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SOME TYPICAL PROPERTIES OF CAGES CONTAINING 
SIMULTANEOUSLY MAIN GROUP METALS AND NON-METALS 

MICHAEL VEITH 
Institut fur Anorganische Chemie der Universitat 
des Saarlandes, Im Stadtwald, D-6600 Saarbriicken, 
F.R.G. 

Abstract Electropositive main group elements can 
be incorporated into polycycles through bonding to 
nitrogen and oxygen atoms. The latter elements are 
substituted by bulky organic groups like tert-bu- 
tyl, thereby preventing the molecules from polyme- 
rizing. The metal atoms, which behave as Lewis- 
acids towards the neighboring Lewis-basic ligands 
are generally low coordinate. In some cases tempe- 
rature-dependent intramolecular rearrangements 
(bond fluctuations) are observed. The prominent 
occurance of highly strained polycycles like te- 
trahedra, cubes or trigonal bipyramids may be cor- 
related to the orbitals used for bonding by the 
metal atoms: these are often of p -  or d-type and 
therefore favor acute angles. These polycyclic 
compounds may react at either the metal or nonme- 
tal center. The following reactions are observed: 
trapping of polar molecules, ligand exchange, me- 
tal exchange, redox reactions, cluster formation, 
metal-metal bond formation or opening of the ca- 
ges. 

We have recently shown in a review' that a bond be- 
tween a low coordinated metal atom M and an electron 
rich non-metal atom X can conceptively be described as 
unsaturated - very much like a double bond in molecu- 
les like ethylene or acetylene (Formulas 1-4). 

\ -/ 
,M ; x\ \ / c = c  

' 2 '  
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I96 M. VEITH 

- M - i -  
3 

- C S C  - 
4 

etic Whereas molecules like 2 and 4 are ki lly stable 
with respect to oligomerization, 1 and 3 are not. Be- 
cause of the high polarity in the M-X-bond and the 
high tendency of electron lone pairs to be shifted to 
X rather than to M, compounds of type 1 or 3 usually 
tend to oligomerize or polymerize via intermolecular 
Lewis-acid-base-reactions2. The extend of polymeriza- 
tion will depend on the steric hindrance of the li- 
gands at M and X. In some cases bulky substituents 
may even prevent polymerization, as has been found 
inter alia for cyclic derivatives of low valent ele- 

ments from group 111, IV and V (formulas 5, 6 ,  7)l. 

Bu Bu Bu 

5 6 7 
We have been able to use compounds of the general for- 
mula 1 and 3 to build up polycyclic molecules'. In the 
next chapter we will choose three recent examples in 
order to demonstrate the synthetic principle. The main 
scope of the article is nevertheless to look at the 
physical and chemical properties of the polycycles and 
cages, which we have obtained in our laboratory in the 
last ten years. 
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SOME TYPICAL PROPERTIES OF CAGES 197 

o-0x0-Chelated Derivatives of Alkali Elements 
The chelating ligand Me3SiOSi(Me)2NtBu(H) ( 8 ) .  which 
is synthesized by classical methods3p4, can be used to 
prepare amino derivatives of the alkali elements ( 9  - 
12) as shown in equation (1). 

+ 2MNH2 
SiMe3 

- 2NH3 
+ PhCH=CH2/2M 

- PhCH2-CH3 

I 

2Me2 Si 

N-H 

Bu 

8 

\ 
I 

- 2RH (M = Li) 

SiMe3 
I 

Bu 

M = Li ( g ) ,  Na (10). 
K (11). Rb (12) 

In all cases dimeric molecules are formed through for- 
mal intermolecular Lewis-acid-base reactions of the 
monomers. Even the use of a tridentate ligand. like 
13, can not prevent the dimerization as established in 
the compounds 14 - 17. 

