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Figure 1. Comparison of the photodissociation spectrum of CpNiNO' 
to the photoelectron spectrum of CpNiNO. The energy axis of the 
photoelectron spectrum is adjusted such that the first adiabatic 
ionization potential of CpNiNO is zero on the photodissociation energy 
scale. 

photodissociation for determining upper limits on metal-ligand 
bond e n e r g i e ~ . ' ~  The technique will not only aid comple- 
mentary methods such as photoionization but also in some 
instances may be the only way to make the measurement, 
especially in those systems where a stable, neutral parent 
molecule is difficult to generate. We are  currently investi- 
gating the photochemistry of CpNi' bound to a range of n- 
and n-donor bases to determine upper limits on bond disso- 
ciation energies and the effect of various bases on the tran- 
sitions observed. In addition, experiments on methyl-sub- 
stituted CpNiNO,  where substitution lowers the ionization 
potential of electrons localized on the cyclopentadienyl moiety 
relative to  those on the metal, will clarify the tentative 
transition assignments and photoelectron orbital assignments 
reported above. 
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Molecular Structure of Tetracyclohexylsilane 

Sir: 
In species of the type R4M, where R is a twofold rotor, the 

molecular symmetry must be a subgroup of Dzdl and is usually 
found to be S4. This is the case for the tetraphenyl compounds 
of C,2 Si,3 Ge,4 Sn,5 and Pb,6 for tetraphenylpho~phonium,~ 
-bismuthonium,* and -arsonium9 ions, for tetrakis(penta- 
fluoropheny1) compounds of Si,Ioa Ge,Iob and Sn,lob for tet- 
rakis(4-methylphenyl)tin," tetranitromethane,'* te t ra-  
p h e n y l b ~ r a t e , ' ~  and, to a close approximation, for tetra- 
rne~ity1vanadiurn.l~ This marked preference for S4 symmetry 
is maintained even when the local symmetry of the ligand R 
is lowered from (essentially) Czb to C,; in that case, the most 
stable arrangement seems to be one in which the four R groups 
arrange themselves in an all-exo conformation,' leading to 
molecular S4 symmetry. This is what is found by X-ray 
crystallography for tetraki~(3-methylphenyl)tin'~ and for the 
tetra-2-thienyl compounds of Si,i6a Ge,'6b Sn,'6b and PbIhb and 
what is found by empirical force field calculations' for tet- 
rakis(2-methylpheny1)methane and -silane. 

In light of this overwhelming predilection for S4 symmetry, 
a recent reportI7 that tetracyclohexylsilane (1) assumes a C2 
conformation takes on special significance. The purpose of 
this communication is to demonstrate that although the exact 
crystallographic symmetry of 1 is C,, the molecular confor- 
mation is in fact very near S4 and therefore fits into the general 
pattern described above. 

Starting from a DZd conformation (Figure I ,  top),18 we can 
obtain a structure with D2 symmetry by twisting all four 
cyclohexyl groups in the same sense and to the same extent. 
A structure with S4 symmetry is obtained by twisting pairs 
of groups to the same extent but in opposite directions. To 
obtain Cz symmetry, the pairs of groups must be twisted to 
different extents. In the reported" X-ray structure of 1, two 
of the dihedral angles, C(2)-C(I)-Si-C( l a )  and C(8)-C- 
(7)-Si-C(7a) (cf. Figure 1,  bottom), were found to have values 
of -56.2 and -71.0°, respectively, from which it was 
concludedi7 that two of the rings were "twisted by about 1 S o  
from an "idealized" S4 conformation". However, these two 
dihedral angles a re  not related by an S4 operation. The 
symmetry-related angles are  C(2)-C( 1)-Si-C( 1 d, and C- 
( 12)-C(7)-Si-C(7a), and C(8)-C(7)-Si-C(7a) and C(6)- 
C(l)--Si-C(la). In each pair, the values are expected to be 
of equal magnitude, but oppositely signed. Values for these 
anglesIg are  found to be -56.2, 57.7, -71.0, and 72.1°, re- 
spectively. Thus, although 1 lies in a crystallographic site of 
Cz symmetry and is therefore not constrained to adopt a 
symmetry higher than Cz, the deviation from S4 symmetry IS 
in fact negligible, Le., less than 2 O .  

W e  further note that the values of dihedral angles H (  I)-  
C(1)-Si-C(la) and H(12)-C(7)-Si-C(7a) are  -171.7 and 
172.8", respectively. Thus the cyclohexyl groups are twisted 
by 7-8" from a D2d conformation. 

To  determine whether S4 symmetry is also maintained in 
the isolated molecule, we performed empirical force field 
(EFF) calculationsZo on 1. The ground state was found to have 
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Table I. Calculated and Experimental  Structural  Parameters for Tetracyclohexylsilane 

E F F  

X-raya S, D2 
Si-C, A 1.914,  1 .904 1.897 
C-Cav, A 1.536 1.529 
Si-C(l)-C(2), deg 113.9,  113.6 112.2 
Si-C(1)-C(6 , den 116.8,  116 .3  117.2 
C-Si-C, deg b -  114.8(1) ,  114.1(1) ,  113.4(2) ,  

C-Ct-C, degC 109.3,  109.2 110.7 
107 .3(2) ,  106 .8 (2 )  107.6(4)  

C(2)-C( l)-Si-C(la), deg -56 .2  -52 .4  
C(8)-C(7)-Si-C(7a), deg -71 .0  -78.0 
H(l)-C(l)-Si-C(la) ,  deg -171.7 -168.4 
H ( l  2)-C(7)-Si-C(7a), deg 172.8 167.9 
re1 energy, kcal/mol 0 .00  

a Reference 17. T h e  value in parentheses gives t h e  number  o f  symmetry-equivalent angles in each set. 
symmetries,  there  are four,  three,  and t w o  sets, respectively. Ct = tert iary carbon. 

1 .897  
1.530 
115.0 
116 .1  
1 12.1 (2),  

109.2 
109 .1  (2),  107 I 3( 2) 

-56 .3  
-56 .8  
172 .0  
171.5 
1 .14  
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Figure 1. Top: partial  subgroup latt ice for tetracyclohexylsilane (1). 
T h e  relative twists of the cyclohexyl rings are  indicated by the methine 
hydrogens. Bottom: partial numbering scheme for 1. The solid wedges 
are related to the stereo formula a t  the top. The  hollow wedges indicate 
bonds to  cyclohexane methylene carbon atoms.  

S4 symmetry, with structural parameters in close agreement 
with the X-ray structure (Table I). A slightly higher energy 
conformation with D2 symmetry was also found. Input 
structures with D2d and C2 symmetries relaxed to S4 or D2.*' 

To the best of our knowledge, 1 is the first example of a 
tetraalkyl group 4A derivative with S4 ground-state sym- 
metry.22 
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