations in our laboratory 

of main group and lanthanide element containing metallacarborane 

derivatives have recently resulted in the synthesis and character- 

ization of a number of novel metallacarborane compounds which 

exhibit unusual structural features. These compounds include the 

first "el-core main group element sandwich species as well as the 

first lanthanacarborane complexes. 
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254 D. M. SCHUBERT, M. J. MANNING, AND M. F. HAWTHORNE 

The chemistry of aluminacarboranes continues to develop and sev- 

eral different structural types have now been observed for this 

class. A notable feature of the structural chemistry of alumina- 

carboranes is the variety of bonding modes exhibited by aluminum 

in interactions with carborane cage moieties. Compounds formally 

exhibiting the q3, 115, and bi3-q’ aluminum-carborane cage It-bonding 
modes, as well as the q2 aluminum-carborane 0-bonding mode, have 

now been structurally characterized. In addition, the occurrence 

of dynamic solution behavior appears to be a general character- 

istic of these 

Since aluminacarboranes are both highly reactive and soluble 

in organic solvents, they are of interest as transmetallation 

reagents for the synthesis of new or otherwise difficult to pre- 

pare metallacarborane derivatives. A similar use of main group 

element carborane derivatives for this purpose has been demon- 

strated by Hosmane with the high yield synthesis of a new transi- 

tion metal metallacarborane complex using a stannacarborane 

reagenteg Recently, this approach has been employed by Jutzi, 

et al. using an aluminacarborane reagent in the preparation of 

other main group element metallacarborane derivatives .lo 

synthetic applications of this kind remain to be developed. 

Further 

The synthesis of the twelve-vertex aluminacarboranes closo 
-3-R-3,1,2-A1C2BgHll (R = Et, la; R = Me, lb) and the gallium 

-containing analogue of lb has been reported previously.1-3 
Compounds la and lb were prepared by reaction of nido-C2BgH13 

with the appropriate trialkylaluminum reagent. These reactions 

initially produce aluminacarboranes of the type exo-nido-9,10 
-(p-H)2A1R2 -C2BgHl0 (R - Et, 2a; R = Me, 2b) in which a cationic 

dialkylaluminum moiety is bound to the anionic carborane cage by 

B-H-A1 bridges. These species are fluxional with enantiomeric 

forms rapidly interconverting in solution at room temperature 

Upon heating 2. or 2b in aromatic solvent, a second equivalent 
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I ' L H ~ N  GROUP AND f-BLOCK ELEMENT CARBORANE DERIVATIVES 255 

of alkane is eliminated to yield la or  lb. 
have been structurally Characterized by single crystal X-ray 

diffraction studies and their structures are illustrated schemati- 

Compounds la and 2b 

cally in Figure 1. Compounds la and lb act 

ing adducts with a variety of Lewis acids. 

U 

a - 
FIGURE 1 The structures of 
-A1Me2-C2EgH1or Pb, and (b) 
(lb) shown schematically. 

as Lewis bases, form- 

R 

h 
U 

b - 

O W  
CH 

@ B  

R = Me,Et 

Variable temperature NMR studies of la coupled with molecular 

weight measurements indicate that this species exists in equilib- 

rium with a dimer in solution in aromatic solvents. The concen- 

tration of this dimer is increased at elevated temperature. The 

dimeric species, which is of the type commo-3,3'-Al[ (exo-8, 9 

-(p-H)2-A1Et2-3,lr2-A1C2BgHg) (3',lt,2'-A1C2BgH~~) J ( 3 )  , has been 
isolated and characterized by a combination of spectroscopic 

techniques and a single crystal X-ray diffraction study.4 

structure of 3 is shown in Figure 2a. 

