
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 15 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

Comments on Inorganic Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455155

Cages with Low-Valent Elements of Main Group IV-Heavy Congeners of
Isocyanide (Alkylisocyanide) and Carbon Monoxide
M. Veitha

a Anorganische Chemie, Universität des Saarlandes, Saarbrücken, Federal Republic of Germany

To cite this Article Veith, M.(1985) 'Cages with Low-Valent Elements of Main Group IV-Heavy Congeners of Isocyanide
(Alkylisocyanide) and Carbon Monoxide', Comments on Inorganic Chemistry, 4: 4, 179 — 191
To link to this Article: DOI: 10.1080/02603598508072260
URL: http://dx.doi.org/10.1080/02603598508072260

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=t713455155
http://dx.doi.org/10.1080/02603598508072260
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Cages with Low-Valent Elements of Main Group IV 
-Heavy Congeners of Isocyanide (Alkylisocyanide) 

and Carbon Monoxide 

Polycyclic or cage-like compounds, which contain formula units such 
as (GeN'Bu), (SnN'Bu) or (SnO) or multiples of them, can be syn- 
thesized by a general procedure. A critical look is taken at the 
existence of these species as transient intermediates in certain reac- 
tions. Both chemical and structural information are considered. 

1. INTRODUCTION 

There are two stable, commonly known types of compounds in which 
the element carbon is in a special binding situation. In these com- 
pounds carbon uses only two of the four valence electrons for 
binding-thus two electrons form a lone pair: these are carbon mon- 
oxide and organic isocyanides. As T-bonds are very prominent in 
the chemistry of carbon, the following Lewis formulas may readily 
be written, considering an electron octet at the carbon atom: 

- +  - +  
:c = 0: C E E N - R  

The formal charges on the elements result from electron donation 
from the oxygen and nitrogen atom, respectively, into the vacant 
outer-shell orbital of carbon. As may be concluded from the formulas, 
the two compounds can be classified as molecules and exist as gas 
(CO) or as a liquid (RNC) at ambient temperature. 
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Compounds of the same stoichiometry are known for the heavier 
congeners of carbon, i.e., silicon, germanium, tin, and lead, but their 
properties are completely different from those of the carbon com- 
pounds. In the oxygen-containing series SiO, GeO, SnO and PbO, 
the compounds are solids at ordinary temperatures' (SiO is not struc- 
turally fully characterized), in which the heavy atoms are coordinated 
by the oxygen atoms in a way that is typical for solid state structures. 
From a molecular point of view, they may be characterized as three- 
dimensional polymers. Extreme conditions are needed to prepare 
molecules: at high temperatures (> 1300 "C) and low pressure the 
diatomic SiO has been observed spectroscopically.2 

The great discrepancy in the structures and the chemistry of SiO, 
GeO, SnO and PbO compared to CO (and the same is true for the 
isocyanide series, although not so much work has been done in this 
field) may be explained by the following reasoning: 

When going down the periodic table from C to Pb, the stability 
of .rr-bonding becomes less and the oligomer with single bonding 
is more stable than the monomer with mbonding. 

+ 
:El =x c- +E1-Xjn 

T 1  

X=O or N-R 
El=Element of Group IV 

At the same time for the three mesomeric forms, which can be 
formulated for a compound ElX, type 111 should be increasingly 
favored as the electronegativity decreases from C to Pb. 

- +  + .. - 
:El G X  - :El = X - :El - X X = O o r N  - R 

I I1 111 El = Element of Group IV 

As the polarity of the bond within 111 is very high and the group- 
IV element is deprived of electrons, 111 should quickly oligomerize 
or polymerize. 
It is not understandable from these models that E1X exclusively 

forms a monomeric molecule, as in the case of El = C, or a polymeric 
solid, when El # C. In addition to these two extreme cases, a number 
of oligomers of ElX should exist, which might be cyclic or polycyclic. 
The first representatives of this type were only found in 1979.3 
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In this Comment we introduce the chemistry of these oligomeric 
“congeners” of carbon monoxide and isocyanides and look critically 
at the question of the existence of an intermediate monomer E1X. In 
addition to chemical, a great deal of structural information will be 
used to answer this question. 