Bu 
I 

Me2 Si / O  > N-H 
' 0  

Me2 Si 

I 
Bu 

13 

Bu 
I 

Mez Si/O& 
'N-M [ MezSi(,' 1 2 

I 
Bu 

M = Li (14). Na (l5), K (16). 
Rb (17) 

The molecules 14 - 17 are prepared starting from 13 by 
similar methods as shown in equation ( 1 ) .  
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198 M .  VEITH 

us TvDe M o l e c u l e s  M(OtBu17M' 

Whereas i n  a l c o h o l a t e s  a low v a l e n t  metal o f  main 

g r o u p  I11 h a s  f o r m a l l y  o n l y  f o u r  v a l e n c e  e l e c t r o n s  

(see f o r m u l a  18). a low v a l e n t  e l e m e n t  o f  g r o u p  I V  h a s  

s i x  ( f o r m u l a  2 0 ) .  I n  o r d e r  t o  r a i s e  t h e  e l e c t r o n  c o u n t  

and a t  t h e  same time t h e  c o o r d i n a t i o n  number a t  t h e  

metal .  a l c o h o l a t e s  o f  g r o u p  I11 e l e m e n t s  t e t r a m e r i z e  

( T 1 4 0 4  c u b e ) 5 ,  w h i l e  a l c o h o l a t e s  o f  g r o u p  I V  e l e m e n t s  

d i m e r i z e 6 . T h i s  i s  shown f o r  T l ( 1 )  and  S n ( I 1 )  i n  e q u a -  

t i o n  ( 2 ) .  

4 { ~ B u + T ~ :  } - > ( : T 1 0 t B u ) 4  
18 19 

Bu 
BuO I ( 2 )  

2 { t B u ~ - ! $ ~ ~ - t B u }  - > 
20 

21 

T h e r e  i s  of cour se  a n o t h e r  p o s s i b i l i t y  for t h e  metal-  

l i c  e l e m e n t s  T 1  and Sn i n  18 and  20 to become c o o r d i -  

n a t i v e l y  s a t u r a t e d  - namely by c o m b i n i n g  18 and 20 i n  

o n e  m o l e c u l e .  The t h a l l i u m  atom i n  18 f u n c t i o n s  as  a 
L e w i s - a c i d  t o w a r d s  t h e  two oxygen  atoms i n  20, w h e r e a s  

t h e  t i n  atom i n  20 may a c t  as a n  e l e c t r o p h i l i c  c e n t e r  

t o w a r d s  t h e  oxygen atom i n  18 ( e q u a t i o n  (3)). 

Bu 
I 

( 3 )  

Bu, .. 
0'1 
T 1  /- 01 IQ, 

{ I 1 + { /sn\ } -> 

\ 
Bu 

tBu  Bu 

18 20 Bu 
22  
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SOME TYPICAL PROPERTIES OF CAGES 199 

The species 22 is a molecular compound which is solub- 
le in non-polar organic solvents; the trigonal bipyra- 
midal structure of the TlO3Sn cage has been proven by 
X-ray structure analysis7. We have recently prepared a 
number of homologous cage compounds by the method 
shown in equation ( 3 )  or by alternative routes, as 
summerized in equation (4). 

1 
- [Na(OtBu)3M]2 + M'Br -> M(OtBu)3M' + NaBr 
2 23 

( 4 )  
Tl(OtBu)3M + M'Br -> M(OtBu)3M' + TlBr 

22 

M = Ge, M' = In (24), M '  = T1 (25). 
M = Sn, M' = In (26) 
M = Pb, M' = In (27). M' = T1 ( 2 8 )  

All compounds 24 - 28 can be sublimed o r  crystallized 
and are obtained in high yields8. They all have the 
common feature that the three tert-butoxyl groups are 
clasping the metal atoms together. As an electrophile 
can attack the'molecule from the two metal sides with 
equal'probability and in both cases will encounter a 
metal with a non-bonding electron pair, we have desig- 
nated such molecules as "janus type" (see further on). 

Bis(amino)stwlene Adducts of Transition Metal 
Halides 
We have shown by numerous examples' that the cyclic 
bis(amin0)stannylene 6 can behave as a dihapto- or 
triphapto-Lewis-acid-base ligand in different metal/ 
non-metal systems. Halides from the 3d-elements are in 
this respect appropriate counterparts for 6 .  When an- 
hydrous CrC12, FeClz , CoC12 or ZnClz are treated with 
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200 M .  VEITH 

a toluene solution of 6 new compounds are formed in 
these heterogeneous reactions (equation (5) and (6))9. 