The 

In 3, the planar C2B3 bonding faces of the two dicarbollide 

cages are within 2.6' of a parallel relationship to one another 

and each cage face is coordinated to the central aluminum atom 
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256 D. M. SCHLJBERT, M. J. MANNING, AND M. F. HAWTHORNE 

in ?15-fashion. In addition, a cationic diethylaluminum moiety 

is bound to one of the dicarbollide cages via two A1-H-B bridging 

interactions. This compound may be regarded formally as a 

zwitterion composed of the [ c o ~ o - ~ ,  3'-A1(3,ll2-AlC2BgH~l) 21- 

anion complexed with the [AlEt*]+ cation. 

for 3 indicate that the aluminum-bound ethyl groups and both of 

the dicarbollide cages are equivalent in solution on the NMR time 

Both llB and IH NMR data 

1- n 
n 

C 

a W C  

0 BH 

0 CH 

CDB 

FIGURE 2 The structures of: (a) COKLmO-3,3'-Al[ (exo-8,9 
-(p-H)z-AlEt~ -3,1r2-A1C2BgHg) (3',11,2'-A1C2BgHll)], 3; and 
(b) [co~o-3,3'-A1(3,1,2-AlC~B~H~~)~]-, [4]-, with all 
hydrogen atoms except those participating in bridging 
interactions omitted. 

scale at room temperature, suggesting the occurrence of a facile 

diethylaluminum "cage walking" process in solution. 

Recently it has been found that the reaction AlEt3 with 

T1 [closo-3, ll2-T1C2BgH1l] in toluene solution results in the 

formation of the free aluminum sandwich anion [como-3,3'-Al 

- (3 I 1 , 2-AlC2BgHll) 21 - ( [ 41 -) in high yield. This anion has been 

isolated as the [Tl(toluene)]+ salt and structurally characterized 

by a single crystal X-ray diffraction study. The structure of 

[a]- is shown in Figure 2b. In [4]-, the aluminum atom is formal- 

ly in the +I11 oxidation state and the planar bonding faces of the 
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MAIN GROUP AND f-BLOCK ELEMENT CARBORANE D E R I V A T I V E S  257 

two dicarbollide cages are parallel to one another and bound to 

the aluminum atom in T5-fashion. This complex thus represents an 

unusual example of a sandwich compound that contains a main group 

element in its highest formal oxidation state ("el-core) bound 

between the parallel faces of two planar n-donor ligands. 

The discovery of aluminacarborane sandwich complexes prompted 

us to pursue the synthesis of the formally isoelectronic silicon 

analogue. As a result, it was found that the reaction of silicon 
tetrachloride with two molar equivalents of Li2[nido-7,8-C2BgH11] 

in refluxing benzene affords the desired silicon sandwich com- 

pound, comm0-3,3'-Si (3, lr2-SiC2BgH11)2 ( 5 )  in good yield as shown 

in Equation 1.12 

benzene 
2 Li2 [7,8-C2BgHll] t Sic14 c 

The structure of 5 ,  as determined by a single crystal X-ray 

diffraction study, is shown in Figure 3. Compound 5 is crystallo- 

graphically centrosymmetric about the silicon center with the two 

dicarbollide C2B3 bonding faces parallel to one another and bound 

to the silicon atom in ?15-fashion. 

stable, sublimable, and soluble in organic solvents including 

aliphatic hydrocarbons. Compound 5 acts as a Lewis acid, reacting 

with a variety of electron donors to form a variety of products of 

unusual structural types.13 While similar main group element sand- 
wich compounds are well known [e.g. M(CsMe5)2, M = Si, Gel Sn, 

Pb1,ll these species are 14 interstitial electron systems that 

contain central atoms which are formally in the +I1 oxidation 

state. 

This compound is moderately air 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



258 D. M. SCHUBERT, M. J. MANNING, AND M. F. HAWTHORNE 

n 

0 BH 
0 CH 

U 

FIGURE 3 The structure of commO-3,3'-Si(3, lr2-SiC2B9Hll) 2, 
5, with hydrogen atoms omitted f o r  clarity. Interatomic 
distances ( A ) :  Si-C(1,2) - 2.22, Si-B(4,7) = 2.14, Si-B(8) 
= 2.05. 