2. SYNTHESES OF POLYCYCLES AND CAGES 
CONTAINING Ge(II), Sn(II), AND Pb(I1) BONDED TO 
NITROGEN OR OXYGEN 

2.1. The Basic Reactions 

The four-membered cycles 1,4 25 and 3,4 which contain the low-valent 
elements Ge(II), Sn(I1) and Pb(II), can be treated with hydrogen 
compounds of nitrogen and oxygen, such as primary amines R-NH; 
or water (H,016 (Eqs. (1) and (2)). In each case the ring compounds 
are decomposed into the dimethylbis(amin0)silane 4 by hydrogen 
transfer to the nitrogen atoms. The low-valent element is detached 
from the ring, bound to the attacking nitrogen or oxygen atom and 
included into a polycyclic compound which can be the oligomeric 
tetramer of EIN-R as in Eq. (l).3*4,6*7 

B U  Bu 
I I 

,N-H 
/ N \  

\” 
Me,Si El: + H,N-R-Me,Si 

“-ti 
I 

‘Bu 
I 

‘Bu 

.R 

4 

5 (El = Ge), 6 (El = Sn) 
7 (El = Pb) 

El = Ge (l) ,  Sn (2), Pb (3) R = Me,CH-, Me,N-, Ph-CH,-, etc. 
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B u  B u  B u  
I .. 
N+-Sn- 

+ Me/ \x \p.SnCI, 

‘N’ SnC’z \N-H ‘N+-sn- 

I 
,N-H 

I 
2 Me,Si YN\ Sn: + H,O- Me,Si 

I I I **  (2) 
‘Bu ‘Bu B U  

2 4 8 

The difference between reaction (1) and (2) is that in the first case 
the starting ring compound does not interfere with any of the reaction 
products, whereas it does in the second case. In fact, it can be shown 
that this interference is dependent on the kind of base which attacks 
the Lewis acids 1, 2 and 34: therefore a compound structurally equal 
to 8 is formed when isopropylamine in (1) is replaced by tert-buty- 
lamine (Eq. (3)X4 

‘Bu ‘Bu 
1 * *  N t S n -  I 

‘Bu 

I /N-H 
2 Me,Si AN\ Sn: + H,N-’Bu -Me,Si + Me,S;/ ‘N-’Bu 

\N>SnR 
(3) 

\N-H 
I *. 

‘N’ 

Bu  I I 
‘B u ‘B u 

2 4 9 

Not only do bulky substituents on the nitrogen atoms alter the 
reaction path, as in the last example, but the reaction path is also 
determined by the molar ratio of the reactants3v4 and the nature of 
the unsaturated compound 1, 2, and 34; e.g., the compounds 10 and 
11 are formed, when the molar ratio of the amine and the ring 
compound in (3) is 4 :  3 (the same is true when 1 reacts instead 
of 2 ~ 3 ~ 4  

.* El--NO’Bu 

‘ B U Y N +  

N-IyEI- ’ 
\ ‘Bu .. 
‘Bu 

10 (El = Ge), 11 (El = Sn) 
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X-ray structure determinations of 6,* 8,6 and 119 have clearly dem- 
onstrated the cage-shaped structures of the compounds. Chemical 
reactions can be performed in order to modify their composition. 
Without going into details, the following compounds 12 and 13 are 
listed, which are all derived from a cubane-like ~ke le ton .~J~  

‘BU 

12 13 

2.2. The Hypothetical Reaction Path 

Considering the results described above, one is confronted with the 
question whether a common reaction mechanism can be attributed 
to the different reactions. The main point seems to be: Does a transient 
compound “GeN-R”, “SnN-R” or “SnO” exist, which can be re- 
garded as a congener of isocyanide or carbon monoxide? 

To answer these questions, we have looked at the starting reaction 
of the diazastannylene 2 with tert-butylamine more closely. Without 
doubt the first reactive intermediate in this reaction is the Lewis acid- 
base adduct 14 (Fiq. (4)I.l’ 

‘Bu 
I 

I 
‘Bu 

+ H , N - - B u ~  

‘Bu 

‘Bu 

H2 
I 

,N-‘Bu 

(4) 

2 14 
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14 is in equilibrium with its components”; it is not stable and de- 
composes to the bis(amino)silane 4 and the already described prod- 
ucts 9 or 11, depending on the molar ratios of 2 and tert-b~tylamine.~ 
A straightforward kinetic first-order law of decomposition of 14 
cannot be demonstrated since the following reactions to the products 
seem to be of equal velocity. On the other hand, it can be shown 
that 9 decomposes by a first-order reaction into 2 and 6, which is 
consistent with the appearance of the transient monomer (SnN-‘Bu) 
(Eq. (5)).’ 