Bu 

N-Sn 
I e e  

1 

6 2 
MezSi(NtBu)zSn + MClz -> - (MezSi 

tBu ' 

Bu 
( 6 )  

Me2Si(NtBu)zSn + ZnClz -> - ( I I I ) 2  

?n+ 1 

I 

I 
1 N- 

Zn+l 6 2 Me2Si-N- 
I I 
I I 
I I Bu 

32 

The compounds 29 - 32 are dimeric through chlorine 
bridges. 

While in the case of 32 the Zn atom adopts a 
four-fold coordination - leading to a bicyclic connec- 
tion of the ZnClz to the cyclic bis(amin0)stannylene - 
in the other molecules the transition metals are five- 
fold coordinated (three chlorine and two nitrogen li- 
gands). A [ 4 , 2 , 0 , 0 2 * 5 ]  cyclohexane cage (SiN2SnMCl) is 
therefore formed. The differences in the structures 
from 29 - 3 1  to 32 stems from the availability of va- 
cant orbitals at the transition metals. 

As the tin atom in 6 is not only Lewis-acidic but 
also in a low oxidation state, redox reactions may oc- 
cur when it is allowed to react with transition metal 
halides. This is exemplified by equation ( 7 ) ' O  and in 

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



SOME TYPICAL PROPERTIES OF CAGES 20 1 

some respect by equation ( 8 ) .  

4Mez Si ( Nt Bu) z Sn +2CrC13 -> Me2 Si ( Nt Bu) z Sn ( Nt Bu) z SiMez 
6 33 

( 7 )  
+ [MezSi(NtBu)zSnCrC1z 1 2  + SnClz 

Me2 Si (Nt Bu) 2Sn Sn( Nt Bu) z SiMez 

(8) 
NiBrz / \  / \  > Br 4 MezSi(NtBu)zSn ~ 

MerSi(N'Bu)sSn 
\ /Ni\ /"' 6 

Sn ( N t  Bu) z SiMez 

34 

In the case of the reaction of 6 with chromium(II1)- 
chloride, the Cr(II1) is reduced to Cr(II), which, in 
turn, is trapped by 6 forming 29. Sn(I1) is oxidized 
to Sn(1V) to give compound 3 3 .  The genesis of the po- 
lycyclic 34 can be attributed to the insertion of the 
stannylene into Ni-Br bonds (formally no redoxreac- 
tion). Compound 34 contains five metal atoms linked 
together in a distorted square with the Ni in the 
middle. The distortion from planarity is not severe, 
but significant enough (about 1 5 " .  from X-ray structu- 
re determination) that at room temperature a magnetic 
moment of 0.5  BM is found for the compound. 

> UCTURAL W E C T S  OF THE POLYCYCLES AND CAGES 

Polvhedra and Geometrical Arrangements Used bv the - 
In order to discover the common structural principles 
for the polycycles and cages, which incorporate metal 
as well as non-metal atoms, we have assembled in figu- 
res 1 - 4 sketchy representations of the different mo- 
lecules. In these illustrations we have used spheres 

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



202 M. VEITH 

n 

FIGURE 1 Some Representative Examples of Poly- 
cycles and Cages ("Cubes") 
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SOME TYPICAL PROPERTIES OF CAGES 203 

(OtBU)6 no, 
ti = Sn, n’ = L i ,  Wa 
ti = Pb, Ill = Wa, K 

n 

w 
ti = Ca, Sr, Ba, Eu, Pb 

Gep 
ti Ca, Sr, Pb 

ti = Ca, Sr, Ba, Pb 

( ~ B u o ) ~  snz n 

(‘BuO)~ Pb2 M 

FIGURE 2 Polycycles and Cages (“Cubes, Tetrahe- 
dra and Trigonal Bipyramids”) 
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204 M. VEITH 

F I G U R E  3 Polycycles and Cages ("Tetrahedra 
and Connected Four-membered Rings") 
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SOME TYPICAL PROPERTIES OF CAGES 205 