As part of a recent effort in our laboratory to explore the 

chemistry of non-icosahedral aluminacarborane compounds, the 

reaction of diethylaluminum chloride-diethyl etherate with the 

carborane salt Na [5, 6-C2BeH11114 was carried out. 

proceeds in refluxing toluene solution to produce the neutral 

species, nido-p-6,9-A1Et (OEtZ) -6,9-C2BgH10 (6) in good yield, as 

shown in Equation 2. 

This reaction 

toluene 
Na [5,6-C2B~H11] + AlEt2Cl.OEt2 t 

nido-p-6,9-A1Et (OEt2) -6,9-C2BgH10 + NaCl + C2Hg (2) 

Compound 6 is a colorless, air-sensitive liquid. The structure 

of 6 shown in Figure 4a was determined by a single crystal X-ray 
diffraction study of its crystalline benzene solvate 6(CgH6)0.5. 

The geometry of the polyhedral portion of 6 is that of a 

regular octadecahedron with no single open face. The aluminum 

atom occupies the unique vertex on the pseudo-two-fold rotation 

axis of the cluster. The f o u r  aluminum-boron interatomic 
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M A I N  GROUP AND f-BLOCK ELEMENT CARBORANE DERIVATIVES 259 

distances are nearly equal and average 2.51 A. 
-carbon distances are also nearly equal and average 2.03 A. 

distances suggest that bonding interactions in 6 occur only be- 

tween aluminum and carbon. 

ligand, the geometry about aluminum is approximately tetrahedral. 

The two aluminum 

These 

Regarding the 6,9-C2BeH10 cage as an 112 

1- 1- 

FIGURE 4 The Structures of (a) nido-p-6,g-AlEt (OEtp) -6,9 
- C ~ B S H ~ O ~  6; (b) [A1 (T12-6r 9-CzBeHlo) 21-, [71 -, and (c) one 
enantiomer of [A1 (q2-6, 9-C2BgHe) 2]-, [el-, all with hydrogen 
atoms omitted for clarity. 

Compound 6 gives llB and lH NMR spectral data consistent with 

a species having CzV point group symmetry. This suggests the 

occurrence of a dynamic process in solution involving the inter- 

molecular exchange of the adducted diethyl ether. Furthermore, 

the lH NMR spectrum of of 6 in an aromatic hydrocarbon containing 

excess diethyl ether shows only a single set of diethyl ether 

resonances. The lability of the aluminum-bound ether in 6 is 

further indicated by the facile exchange which occurs upon addi- 

tion of THF to a toluene solution of 6, resulting in the immediate 
formation of adduct nido-p-6,g-AlEt (THF) -6,9-CpBeH10. 

The structure of 6 contrasts with that of other known eleven 

-vertex, 26-electron main group element-containing clusters, such 

as [Me2M(l14-BloH12) I (M = S i r  Ge, Sn) , which adopt nido structures 
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260 D. M. SCHUBERT, M. J. MANNING, AND M. F. HAWTHORNE 

having a unique open face and a pair of bridging B-H-B moieties.15 

However, structurally similar complexes of the type nido-v-6,9-ML2 

-6.9-C2BgHlo (M = Pt, Ni; L = Lewis base) have been reported which 

contain square planar rather than tetrahedral metal centers. l6 

The reaction of Na [5, 6-C2BaH111 with diethylaluminum chloride 

in refluxing toluene in the absence of ether results in the forma- 

tion of the aluminacarborane salt Na [A1 (q2-6, 9-CZB8H10) 21 (Na 171 ) 

in good yield, as shown in Equation 3.7 The anion [7]- has been 

toluene 
2 Na [5,6-C2BgHll] t AlEt2C1 c 

characterized as the air-stable [N(PPh3) 21' salt. formed by 

metathesis of Na[7]- with [N(PPh3)21Cl. The structure of [7]' 

determined by a single crystal X-ray diffraction study is shown 

in Figure 4b. In [7]-, the two 6.9-C2B8H10 cages are bound in 

q2-fashion to the approximately tetrahedral aluminum center, 

apparently via aluminum-carbon interactions only. The four 

similar aluminum-carbon interatomic distances in [71- average 

2.06 A, while the eight similar aluminum-boron distances average 

2.53 A .  The anion [7]- possesses non-crystallographic Sq point 

group symmetry and may be regarded as a spiro-aluminate compound. 

