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The equilibrium acidity of 9,10-dihydro-9,9-dimethyl-l0-phenyl-9lsi- 
thracene is determined with caesium cyclohexylamide in cyclohexylamine; the 
pK has the value of 27.4. From the fact that its acidity is only pK 0.6 stronger 
than that of its carbon analogue it is concluded that aromatic “through-con- 
jugation” does not play an important role in this system. This conclusion is 

_ discussed in the context of current ideas and evidence on d,--p, bonding at silicon. 

Introduction 

In spite of considerable efforts in recent years, aromatic systems with pn 

hybridized tricoordinate silicon have not yet been prepared_ For instance, the 
base induced hydrogen halide elimination from (Ia) did not furnish monomeric 
(IIa), although the hydrochloride of the base was obtained readily and in good 
yield [1,2] _ - 
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In an attempt to prepare the presumably more stabilized (IIb) we found 
that the proton at C-10 in (Ib) was unexpectedly resistant towards abstraction, 
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even with strong bases such as organolithium compounds 133. We therefore 
decided to investigate proton abstraction and acidity of the stable model com- 
pound 9,1O-dihyclro-9,9-dimethyl-lO-phenyl-9-silaanthracene (IIIa) and to com- 
pare it with its carbon analogue (IIIb). 
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Results 

Preliminary experiments indicated that (IIIa), like (lb), was rather difficult 
to metallate. Reaction with n-butyllithium in hexane for several hours, even 
after addition of a small amount of THF, gave on deuterolysis only partially 
deuterated (RIa), as did 3 hours at room temperature in diethyl ether. After 
refluxing with n-butyllithium in diethyl ether (6 hours) complete metallation 
was established. 

For the determination of the equilibrium acidity cyclohexylamine was 
used as solvent. Streitwieser and coworkers [4] used it for this purpose, and as 
a consequence this system is well understood with regard to relative acidities 
and ion pair formation_ For determination of the anion spectra from (IIIa) 
(Table 1) both lithium cyclohexylamide (LXHA) and caesium cyclohexylamide 
(CsCHA) were used as base; for comparison (Iflb) [4] was investigated 
with CsCHA. In all cases Beer’s law was obeyed. The spectra of (IVa) showed 
the well known hypsochromic shift on going from the predominantly solvent- 
separated ion pair (LiCHA, h, ax 453 nm) to the contact ion pair (CsCHA, 
h Xn2.x 444 nm) [8,9]; both spectra have two small shoulders above 500 nm, 
which are more pronounced in the lithium derivative. Whereas the solution of 
the lithium derivative of (IVa) was stable for several days, the caesium deriva- 
tive (in the presence of excess base) slowly decomposed under formation of a 

AMON SPECTRA AND-K VALUES IN CYCLOHEXYLAMINE 

Compound 

(ma) 

(II&I) 

<IIIb) 

Base A (nm) 

LiCHA 453 
53O(sh) 
57O<sh) 

C&HA 444 
51O(sh) 
54O(sh) 

CsCHA 444 
445b 

27250 20.4 % 5.4 27.7 
4800 
2300 

35750 6.5 5 1.5 27.4 
5300 
2300 

33300 24+ 2 28.0 
33600 28 % 2 28.OC 

aK is the ecdlibrium ConStant IehtiVe to 1.1.3~tripbenyipropene (LiCHA: pK 26.4 [61; C&HA: pK 
26.59 [?I ). bRef. 5. CRef.4. 
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shouJder near 500 nm. However, in the equilibrium measurements the caesium 
system gave acceptable values for K over longer periods than the lithium sys- 
tem, in agreement with the observations of Streitwieser (6,7]. 

Since we expected an appreciable resonance stabilization of (IVa) by the 
contribution of structure (Va) [lo] we first tried to relate the acidity of (IIIa) 
to that of fluorene (pK 22.74 [7]), but no (IVa) was formed in this system. 
Comparison with 1,1,3-kiphenylpropene worked satisfactorily (Table 1). 

Discussion 

In the first place our results answer the initially posed question as to the 
cause of the difficult metallation of the tertiary position in compounds of type 
(Ib) and (IIIa); it is kinetic (and presumably steric) rather than thermodynamic 
in nature. 

Of greater importance is the result that (for the caesium derivatives) the pK 
value of the silicon heterocycle (IIIa) is only 0.6 less than its carbon analo- 
gue (IIIb). This permits an estimate to be made of the degree of cyclic deloca- 
lization and aromaticity in the anion (IVa). 

On the basis of an inductive effect alone one would predict (IVa) to be 
less stable than (IVb) relative to their corresponding carbon acids. In order to 
explain the reverse order of acidity one has to invoke the well documented 
effect which enables silicon to accept electrons from neighbouring atoms or 
bonds [ll] ; it has recently again been shown to overcompensate the inductive 
effect [12]. Whereas in general the involvement of d,--p, bonding in this 
effect is agreed upon [11,13], the participation of d orbitals in through-con- 
jugation at silicon is much more controversial [ll] _ Spectroscopic 1141 and 
theoretical [ I.51 evidence seems to indicate that through-conjugation at silicon 
is possible but weak, and that it is unlikeIy to reach the level of aromaticity. 