FIGURE 4 Polycycles and Cages ("Connected 
Four-membered Rings continued") 
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206 M. VEITH 

t o  l a b e l  t h e  p o s i t i o n  o f  t h e  m e t a l l i c  e l e m e n t  o r  t h e  

h y d r o g e n  a t o m s ,  w h e r e a s  a l l  o t h e r  e l e m e n t s  w i t h i n  t h e  

p o l y c y c l e  o r  cage,  l i k e  S i ,  N, 0 ,  S ,  C 1 ,  Br, I e t c . ,  

a r e  drawn a s  s i m p l e  c o r n e r s  o f  b o n d s .  The metal a t o m s  

as  w e l l  as t h e  c o r n e r s  o f  t h e  c a g e s  may h a v e  f u r t h e r  

l i g a n d s  a t t a c h e d .  T h e s e  l i g a n d s  h a v e  b e e n  o m i t t e d  f o r  

c l a r i t y ,  b u t  t h e y  may e a s i l y  b e  d e r i v e d  from t h e  f o r -  

mu las  a s s e m b l e d  below e a c h  l i t t l e  p i c t u r e .  F u r t h e r  d e -  

t a i l s  o f  t h e  s t r u c t u r e s  a r e  r e f e r e n c e d  i n  t h e  a r t i c l e  
m e n t i o n e d  a b o v e ' ;  a d d i t i t i o n a l  a r t i c l e s  h a v e  b e e n  pub-  

l i s h e d  and some w i l l  b e  p u b l i s h e d  i n  t h e  

n e a r  f u t u r e .  

As c a n  b e  c o n c l u d e d  from t h e  p e r u s a l  o f  f i g u r e s  

1 - 4 ,  t h e  p r e d o m i n a n t  s t r u c t u r a l  e l e m e n t s  o f  t h e s e  

m e t a l l a c y c l e s  and c a g e s  seem t o  b e  t h e  f o r m a t i o n  o f  

small  r i n g s  and  t h e  d i s p o s i t i o n  o f  t h e  l i g a n d s  a t  

r i g h t  a n g l e s  t o  e a c h  o t h e r .  T h e r e  a r e  a t  l e a s t  t h r e e  

r e a s o n s  for t h e s e  f i n d i n g s :  

1 )  The b u l k y  t e r t - b u t y l  g r o u p s  a t  t h e  n o n - m e t a l s  w i l l  

f a v o r  small r i n g s  o r  sma l l  c a g e s  i n  o r d e r  t o  b e  s e p a -  

r a t e d  as  f a r  as p o s s i b l e  from o n e  a n o t h e r .  

2 )  The o r t h o g o n a l  a r r a n g e m e n t  o f  t h e  l i g a n d s  a t  low- 

v a l e n t  metals l i k e  I n ( I ) ,  T l ( I ) ,  G e ( I I ) ,  S n ( I 1 )  o r  

P b ( I 1 )  seems t o  r e l y  on t h e  f a c t ,  t h a t  t h e s e  e l e m e n t s  

u s e  e x c l u s i v e l y  n o n - h y b r i d i z e d  p - o r b i t a l s  f o r  b o n d i n g  

- t h e  non b o n d i n g  e l e c t r o n  p a i r  b e i n g  l o c a t e d  i n  a n  a l -  
most p u r e  s - o r b i t a l .  A l s o ,  t h e  a d d i t i o n a l  metals p r e -  

s e n t  c a n  e a s i l y  a d o p t  t h e s e  g e o m e t r i e s ,  as t h e y  a r e  
known t o  b e  f o u n d  i n  t h e  c e n t e r  o f  t r i g o n a l  b i p y r a m i d s  

o r  o c t a h e d r a .  

3 )  As t h e  b u i l d i n g  u n i t s  o f  t h e  p o l y c y c l e s  and  c a g e s  

a r e  o f t e n  f o u r  membered r i n g s ,  i t  i s  n o t  s u r p r i s i n g  t o  

f i n d  t h i s  s t r u c t u r a l  e l e m e n t  a g a i n  i n  t h e  p r o d u c t s .  
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SOME TYPICAL PROPERTIES OF CAGES 207 

The metallacages and polycycles can be classified 
as consisting of four families: (a) cages, which are 
derived from a cube (fig. 1, 2 ) .  (b) cages, which are 
derived from a tetrahedron (fig. 2 and 3 ) .  (c) cages, 
which have a trigonal bipyramid as central unit 
(fig. 2 )  and (d) polycycles which consist mainly of 
connected four-membered rings. Again the arguments gi- 
ven before and the synthetic route used are responsib- 
le for the different structural possibilities. 

