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The angles a t  the group 5 elements in the diary1 anions are 
somewhat larger than those in the corresponding t r i a r y l ~ . l ~ * ~ ~  The 
larger angle a t  arsenic compared with phosphorus is somewhat 
surprising as are the related smaller dihedral angles between the 
phenyls 11.2" (As) vs. 43.4" (P). It may be that due to the greater 
electropositive character of carbon relative to arsenic (electro- 
negativity of As > P),zl the s character of the M-C bond is 
increased (and as a result the C-M-C angle) in accordance with 
Bent's rule.22 An increased angle a t  the group 5 element also 
allows closure of the dihedral angle. The normal P-C and As-C 
bond lengths suggest little or no *-interaction between the phenyl 
ring and the metalloid atom. 

Although the above structural details are of significant interest, 
the most remarkable feature of 1 and 2 concerns the fact that 
crown ethers can be used to effect separation of the metal cation 
and organometalloid anion in both the solid state and in solution. 
Efforts are under way in this laboratory to extend this technique 
to the structural characterization of lithium salts of alkyls, aryls, 
silyls, amides, alkoxides, and thiolates having non-interacting 
organoanions and crown ether complexed metal ions. 
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The synthesis of tetramesityldisilene (1)' has opened the way 
to a new area of organosilicon chemistry.2 We now report the 
synthesis of disilenes 2 and 3, which exist as geometrical isomers, 
and observation of the facile cis-trans interconversions that they 
undergo. 

Photolysis of 2-tert-butyl-2-mesitylhexamethyltrisilane at -80 
"C produced more than 95% of the pale yellow disilene 2, mostly 

M e ~ ( R ) s i ( S i M e ~ ) ~  - Mes(R)Si=Si(R)Mes 
hu, 254 nm 

pentane 2, R = tert-butyl 
3, R = N(SiMe3)2 
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Figure 1. Electronic spectra of stable disilenes (in C6&): (a) 2a (-), 
(b) Mes,Si2 (---),  (c) 3b ( - * - e - ) ,  (d) 3a ( - - - - - ) .  

as the trans isomer k 3 s 4  Compound 2a gives a 29Si NMR signal 
a t  +90.3 ppm, even more deshielded than the +63.6 ppm reso- 
nance for 1. It exhibits UV maxima at  -400 (sh) and 338 nm 
(Figure 1). Irradiation at  350 nm leads to a photostationary 
equilibrium mixture containing 63% of 2a and 37% of the cis 
isomer, 2b.5 The isomerization can easily be followed by 'H or 

2a 2b  

29Si NMR; Zb has its 29Si resonance at +94.7 ppm. 
The cis isomer 2b is thermodynamically unstable, reverting back 

to the equilibrium mixture of 2a-2b. At 25 "C in benzene this 
mixture contains 98% 2a and 2% Zb; the half-life for equilibration 
under these conditions is 570 f 30 h. 

Similar photolysis of 2-mesityl-2-(bis(trimethylsilyl)amino)- 
hexamethyltrisilane in pentane at -60 OC gives disilene 3 in 95% 
yield, mainly as the unstable isomer 3b. Pure solid 3b was obtained 
by evaporation of solvent and subsequent recrystallization from 
pentane at  -78 "C. At 25 "C in benzene 3b isomerized to the 
equilibrium mixture 3a:3b = 94:6, with a half-time of 40 f 3 h. 
Isomers 3a and 3b show 29Si resonances at +61.9 and +6.8 ppm 
and +49.4 and +6.2 ppm, respectively.6 The isomers cannot be 
identified decisively at this time, but by analogy with the behavior 
of 2a, 2b we tentatively assign 3a as trans and 3b as cis. The more 
rapid cis-trans interconversion in 3a-3b may reflect weakening 
of the Si-Si K bond by electron donation from nitrogen, as is 
observed also for C-C double bonds substituted with 7-elec- 
tron-donating atoms.' 

Disilenes 1, 2, and 3 all show distinctively different properties. 
Compound 1 is bright yellow and reversibly thermochromic, 
undergoing transformation to a red color when heated as a solid. 