In agreement with this evidence our results point to a relatively low degree 
of stabilization if one takes ApK as a measure for the relative thermodynamic 
stability of the anions (IVa) and (IVb) [16] _ This is contrasted by the substan- 
tially lowered pK of 9-phenylfluorene 17) and of the structurally similar boron 
heterocycle (VI) [17 3 _ Furthermore, geometrical and conformational differ- 
ences between (IVa) and (IVb), due to the different size of silicon and carbon, 
might contribute to the observed effect. 

UZL) R = mesityl 
OZUa) X=Si, R=Me 
(IZIIb) X=C,R=Me 
(lZQc,X=C,R=H 
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Fig. 1. Spectra of (IV&. (IVb) and 9-phenyIfluoreny1 anion in cyclohexylamine with Cs + as 
counterion. 

This result is at variance with the conclusion of Jutzi [lo] who, with 
some reservations, favours a delocalized structure for e.g. (VIIa) on the basis of 
UV, IR and NMR evidence. While we do not feel competent to discuss the IR 
evidence, in our opinion the electronic spectra agree perfectly with a localized 
rather than with a delocalized structure_ For this purpose one should compare 
the spectrum of the silicon anion (VIIa) with its carb6n analogue (VIIb) and 
not with the fluorenyl anion [lo]; Fig. 1 illustrat& this point for our corre- 
sponding phenyl derivatives. The low field shift of the NMR signal of the meso 
proton on going from the corresponding carbon acid to the anion (VIIa) of 
0.3 - 0.8 ppm [lo] is, although at first sight admittedly surprising, no con- 
vincing argument for a paramagnetic ring current of the central ring*. It is also 
found in the not aromatically delocalized (VIIc) 1191 and even in the diphenyl- 
methyl anion [ 203 _ It has been explained as a consequence of the sp 2 hybridi- 
zation of the anions [20] ; possibly a movement of the proton to a more 
strongly deshielded region [Zl] of the adjacent benzene rings might also play a 
role. 

We therefore conclude that the contribution of a resonance structure such 
as (Va) to the anion (IVa) is very small and certainly does not lead to an 
“aromatic” system as defined by HSfelinger [15] _ 

* A much larger ring cunent shift of appmximateIy 3 ppm has been observed in the substantialb 
delocalized fbmrenyllitbium [181. 
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Experimental 

Ultraviolet spectra were recorded on a Perkin-Elmer 137 spectrophoto- 
meter. 

Preparation of 9,1O-dihydro~9,9-dimethyl-lO-phenyI-9-silaanthracene (IIIa) 
A mixture of 2,2’-dibromotriphenylmethane [22] (0.536 g, 0.00133 mol) 

in diethyl ether (20 ml) and n-butyllithium (0.0226 mol) in hexane (1.5 ml) 
was stirred for 4 hours under nitrogen at room temperature. It was then added 
dropwise during one hour to dimethyldichlorosilane (0.188 g, 0.00146 mol) in 
refluxing diethyl ether (15 ml). After refluxing for one hour the mixture was 
filtered through glass wool. The filtrate was evaporated and yielded 400 mg of 
crude (IIIa); this was purified by sublimation to yield (IIIa) (300 mg, 75% 
yield), m.p. 79.5 -82.5”. (Found: C, 83.95; H, 6.90; CzlHaoSi calcd.: C, 
83.94; H, 6.71%.) The ‘H NMR spectrum (CCb) showed the following reso- 
nances: 6 6.5 - 7.7 (multiplet, 13H, aromatic protons), 5.28 (singlet, lH, 
proton at C-lo), 0.45 (singlet, 3H, CHs), - 0.18 ppm (singlet, 3H, CHe). The 
mass spectrum showed the molecular ion at m/e 300.1318 (CalHeO 28 Si 
calcd.: 300.1334). For the acidity measurements (IIIa) was subjected to prepar- 
ative GLC (10% SE 30,1.5 m, 200”) and resublimed. 

Determination of the extinction coefficients 
All experiments were repeated several times; details are given for one 

determination: 5 ml of a solution of (IIIa) (36.6 mg) in n-hexane (100 ml) was 
pipetted into a flame dried vessel with two cuvets as described by Streitwieser 
et al. [6]. The solution was evaporated in vacua to dryness and cyclo- 
hexylamine (19.6 ml) was distilled on the residue from LiCHA in a stock vessel. 
Under spectral quality nitrogen n-butyllithium (0.5 ml, 2 M ti hexane) was 
added to the frozen contents (- 196”); the vessel was evacuated, nitrogen 
supplied, the contents were melted and the vessel closed and removed from the 
nitrogen line. Dilutions for the check on Beer’s law were obtained by distilling 
cyclohexylamine on the vacuum line. 

Determination of the equilibrium constants 
Small amounts of both (IIIa) and 1,1,3-triphenylpropene” were dissolved 

in the aforementioned vessel in cyclohexylamine and sufficient LiCHA or CsCHA 
was injected to permit observation of both anions. Scans were made as long as the 
stability of the anions permitted (usually 4 - 10 times) and average K values 
calculated; the experiments were repeated until reproducible K values were 
found. 
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