c Phenomena: Fluctional Bonds wi-e Polv- - 
From X-ray analysis of a crystal the structural ground 
state of a molecule is often quite easily deduced, 
whereas dynamic phenomena within the molecular unit 
can be followed by NMR techniques. The metallapoly- 
cycles and cages are typical representatives of "fluc- 
tuating molecules" due to the incorporation of metal 
atoms, What is known from metal-complexes - the li- 
gands being in equilibrium around the metallic center 
(complex formation constant) - can be transposed in 
loose analogy to molecular cages. This will be espe- 
cially important in compounds where a variety of non- 
metals with different coordination numbers are pre- 
sent. These are in competition for the metallic cen- 
ters in the cages and thus provoke a redistribution 
of bonds (fluctuation). 

A very instructive example has been found in cyc- 
lic amino compounds of group III-elements21. 

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



208 M .  VEITH 

Bu Bu Bu 

N 
I I 

I 

, N-&ElXz 
I 

‘Nf SN-H 
/ \  

/ N \ E 1 X 2  ( 9 )  ‘ElXa + MezSi .- Me2Si L 

‘ N f  
/ \  

M e 2  Si 

H t B u  Bu t B u  H 

35 37 36 

E l  = A l ,  Ga, I n ,  T1 ,  X = C H 3 ,  C1, B r  ( 3 8  - 4 9 )  

The m i r r o r  i m a g e s  35 and 36 a re  i n  e q u i l i b r i u m  ( e q u a -  

t i o n  ( 9 ) )  v i a  t h e  i n t e r m e d i a t e  o p e n  c h a i n  compound 37, 
i n  wh ich  r o t a t i o n  a r o u n d  t h e  Si-N a n d  N - E l  bond o c -  

c u r s .  The a c t i v a t i o n  e n e r g y  f o r  t h i s  p r o c e s s  i s  
s t r o n g l y  d e p e n d e n t  on t h e  L e w i s - a c i d i t y  o f  t h e  e l e m e n t  

E l ,  t h e  e l e c t r o n  w i t h d r a w i n g  a b i l i t y  o f  t h e  s u b s t i -  

t u e n t s  X ,  a s  wel l  as on s t e r i c  f a c t o r s z 1 .  

The a l k a l i  compounds 9 - 12, r e s p .  14 - 17, which  

h a v e  b e e n  d e s c r i b e d  i n  a p r e v i o u s  c h a p t e r ,  h a v e  d i f f e -  

r e n t  s t r u c t u r e s  i n  t h e  c r y s t a l ,  d e p e n d i n g  on t h e  a l -  
k a l i  e l e m e n t .  Whi l e  t h e  l i t h i u m  and sod ium d e r i v a t i v e s  

9 and  10 h a v e  as  common s t r u c t u r a l  e l e m e n t  t h r e e  e d g e -  

s h a r i n g  four-membered r i n g s  o f  p o i n t  symmetry C 2  ( A ) ,  

t h e  p o t a s s i u m  and  r u b i d i u m  d e r i v a t i v e s  11 and 12 h a v e  

a d i f f e r e n t  s t r u c t u r e  w i t h ,  a g a i n ,  t h r e e  s h a r e d  r i n g s  

o f  p o i n t  symmetry C i  (B). 

Bu Bu Bu 
I I I 

/O\ 
\ /”\ ;Bu 

/ N \  / ” \  
/O\ /O\ M e 2  S i  M e 2  S i  
\ / M \  / S iMe2  

/ N \  / N \  

M \  /SiMe2 

Bu Bu M Bu 

A B O  
I 

Bu 
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SOME TYPICAL PROPERTIES OF CAGES 209 

In analogy the compounds 14 and 15 adopt the structure 
depicted in formula C, while 16 and 17 form structure 
D in the crystal. 