‘Bu 
I ‘Bu 

I * *  

Sn: + a (Sn N’BU), 
AT /N\ 

\N/ 
Me,Si 

( 5 )  1 
‘B u I * *  

‘B u 

9 2 6 

So far it seems reasonable to us to assume a hypothetical species 
{ :GeN-R), { :SnN-R) or { :ShO] in the reaction pathway. With this 
assumption, the pattern of different products may be explained quite 
easily,’* the formation of 9 starting with 2 and tert-butylamine (Eq. 
(3)) can be understood as a retroreaction of Eq. (5) :  

(1) In a first step the product of 2 and tert-butylamine 14 (Eq. 

(2) In a second step 14 decomposes to the amine 4 and the inter- 
(4)) is formed. 

mediate (SnN-‘Bu] (Eq. (6)) 

‘Bu 
I Y 2  ,N-H 

‘Bu 

N-‘BU 
I - Me,Si + {SnN - ‘Bu} (6) 

“-ti 
I I ‘Bu 

‘Bu 15 
14 4 
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(3) In the third step, the intermediate 15 is trapped by 2, a reaction 
which can be understood as the collision of a compound, which 
unifies a double Lewis base with an acid (2), and a compound, which 
unifies a double Lewis acid with a base (15), when it is written in 
one of its mesomeric forms (see above): 

2 
‘BU I (7) 

‘BU 

9 

The formation of the other products of these reactions 5, 6, 7, 8, 10, 
11 can be described in a similar manner (cf. Ref. 12). The intrinsic 
problem nevertheless in these hypothetical formulations of reaction 
paths persists, as it cannot definitely be shown that the transient 
monomolecular species such as ( SnOf or ( SnN-R really occur. 

2.3. Trapping Reactions 

In order to obtain more information concerning the existence of the 
monomeric congeners of isocyanide or carbon monoxide respectively, 
we thought it useful to run the typical “formation reactions” of these 
hypothetical species in the presence of a trapping reagent other than 
1 or 2 (see Eq. (7) for example). We have chosen compounds which 
chemically resemble 2, as they have a central electronically unsatu- 
rated atom bonded to two Lewis bases: Sn(O’Bu), (16) and SnCI, 
(17). The two compounds differ from 2 in that they are dimeric 
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(16)’39’4 or poorly soluble in solvents such as benzene (SnC1JI3 in 
which the reactions are performed. 

As a result of these reactions easily isolable compounds have been 
obtained; these have been characterized, besides the usual techniques, 
by x-ray structure analysis in all three  case^.*^*'^**^ As a common 
principle, all these compounds contain SnN-‘Bu, but not in a ratio 
1 : 1 with respect to the trapping reagent, but in a ratio 2 : 1: 

20 

The formulas written for 18 and 19 reflect the structures quite well 
(although the formal charges should be viewed with caution), with 
the seven-atom central skeleton being built up of two trigonal bi- 
pyramids sharing one face. The formula of 20 is an oversimplification, 
as the structure in reality consists of a one-dimensional polymer, 
which arises from the intermolecular coordination of one of the two 
chloro-atoms to the two adjacent tin atoms. In this manner, all tin 
atoms adopt a fourfold coordination (Fig. 1) . l6  

An important result of these experiments is that it is likely to 
assume at least a dimeric intermediate of (GeN ‘Bu] or (SnN ‘BU] 
as reacting species: 
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s~,cI,(N~B~), 

FIGURE 1 A section of the solid state structure of 20 showing the one-dimensional 
arrangement of the “molecules.” Only the carbon atoms of the tert-butyl groups are 
drawn (small balls). A mirror plane divides the Sn3N,-bipyramides into two equal 
sections, whereas a 2,-axis is responsible for the translation symmetry. 