The IIB NMR spectral data for [7]' indicate that its symmetry 

in solution is the same, at least on the NMR time scale, as that 

observed in the solid state. 

The reaction of the diethyl ether solvate of the carborane 

salt Na [l, 3-C2B7H12] l7 with diethylaldnum chloride in reflux- 

ing toluene results in formation of the aluminacarborane salt 

Na [A1 (q2-2, 7-C2BgHg] Na [a] in moderate yield.8 This salt, an 

air-sensitive, white solid, was characterized by a single crystal 

X-ray diffraction study. 

enantiomeric stereoisomers. The structure of one enantiomer of 

The [a]' anion occurs as a pair of 
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MAIN GROUP AND f-BLOCK ELEMENT CARBORANE DERIVATIVES 261 

[El- is shown in Figure 4c. The structure of [ E l -  is similar to 

that of [7]- in that two 2,7-C2BgHg cages are bound to an approxi- 

mately tetrahedral aluminum center apparently via aluminum-carbon 

interactions only. The four similar aluminum-carbon distances in 

[El- average 2 . 0 2  A .  Two relatively short aluminum-boron inter- 

atomic distances are present which average 2 . 2 8  A, while another 

four similar aluminum-boron distances average 2.51 A .  

The high symmetry indicated by NMR spectral data for [ a ] -  
indicates that the two enantiomers of this anion rapidly inter- 

convert in solution. Variable temperature NMR studies have shown 

that this dynamic process can be frozen out by cooling toluene 

solutions containing the [ E l -  anion to -80 OC. 

The synthesis of new complexes containing lanthanide metals 

has been a subject of considerable interest in recent years.l* 

Organolanthanide complexes with pentamethylcyclopentadienide 

(Cp*) ligands have been shown to possess high reactivity as 

well as unique structural features.lg Prior to our recent work, 

the only structurally characterized dicarbollide complex with 

an f-block metal was [U(C~BgH11)2C12]2-,20 which had the two di- 

carbollide ligands arranged in a bent configuration around the 

U4+ ion. 

first dicarbo1li.de complexes with the 4f-block metals, the 

lanthanacarboranes . 21 

We have recently synthesized and characterized the 

These new metallacarboranes can be synthesized with the 

divalent lanthanides samarium and ytterbium as shown in Equa- 

tion 4 .  The neutral complexes formed from these metathetical 

reactions are highly air and moisture sensitive but are easily 

isolated due to their low solubility in THF. Complexometric 

analysis as well as spectroscopic and magnetic data support the 

formulation of both 9 and 10 as having one carborane cage per 
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262 D. M. SCHUBERT, M. J. MANNING, AND M. F. HAWTHORNE 

closo-C2BgH11Ln (THF) 4 + 2 NaI ( 4 )  

metal. Both complexes are only marginally soluble in THF, but 10 
can be solublized by other coordinating ligands such as CH3CN and 

DMF (N,N-dimethylformamide) since the THF ligands are displaced by 

these donor solvents. The DMF adduct of 10 could be isolated as 

single crystals; an X-ray structure determination was carried out 

on this complex, closo-C2BgH11Yb(DMF) 4 (11), and the results are 

presented in Figure 5. Due to a crystallographic disorder, it was 

Yb 

@ Oxygen 
0 BH /CH 

FIGURE 5 The structure of closo-C2BgHllYb (THF) 4 ,  11, with 
hydrogen atoms omitted and only the oxygen atoms of the DMF 
ligands shown. 