Bu Bu 
I I 

Me2 

Bu 
I 

BU Bu 

C 

I 
Bu 

D 

As can be shown using solution NMR-techniques, the li- 
gands at the metal atoms "fluctuate" and a rapid in- 
terconversion from A -> B and from C -> D and vice 
versa occurs. Slight differences in electronegativi- 
ties and in the atomic radii seem to stabilize one of 
the two alternative forms in the solid state. Even in 
solution only one o f  the two possible arrangements can 
be stabilized by the addition of a base. If the sodium 
compound 10 is allowed to react with the monodentate 
base pyridine the adduct 50 is formed, while with the 
bidentate bipyridine 51 is isolated from the reaction 
(X-ray structure determinations, equation (10)). 
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YU (3 
Me2Si, /”\ /”a, J ) B u  

/ N \  /N\  

;\ /SiMe2 Bu 

0 

Bu 

2 PY 
<- 10 

‘Bu tBu  
I I 

A /”\ 
Me2Si Na SiMez 

50 51 

I n  t h e  e q u a t i o n s  (11) - ( 1 4 )  f u r t h e r  e x a m p l e s  o f  r a p i d  

i n t e r c h a n g e  b e t w e e n  d i f f e r e n t  s t r u c t u r e s  a re  d e p i c t -  

e d 1 1 * 1 7 - 2 2 .  T h e s e  r e d i s t r i b u t i o n s  o f  bonds  w i t h i n  t h e  

m o l e c u l e s  h a v e  o n e  common a s p e c t :  a n i t r o g e n  atom o f  

c o o r d i n a t i o n  number 3 i s  i n  c o m p e t i t i o n  w i t h  a n o t h e r  

n i t r o g e n  atom o f  c o o r d i n a t i o n  number 4 .  

Bu 
Me \ 

Bu 
\ t B u  

d 

N \  / 
tBu  tBu  
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'Bu Me 
I 

Bu 
I 

MezSi, / ':;Me , 

tBu Me 

/ , 
N-A1 N-A1 

Me 
I \ 
Bu 

I I'Me 

5 5  A 5 5  B 

Bu Bu 
I I 

Bu f Bu 

I 
Bu 

I 
Bu 

The "redistributions" of the ligands may occur very 
quickly and sometimes they are too fast for the inter- 
mediate to be detected by 'H-NMR techniques at 180 K. 

In this section we would like to list reactions which 
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212 M. VEITH 

are typical for the cage compounds and which are, in 
part, influenced by the special steric requirements of 
these molecular clusters. 

titution Reactiou 
Four examples of substitution of atoms within a cage 
compound are given in reactions (15) - (18)ls17. 

AT 
Sn3 ( N' Bu) 4 H2 + Ge ( N1 Bu) 2 SiMez -> GeSn3 (N' Bu) 4 + 

+ MezSi(NtBu)2Hz 
58 59 60 ( 1 5 )  

61 
SbC13 

(MeSi)z(NtBu)41nC1 - > (MeSi)z (NtBu)4Sb+InC14- (16) 
62 63 

AT 
9 Sn3Pb(NtBu)4 -> 6 Sn4(NtBu)4 + SnzPb2(NtBu)4 

64 65 66 ( 1 7 )  
+ SnPb3 (Nt B u ) ~  + Pb4 (NtBu)4 

67 68 

+ 3H20 
4 Sn3 ( Nt Bu) 4 Hz > 3 Sn40(NtBu)3 + 7 tBuNHz (18) 

58 69 

In reaction ( 1 5 )  the hydrogen atoms of the seco-norcu- 
bane-like molecule 58 are displaced by a divalent ger- 
manium atom; the mixed-metal cage 60 ressembles a dis- 
torted cube. The displacement of indium in the seco- 
norcubane-like polycycle 62 by antimony is accompanied 
by an abstraction of a chloride ion to form InC14- 
(equation (16)); 63 is a salt. The equation (17) is an 
example for scrambling reactions, which may occur ea- 
sily if the metal atoms within the cage are heavy. The 
l:3 ratio of lead to tin in 64 is redistributed in the 
products 65 - 68. Not only metals but also non-metals 
may be substituted as shown in equation (18). The 
diagram demonstrates that a redistribution of the com- 
ponents of the cages is taking place at the same time. 
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SOME TYPICAL PROPERTIES OF CAGES 213 

TraDDina of Polar Hvdroaen ComDounds bv the Seco-Nor- 
- e Sn7 (Nt Ru)/IH~ o r  Gel (NtBu14H2 