(3) 28: 'H NMR (C6D6) 6 1.13 (s, 18 H, r-Bu), 2.13 (s, 6H, para CH,), 
2.88 (s, 12 H, ortho CH,), 6.90 (s, 4 H, ArH); MS, 408 (M*, 52%), 351 (M 
- t-B, 10%). Exact mass for C26H40Si2 calcd m / e  408.2658, found m / e  
408.2671. 
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Fink, M. J.; Michalczyk, M. J.; Haller, K. J.; Michl, J.; West, R. Orguno- 
metallics, submitted for publication. 
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(6) 3a: 'H NMR (C6D6) 6 0.20 (s, 36 H, SiMe,), 2.10 ( s ,  6H, para CH,), 
2.80-3.05 (br, 12 H, ortho CH,), 6.90-6.95 (br, 4 H, Ar H); UV-vis (C,H,) 
Amr = 351, 483 nm. 3b: 'H NMR (C6D6) 6 0.39 (s, 36 H, SiMe,), 1.91 (s, 
6 H, para CH,), 2.58 (s, 12 H, ortho CH,), 6.62 (s, 4 H, Ar H); UV-vis 
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(C&) A,, = 362,468 nm; MS (3b) 614 (M', 21%), 599 (M - CH,, 0.7%), 
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Isomer 2 is a pale yellow and not thermochromic when heated. 
It does show a reversible decolorization when cooled to -196 OC. 
2 is more stable thermally than 1, decomposing only above 220 
"C after melting to a light yellow liquid at 165-173 "C. The 
nitrogen-substituted disilene isomers, 3a and 3b, are orange-red 
at room temperature (Figure 1). Upon cooling to -196 "C, 3b, 
but not 3a, shows a reversible change to yellow. As solid powders 
both 1 and 3 react with oxygen rapidly, being converted to their 
oxidation products upon simple exposure to the atmosphere within 
a few minutes a t  room temperature. Solid 2 react much more 
slowly, with a half-lifetime for oxidaton in air of several hours. 
Therefore 2 may be transferred from one vessel to another without 
the protection of an inert atmosphere, although it should be stored 
under nitrogen or argon. All three compounds oxidize in air to 
give analogous products, the cyclodisiloxanes 4-6. The unusual 

0 
Mes(R)Si= Si(R )Mes 2 

0 .Q 

0 "0' 

4, R = mesityl 
5 ,  R = N(SiMe,), 
6, R = tert-butyl 

Mes(R)S/I ) jdR)Mes or Mes(R)S[-Si(R)Mes 

structure of 4 and its implications for chemical bonding are de- 
scribed in the accompanying communication.8 
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Cyclosiloxanes, (R2SiO)", are compounds of considerable 
commercial importance as precursors to silicone polymers.' 
Although a large number of ring sizes can be obtained by the 
hydrolysis of difunctional silanes, the first members of this series, 
the cyclodisiloxanes, are almost unknown.* We report herein the 
unexpected structure of the recently reported tetramesitylcyclo- 
disiloxane (l).3 Compound 1 is produced nearly quantitatively 
from tetramesityldisilene (2) when the latter is simply exposed 
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Figure 1. ORTEP drawing of tetramesitylcyclodisiloxane. 

\o/ 
Figure 2. Important bond lengths (pm) and angles in 1. 
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Mes = 2,4,6-trimethylphenyl 

to atmospheric o ~ y g e n . ~  The cyclodisiloxane is a white powder 
(mp 215 "C) with surprising stability; it survives gas chroma- 
tography at 310 "C, prolonged heating in refluxing Decalin, and 
lengthy photolysis at 254 nm. 

An X-ray structure determination was undertaken, in order to 
understand the structural features that contribute to the stability 
of 1. Crystals of the toluene solvate of 1 (C36H44Si202-C7Hs, m 
= 657.06) were obtained by slow cooling of a saturated toluene 
solution of 1 from room temperature to -10 "C. Compound 1 
crystallizes in the tetragonal space group (14 ] /a )  with a = 1221.2 
pm and c = 5242.5 pm (-30 f 5 "C, Ahlo Ka = 71.037 pm), Dald 
= 1.12 g/cm3, and z = 8.4 Figure 1 is an ORTEP diagram of 1 
which shows the silicon-oxygen ring structure. Important bond 
lengths and angles are displayed in Figure 2. The ring is nearly 
planar, the dihedral angle between the Si-Si-0 three-member 
planes being 6'. The two independent silicon-oxygen bond lengths 
are 166 and 172 pm, somewhat longer than those found for other 
cyclic siloxanes (161-165 pm).5 The Si-0-Si angle is 86", highly 
constrained compared to normal siloxane bond angles of 
140-180°.6 A striking feature of this structure is the silicon- 
silicon distance of 231 pm, somewhat shorter than the normal 
Si-Si single-bond length of 234 pm. The distance between the 
oxygen atoms is 247 pm, slightly less than the sum of the Van 
der Waals radii for oxygen, -280 pm. 

Each silicon is coplanar with the attached carbon atoms and 
the other silicon atom. A slight twist (1 1") about the silicon- 
silicon axis is observed for the two C-Si-C planes; the siloxane 
ring is roughly orthogonal to these planes. The molecular structure 

(4) With z = 8 there is only formula unit per asymmetric unit. This 
is accommodated by the molecule being located on a 2-fold axis z )  
that relates the two silicon atoms and the two oxygen atoms. The solvent 
molecule is distorted with the two independent overlapping quarter molecules 
also located on a 2-fold axis (0, z).  The structure was solved by direct 
methods and refined by full-matrix least-squares refinement based on Fusing 
the 2292 data with F, > 3u(F0; R = 0.079, GOF = 1.48). Tables of the final 
atomic coordinates, anisotropic thermal parameters, and selected distances and 
angles are given as supplementary material. 
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