not possible to distinguish carbon from boron in the upper belt of 

the carborane cage, and we were thus unable to identify this com- 

plex in accord with the accepted nomenclature. The distances from 

the metal to the atoms of the upper belt of the carborane cage 
compare rather well with Yb-C(C5Me5) values reported f o r  crystallo- 

graphically characterized ytterbium (11) l15-pentamethylcyclopenta- 

dienyl complexes, 22 thereby supporting the idea that the ytterbium 
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MAIN GROUP AND f-BLOCK ELEMENT CARBORANE DERIVATIVES 263 

ion "caps" the dicarbollide ligand to generate an icosahedron with 

overall closo-geometry. Mono-cage complexes of samarium and 

ytterbium can also be synthesized with C-substituted derivatives 

of the dicarbollide ligand; analogous compounds have also been 

prepared with the [ C Z B ~ O H ~ ~ ]  2- ligandZ3 which are the corresponding 

thirteen-vertex lanthanacarboranes. 

To date, all of the organolanthanide complexes which possess 

two q5-bound rings in their coordination sphere have these rings 

configured in a "bent" fashion around the lanthanide ion.18 The 

synthesis of [U(C2BgH11)2C1212- for the first time showed that use 

of an f-block metal permitted the dicarbollide ligands to adopt a 

bent geometry around the metal since this structure is not seen 

with dicarbollide complexes of d-block or main group metals. 

The ionic radius of the trivalent lanthanides is close to that 

of U4tr24 so bis-dicarbollide complexes of the lanthanides might 

be expected to have the ligands configured with this "bent" 

geometry. A rational approach to the synthesis of 4f metalla- 

carborane sandwich complexes of this type is the addition of a 

second dicarbollide ligand to 9 or 10. Anaerobic addition of 

closo-C2BgH11Sm(THF) 4 ( 9 )  to a THF solution of [PPNI [c~oso-~, 1,2 

-Tl-C2BgH11] affords the desired bis-dicarbollide complex 12, as 

shown in Equation 5. In this reaction the thallous ion is reduced 

T1 t 2 THF (5) 

to thallium metal while the divalent samarium ion is oxidized to 

samarium(III), thus providing for a better accommodation of the 

high formal negative charge provided by the two dicarbollide 

ligands. The analogous ytterbium complex can also be synthesized 

using this reaction scheme by substituting 10 for 9 .  Magnetic and 
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264 D. M. SCHUBERT, M. J. MANNING, AND M. F. HAWTHORNE 

spectral data obtained for these bis-dicarbollide complexes 

support a formulation having the metal in the trivalent oxidation 

state. 

A single crystal X-ray diffraction study was carried out with 

the [N(PPhj)2]+ salt of 12 and the results of this study are shown 

in Figure 6. The coordination geometry about samarium is tetra- 

hedral, with an average THF(0)-Sm-ring centroid angle of 108.2'. 
The two q5-dicarbollide ligands and the two coordinated THF 

molecules occupy the coordination sphere about Sm3+. 

centroid-Sm-ring centroid angle is 131.9(5)'; this value compares 

well with those found for other trivalent bis-Cp* lanthanide com- 

plexes which possess other ligands in the metal's coordination 

sphere .25 

The ring 

An effective ionic radius26 could be calculated for the di- 

carbollide ligand using X-ray data from ll and 12 and this value 

FIGURE 6 The structure of [3,3-(THF)2-commo-3,3'-Sm(3,1,2 
-SmC2BgH11)2]-, [lo]- with hydrogen atoms omitted. One of 
the THF ligands is eclipsed by the other in this view. 

(1.66 A) is very similar to the average value determined for 

the cyclopentadienyl ligand (1.64 A) thus suggesting that the 
bonding in these lanthanacarboranes is the same as that found 

in lanthanide-Cp complexes, that is predominantly ionic. 
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