The seco-norcubane-like compound 58 and its homologue 
Ge3(NtBu)4Hz (70) have three different nitrogen atoms 
within their cages: one of the nitrogen atoms is coor- 

dinating 3 metal atoms in addition to its tert-butyl 
ligands, two others coordinate two metal atoms and one 

hydrogen atom. The fourth nitrogen atom is only bonded 

to two metals. This last atom is unique in having the 

coordination number three and may accept a further 

proton. This property can be used synthetically by 

reaction of 58 or 70 with proton donors like the hydro- 
genhalides or tetrafluoroboric acid (equation ( 1 9 ) ) 2 3 .  

M = Sn (58), Ge (70) M = Sn. X = C1, Br, I, 
BF4 (71 - 74) 

M = Ge. X = C1 (75) 

The products 71 - 76 of reaction (19) are easily ob- 
tained; they are remarkable, in that in these com- 

pounds the halide resp. BFil is coordinated to three 

hydrogen atoms. This has been established by X-ray 

structure determinations of 71. 74, and 75. These spe- 
cies are representatives of unique molecular complexes 

of the hydrogenhalides. 

Bedoxreactions of Metallacaaes 

Metallapolycycles and cages, which have a halogen atom 
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as  f u r t h e r  l i g a n d  a t  t h e  metal c e n t e r s ,  may b e  r e d u c e d  

i n  o r d e r  t o  o b t a i n  metal-metal b o n d s .  T h e  r e a c t i o n s  

c a n  p r o c e e d  i n t r a -  or i n t e r m o l e c u l a r l y .  I n  e q u a t i o n s  

( 2 0 )  a n d  ( 2 1 )  two e x a m p l e s  o f  r e d o x r e a c t i o n s  a r e  d e -  

p i c  t e d .  

Bu 
c1 I t B u  c1 

2Na/THF 

-2NaC1 
> 

- Mg 
Bu 

Me 
Me \ 

76 

c1  

2 Na 

-2NaC1 
> 

Me 

M = Ga ( 7 8 )  

N’ 

Bu 

N 
\ 

M-M 

\ 
Bu 

( 7 9 )  
Me 
\ Me 

THF, ,THF 
Mg 

‘Bu / 
‘N \ )Bu 

I N  

Me \ 
Me 

77 

Me 

M = Ga ( 8 0 ) .  I n  (81)  
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SOME TYPICAL PROPERTIES OF CAGES 21 5 

Whereas the reduction of 76 leads to elemental magne- 
sium and to a polycycle. 77, containing only one metal 
atom, the reactions of 78 or 79 with sodium proceed in 
the desired direction. The compounds 80 and 81 contain 
Ga-Ga or In-In bonds (the metals having the formal 
oxidation state +II), which otherwise are known only 
to exist with donor-molecules coordinated to the me- 
tallic centersz4. The inclusion of the Ga and In atoms 
in the cages seems to be very favorable in stabilizing 
these metal-metal bonds. 

lac- . .  €ontrolled DecomDosltlon of Metal 
As we have stated several times, the cubane-like cages 
(‘BuNM)rl (M = Ge, Sn, Pb). may be formally described 
as tetrarners of the corresponding iminogermylene, 
-stannylene. or -plurnbylene25. It is conceivable that 
these compounds may add polar molecules like hydrogen- 
halides in a way similar to iminoboranes26. We have 
tested this hypothesis by treating (‘BuNSn)lc (65) with 
hydrogenchloride in a noncoordinating solvent like 
benzene o r  toluene’”. 

I 
C1 I ‘Bu 
I l l  

I 
I 

:Sn- N -H 
4HC 1 I 

> 
1 4HC1 

> 2  
H-N Sn; 

I I I  
Bu Bu c1 

65 82 
( 2 2 )  

H I  I I ‘ * /  C1 

H I  84 

4HC1 
4 ‘BUN-Sn > 4 ‘ B u - N H ~ + ~ ; C ~ ~ -  

I I  I ‘c1 

83 

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



216 M. VEITH 

The results of this experiment, which are shown in 
equation ( 2 2 ) .  clearly demonstrate, that the analogy 
to the addition of HC1 to unsaturated bonds does 
exist. It is obvious, however, that in our examples 
single bonds are cleaved by HC1 (dotted lines). We 
have been able to separate the products of reaction 
( 2 2 ) .  Compounds 82, 83, and 84 have also been prepared 
by alternative routes and have been completely charac- 
terized’ . 