‘Bu ‘Bu 

‘Bu Bu 

21 22 

3. RETROSYNTHETICAL ASPECTS: CAN S K I +  BE 
COORDINATED IN AN EQUAL MANNER LIKE SnN-’Bu 
AND ITS OLIGOMERS? 

When we described, in Section 1.1, compounds of the general formula 
E1X (El = element of group IV in oxidation state 11, X = a main 
group element with at least five valence electrons), we used three 
different mesomeric states to describe the possible electronic config- 
uration. As we have shown, X can represent nitrogen or oxygen; but 
it should also be possible to introduce an element of the main group 
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VII (the whole formula should have a positive charge). In this respect 
the following compounds are “isoelectronic”: 

:Sn=N, : Sn= 0; : Sn= CI:+ 
I R  5 3 

Taking these considerations into account, a compound resembling 8 
and 9 should exist with the following formula: 

‘BU 

‘Bu 

23 

How can we prepare this hypothetical cation 23? Following the 
reasoning given in Section 2.2, we should treat SnCl, with a Lewis 
acid, in order to remove a chloride anion, and “trap” the remaining 
SnCl+ cation by the cyclic bisamino-stannylene 2. This “retrosyn- 
thesis” works well, and as can be seen from Eq. (S), we do not need 
to add any strong Lewis acid, as SnCl, acts as an acceptor of the 
C1- anion.I6 

2 24 
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The compound 24 has been fully characterized by x-ray structure 
determinationI6 and it can be shown unambiguously that the cage 
unit within 24 is isostructural with the cage units which are present 
in 8 and 9, respectively. 

If we analyze these results more closely, it is clear that we cannot 
determine whether the SnCl+ species is formed first and then trapped 
by 2 or (what is even more likely) whether an adduct of 2 and SnC1, 
is formed first and then the chloride split off by attack of a second 
SnC1, unit. We can conclude that even though our working hypothesis 
has led to the right compound 23, this does not establish that we 
have started from the correct hypothesis. 

4. CONCLUSIONS 

The general experience in chemistry, that a reaction pathway is dif- 
ficult to establish, is also true for the formation of the compounds 
which we have discussed here and considered as being heavy con- 
geners or “trapped congeners” of isocyanide and carbon monoxide. 
Even though we have not learned very much concerning the existence 
of monomeric species and their existence is still doubtful, we have 
acquired considerable experience in the construction of polymeric 
and cage-like compounds containing the heavier low-valent elements 
of group IV bound to oxygen, nitrogen, and chlorine. Application 
of the isoelectronic principle” has again proved very fruitful. To use 
another example: the cage compound 26 can be prepared according 
to Eq. (9),l8 the reacting thallium(1) alcoholate 25 in its monomeric 
form being isoelectronic with “SnN-‘Bu.” 

26 

Further variations of this principle are, of course, possible. 
On the other hand, our experience has led us to consider com- 

pounds such as 1, 2, and 3 as trifunctional Lewis acid-base systems. 
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This model, which seems to work very well, may be expanded to 
include other compounds of low-valent elements, which are bound 
to electron-releasing atoms. We have found that (‘BuO),Ge or 
(tBuO),Sn may be viewed in the same way, and even the chemically 
very different compound tin(I1) chloride. 

In Table I six different compounds are arranged in a matrix-like 
way. Each compound within the frame is built of similar structural 
units, which are given at the head of the columns and rows, respec- 

Table I 
Common structural elements in different polycycles, cages, and inorganic solids (R 
= ‘Bu). n denotes the number of times a structural element, which is placed at the 
head of a column or row, is present in the compound. The formal charges of the 
elements have been omitted; for these the reader is referred to the text. 

R R CI 
n :Sn-CI I n :Sn /N\ /N\ 

\N/Sn: 

R 
\N/Sn: 

R 

R 
N 
/ \  Me,Si Sn: “’ 

R 

24 9 

I 
R 

dimeric 2” 
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tively. As can be easily seen, a 1 : 1 correspondence of the structural 
elements forming the polycycle is not always found; instead 2 : 1 
ratios also exist. This purely structural procedure may also be ex- 
panded to chemical reactions in another way: one may first go to 
the top of the rows and columns and interpret the point of intersection 
as a product of the reaction between these two compounds. This is 
true for the formation of the dimeric 2 from monomeric species, as 
we have been able to s h ~ w . ' ~ * * ~  Although we are tempted to view the 
formation of the other compounds in Table I in the same manner, 
we are not sure whether this is appropriate. 

M. VEITH 
Anorganische Chemie, 

Universitat des Saarlandes, 
Im Stadtwald, 

0-6600 Saarbriicken, 
Federal Republic of Germany 
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