Metal-Metal Interactions: Low Valent Elements Embedded 

in  Cages. Serving as Lewis B- 

If low valent elements are incorporated in the cages 
described above, they are asymmetrically coordinated 
(normally c.n. = 3 with acute angles) and should react 
by means of their non-bonding electron pairs as Lewis- 
bases towards suitable Lewis-acids. We have been able 
to demonstrate by only one example, that main group 
Lewis-acids like AlCl3 may form adducts with these 
elements (equation ( 2 3 ) ) 2 7 .  

I 

65 

ompound 85 

85 

wo Al-Sn-bonds are formed by mere 
interaction of the tin(I1)atoms with the Lewis-acid 
~ 1 ~ 1 3 .  

A much more facile route to metal-metal bonds is 
the reaction between cage-bound low-valent elements 
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SOME TYPICAL PROPERTIES OF CAGES 217 

and d-block metals - the latter serving as electron 
acceptors. A huge variety o f  such "metal adducts" have 
been prepared in our laboratories. The general reac- 
tions are outlined in eqLations (24) - (28)8*28-30. 

Sn4(NtBu)4 + 2M'(CO)x+~ - > 
65 -2co 

(24) 
(CO) M -Sn[ Sna ( N t  Bu) 4 ]Sn-M' ( CO) 

M' = Cr ( 8 6 ) .  Mo ( 8 7 ) .  Fe ( 8 8 )  

M(OtBu)3M' + M"(CO)x+l -> M(OtBu)3M'-M"(CO)x 
-co 89 

(25) 
+ M"'(CO)y+ 1 -> ( C O ) y M ' " - M ( O t B ~ ) 3 M ' - M " ( C O ) ,  

-co 90 

M = Sn, Ge, M' = In, 
M" .M'" = transition metals 

2 M(O'Bu),In + M'(C0)hnbd - > 
-nbd 

M(Ot Bu) 3 In-M' (CO)4 -In( 0' Bu) 3 M  
91 

+ 2 M"(CO)x+l - > 
-2co 

( CO)xM"-M(Ot Bu) 3 In-M' (CO) rr -In(O' Bu) 3M-M" ( C O ) x  
92 

M = Ge, Sn, M' and M" = transition metals 

M(0'Bu)3M'(OtBu)jM + M"(CO)x+l - > 
-co 

M (  0' Bu) 3M' (0' Bu) 3M-M" (CO) x 
93  

(27) 
+ M" (CO) x + I -> (CO) x M"-M( 0' Bu) jM' (0' Bu) 3M-M" (CO) x 

-co 94 

M = Ge, Sn; M' = Ca, Ba, S r ,  Eu(I1); M"=transition M 
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FIGURE 5 Sketchy Structures of Metal-Metal 
Bonded Metallacages 
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I T 1  

FIGURE 6 Simplyfied Representations of Metal 
Connected "Janus-Type" Cages 
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[ O t  Bu]Sn ( O t  Bu) 2 M ( 0' Bu) 2 M ( 0 ' Bu) 2 Sn[ 0' Bu] + 2 Cr ( CO) 6 -> 
95 -2co 

BuO 0' Bu (28) 
I I 

96 
(CO) 5 Cr-Sn (0 '  Bu) z M ( O t  Bu) z M ( O t  Bu) z Sn-Cr (CO ) 5 

M = Co, Ni 

The products of reactions 86 - 94 and 96 contain metal 
atoms which are either held together by tBu-N- or 
'BuO-groups o r  bonded directly through a-bonds. In 
compounds of type 89 three metals, in those of type 
90. 91, and 93 four metals and in species of type 92 
and 94 five metals are arranged linearly. Even more 
metallic atoms are linked in compounds 96 (six) and 92 

(seven), but for steric and electronic reasons these 
are not linearily arranged. Figures 5 and 6 contain 
structural sketches of these molecules. 
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